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Abstract. In this paper we describe the EARLINET Sin- »
gle Calculus Chain (SCC) a tool for the automatic analysis

of lidar The develog t of this tool started

in {he framework of EARLINET-ASOS (European Aerosol

Rescarch Lidar Network - Advanced Sustainable Observa-

tion System) project and it is still continuing within AC- s
TRIS (Acrosol, Clouds and Trace gases Research InfraStruc-
ture Network) project. The main idea was to develop a chain
which allows all EARLINET stations to refrieve in a full au-
tomatic way the aerosol backscatter and extinction profiles
starting from the raw lidar data of the lidar systems they op-
erate. The calculus subsystem of the SCC is composed by
two modules: a pre-processor module that handles the raw
lidar data and corrects them for instrumental effects and an
optical processing module for the retrieval of aerosol opli-
cal products from the pre-processed data. All the input pa-
rameters needed to perform the lidar analysis are stored in
a database to get them in an efficient way and also to keep

&

ata are coordinated and synchronized by a nodule
(deamon) which makes fully automatic the wholc analysis
process. The end-user can interact with the SCC using a user-
friendly web interface. All the SCC modules are developed
using open ce and {feé€ available soliware packages. The
nal products retrieved by the SCC fulhll alt constraints fixed
in the framework of the EARLINET quality assurance pro-
grams on both instrumental and algorithm levels. Moreover
the man power necded to provide aerosol optical producls is
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greatly reduced improving the ncar-real time availability ol
lidar data. The high quality of the SCC products is demon-
strated by the good agreement between the SCC analysis and
the corresponding independent manual retrievals. Finally, a
real example of the applicability of the SCC in providing
high quality aerosol optical products in case of intense ob-
servation period is provided.

1 Introduction

The contributioy/of the aerogbls in the atmospheric processes
is not . In particglar an important gap needs to be
filled to clarify better the +he-aerosols play in the Earth
radiation budget problem and in climate changes (IPCC,
2007, 2013).

The most critical issue in understanding the processes in
which the aerosols are involved is the high variability they
have in terms of type,sseuce, time and space (Diner ct al.,
2004). For this reason #or-the scientific community is par-
ticularly interesti access (o the oplical paramelers
characterizing the aerosol in terms of high resolution vertical
atmospheric profiles. The lidars have the advantage to pro-
vide space and time resolved vertical profiles of aerosol op-
tical parameters and to allow us the full characterization of
each layer present in the atmosphere.

Another important aspect to consider for the study of
aerosols.is-Hregoot pe-oilid

o supporl this need several coordinated lidar networks
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have been sel-up in the last ycars. In particular EARLINET
(European Acrosol Research LIdar NETwork) is operative
in Europe since 2000 and provides the scientific community

« with the most complete database of acrosol optical param- s
eters vertical profiles on European scale (Pappalardo et al.,
2014; Earlinet, 2014). The EARLINET data can be used
\4 for several purposes like modelfevaluation and assimilation,
[ull exploitation of satellite dafa, study of acrosol long range

& transport mechanism, monitoring of special events like vol- no

canic eruption, large forest fire or dust outbreaks.

Within the EARLINET-ASOS (European Aerosol Re-
search Lidar Network - Advanced Sustainable Observation
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EARLINET is a good example on how heterogenous the li-
dar systems forming a network can be. Typically EARLINET
lidar systems can differ in terms of emilled or detected wave-
lengths, acquisition mode (analog and/or photon-counting),
space and time resolution, and detection sy . A network
like AERONET (Holben et al., 1998) for example, does not
suffer this problem as it is based on the same
standardized instrument. In cases like that a common scheme
for the analysis of raw data docs not nced to take into ac-
count many different instrumental aspects with a consequent

m ow¢

plexity. On the contrary, tWe EARLINET lidar systems are

System) project great importance was given to the optimi

n tion of lidar data prc ing (http://www.earli 0rg). 125
The core of this activity was (he development of the EAR-
LINET Single Calculus Chain (SCC) a tool for the automatic
evaluation of lidar data from raw signals up ﬂ the final prod-
ucts. )

s The SCC has been developed to a o_:_o_w__ the funda- o
mental need of any coordinated lidir network to have an
optimized and automatic tool providing high quality aerosol
products. High quality is obtained ‘enstablishing, at network
level, a rigorous quality assurance program and taking care

& to deliver to the end-users only homogeneous products com- s
pliant with this program. In many specific situations itis also
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-able-in-real«ti ime. This is the case for ex-

& ample of vertically resolved lidar products used to improve 1e0
the forecast of air quality or climate change models, to vali-
date satellite sensors or models or to monitor special events.
Without a common analysis too! it could be difficult to as-
sure at {he same time he high quality products and

« short lime availabiliby of the data because usually high qual- s

ity manual lidar dala analysis requires time and man power.

Moreoever different groups within the network may use dif-

ferent retrieval approaches to derive the same type of acrosol

product with a | {oss in the hc ity of the

network dalaset. ‘m}&\

Another imporjént key point to take into account in devel-
oping the SCC is’heterogeneity of the lidar systems conipos-
ing a typical lidar network. Excluding few exceptions, usu-
ally a lidar network is formed by really different and not stan-
dardized lidar systems ranging {rom single claslic backscat-ss
ter lidar to ad d multi length Raman sy . Fre-
quently, a system is improved or upgraded from a basic con-
figuration to a more complex one by adding, for example,
new delection channels. As consequence the SCC must adapt
itself to handle data acquired by diflerent instruments which o
usually require different instrumental corrections and also
diflerent approaches to get quality assured products. For ex-
ample as, in general, not all the lidars are characterized by
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really heterog in many aspects and many of them are
home-made or highly customized. This makes, {rom practi-
cal point of view, impossible to develop a single algorithm to
analyze all the EARLINET data. '

For these reasons the main concept to put at the liase of the
SCC development is the impl ion ofa tool able to pro-
vide quality assured aerosol optical products froni raw lidar
data in an fully unattended way. At the same time, to make
the use of this tool really sustainable over the tinic an casy
expandiblility should be assured to guarantee the analysis of
the data from new or upgraded lidar systems. )

The main advantage of this approach is lo increase the rate
of population of the aerosol databases which is the/main out-
rich of any lidar network promoting, in gencral, the usage of
lidar retrieved vertically resolved aerosol parameters within
the scientific community. :

To the above general considerations some specific EAR-
LINET constraints need to be considercd in developing the
SCC. The EARLINET quality assurance program involves
both the instrumental and algorithm retrieval levels (Mattias
ct al., 2004; Freudenthaler et al., 2015). As conscquence an
acrosol optical product can be considered EARLINET qual-
ity assured only if it has been measured with a lidar system
which passed the insr | quality ¢ tests and i
it has been calculated using certified algorithms (Bockmann
et al., 2004; Pappalardo et al., 2004). The SCC products auto-
matically fulfill both these requirements as all the algorithms
implemented are EARLINET quality assured and specific
{ests that have been set up o verily the raw lidar data have
been measured by a quality assured lidar system. .?P

Using the SCC it is possible to calculate mainly acrosol
extinction and backscatter prohiles. This set of optical param-
cters, especiaily in case of multi-wavelength measurements,
can provide a full characterization of almospheric aerosol
from both quantilative and qualitative point of view (Mattis
ct al., 2003; Wandinger ct al., 2002; Miiller ct al., 2005; Ack- N
ermann, 1998). Morcover such kind of products can be used
as inpuis to infer microphysical propertics of atmospheric
acrosols (Miiller et al., 1999a,b; Bdckmaun, 2001). In par-
ticular, it is important to mention that two indeperident SCC

dul loped to retricve microphysi
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the same signal to noise ratio (SNR), different hing al-
o gorithms or different integration times need to be selected s
to constrain the final products to the same accuracy level.
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erties of the atmospheric acrosols [rom multi-wavelenglh Ra-
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both these modules are particle effective radius, volume con-
centration, and refractive index which are calculated with azo
semi-automated and unsupcervised algorithm. However, even

if these modules have been released in their operational ver-
sions, they are not yet included iy the automatic structure of
the SCC. e 40 24&?24 problawms.

