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Abstract. In this paper we describe the EARLINET Sin- greatly reduced improving the near-real time availabitify

gle Calculus Chain (SCE) a tool for the automatic analysislidar data. The high quality of the SCC products is demon-
of lidar measurements. The development of this tool startedstrated by the good agreement between the SCC analysis and
ip the framework of EARLINET-ASOS (European Aerosol the corresponding independent manual retrievals. Finally
Research Lidar Network - Advanced Sustainable Observareal example of the applicability of the SCC in providing
tion System) project and it 4s—still continuing within AGs high quality aerosol optical produets-ircase-ef-intense ob-
TRIS (Aerosol, Clouds and Trace gases Research InfraStruservation-periogHsprovided.

ture Network) project. The main idea was to develop a chain
which allows all EARLINET stations to retrieye in a full au-
tomatic way the aerosol backscatter and extinction profiles
starting from the raw lidar data of the lidar systems they op-1

erate. The calculus subsystem of the SCC is compgsed b¥h ibuti £ih lsinthe at heri
two modules: a pre-processor module that handles the ratv € contribution 0FtA€ aerosols € alMOSPNETIC Praess

lidar data and corrects them for instrumental effects and a ﬁlngttwelll kr;own. In ;?[ﬁrtlcular an |mport:;1nt ?ap.netﬁdséo ?e
optical processing module for the retrieval of aerosol-opti : g, t'o ¢ ‘Z”g bet ter bIQ Fele Edl e aerlpsots P ﬁy inthe IPaCrtC
cal products from the pre-processed data. All the input pa—ra lation budget problem and in climate changes ( '

rameters needed to perform the lidar analysis are stored igogg' 2013). itical i . d dina th .
a database-te-get-them-inan-efficientyvay and also to keeevh_ Ellloselitied ISSU€ In un e_rstan ng the processes In
track of all the changes that may occur on any EARLINET 'Ch_ e cisiiosols sl mvolved_ = e [ Va”at.)'“ty jg
lidar system over the time. The two calculus modules and th@ave n terms_ O piEn SOLIEs “”.‘e a.n.d space (D_mgr "
data are coordinated and synchronized by a further moduléom)' F_or iilis reason o) Ui SEETHI com'munlty 'S par
(deamon) which makes—fully-autematic the whole analysist'cuIarIy*"'t_‘j“?Fes’m:'g D have_ 2eEESoNY the oppiEs) pararset
process. The end-user can interact with the SCC using a use?_haracterlz_mg th‘? EeieEl In terms of high resolutioniwart
friendly web interface. All the SCC modules are deveI0|:3°ed‘3l_tmOSpherIC protes. T [EEs Inave ins EOMENEHE Sdu

using open source and free available software packages. Th Spitee anel s [esoliel ezl pligilies @ at_arospl op-
final products retrieved by the SCC fulfill all constraintsfilx t|calhp|arameters atn.d :ﬁ aII;)w oS hEI'E lashesavieienlibn 0
in the framework of the EARLINET quality assurance pro- ea; a%/er presentin the atmosp ere._d for th dv of
grams on both instrumental and algorithm levels. Moreover nother important aspect to consider for the study o

the man power needed to provide aerosol optical products i@erosols ISt - . . large
P P P P seate; To support this need several coordinated lidar mksvo
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have been-setyp in the last years. In particular EARLINETEARLINET is a good example on how heterogenous the li-
(European Aerosol Research Lidar NETwoHdg-s—epergtivedar systems forming a network can be. Typically EARLINET
in Europe since 2000 and provides the scientific communitylidar systems can differ in terms of emitted or detected wave
with the most complete database-efaeresel-epticalparamlengths, acquisition mode (analog and/or photon-couipting
eters-vertical-profiles-on-European-scale (Pappalardo,et alspace and time resolution, and detection systems. A network
2014; Earlinet, 2014). The EARLINET data can be usedlike AERONET (Holben et al., 1998) for example, does not
for several purposegs-ike models evaluation and assimilati  suffer too much about this problem as it is based on the same
full exploitation of satellite datg, study of aerosol lorsgnge  standardized instrument. In cases like that a common scheme
transport mechanigm, monitoring of special events like a0l for the analysis of raw data does not need to take into ac-
canic eruption, large forest fire or dust outbreaks. count many different instrumental aspects with a consequen
Within the EARLINET-ASOS (European Aerosol Re- reduction (from this point of view) of the development com-
search Lidar Network - Advanced Sustainable Observatiorplexity. On the contrary, the EARLINET lidar systems are
System) project great importance was given to the optimizareally heterogeneous in many aspects and many of them are
tion of lidar data processing (http://www.earlinetasog)@.s home-made or highly customized. This makes, from p
The core of this activity was the development of the EAR- cal point of view, impossible to develop a single algorit
LINET Single Calculus Chain (SCC) a tool for the automatic analyze all the EARLINET data.
evaluation of lidar data from raw signals up to the final prod- For these reasons the main concept to put at the base of the
ucts. SCC developmentis the implementation of a tool able to pro-
The SCC has been developed to accomplish the fundavide quality assured aerosol optical products from rawrlida
mental need of any coordinated lidar network to have andata in an fully unattended way. At the same time, to make
optimized and automatic tool providing high quality aeloso the use of this tool really sustainable over the time an easy
products. High quality is obtained enstablishing, at nekwo expandiblility should be assured to guarantee the anadysis
level, a rigorous quality assurance program and taking car¢he data from new or upgraded lidar systems.
to deliver to the end-users only homogeneous products gom- The main advantage of this approach is to increase the rate
pliant with this program. In many specific situations itisal of population of the aerosol databases which is the main out-
quite important these products retrieved on large geograph rich of any lidar network promoting, in general, the usage of
cal scale (for example on continental scale) are made availlidar retrieved vertically resolved aerosol parametertsiwvi
able in real-time or in near-real-time. This is the case for e the scientific community.
ample of vertically resolved lidar products used to imprave To the above general considerations some specific EAR-
the forecast of air quality or climate change models, to-vali LINET constraints need to be considered in developing the
date satellite sensors or models or to monitor special svent SCC. The EARLINET quality assurance program involves
Without a common analysis tool it could be difficult to as- both the instrumental and algorithm retrieval levels (Natt
sure at the same time homogenous high quality products andt al., 2004; Freudenthaler et al., 2015). As consequence an
short time availabiliby of the data because usually high-qua aerosol optical product can be considered EARLINET qual-
ity manual lidar data analysis requires time and man powerity assured only if it has been measured with a lidar system
Moreoever different groups within the network may use dif- which passed the instrumental quality assurance testsfand i
ferent retrieval approaches to derive the same type of akros it has been calculated using certified algorithms (Bockman
product with a consequent loss in the homogeneity of theetal., 2004; Pappalardo et al., 2004). The SCC products auto
network dataset. 150 Mmatically fulfill both these requirements as all the algaris
Another important key point to take into account in devel- implemented are EARLINET quality assured and specific
oping the SCC is heterogeneity of the lidar systems compostests that have been set up to verify the raw lidar data have
ing a typical lidar network. Excluding few exceptions, usu- been measured by a quality assured lidar system.
ally a lidar network is formed by really different and notrsta Using the SCC it is possible to calculate mainly aerosol
dardized lidar systems ranging from single elastic badksea extinction and backscatter profiles. This set of opticahpar
ter lidar to advanced multi-wavelength Raman systems. Freeters, especially in case of multi-wavelength measuresnent
quently, a system is improved or upgraded from a basic conean provide a full characterization of atmospheric aerosol
figuration to a more complex one by adding, for example,from both quantitative and qualitative point of view (Matti
new detection channels. As consequence the SCC must adagtal., 2003; Wandinger et al., 2002; Muller et al., 2005kAc
itself to handle data acquired by different instrumentsolvkb  ermann, 1998). Moreover such kind of products can be used
usually require different instrumental corrections ansbal as inputs to infer microphysical properties of atmospheric
different approaches to get quality assured products. ¥or e aerosols (Muller et al., 1999a,b; Bockmann, 2001). In par
ample as, in general, not all the lidars are characterized byicular, it is important to mention that two independent SCC
the same signal to noise ratio (SNR), different smoothing al modules have been developed to retrieve microphysical prop
gorithms or different integration times need to be selegtederties of the atmospheric aerosols from multi-wavelength R
to constrain the final products to the same accuracy levelman lidar data (Muller et al., 2015). The main products of
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both these modules are particle effective radius, volunmg lected, critically evaluated with respect to their genagpgli-
centration, and refractive index which are calculated E cability, optimized to make them fully automatic and finally
semi-automated and unsupervised algorithm. However, eveimplemented in the SCC. A critical point was the implemen-
if these modules have been released in their operational vetation of reliable and robust algorithms to assure accualte
sions, they are not yet included in the automatic structéire oibration of aerosol backscatter profile. In a fully autoroati
the SCC. analysis scenario particular attention should be devated t
Even if the SCC has been developed to be the main tagl tdhis issue to avoid large inaccuracy in the final optical prod
analyze EARLINET lidar data, its high degree of flexibility ucts. Noisy raw lidar signals or the presence of aerosoimwith
and expandibility makes the same tool easily usable in a mor¢he calibration region can induce large errors in the liddr ¢
general contests and for other lidar networks. As EARLINET ibration constant.
represents already a quite complete example of all the-avail The SCC has been developed having in mind the follow-
able lidar system typologies it is expected to smoothly &daping concepts: platform independency, open source philoso-
the SCC to run in more extended frameworks like for exam-phy, standard data format (NetCDF), flexibility through the
ple GALION (GAW Aerosol Lidar Observation Network).  implementation of different retrieval procedures, expsitd
To ourknewiegde the SCC is the first tool that can be usedty to easily include new systems or new system configura-
to analyze raw data measured by many different typologiegions. All the libraries and the compilers needed to instat
of lidar systems in a full automatic way. The other existing run the SCC are open source and free available. The SCC can
tools for the automatic analysis of lidar data are usablg onl operate on centralized server or on local PC. The users can
for a specific lidar system and cannot be easily extended t@onnect to the machine on which the SCC is running and use
retrieve aeorol products of whole lidar networks which are or configure the SCC retrieval procedures on their data us-
usually composed by different instruments. Another uniqueing a web interface. The centralized server solution (which
characteristic of the SCC is that its-aeerpsol products @re.d is the preferred way of using the tool) has many advantages
livered according to a rigoruous quality assurance progoam with respect to local installation especially when the SEC i
provide always the highest possible quality products at netused within a coordinated lidar network as EARLINET. First
work level. of all it is possible to keep track of all the system configura-
This paper is the first of three publications about the SCCtions of all systems and also to certify which configurations
and it presents an overview of the SCC and its validation.are quality assured. Moreover in this way it is always sure to
Two separated papers are used to describe the technical dase the same and the latest SCC version to produce optical
tails of the SCC pre-processing module (D’Amico et al., products.
2015) and of the optical processing module (Mattis et al., Particular attention has been addressed to the design of a
2015) respectively. suitable NetCDF structure for the SCC input file as it needs
In the first section ofthe paper the main requirementsstheo fulfill the following constrains:
SCC should fulfill are described. The second section is de-
voted to explain the whole structure of the SCC. The lasttwo 1. itshould contain the raw lidar data as they are measured
sections of the paper explain the strategy we adopted to val- by the lidar detectors (output voltages for analog lidar
idate the SCC and an example of the application of the SCC  channels, counts for photoncounting channels) without