Even,if the SCC has been developed to be the main tool to 225
u:u_“un ARLINET lidar data, its high degree of flexibility
andy andibility makes the same tool casily usable in a more
gencral contests and for other lidar networks. As EARLINET
represents already a quite complete example of all the avail-
able lidar system typologies it is expected to smoothly adaptaso
the SCC to run in more extended frameworks like for exam-
ple GALION (GAW Acrosol L1dar Observation Network).

To our knowlegde the SCC is the first tool that can be used
to analyze raw data measured by many different typologies
of lidar systems in a full automatic way. The other cxislingzis
tools for the avtomatic analysis of lidar data are usable only
for a specific lidar system and cannot be easily extended to
retrieve aeorol products of whole lidar networks which are
usually composed by different instruments. Another unique
characteristic of the SCC is that its acorosol products are de-z:0
livered according to a —.mme_v\ozm quality assurance program to
provide always the highest possible quality products at net-
work level.

This paper is the first of three publications about the SCC
and it presents an overview of the SCC and its validation.zs
Two separated papers are used to describe the technical de-
tails of the SCC_nre-processing module (D’Amico et al,,
2015) and of the optical processing module (Mattis et al.,
2015) respectively.

In the first section of the paper the main requirements thezso
SCC should fulfill are described. The second section is de-
voted to explain the whole structure of the SCC. The last two
sections of the paper explain the strategy we adopted to val-
idate the SCC and an example of the application of the SCC
to provide a tool to provide network lidar data in near
time.

2 Requirements

In this section the requirements to accomplish all the key
points explained in the previous section will be described.
In the framework of the EARLINET quality assurance
program scveral algorithms for the retricval of aerosol op-
tical parameters have been inter-compared to evaluate their
performances in providing high quality aerosol products
(Bockmann et al., 2004; Pappalardo et al., 2004). This inter-zes
comparison was mainly addressed to asses a common Euro-
pean standard for the quality assurance of lidar retrieval al-
gorithms and to ensure the data provided by each individual

260
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lected, critically evaluated wilh respect to their generalappli-
cability;optimized 1o makg them Lully automatic and finally
implemented in the SCC/A crilical point was the implemen-
tation-oFreliable-and 7obist#lgBrithms to assure accurate cal-
ibration of aeroso] backscatter profile. In a fully automatic
analysis scenat{o, p rticular attention should be devoted to
this issue to avoit-farge inaccuracy in the final optical prod-
ucts. Noisy raw lidar signals or the presence of aerosol within
the calibration regioncan induce large errors in {fic Jidar cal-
ibration constant. :/ﬂ_ﬂ&k‘ an%%. 3 mﬂ

The SCC has been developéd having in mind the follow-
ing concepts: platform independency, open source phil
phy, standard data format (NetCDF), flexibility through the
implementation of different retrieval procedures, expandabil-
ity to easily include new systems or new system configura-
tions. All i libraries and ¥g compilers nceded to insfall and *
run the SCC are open source and available. The SCC can
operate on centralized server or on locat PC. The users can
connect lo the machine on which the SCC is running and use
or configure the SCC retrieval procedures on their data us-
ing a web interface, The centralized server solution (which
is the preferred way of using the tool) has many advantages
wilh respect to local installation especially when the SCC is
used within a coordinated lidar network as EARLINET. First
of ail it is possible to keep track of all the system configura-
tions of all systems and also to certify which configurations
are quality assured. Moreover in this way it is always surc to
use the same and the latest SCC version to produce optical
producls.

Particular altention has been addressed to the design of a
suitable NetCDF structure for the SCC input file as it needs
to fulfill the following constrains:

1. it should contain the raw lidar data as they are measured
by the lidar detectors (output voltages for analog lidar

l Is, counts for ph ing cl [s) without
any correction earlier applied by the user. This is par-
ticularly important to ensure the quality assurance of
the final products: all the necessary instrumental cor-
rections should be applied by the SCC using qualily as-
sured procedures. This is the reason for which a specific
m_‘o.vqonnMWw SCC module has been developed;

o

it should contain -efse additional input parameters
necded for the analysis. As it will be explained in the
next section the main part of the required input param-
eters are efficiently stored in a SCC database. However
there are some paramelers easily changing from mea-
surement to measurement ({or example electronic back-
ground or laser shots) that cannot be uscfully stored in
a database. The only way to pass such kind of parame-
ters to the SCC is via the input file. To improve the self-

2,

station are per ly of highest possible quality ding

to common standards. All the different quality-assured anal-2r

ysis algorithms developed within EARLINET have been col-
fhnﬂhdel.,

consi y of the SCC input file it has been allowed the
option to include in the file also some important param-

eters already stored in the SCC database. In case these
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mainly used to correct instrumental
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paramenters are found in the input file their value will
be used in the analysis;

it should 8:%5:0 method to link the information
contained in the input file with the ones included in the

3.

can be included in the database among (e other parameters
that characlerize the channel and, consequently, will be used
to correct the corresponding raw lidar data, The dead (ime
is an example of an experimentlal parameter that in general

SCC database. As it will be explained in the next section
this is assured by the definition of unique channel IDs
which identify the different lidar channels.

4, it should allow efficient data processing. As the SCC has
been designed Lo be a multi-user tool it is imporiant to™®
improve the computational speed as much as possible to
avoid long delay in getting the final products. This has
been accomplished putting in a single SCC input file
the time-series of all the channels available for a lidar
i .
configuration. ,$_~\

mm:nﬁmwzno:_m:m :.mzmpogu o:_ﬁn m_mmpéoE_.m.mm:_n
SCC prodticts need to be uploaded on'EARLINET database,

it is fully compliant with the structure of EARLINET e and b
files. The e files contain the aerosol extinction profite and op- 4y
tionally the Raman backscatter profile at the same effective
vertical resolution. The & files contain the elastic backscat-
ter profile or alternatively the Raman backscatter profile at
highest possible vertical resolution. More details about EAR-
LINET e and b file are provided in (Pappalardo et al., 2014; 5.
Earlinet, 2014).

s

3 SCCstructure

* Figure 1 shows the general structure of the SCC which con-**

sists in several independent but inter-connected modules. Ba-
sically there is a module responsible for the pre-prc ingof
raw lidar data, a module for the retrieval of the aerosol extinc-
tion and backscatter profiles, a daemon which automatically
starts the pre-processing or the processing module when it is **
necessary, a database Lo collect ali the input parameters nced
for the analysis and finally a web interface. Once the new
raw data fife is submitted to the SCC via the web interface,
the deamon antomatically starls the pre-processing module
and in ion the processing module. The status of (he™®
analysis in cach step can be monitored using the web inter-
face and both the pre-processed or the optical results can be
downloaded. .

"“Fhe retrievals of acrosol optical products from lidar sig-

nals require a lot of input parameters to be used in both
pre-processing and processing phase. Two diflerent types of

eris the an@

procgdure. An example of expgrimental E:.M_&-
asured, the value

:E%ﬂ.m a_photoncounting syStem. Once %u

hanges from cl 1to ch 1. There are other experimen-
tal parameters which may be shared by multiple channels like
for example telescope or laser characteristics (usually several
lidar channels share the same laser or the same telgscope).

Configuration parameters are then ones used to identify
which algorithm, among the implemented ones, has to be
used to calculate a particular product. In general, inthe-8QC
there are multiple quality assured algorithmsfio calcomes
pariicular acrosol product. For example for the acrdsol clastic
backscatter both (he iterative (Di Girolamo et al,, 1995) and
the Klett method (Klett et al., 1981, 1985; Fernald, 1984)
have been implemented. The user can choose which one
use for his dala selting a correspondent paramelers in the
database. “

In general, both configuration and experimental parame-
ters can change from one lidar system lo another and, even
for the same lidar system, they can change for the different
configurations under which the lidar can run. For example
a lidar that in nighttime configuration can deliver aeroso!
extinction and Raman backscatter in daytime configuration
may provide only aerosol clastic backscatter as the Raman
channels could not have daytime capabilities. |

In this complex context, a relational database irepresents
an optimal solution to handle, in an efficient way, il this in-
formation. For this reason, a SCC databasc has been imple-
mented to store the input paramelers for all the EARLINET
systems and, at the same time, to get the subsel of all the
paramelers associated to a particular lidar configuration. A
multiple tables MySQL database has been used 16 make the
SCC database. All the software needed to run and configure
a MySQL databases is flee available over micrnet and the
whole project is based on«ax open-source prejest 8? .

In the SCC database, the experimental paramelers are
grouped in terms of stations, lidar configurations and fidar
channels. All the EARLINET slations are registered in the
SCC database and are univocally identified by a 2-character
code (for example at identifies the EARLINET! station of
Athens). Each station is then linked to one or more lidar
configurations which in turns are linked to one ér more li-
dar channels, Unique numerical IDs are associaled to each
lidar configuration and to each lidar channel. I this way,
with specific database query, it is possible to easily get, for
a particular lidar station, any detail of all the available lidar
configurations running at that site or any information for all
the channel IDs belonging the each lidar configuiration (for
example the geographical coordinates at which the lidar is
running or the wavelengths of all the lidar channels).

Each lidar configuration is associated to a set of products
that the SCC should calculate. Basically all the SCC config-
uration parameters are linked to the product IDs. Each prod-
uct is linked to a product type (for example aerosol extine-
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tion, Raman vunwmnm:a_w%o a set of channel IDs needed
to calculate the prod and to an that, as it willao
be explained later, represcnts the way to calculate the prod-
uct. Moreover, for a particular product, it is possible to fix

a set of configuration p like for ple the pre-
pr ing vertical lution, the Raman backscatter cali-
bration method, the maximum statistical error we would likeas
to have on the final products and so on.

A measurcment to get analyzed by the SCC nceds to be
first registered in the SCC datat The reg
in associating an unique measurement ID to the measurement
session. The measurement ID is then linked to the lidar con-ao
figuration at which the refers to and to the SCC
input file containing the data to analyze.

A so structured database allows us to keep track of all the

information used to generate a particular SCC product. For
cach product, for example, it is possible to get the measure- s
ments date and the list of channel IDs used for its calculation.
If all those channel IDs at measurement time have passed all
the required instrumental quality checks the corresponding
product can be considered quality assured. This is a funda-
mental point in order 1o implement a reliable and rigorous
quality assurance program at network level.

ion consist

450
3.2 Pre-processor module (ELPP: Earlinet Lidar Pre- P
{eh

Processor) 105!
The ELPP ¥
“Fhis module impl »:.R: ions to be appligd to

the raw lidar signals before they can be used to derivelopti-sss
cal properties. As the details of this module are described in
(D’Antico et al., 2015) here just the main characteristics will
be reported.

The main reason for which we implemented a pre-
processor module along with a optical processing module is 40
that the EARLINET quality assurance program does not ap-
ply only to the retricval of aerosol optical properties but also
to the procedures necded to correct for instrumental effects.
Morcover handling with the really raw data it is possible lo
identify problems in lidar signais that could be not so evi-4ss
dent in already pre-processed signals. The raw lidar signals
have to be submitted in a NetCDF format with a well-defined
structure (D’Amico et al., 2015). In particular the raw lidar
data should consist in the signal as detected by the lidar de-
tectors. In case of analog detection mode. the signal should
be provided in mV while for photoncounting mode it should
_um.m.qunmmnn::bcaooc::.w.>noon&=m8.|m.mlnlm.m‘_4m|%ﬁ§

|||.n
ressec in pure counts. /\c
system and to the input parameters defined both in the SCC
database configuration and in the NetCDF input file, different
types of operations can be applied on raw data. To make the
SCC a {ool useful for all EARLINET systems it is needed the
pre-p ing module img all the different instru-«s
mental corrections used for the different EARLINET lidars.
The complete description of all these corrections are reported
in (D’Amico ct al., 2015), here we just report a list of the
most common: dead-lime correction, trigger-delay correc-

~

onex

The

This can be donefising $tandard atmosphere nodel or correl-
ative radiosounding v_.om_&.-m ::.@m pre-processor mod-
ule implements low- and high-rang&automatic signal gluing,
vertical interpolation, time averaging and slatistical uncer-
tainly propagation. The outputs of the pre-processor mod-
ule are intermediate pre-processed NetCDF files which will
be the input files for the optical processor module. These
files contain the range corrected pre-processed lidar signals
and the corresponding molecul pheric profiles. As
these quantities can be used in many different fields of ap-
plication (quick-look generation, model assimilation, inter-
comparison campaigns) the intermediate NetCDF files can
be considered an additional not calibrated products provided
by the SCC.

3.3 Optical processor module (ELDA: Earlinet Lidar

Data Analyzer) \ .«gb\

ELDAVapplics to the pre- d signals, p d by
the pre-processor module, the algorithms for __wm\_diné— of
aerosol optical parameters. All-#e~details of/ELDA mod-
ule are provided in (Mattis et al., 2015),’Only a"very Tl
overview of its main functionalitics is provided here. ELDA
mredule can provide aerosol productsin a flexible way choos-
ing from a set of possible pre-defined analysis procedures
( ). ELDA impl retricval of elastic acrosol
backscatter Eom_ﬂhﬁﬁﬂﬁmz et al. (1981); Fernald (1984),
itetative algorithm Di Girolamo et al. (1995)), retrieval of
aerosol extinction profile (Ansmann et al., 1990} am
nally retrieval of Raman aerosol backscatter profile (Ans-
mann et al,, 1992). An ic vertical- hing and
time-averaging technique selects the optimal smoothing level
as a function of altitude on the base of diferent thresholds
on product uncertainties fixed in the SCC database for each
product. The final optical products are written in NetCDF
files with a structure fully compliant with the ¢ and b EAR-
LINET files.

Aaxtet

3.4 Usecase

To improve the flexibility of the SCC the concept of use-
case has been introduced. The SCC uses the usccases to
adapt the analysis of lidar signal to a specific lidar con-
figuration, Each usecase identifies a particular way to han-
dle lidar data. An example on how the usecase are defined
is illustrated in 2. In the left part of the figure it is
schematically showq the usccase 0 for the acrosol Raman
backscatier calculatfon. This usccase refers to a basic Ra-
man lidar configurafion where are detected only an elastic
signal (e!T) and the forresponding vibrational-rotational No
Raman one (viRN2)} These two signals are preprocessed by

ﬂ_.w.