to provide a tool to provide network lidar data in near real any correction earlier applied by the user. This is par-
time. 255 ticularly important to ensure the quality assurance of

the final products: all the necessary instrumental cor-
rections should be applied by the SCC using quality as-
2 Requirements sured procedures. This is the reason for which a specific
pre-processing SCC module has been developed;
In this section the requirements to accomplish all the key
points explained in the previous section will be describedo 2. it should contain also additional input parameters
In the framework of the EARLINET quality assurance needed for the analysis. As it will be explained in the
program several algorithms for the retrieval of aerosol op- next section the main part of the required input param-
tical parameters have been inter-compared to evaluate thei  eters are efficiently stored in a SCC database. However
performances in providing high quality aerosol products there are some parameters easily changing from mea-

(Bockmann et al., 2004; Pappalardo et al., 2004). This-irte surement to measurement (for example electronic back-
comparison was mainly addressed to asses a common Euro- ground or laser shots) that cannot be usefully stored in
pean standard for the quality assurance of lidar retrieval a a database. The only way to pass such kind of parame-
gorithms and to ensure the data provided by each individual  ters to the SCC is via the input file. To improve the self-
station are permanently of highest possible quality adogrd consistency of the SCC input file it has been allowed the
to common standards. All the different quality-assured-ana option to include in the file also some important param-

ysis algorithms developed within EARLINET have been col- eters already stored in the SCC database. In case these
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paramenters are found in the input file their value will can be included in the database among the other parameters
be used in the analysis; that characterize the channel and, consequently, will bd us

to correct the corresponding raw lidar data. The dead time

; : . o . . is an example of an experimental parameter, that in ggneral
contained in the input file with the ones included in the o3 ges from channel to channel. There are other experimen-
SCC database. As it will be explained in the next section;,| yarameters which may be shared by multiple chanrels like
thIS. is 'assu.red by t_he deflnlltlon of unique channel IDSjor example telescope or laser characteristics (usualtyraé
which identify the different lidar channels. lidar channels share the same laser or the same telescope).