Pepoydnis ek d,
1940

il

’ R

the SCC pre-processor module and then the results m.w aved
in a NetCDF intermediate file. Then ELDA madule géts the
preprocessed signals and delivers as final result the @erosolss
Raman backscatter profile. In the right part of’ 2/is
reporled a more complex usecase (the usecase 13) for ac-

1 leul toa

vosel pond

a
8

Raman t ion which cor
lidar system which uses two difTerent telescopes: one opti-
mized to detect the signal backscatiered by the ncar rangeso
atmospheric region and an other onc optimized to detect the
atmospheric signal by the far range. Morcover [or both these
telescopes the elaslic and the ro-vibrational No Raman chan-
nels are detected in analog and pholoconling mode. n this

&
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In this way the user can be informed about (he success or
the failure of the SCC on the submitted measurement with
detailed and specific error messages. It is also possible to de-
fine timeout periods after which started modiiles ishould be
forced to stop. . i

As the SCC is mainly designed to be run on a single server
where multiple users can perform at the same time different
lidar analysis, the SCC dacmon has been developed to act
in a multithread environment. In this way different processes
can be started in parallel by the SCC daemon enhancing the
efficiency of the whole SCC. The SCC daemon has &:mrﬁ\.
configurable multithread mode to adapt itself to the hardware

case, the SCC should combine 8 raw signals to get
aerosol Raman backscatter profile. Looking at ¢
we can see the details of this combination for th€ usecase 13,
First the analog and the corresponding phot ing sig-
nals are combined by the pre-processor module. In this way
in the intermediate NetCDF file there are 4 signals which rep-
resent the combined (analog and photoncounting) elastic and
ro-vibrational N2 Raman channels detected by the near range *°
and (ar range telescope. The ELDA module combines these 4
pre-processed signals retrieving two different acrosol Raman
backscatter profiles (one for the near range and the other for
the far range) and finally these products are glued together to
get a singte aerosol Raman backscatter profile.

A total of 34 different usecases have been defined and im-
plemented within the SCC for the calculation of all the opti-
cal products. A schematic description of all the implemented
usecases is provided in the appendix A. This set of usecascs
assures all the different EARLINET lidar setups can be pro-
cessed by the SCC. Moreover we may have further flexibility
choosing among the different usecases compatible for a fixed
lidar configuration.

Finally the concept of usecase improves also the expand-
ability of the SCC: to implement in the SCC a new lidar con-
figuration it is enough to implement a new usecase if the ones
already defined are not compatible with it. -

a&. OW \9 b&\ a—&u.r

The SCC database, the ELEP and ELDA modules are well
separated objects that neegd'to act in a coordinated and syn-

s0 chronized way. When a is submitied to the
SCC a new enlry is created in the SCC database. As soon as
- thisoperation is completed (he pre-processing module should
be starled on the submitted measurements. As soon as there
are pre-processed data available, the ELDA moduleghould
c staried on them to.gat the acrosol optical products. All
- these operations arc performed by the modute SCC daemon.

\—.V zs_ﬁmrw.mmmi:n:aim a multithread process running continu-ss
ously in the background and it is responsible to start thread
instances for the pre-processor or the optical processor mod-
so ule when it is necessary. Another important function of the
SCC daemon is to monilor the status of started modulcs and

to track the corresponding exit stalus in the SCC database. so
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3.5 SCC daemon module

m&.a W .

ilable on the hosting server. '

{ terface A

eb in / ef o g—ﬁq
This module represents the t the end-usel
and the SCC. In particular, ;:5 SCC, the user necds
1o interact only with the SCC database as the calculus mod-
ules ELPP and and ELDA are automatically started by the
SCC dacmon that in turns gets and provides info to the SCC
database. Thercfore, the web interface is w\ user-fricndly
way to interact with the SCC dalabase using any of avail-
able Internet browsers. Using the web interface it js possible
to:

1. change or visualize all the input parameters for a partic-
ular lidar system or add a new system;
the

2. upload data to the SCC server and registgf the measure-

m . ments in the SCC database. Along with Taw lidar data it
60

isTpossible atweto upload ancillary files like: for exam-
ple correlative sounding profile and overlapicorrection
function which can be uscd in the analysis; All these
files should be in NetCDF format with a well-defined
structure. The interface does not allow to upload on the
server files in wrong format or not compliant with the
defined structure;

3. visualize the status of the SCC analysis. In case of fail-
ure a specific error message is shown in a way the user
can easily figure out the reason of failure;

4. download the pre-pr g or {he ocmnu__ producls
from the server. In particula, it is possible to visualize
the calculated profile of aerosol ovaom_vaaza.n

) i

5. restart the SCC on an already uzﬁa\ﬁa measurement;

The web interface has been developed in a way that the
above actions can be performed depending on differcnt type
of accounts. For example users belonging to a partjcular fidar
stations cannot modify any input parameters for a lidar sys-
tem linked fo a different lidar station. Moreover jt is possi-
ble to define users that can only perform analysis and cannot
change input parameters.

3 orz!
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Moreover the processing status of each measurement can
be also monitored using a web API 9@@:8:03*@35‘

K grated to each stations processing system making the process
ss  of submission of the raw data and the corresponding analysis
fully automatic.

Finally, using the web interface it is possible to have ac-
cess to an EARLINET Handbook of Instrument (HOI) where
all the instrumental characteristics of the lidar systems reg-

550
the HOL is to collect all the characteristics of all EARLINET
lidar systems and to make this information available for the
end-user in an efficient and user-friendly way. For this reason
the informalion in the HOL is grouped in lerms of the differ-

e As second validation level, we have evaluated the SCC
S—mrmeperfortfidnces when it is applicd on real Tidar dat: Jompar-
ing the optical products calculated by the SCC with the cor-
responding optical products generated by the analysis soft-
ware developed by different lidar groups. This comparison
has been performed using two different approaches. First we
compared the analysis obtained by the lidar measurements
taken by scveral lidar systems measuring in the same place
at the same time. In this way we can check the ability of the
SCC to adapt itself to analyze data coming from different
fidar sy in the same pheric conditi S dly
we have compared the mean profiles which were obtained

628

from profiles measured by two EARLINET stations over sev-sfs

Emzmﬁznn@nov. Using this API, the SCC can be tightly inte-es  paring the analysis in one single case.

istered in the SCC database are reported. The main goal ofse

7

eral months at the same place. This kind of test is devoted 1o
evaluate possible biascs in the SCC analysis not immc_o/no.:.

whow

4.1 Single profiles validation

The EARLIO9 (EArlinet Reference Lidar Intercomparison
2009) measurement campaign held in Leipzig, Germany,
in May 2009 (Freudenthaler ct al., 2010; Wandingcr ct al.,
2015) gave us the possibility to test the SCC on the mea-
surements taken by different fidar systems in the same atmo-
spheric conditions. Eleven lidar systems from ten diflerent
EARLINET slations performed one month of co-located, co-
ordinated measuremenis under different meteorological con-

system; the MARTHA sytem [rom Leipzig slation as an ex-
ample of home made lidar (Maltis et al., 2004); the PollyXT
from Leipzig station as representative of the Polly™°t net-
work (Althausen et al., 2013); the CIS-LiNet (Lidar Net-
work for CIS«countries) (Chaikovsky et al., 2005) reference
system MSTLA2 from Minsk station and finally the MUSA
(MUIti-wavelength lidar System [or Aerosol) from Potenza
stalion as an example of EARLINET network refercnce sys-
E:k_,\—uno::u etfal,, 2011). :

Figure 3 showls the aerosol elastic-backscatter profiles at
1064hun obtained from the infrared clastic-backscatter sig-
nal of five different lidar systems participating the EARLI0OY
campgign. In redfigplotied the profiles obtained by the SCC

e m\m_ﬁ\z‘ E(ém
add o Blanke CS eany !
Thacy

station (Nemuc et al., 2013) as an example o_ﬂwﬂz
A\
Liday

675

680

o Fi3- .
while in blue aré repor{ed the corresponding profiles pro-7o
vided by cach group wijth its own analysis sofiware. The
same color convention Will be vatid for all the other figures
in this paper. The agreement between the two analysis is in
s gencral good for all the lidar systems indicating the good
performances of the algprithm {or the retrieval of the elastic
aerosol backscatter coefficient implemented in the SCC. Thes
. red profiles shown in 3.are obtained using the iterative
w.:@ method. However we found that the SCC profiles obtained
s using\Klell approach are_practically indistinguishable from
the ones calculated by {lerative TeCRiTquE: .«SG
Only for the lefimost plot on the top it is possible to sccmo
small discrepancies which are probably duc to slightly dif-
ferent calibration input parameters as the infrared wavelength

=5 entsubsystems that a complete _aunmv.m_oztam“ laser source,es  dilions. During the paign the SCC pre-p mod- w0 is quite sensible to calibration procedure (Engelmann et al.,
n lescope, sp 1 separation, acquisition system. Additional ule was successfully used to provide, in a very short time, 2015).

information concerning the station running (he lidar system signals corrected for instrumentat effects-for all the partic- QVV R Tie Raman backscatter profiles at 357nm (at 53%1m) from 75

is also provided. Morcover as usually the lidar systems can ipating lidar systems (Wandinger ct al., 2015). In this way, /ﬁ wwﬁr the same lidar systems are shown in figure 4 (figure 5);

be updated over the time any change is tracked and visible in all the signals were pre-processed with the same procedures p/afﬁ v e profiles are calculated combining the elastic signal at

w0 the HOL e and consequently discrepancics among pre-processed signals s 355hm (532/i) with the nitrogen vibration-rotation Raman

could be due only to unwanted or unknown system effects. signal at 3 A«NE Amowm__sv. The manually obtained profiles
The datasct of EARLI0O9 campaign gives us a good oppor- agree quite With the’corresp g SCC ones idering 7o

4 Validation ‘Qﬂe\ EM:G m_m n_“nmp :m:_o:_w _M_a _u_ﬂn._-qonnwmo_. module but also all E.N :“o re aoq_u_na n:.oqnwvﬂm. The residual n_mmn_.o_.m."_:nmnw can be QM

other modules. After the campaign, few cases were se- = plained by small"#ifferenices m :n%&\_d crence valucjan

A validation strategy 1o prove whether SCC can provide qual-ess  lected characterized by data availability from all the partic- %rnmm_: Tor the calibration and also by the depolarization cor-

ity assured acrosol optical products has been implemented. ipating systems. All the participants were asked to produce rection which is taken into account in some of the manual
The performances of the SCC have been cvaulated on both their own analysis for these cases giving us the possibility analyses bul not yet implemented in the SCC. This is for ex-7es

«s  synthetic and real lidar data. for a comparison with the corresponding results of the SCC. e ample the case of the differences between 2 and 4 km of the

As first step, the SCC has been tested o_ya synthetic li- The cases differ in terms of atmospheric conditions and refer W»@. two rightmost plots on the top of figafe 4. These two plots

dar signals used during the algorithm inter-comparison exer-ssa  to both nighttime and daytime measurements. ns  refer Lo lidar syslems equipped with optics with quite differ-

cise performed in the framework of the EARLINET-ASOS For the SCC validation we focus on the case of 25" May / <( issilivy at um%__s along the two components of the
project (Pappalardo et al., 2004). This sct of synthetic sig- 2009 from 2100 to 2300UT when a Saharan dusl cvent was f o Y polarization light. If the depolarization correction is not con-o

e0  nals was simulated with really realistic experimental and at- occurring over Leipzig. Morcover, to allow an cvaluation of SY sidered, this condition together with the presence of strong

mospheric conditions to test the performances of specific al-  the SCC retrieval algorithms as complete as possible we first depolarizing aerosol (like in this case where Saharan dust is

gorithms for the retrieval of aerosol extinction, backscatiersss selecled only the EARLIO9 lidar systems able to measure ! m  prescnt between 2 and 4 km) produces an overstimation of

and lidar ratio. Comparing the calculated profiles with the  at same time aergsol backscatter profiles at 3 wavelengths <~\ ALyosolL the backscatter coefficient which is clearly visible in the two
corresponding inputs profile used to simulate the signals it is (1064%ed, 5320 and quNBv and 2 acrosol exlinction pro= —.Sw@ o " mentioned plots. This correction of the depolarization effect s

@s possible verify if an implemented algorithm returns reliable file 9t 532nm and 355nm. Among these advanced systems, f—%l%m% P 17 is not implemented in the SCC because its application re-

results. As the details of 1his exercise are provided in (Mallis we made a [urther selection on the base of their differences in quires the measurements of the depolarization ratio that is

et al., 2015) we just mention here that all fhe’algorithms im-ea  terms ol technical characteristics. In particular we considered s notyeta standard SCC product.

plemented within the S @ oduce profiles that agree with the Multiwavelength Raman Lidar - RALI from Bucharest T o "Figeees 6 and 7 arc examples of comparisons of the Ra-

the solutions within the sfafistical uncertainties. *~ man exlinction retrievalg The curves in Figwse 6 are themo

ction profiles at 355nm obtained from the ni-

7w ferent lidar systems, while Figuga 7 shows the acrosol extinc-
tion profiles at 5326im calculated from the nitrogen vibrati
rotation Raman signal at ao.\\a for the same systems. The ms
agrecment between the two’independent analyses is good
for both wavelengths. In particular the extinction profiles at
75 mumm?_ are noisier than the ones al uuvm:: and so, for same
casts, it is not casy fo clearly evaluate the agreement between
manual and SCC analysis. Nevertheless, for all the systems me
the atmospheric struclures are present with very similar and
consistent shape in the manual and the SCC retrived profiles.

w1 breensd —votahouad
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4.2 Mean profiles validation :

In the previous scction we have shown the oo:iu:mc:m ol
the SCC analysis with the corresponding manualiones for a
single measurement case considering several different lidar
systems. This comparison us to invesligate:dhe ability
of the SCC to provide acrosol optical products for di t
sysiems but it ot assure the algorithms implemented
in the SCC are not affected by systematic crrors or that they
work well under different atmospheric conditions. To prove
this, mean SCC profiles have been compared to the corre-
sponding mean profiles obtained by the independent analy-
sis procedure. In particular several measurement cascs have
been inverted with both the SCC and the manual analysis
software. The results have been averaged and finally com-
pared. Two representative EARLINET lidar systems have
been taken into account for this comparison: MUSA 4L~
1 Fopmdh

Lot chagailaist 1

allowed.