4. it should allow efficient data processing. As the SCC has  Configuration parameters are then ones used to identify
been designed to be a multi-user tool it is importarieto Which algorithm, among the implemented ones, has to be
improve the computational speed as much as possible t4S€d to calculate a particular product. In general, in th€ SC
avoid long delay in getting the final products. This has there are multiple quality assured algorithms to calcuéate
been accomplished putting in a single SCC input file Particular aerosol product. For example for the aerosstiela
the time-series of all the channels available for a lidarPackscatter both the iterative (Di Girolamo et al., 1995) an
configuration. =5 the Klett method (Klett et al., 1981, 1985; Fernald, 1984)

have been implemented. The user can choose which one

Finally concerning the NetCDF output file structure, as theuse for his data setting a correspondent parameters in the
SCC products need to be uploaded on EARLINET databasegatabase.
it is fully compliant with the structure of EARLINE€andb In general, both configuration and experimental parame-
files. Theefiles contain the aerosol extinction profile and gp- ters can change from one lidar system to another and, even
tionally the Raman backscatter profile at the same effectiveor the same lidar system, they can change for the different
vertical resolution. Thé files contain the elastic backscat- configurations under which the lidar can run. For example
ter profile or alternatively the Raman backscatter profile ata lidar that in nighttime configuration can deliver aerosol
highest possible vertical resolution. More details aboMRE  extinction and Raman backscatter in daytime configuration
LINET e andb file are provided in (Pappalardo et al., 2014; may provide only aerosol elastic backscatter as the Raman
Earlinet, 2014). channels could not have daytime capabilities.

In this complex context, a relational database represents
an optimal solution to handle, in an efficient way, all this in
formation. For this reason, a SCC database has been imple-
mented to store the input parameters for all the EARLINET
systems and, at the same timete-get the subset of all the
parameters associated to a particular lidar configurafion.
multiple tables MySQL database has been used to make the
)§CC database. All the software needed to run and configure
a MySQL databases is free available over internet and the

3. it should contain unique method to link the information

3 SCC structure

Figure 1 shows the general structure of the SCC which €bn
sistg#h several independent but inter-connected modsies.
sically there is a module responsible for the pre-processin
raw lidar data, a module for the retrieval of the aerosobhexti
tion and backscatter profiles, a da which automaticall
starts the pre-processing or the pro ing module whetPit i e :
necessary, a database to collect all the input parameteds ne "/10l€ Project is based on an open-source project.

for the analysis and finally a web interface. Once the new !N theé SCC database, the experimental parameters are

raw data file is submitted to the SCC via the web interface,grOUped in terms of stations, lidar configurations and lidar

the deamon automatically starts the pre-processing modulghannels. All the EARLINET stations are registered "@L

and in succession the processing module. The status &f theCC database and are univocally identified by a 2-chal>—zr
analysis in each step can be monitored using the web inte/c0d€ (for exampleat identifies the EARLINET station of

face and both the pre-processed or the optical results can H&N€Ns). Each station is then linked to one or more lidar
downloaded. configurations which in turns are linked to one or more li-

dar channels. Unique numerical IDs are associated to each
3.1 SCC database ss lidar configuration and to each lidar channel. In this way,