g : rfromPotenea-stetions
and PollyXT system operating at Teipzig station.
For{Poltenza stalion we have comparcd (¢ mean pro-

files obtained by averaging the measurements; made by
MUSA system (Madonna ct al., 2011) in correspondence
of CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite Observations) (Winker et al., 2007), overpasses be-
tween March 2010 and November 2011, In Table 1-afs sum-
marized the number of single profiles that have been.con-
sidered in calculating the mean profiles for both SCC and
manual analysis. The quantity £/064 indicaies ithe elastic
backscatter profile at _om\?: while 5532 (b353) and e532
(e355) represent respectively the mean Raman; of clastic
backscatter and extinction profile at 53%im G.”..H_.V&BV. The
number of averaged profiles are not the same for‘all the av-
eraged quantities as not for all the cases il is possible to
get optical products for all the,lidar channels. For nighttime
conditions backscatter at 532m and 3 *.:: have been ob-
tained using the clastic signal with the corresponding N2 Ra-
man one. In dayfime conditions both the Raman channels at
607hm and 387hm are not usable and therefore there are no
exlinction profiles available and the backscatter at all wave-
lengths are calculated using elastic-only techniqugs.
<Fhe-figuee 8 summarizes the result of the mean analysis
comparison made in nighttime conditions. For cach analy-
sis 3 mean backscatter profiles are reported (first plot on the
lefl) at 1064nm (red curve) at 532nm (green curve) and at
3550m (blue curve) and the 2 mean extinction profiles (sec-
ontt plot for the left) at mm%mi (green curve) and al 355nm
(blue curve). In the same figure other important aerosol pa-
rameters are plotied which are directly derived from the ex-
tinction and backscatter profiles: the extinction to backscalter
ratio lidar _.m::vqa the Angstram coefficients.
As it is well known that thes¢’paramelers depend only on the
type of aerosol, it is quile interesting to test the SCC perfor-
mance also on these parameters. i
In general the agreement between the two y
for all the profiles shown in.Sgyse 8. The Table 2/provides a

.3. |
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more quantitative comparison. In particular two separate alli-
tude ranges were selected in order to allow direct comparison
of statistical quantities. The first ( Range I) extends up to 2
km and the second one (Range 2) from 2 up to 4 km height.
In both thesc ranges niean values and corresponding standard eso
errors of all the <m:_8_ profites plotted in figure 8 have been
calculated.

the comparison fo{MUSA system in daytime
coiil _=o= 1S shown. As already mentioned in this case the

2 Raman channels are not available and so it is possible loess
compare only backscatter related quantities. As it can be seen
from Table 2, where the mean values in Range I and Range

2 are shown, also for daylime conditions we have a good
agreement between the two analysis.

For the Leipzig station, we have compared all regularsso
EARLINET climatology and CALIPSO measurements made
by PollyXT from Scptember 2012 to S ber 2014 for
which the complete data set of 3 back coefficient and,
at nighttime, 2 extinction coefficient profiles were available.
The numbers of PollyXT single profiles that have been in-es
cluded in the calculation of mean profiles are reported in Ta-

blel. s,
Hrfnmtnvm_o and 11 show the result of the mean anal-

ysis comparison for PoityXT system made in nighttime and
daytime gonditions respectively. All uanlities displayeden
already desc
8 and 9. The agrecement between the two M:.E_wm_m is good in
both nighttime and daytime conditions. All the manyal cal-

10 and 11 gmﬁww\m_am‘
lar to the corresponding ones calculaled by the SCC. More-ms
over the same quantitative comparison made for the Polenza
MUSA system has been carried out also for Polly*T lidar.
,ﬂrn results are summarized in Table 3 that shows a very good
agreenment of both mean values and standar errors calcu-
lated within the Range I and Range 2.

e.ts& .swm%r.

In July 2012 cleven EARLINET statiogs performed an in-ss
tense period of coordinated measurements with a well de-
fined measurement protocol. The measyrements started on 9
July at 06:00 UT and continued v

2

80

5 Example of applicability

for 72 roE,W\.\\

and optical processed products in near real time for-all the
stalions participating to the exercise. The outputs of the SCC
produced in that way can be used for a Jarge varicty ofappli-
cations like the assimilation of lidar data in air quality model
or in dust transporl model, models validation, monitoring of
special events like volcano cruptions. In particular the SCC
pre-processed data measured during the 72h operationality
exercise have been succesfully assimilated in the air quality
model mo_vﬁ_a_::m developed by Centre d’Enscigl et
de Recherche en Envirc A hérique (CEREA)
{o improve the quality of PM10 and ESN 5 forecast on the
ground {Wang el al., 2014).

All lpe participating stations agreed to provide raw data
in SCC format containing | hour timeserics of raw lidar sig-
nals each synchronized with the slart of each hour. Starting
from these raw data files the SCC was configured to pro-
vide 30 minutes time averaged range corrected signals (pre-
processed files) for all the involved lidar systems. During the
excrcisc the SCC was an important step toward the standard-
ization of lidar producits as the lidars participating to the op-
erate at differcnt raw time resolutions (from 1 _E:Aa to 5
minutes) and they also differ in many other characteristics
requiring different instrumental corrections.

To make the SCC outpuis available as soon as possible, an
infrastructure was set up to automatically submit the data to
the SCC. Usually to start the retricval of the SCC on a partic-
ular measurement the user needs 1o register the measurement
into the SCC database using the web interface. This oper-
ation needs time and also the presence of an operalor. To
improve that, a fully antomatic uploading system has been
implemented and used during the 72h measurement exercise.
Once the system has d {the p ol anew
ment, a check on the format of the uploaded datafile is auto-
matically performed and in case of success the measurement
is automatically registered to the SCC dalabasc and conse-
quently the SCC is started on it. The results of the SCC anal-
ysis are sent back to the originator for their evaluation as soon
as they are available. With such kind of system il was possi-
ble 1o automalically relrieve the necded acrosol products and
make them available within 30 minutes [rom the end of mea-
surement.

5..&205&3@5?

whenever the atmospheric conditions wetidar
The details of this quite inlensive observation period are pro-
vided in (Sicard et al., 2015). In this section the main ob-
Jjectives of this 72h operationality excercise will be briefly
recalled and some technical specific details about how thees
SCC has been used during that period will be provided. The
main scope of the 72h operationality excreise was to show the
EARLINET capabilities to provide in ncar-real time a large
set or acrosol paramiclers obtained in a slandardized way fora
large number of stations around the Mediterrancan basin. Inaes
particular the SCC was uscd to retricve both pre-processed
products in real time {mainly range corrected lidar signals)

6 Conclusi

The SCC, an automatic tool for the analysis of EARLINET
lidar da % been developed and made available to all the
EARL stations. The SCC has been installed on a cen-
tralized server where the user can submit data in a pre-
defined NetCDF structure. The SCC is highly configurable
and can be easily adapted to new lidar systems. In particular
an user-friendly web intcrface atlows the user to change all
the instrumental and configuration parameters to be used in
the analysis. The products of the SCC are all quality certified
in terms of EARLINET quality assurance program. The SCC
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can provide different levels of output: pre-processed signals,
which are range corrected lidar signals correcled for all the
oo instrumental effects, and aerosol optical products, which are
aerosol backscatter or extinction profiles. The pre-processed
and (he acrosol oplical producls are calculated by two dif-
ferent SCC modules: ELPP that accepts as input the raw
lidar data and ELDA which takes as inputs the outputs of
ws the ELPP module. The actions of the two modules are auto-
malically synchronized and coordinated by an other module
called SCC daemon. All the parameters required by ELPP
and ELDA modules are stored in an efficient way in A SCC
database. -
o The SCC has been validated comparing its optical prod-
ucts with the corresponding products retrieved with indepen-
dent manual quality certified procedures. The validation has
been carried out into two different steps. First, considering
a case study selected from the EARLI09 inter-comparison
campaign, it has been proved the SCC is able to provide
optical products in good agreement with the corresponding
manual analysis for all the EARLI09 lidar system consid-
ered. Second, it has been checked the SCC can provide re-
liable results in different atmospheric conditions. This has
o» been archieved comparing mean profiles obtained averag-
ing several optical profiles for two EARLINET represenia-
tive syslems. Also in this case the comparisons indicate good
performances of the SCC.

An example of the applicability of the SCC has been pro-

o5 vided describing the use we made of the SCC in the 72h
EARLINET measurcment exercise. In this case, the SCC has
been used Lo provide high quality aerosol products at difler-
ent levels (pre-processed signals or acrosol optical products)
in near-real time. Such kind of aerosol products can be assim-

s ilaled in models or can be used for model validation purposes
or to monitor special events at network tevel.