with specific database query, it is possible to easily get, fo
The retrievals of aerosol optical products from lidar sig- a particular lidar station, any detail of all the availabtiaf
nals require a-et-9f input parameters to be used in bothconfigurations running at that site or any information fdr al
pre-processing and processing phase. Two different types dhe channel IDs belonging the each lidar configuration (for
sueh-kind-of parameters are needed: experimgntal which arexample the geographical coordinates at which the lidar is
mainly used to correct instrumental effgcts and configurarunning or the wavelengths of all the lidar channels).
tional which define the way to apply a particular analysis Each lidar configuration is associated to a set of products
procedurg. An example of experimental parameter is the deathat the SCC should calculate. Basically all the SCC config-
time of a photoncounting system. Once measured, the valuaration parameters are linked to the product IDs. Each prod-
of the dead time for a particular photoncounting lidar chesnfn uct is linked to a product type (for example aerosol extinc-
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tion, Raman backscatter,...) to a set of channel IDs needetion, overlap correction, background subtraction (bothaat
to calculate the products and to an usecase that, as ikowilspheric and electronic). Beside to these corrections tee pr
be explained later, represents the way to calculate the-prodorocessor module is also responsjble-te-generate the molec-
uct. Moreover, for a particular product, it is possible to fix ular signal needed to calculate the aerosol optical preduct
a set of configuration parameters like for example the pre-This can be done using standard atmosphedel or correl-
processing vertical resolution, the Raman backscattér cal ative radiosounding profile. Finally the pre-processor mod
bration method, the maximum statistical error we would dike ule implements low- and high-range automatic signal gluing
to have on the final products and so on. vertical interpolation, time averaging and statisticatem
A measurement to get analyzed by the SCC needs to b&inty propagation. The outputs of the pre-processor mod-
first registered in the SCC database. The registration stsnsi ule are intermediate pre-processed NetCDF files which will
in associating an unique measurement ID to the measuremebe the input files for the optical processor module. These
session. The measurement ID is then linked to the lidar@onfiles contain the range corrected pre-processed lidar Isigna
figuration at which the measurement refers to and to the SC@nd the corresponding molecular atmospheric profiles. As
input file containing the data to analyze. these gquantities can be used in many different fields of ap-
A so structured database allows us to keep track of all theplication (quick-look generation, model assimilationtein
information used to generate a particular SCC product. Focomparison campaigns) the intermediate NetCDF files can
each product, for example, it is possible to get the meassirebe considered-an additionalretealibrated products pealid
ments date and the list of channel IDs used for its calculatio by the SCC.
If all those channel IDs at measurement time have passed all
the required instrumental quality checks the correspandin 3.3 Optical processor module (ELDA: Earlinet Lidar
product can be considered quality assured. This is a funda- Data Analyzer)
mental point in order to implement a reliable and rigorous
quality assurance program at network level. ELDA applies to the pre-processed signals, produced by
s0 the pre-processor module, the algorithms for the retrief/al
3.2 Pre-processor module (ELPP: Earlinet Lidar Pre-  aerosol optical parameters. All the details, of ELDA mod-
Processor) ule are provided in (Mattis et al., 2015). Only a very brief
overview of its main functionalities is provided here. ELDA
This module implements all the corrections to be applied tomodule can provide aerosol products in a flexible way choos-
the raw lidar signals before they can be used to derive eptiing from a set of possible pre-defined analysis procedures
cal properties. As the details of this module are described i (usecases). ELDA implements retrieval of elastic aerosol
(D’Amico et al., 2015) here just the main characteristick wi backscatter profile-(Klett Klett et al. (1981); Fernald (298
be reported. iterative algorithm Di Girolamo et al. (1995)), retrievdl o
The main reason for which we implemented a pre-aerosol extinction profile (Ansmann et al., 1990) and fi-
processor module along with a optical processing module isally retrieval of Raman aerosol backscatter profile (Ans-
that the EARLINET quality assurance program does not apsmann et al., 1992). An automatic vertical-smoothing and
ply only to the retrieval of aerosol optical properties bisba  time-averaging technique selects the optimal smoothirg] le
to the procedures needed to correct for instrumental sffect as a function of altitude on the-base of different thresholds
Moreover handling with the—really raw data it is possible to on product uncertainties fixed in the SCC database for each
identify problems in lidar signals that could be not so evi- product. The final optical products are written in NetCDF
dent in already pre-processed signals. The raw lidar signalfiles with a structure fully compliant with theandb EAR-
have to be submitted in a NetCDF format with a well-defined LINET files.
structure (D’Amico et al., 2015). In particular the raw lida
data should consigtin the signal as detected by the lidar de3.4 Usecase
tectors. In case of analog detection mode the signal should
be provided in mV while for photoncounting mode it should To improve the flexibility of the SCC the concept o$e-
be expressed in pure counts. According to the specific idacase has been introduced. The SCC uses the usecases to
system and to the input parameters defined both in the SC@dapt the analysis of lidar signal to a specific lidar con-
database configuration and in the NetCDF input file, differen figuration. Each usecase identifies a particular way to han-
types of operations can be applied on raw data. To make thdle lidar data. An example on how the usecase are defined
SCC atool useful for all EARLINET systems it4s-reeded the is illustrated in figure 2. In the left part of the figure it is
pre-processing module implements all the different instsu schematically shown the usecase 0 for the aerosol Raman
mental corrections used for the different EARLINET lidars. backscatter calculation. This usecase refers to a basic Ra-
The complete description of all these corrections are tedor man lidar configuration where-are-detected only an elastic
in (D’Amico et al., 2015), here we just report a list of the signal (elT) and the corresponding vibrational-rotatidwha
most common: dead-time correction, trigger-delay correc-Raman one (vrRN2). These two signals are preprocessed by
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the SCC pre-processor module and then the results are savéul this way the user can be informed about the succe r
in a NetCDF intermediate file. Then ELDA modyle gets the the failure of the SCC on the submitted measurement@
preprocessed signals and delivers as final result the desosdetailed and specific error messages. It is also possible-to d
Raman backscatter profile. In the right part of figure-2 it is fine timeout periods after which started modules should be
reperted a more complex usecase (the usecage 13) for aésrced to stop.

orol Raman backscatter calculation which corresponds to a Asthe SCC is mainly designed to be run on a single server
lidar system which uses two different telescopes: one optiwhere multiple users can perform at the same time different
mized to detect the signal backscattered by the near sangédar analysis, the SCC daemon has been developed to act
atmospheric region and an other one optimized to detect thé a multithread environment. In this way different proeess
atmospheric signal by the far range. Moreover for both thesecan be started in parallel by the SCC daemon enhancing the
telescopes the elastic andthere—vbratipnaRdman chan-  efficiency of the whole SCC. The SCC daemon hagar high
nels are detected in analog and photoconting mode. In thisonfigurable multithread mode to adapt itself to the hardwar
case, the SCC should combine 8 raw signals to get an uniqueesources available on the hosting server.

aerosol Raman backscatter profile. Looking at the figure 2

we can see the details of this combination for the usecase 13.6 Web interface

First the analog and the corresponding photoncounting sig-

nals are combined by the pre-processor modute—ta-this wayl Nis module represents the interface between the end-user
inthe-intermediate NetCBHfile-there-are-4-signals-whiech rep-and the SCC. In particular, to use the SCC, the user needs
resent the Comb|ned (ana'og and photoncounUnQ) e|a3ﬂ|c anto interact Only with the SCC database as the calculus mod-
ro-vibrational N, Raman channels detected by the near range/les ELPP and and ELDA are automatically started by the
and far range telescope. The ELDA module combines these $CC daemon that in turns gets and provides info to the SCC
pre_processed Signa.l.s.,;e{.ﬁ.eving two different aerosoh&a databa@lﬁe‘e‘e%, the web interface is an User-friendly
backscatter profiles (one for the near range and the other fofay to Interact with the SCC database using any of avail-
the far range) and f|na||y these products are g|ued togahher table Internet browsers. USing the web interface it is deS|b
get a single aerosol Raman backscatter profile. ss5 10

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 implemeénte
usecases is provided in the appendix A. This set of usecases
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 afixed
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 itis enough to implement a new usecase if the ones
already defined are not compatible with it.

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

2. upload data to the SCC server and register the measure-
ments in the SCC database. Along with raw lidar data it
is possible also to upload ancillary files like for exam-
ple correlative sounding profile and overlap correction
function which can be used 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;

3.5 SCC daemon module 3. visualize the status of the SCC analysis. In case of fail-

ure a specific error message is shown in a way the user

The SCC database, the ELPP and ELDA modules are well can easily figure out the reasgs of failure:

separated objects that need to act in a coordinated and syn-

chronized way. When a measurements is submitted tg the 4 jownload the pre-processing or the optical products
SCC a new entry is created in the SCC database. As s00N as  from the server. In particular, it is possible to visualize

this operation is completed the pre-processing moduleldhou the calculated profile of aerosol optical products;
be started on the submitted measurements. As soon as there

are pre-processed data available, the ELDA modules should 5 testart the SCC on an already analyzed measurement;
be started on them to get the aerosol optical products. All

these operations are performed by the module SCC daemon. The web interface has been developed in a way that the
The SCC daemon is a multithread process running continuabove actions can be performed depending on different type
ously in the background and it is responsible to start threadf accounts. For example users belonging to a particular lid
instances for the pre-processor or the optical processdr mo stations cannot modify any input parameters for a lidar sys-
ule when it is necessary. Another important function of thetem linked to a different lidar station. Moreover it is paessi
SCC daemon is to monitor the status of started modules anblle to define users that can only perform analysis and cannot
to track the corresponding exit status in the SCC databasehange input parameters.
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Moreover the processing status of each measurement cagral months at the same place. This kind of test is devoted to
be also monitored using a web API (Applications program-evaluate possible biases in the SCC analysis not visible com
ming interface). Using this API, the SCC can be tightly inte- paring the-arahysisin one single case.
grated to each stations processing system making the groces
of submission of the raw data and the corresponding analysig.1 Single profiles validation
fully automatic.

Finally, using the web interface it is possible to have ac-The EARLIO9 (EArlinet Reference Lidar Intercomparison
cess to an EARLINET Handbook of Instrument (HOI) where 2009) measurement campaign held in Leipzig, Germany,
all the instrumental characteristics of the lidar systeegs r  in May 2009 (Freudenthaler et al., 2010; Wandinger et al.,
istered in the SCC database are reported. The main geal (#015) gave us the possibility to test the SCC on the mea-
the HOI is to collect all the characteristics of all EARLINET surements taken by different lidar systgms in the same atmo-
lidar systems and to make this information available for thespheric conditions. Eleven lidar systems from ten differen
end-user in an efficient and user-friendly way. For thisseas EARLINET stations performed one month of co-located, co-
the information in the HOI is grouped in terms of the differ- ordinated measurements under different meteorological co
ent subsystems that a complete lidar system has: lasereseurditions. During the campaign the SCC pre-processor mod-
telescope, spectral separation, acquisition system tidddi ule was successfully used to provide, in a very short time,
information concerning the station running the lidar sgste signals corrected for instrumental effects for all the ipart