The development of the SCC modules is continuing. New
features like acrosol depolarization-ratio calculation, auto-
malic determination of aerosol layer properties from both

o geomelrical and optical point of view, and cloud mask-
ing are under investigation and will be included in the
SCC in the framework of the ACTRIS (Acrosol, Clouds
and Trace gases Research InfraStructure Network) project
(http://www.actris.org) Due to its flexibility the
be casily extended to GALION (GAW Aerosol LIdar Obser-
vation Network) to evaluate lidar data of networks different
~fronr EARLINET.
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Fig. 1. Block structure of the Single Calculus Chain.
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Raman Backscatter Calculation: Usecase 0

Raman Backscatter Calculation: Usecase 13
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Acrosol backscatter profile

of Raman t

Acrasol backseatier profile

d in the SCC. In particular the usecase 0 (on the left) can be

Fig. 4. Comparison of Raman backscatter profiles at m&s for five lidar systems participaling to the EARLIO9 inter-comparison campaign.
>__..h~\_s.o:_om refer Lo measurcment session taken on 25th May 2009 n.d:Ee to 2300 UT Nﬂa they have been retrieved. combining
elaStic backscattered channel at 353m and the N2 Raman back signal at 387fim. The profiles in blue are (he analysis
provided by the originator of the data using his own analysis software. The profiles in red are the ones retricved by the SCCe x

used for a lidar system measuring only the elastic backscattered signal (eIT) and the corresponding N2 Raman k d signal (viRN2).
The usecase 13 (on the right) refers to more complex lidar configuration in which there are two differcnt telescopes and each channel is
acquired in both analog and photoncounting mode.
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Fig. 3. Comparison of claslic backscatter proliles at SMNE for five lidar systems participaling to the EARLIO9 inter-comparison campaign.
>_E\Eo_.__om refer to measurement session taken on Z5th May 2009 from 23460 to 23:80°UT. The profiles in blue are the analysis provided
by the originator of the data using his own analysis soflware. The profiles in red are the ones retrieved by the SCCq *
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Fig. 6. Comparison of acrosol extinction profiles at umk_: for five lidar systems participating to the EARLIO? intcr-comparison campaign.
>=\V\_...3=_om refer to measurement session taken on 25th May 2009 from=24+86-to 23+66-5T and they have been retrieved using the
Nz Raman backscalter signal at 3837m. The proliles in bl he analysis provided by the originator of the data using his own analysis
software. The profiles in red are thé ones retrieved by thefSCCy
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Fig, 7. Comparison of acrosol extinction profiles at 532hm for five lidar systems participating to the EARLI0Y inter-comparison campaign.
All p€profiles refer to measurement session taken on 25th May 2008-2+:66 to 23706°UT and they have been retrieved using the Nz Raman
backscatter signat at 607/nm. The profiles i the analysis provided by the originator of the data using his own analysis software. The
profiles in red are the ohes retricved by Mic wOOo
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Fig. 8. Mean nighttime analysis comparison for Potenza staljon cSCw> mzm_.w.uce the E:\A reported the mean analysis obfained using
the manual analysis 2_:_.“ cu the right the results obtained by (R SEC-are shigivn. Several measurement cases (see table 1) have been analyzed
and the di and extinction profiles have been avaraged and shown respectively in the first and in the secdnd subplots
of both ::::E_ and SCC analysis plots. The other two subplots staring from the leRt show respecvitely the lidar ratios and (he Angstrom
exponens as calculated from the mean aerosol extinction and backscalter profiles.
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Fig. 9. Mean daytime analysis comparison for Potenza m.u:a\:ﬁ\r mwwah.v«O: the _n_.\ t is reported the mean analysis obtairied using the

mantal analysis while on the right the results obiained by :m/mMO areshoWwn. Several measurement cases (sce table 1) have been analyzed
and the corresponding backscatter profilcs have been avaraged and “Shown in the first subplot of both the manual and SCC analysis plots. The
other subplot shows; (he backscatter related Angstrom exponenls as calculated _.EE the mean backseatter profiles. i
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Appendix A
SCC Usecases description

In this/ppendix all the usecases currently implemented in
the SCC are reported sct ically. A specific lature
has been used to identify univocally the different types of li-
dar signals detected by all EARLINET lidars. In particular
the name assigned to each lidar signal is composed by four
dilferent substrings separated by the character underscore.
The first substring describes the scattering mode characteriz-
ing the detected signal, the second identifies the polarization
state, the third describes the detection mode used to mea-
sure the signal and finaily the fourth identifies the range for
which the signal is optimized. For ple a ct | called
“e|T_cross.pc{t” represents the photoncounting perpendicu-
lar polarization component (with respect to the dircction of
lincar polarized incident laser light) of the elastic backscat-
tered lidar signal optimized (in terms of the signal to noisess
) to detect the atmospheric signal from the far range. The
?Zn Al summarizes all the possible substrings used to iden-
tify the signals.

All the impiemented usecases, separated by product type,
are reported in »__m\ﬁﬂ_nm A2 A3 and A4 using the same
structure. The first column gives the number identifying the
usecase. This number identify univacally the usecase oncea
product type has be selected. The second column reports all
the lidar channels involved in the product calculation. This
information allows us the identification of the relevant use-
cases fitting with one specific experimental setup. The other
columns specify the steps to be performed in the calcula-os
tion of the product. The third column shows which chan-
nels are combined at pre-processing level typically to en-
hance the detected dynamic range glueing signals optimized
(or the far range detection with the corresponding ones opti-
mized For the low range. The fourth column specifies which®™®
pre-processed signals are used to calculate the corresponding
optical product. If in this column it is EMME only one sub-

column (like for example the usecase 7 in Jable A2) it means
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er of MUSA (Potenza) and Polly™T (Leipzig) mea-

included in the of the mean profiles
shown infauses 8, 9, 10 and 11. The quantity bJ064 indicates the
elastic backscatter profile al _caa“N: while 0532 (b355) and e532
(e355) represent respectively thg mean Raman or elastic backscat-

ter and extinction profile at 5324m (353hm).
Nighttime Daylime
MUSA Polly"T MUSA Polly*"

b1064 23 15 12 9

b532 20 15 12 9

b355 24 15 10 9

€532 16 15 - -

e3s5 14 15 - -
search, technological develop and d ion under grand

agreement no 289923 - ITaRS.
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Table 2. Comparison of the mean values and correspondent standard deviation of the profiles shown in

Fig:

8 and 9. Mecan values and

standard crrors (reported in round braket) have been calculaled averaging the mean profiles within Range 1 (0-2km) and Range 2 {2-4km)

Nighttime Daytime
Alsc™'MmY} «[Mm™'] LR fs1] Blsr™'Mm™']
A [nm] Manual scc Manual scc Manual scc Manual scc
Range 1 - . .
355 2,01(0.10)  2.13(0.18) 86.42(3.52)  93.26(5.07) 47.23(1.65)  54.72(1.25) 1.58(0.07)  2.01(0.13)
532 1.35(0.04)  1.44(0.07) 100.00(4.57)  108.35(6.99) 76.64(1.78)  81.72(2.87) 0.85(0.03)  0.89(0.03)
1064 0.65(0.02) 0.73(0.03) - - 0.52(0.02)  0.57(0.02)
Range 2
355 0.62(0.06)  0.58(0.05) 34.74(2.04) 37.86(1.54) 61.71(2.13)  71.89(2.96)" 0.52(0.04)  0.54(0.04)
532 0.54(0.03)  0.56(0.03) 43.812.17) 41.73(1.39) 84.39(2.52) 77.73(2.22) 0.37(0.02)  0.39(0.02)
1064 0.29(0.01)  0.31¢0.01) - - - - _ 0.25(0.01)  0.26(0.01)
= Ky

Table 3. Comparison of the mean values and correspondent standard deviation of the profiles shown in szmﬁ_c and 11. Mecan values and
standard errors (reporied in round braket) have been caleulated averaging the mean profiles within Range 7 (0-2km) and Range 2 (2-4km)

Nighttime Daytime
8 [sc™'Mm™"] a[Mm™') LR [sr] Bist IMm™!]