is also-previded—Mereoverastsualy-the-lidarsystems caripating lidar systems (Wandinger et al., 2015). In this way,
be—uﬁdated—e%r—ﬂqe—nmeany—ehaqge—rs—tmeked-aﬂmﬁable iall the signals were pre-processed with the same procedures

the-HOL eo and consequently discrepancies among pre-processetksigna
could be due only to unwanted or unknown system effects.
The dataset of EARLIO9 campaign gives us a good oppor-
4 Validation tunity to test not only the pre-processor module but also all
other SCC modules. After the campaign, few cases were se-
A validation strategy to prove whether SCC can provide gstal-lected characterized by data availability from all the jgart
ity assured aerosol optical products has been implementedpating systems. All the participants were asked to produce
The performances of the SCC have been evaulated on bottheir own analysis for these cases giving us the possibility
synthetic and real lidar data. for a comparison with the corresponding results of the SCC.
As first step, the SCC has been tested on the synthetic liThe cases differ in terms of atmospheric conditions and refe
dar signals used during the algorithm inter-comparisom-exe to both nighttime and daytime measurements.
cise performed in the framework of the EARLINET-ASOS  For the SCC validation we focus on the case df'28ay
project (Pappalardo et al., 2004). This set of synthetie sig 2009 from 2100 to 2300UT when a Saharan dust event was
nals was simulated with really realistic experimental alhd a occurring over Leipzig. Moreover, to allow an evaluation of
mospheric conditions to test the performances of specHic althe SCC retrieval algorithms-as-complete-aspessible we first
gorithms for the retrieval of aerosol extinction, backtmats selected only the EARLIOQ9 lidar systems able to measure
and lidar ratio. Comparing the calculated profiles with the at same time aerosol backscatter profiles at 3 wavelengths
corresponding inputs profile used to simulate the signés it (1064nm, 532nm and 355nm) and 2 aerosol extinction pro-
possible verify if an implemented algorithm returns reléab file at 532nm and 355nm. Among these advanced systems,
results. As the details of this exercise are provided in {lglat we made a further selection on the base of their differemcesii
et al., 2015) we just mention here that all the algorithmssign-terms of technical characteristics. In particular we coesd
plemented within the SCC produce profiles that agree withthe Multiwavelength Raman Lidar - RALI from Bucharest
the solutions within the statistical uncertainties. station (Nemuc et al., 2013) as an example of commercial
As second validation level, we have evaluated the SCCsystem; the MARTHA sytem from Leipzig station as an ex-
performances when it is applied on real lidar data compar-ample of home made lidar (Mattis et al., 2004); the PSlly
ing the optical products calculated by the SCC with the eor-from Leipzig station as representative of the Pffynet-
responding optical products generated by the analysis softwork (Althausen et al., 2013); the CIS-LiNet (Lidar Net-
ware developed by different lidar groups. This comparisonwork for CIS countries) (Chaikovsky et al., 2005) reference
has been performed using two different approaches. First waystem MSTL-2 from Minsk station and finally the MUSA
compared the analysis obtained by the lidar measurement@Ulti-wavelength lidar System for Aerosol) from Potenza
taken by several lidar systems measuring in the same g@lacstation as an example of EARLINET network reference sys-
at the same time. In this way we can check the ability of thetem(Madonna et al., 2011).
SCC to adapt itself to analyze data coming from different Figure 3 shows the aerosol elastic-backscatter profiles at
lidar systems in the same atmospheric conditions. Secondlf064nm obtained from the infrared elastic-backscatter sig
we have compared the mean profiles which were obtainedhal of five different lidar systems participating the EARRIO
from profiles measured by two EARLINET stations over sev- campaign—a+ed-ispletted the profiles obtained by the, SCC
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while in-blue—are—reperted the corresponding profiles pro-4.2 Mean profiles validation

vided by each group with its own analysis software. The

same color convention will be valid for all the other figures In the previous section we have shown the comparisons of
in this paper. The agreement between the two analysis is ithe SCC analysis with the corresponding manual ones for a
general good for all the lidar systems indicating the goodsingle measurement case considering several differemt lid
performances of the algorithm for the retrieval of the etast systems. This comparison allows us to investigate thetgbili
aerosol backscatter coefficientimplemented in the SCCzd hef the SCC to provide aerosol optical products for different
red profiles shown in figure 3 are obtained using the iterativesystems but it does not assure the algorithms implemented
method. However we found that the SCC profiles obtainedin the SCC are not affected by systematic errors or that they
using Klett approach are practically indistinguishablenfr ~ work well under different atmospheric conditions. To prove
the ones calculated by iterative technique. this, mean SCC profiles have been compared to the corre-