Alnm] Manual SCC Manual SCC Manual scc Maaual SCC

Range 1
355 3.16(0.22)  3.03(0.19) 168.93(13.40)  147.77(10.64) 52.21(0.59) 47.93(0.53) 2.30(0.23) 2.17(0.23)
532 1.56(0.10)  1.64(0.10) 88.81(9.13)  88.84(8.55) 52.85(1.85)  50.88(1.80) 1.00(0.08)  1.05(0.08)
1064 0.58(0.01)  0.69(0.01) - - - 0.43(0.03) 0.53(0.04)

Range 2
355 1.39(0.05)  1.47(0.06) 75.81(2.70) 72.05(2.37) 55.37(0.67)  50.80(1.14) 0.20(0.01)  0.20(0.01)
532 0.86(0.02) 0.99(0.02) 45.84(1.50)  45.33(1.39) 53.09(0.75)  45.76(0.55) 0.08(0.01)  0.11(0.01)
1064 0.32(0.02) 0.38(0.02) B - - - 0.06(0.01)  0.07(0.01)
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Table Al. Nomenclature used to identify univocally the different types of lidar signals dctected by all EARLINET _EV\ .—AN*,\» *&&S [

Name Description !
Scattering mode
el n_um:a backscatiered signal

viN2 T ional Raman bac} d signal by nilrogen molecules !
pRRIow  pure rotational Raman backscattered signal at low quantum number '
pRRhigh  pure rotational Raman backscattered signal at high quantum number !
Polarization state

tot total signal H
cross perpendicular polarization component '
paral parallel polarization component

Detection mode

an analog '
pe pholoncounting ;
any can be analog or phofoncounting ,
Range mode’*) !
fr signal optimized 1o detect the far range

nr signal optimized to detect the near range |
ur signal oplimized 1o detect the ultra near range !

U7 for signals not optimized for a specific altitude range this substring is omilted.

_ Admos Meas. Techy,

sustainable European acrosol lidar network, ?iomnio»l '
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Table A2. SCC impl d for the calculation of the heric aerosol back fHicient profile usingRaman technigue.
The first colummn provides the number identifying the usecase, the second column reports all the lidar channels involved in the product
calculation, the third column shows which ch Is are bined at pre-p ing level, the fourth column specifies which pre-processed
signals are used to calculale the final oplical product. Finally the last column shows if intermediate products have been combined to get the
final oplical product. i

Usecase  Channels Signal

Product Product

eltot_any X
viRN2_tot_any X

X

el_tot.any.nr
1 cltot_any_fr X

vrRN2_tot_any X

el fot_any_nr X
2 el totany fr
VvIRN2_tot_any X X

X
x

el ot any x

vrRN2_tot_any_nr
vrRN2 tot_any_fr X

X

el_tol_any
4 viRN2_tot_any_nr x X
viRN2.tot.any_fr X

X
X

cltot_any_nr
cl totany_fr

viRN2_tot.any_or
vrRN2_tot_any_fr

X X | X X

cl.tot_any_nr X
el_tot_any_fr X
viRN2_tot_any_nr X
vrRN2_tot_any_fr x

el_cross_any
7 el_paral.any
viRNZ_tot.any

X | X X X

cl_tot_any

pRRIow_tot_any X
pRRhigh_tol_any

X

el_cross_any_nr
el_cross_any_fr

cl paral_any_nr
elparalany{r

X X X X

vrRN2_tot_any X

el.cross.any X
el_paral_any X

viRN2_tot_any_nr X
VvrRN2._tot_any._fr X
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Table A2, SCC imp d for the calculation of the

ic acrosol t

1 P

profile using¥Raman tech-

nique.{Continued]

Usecase

Channels

Signal

Product

Product

el_cross_any_ar
el_cross_any_fr

xX X

el_paral_any_nr
el_paral_any.fr

X X

vrRIN2.tol_any_nr
vriRN2_tot_any_fr

X X

el_cross.any_nr
¢l_cross.any.fr
el_paral_any_ar
cl_paral_any.{r
vrRN2_tot_any nr
VIRN2 _tof_any_{r

el tot.an.nr
elot_pc.nr

vrRN2 tot an.nr
vrRN2_tot_an.nr

el.tolan_fr
el_tot_pc_fr

X XX XXX

vrRN2_totan_{v
vrRN2. tot_pe.fr

X X

el tot_any unr
¢l_tot_any_nr

pRRlow_tol_any_nr
pRRhigh_tot_any.nr

XX | XX

cl_tol any_fr

pRRlow_tot_any._fr
pRRhigh_tot_any_fr

X

el _tol_any_unr
cl_tot_any.nr

viRN2_tot_any_nr
el_tot_any_fr
vrRN2 _tot_any_fr

el tot_any_nr

pRRlow._tot_any.nr.
pRRbigh_tot_any_nr

X X

el_tot_any.fr

pRRIow._tot_any_fr
pRRhigh_tol_any_fr

X
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Table A2. SCC i for the calculation of the heric aerosol back

nique.[Continued]

Usecase

Chanacls

Signal Product

Product

17

el_paral.any_nr
cl_paral_any _fr

X X

el cross.any
vrRN2.tot.any

X X

¢l_cross_any.nr
cl_cross_any.fr

X

cl_paral_any
vrRN2_tot.any

x

Table A3.SCC impl d for the calculation of the

ic acrosol

structurc of the table is the same one corresponding to ﬁgzn A2,

profilc usin!

Usccase

Channels

Signal Product

Product

viRN2_tot_any

x

vrRN2_tot_any nr
vrRN2_tot_any_fr

X

X

VvrRN2_tot_any_nr
viRN2_tot_any_(r

pRRlow_tot_any
pRRhigh-tot_any

X X

vrRN2_tot_an_or
VviRN2.tot_pcnr

vrRN2_tot.an_fr
vrRN2_tot_pe_[t

X X | X X

pRRlow_tot_any_nr
pRRhigh.totany.nr

pRRlow_tot any_fr
pRRhigh_tot_any_fr

X X [xX X

21

by

coeflicient profile usin; nan tech-

aman techique. The
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Table Ad, SCC ses i pl d for the calcutation of the atmospheric aerosol backscatter coeflicient profile usingy/lastic-only
techique. The structure of the table is the same one corresponding the the —nc_a A2, x

Usccase  Channels Signal Product Product

4] cltol_any X

X

1 el_tot_any_nr
¢l-totany fr X

cl_totany.nr X
chtot.any.fr X

X

cl.paral_any
cl_cross_any

X

el_paral_any_or
cl_paral_any_[r

el_cross_any_nr
el_cross_any.fr

X X [ X X

¢l_paral.any.nr b3
el_paral.any.{r X
¢l_cross.any.nr X
cl_cross_any..fr b

cl_tot.an_nr
el_tot_pc_nr

cl_totan_fr
el_tot_pc_[r

X X | X X

el_cross_any X

X

el_paral_any nr
el_paral_any_{r X .

el.paral.any

cl_cross_any_nr X
el_cross.any_fr %