Only for the leftmost plot on the top it is possible to see sponding mean profiles obtained by the independent analy-
small discrepancies which are probably due to slightly dif- sis procedure. In particular several measurement cases hav
ferent calibration input parameters as the infrared wangtte ~ been inverted with both the SCC and the manual analysis
is quite sensible to calibration procedure (Engelmann.et al software. The results have been averaged and finally com-
2015). pared. Two representative EARLINET lidar systems have

The Raman backscatter profiles at 355nm (at 532nm) fronbeen taken into account for this comparison: MUSA (MUIti-
the same lidar systems are shown in figure 4 (figure 5)wavelength lidar System for Aerosol) from Potenza station
the profiles are calculated combining the elastic signal atand Polly*T system operating at Leipzig station.
355nm (532nm) with the nitrogen vibration-rotation Raman For Potenza station we have compared the mean pro-
signal at 387nm (607nm). The manually obtained profilesfiles obtained by averaging the measurements made by
agree quite with the corresponding SCC ones considesindlUSA system (Madonna et al., 2011) in correspondence
the reported error bars. The residual discrepancies cax-be eof CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder
plained by small differences in the used reference value an&atellite Observations) (Winker et al., 2007), overpabses
height for the calibration and also by the depolarization co tween March 2010 and November 2011. In Table-+are-sum-
rection which is taken into account in some of the manualmarized the number of single profiles that have been con-
analyses but not yet implemented in the SCC. This is fofsex-sidered in calculating the mean profiles for both SCC and
ample the case of the differences between 2 and 4 km of thenanual analysjs. The quantityl064 indicates the elastic
two rightmost plots on the top of figure 4. These two plots backscatter profile at 1064nm whis32 (b355) and €532
refer to lidar systems equipped with optics with quite diffe (e355) represent respectively the mean Raman or elastic
ent trasmissitivy at 355nm along the two components of thebackscatter and extinction profile at 532nm (355nm). The
polarization light. If the depolarization correction istmon-c nhumber of averaged profiles are not the same for all the av-
sidered, this condition together with the presence of gfron eraged quantities as—not for all the cases it is possible to
depolarizing aerosol (like in this case where Saharan dust iget optical products for all the lidar channels. For nigh#i
present between 2 and 4 km) produces an overstimation ofonditions backscatter at 532nm and 355nm have been ob-
the backscatter coefficient which is clearly visible in ttwet  tained using the elastic signal with the correspondindrid-
mentioned plots. This correction of the depolarizatioeeffs man one. In daytime conditions both the Raman channels at
is not implemented in the SCC because its application re607nm and 387nm are not us@ and therefore there are no
quires the measurements of the depolarization ratio that i€xtinction profiles available a e backscatter at allevav
not yet a standard SCC product. lengths are calculated using elastic-only techniques.

Figures 6 and 7 are examples of comparisons of the Ra- Fhefigure 8 summarizes the result of the mean analysis
man extinction retrieval. The curves in Figure 6 are-thecomparison made in nighttime conditions. For each analy-
aerosol extinction profiles at 355nm obtained from the ni-sis 3 mean backscatter profiles are reported (first plot on the
trogen vibration-rotation Raman signal at 387nm for six dif left) at 1064nm (red curve) at 532nm (green curve) and at
ferent lidar systems, while Figure 7 shows the aerosol extin 355nm (blue curve) and the 2 mean extinction profiles (sec-
tion profiles at 532nm calculated from the nitrogen vibnatio ond plot for the left) at 532nm (green curve) and at 355nm
rotation Raman signal at 607nm for the same systems:s:Thélue curve). In the same figure other important aerosol pa-
agreement between the two independent analyses is goa@meters are plotted which are directly derived from the ex-
for both wavelengths. In particular the extinction profilgs tinction and backscatter profiles: the extinction to baakise
532nm are noisier than the ones at 355nm and so, for sametio usually called lidar ratio and the Angstrom coeffitgen
cases, itis not easy to clearly evaluate the agreement betwe As it is well known that these parameters depend only on the
manual and SCC analysis. Nevertheless, for all the systemtype of aerosol, it is quite interesting to test the SCC gerfo
the atmospheric structures are present with very simildr an mance-alse-gn these parameters.
consistent shape in the manual and the SCC retrived profiles. In general the agreement between the two analysis is good

for all the profiles shown in figure 8&—Fhe Table 2 provides a
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more guantitative comparison. In particular two separtite a and optical processed products in near real time for all the
tude ranges were selected in order to allow direct compariso stations participating to the exercise. The outputs of € S
of statistical quantities. The firstRange 1) extends up to 2  produced in that way can be used for a large variety of appli-
km and the second on&dnge 2) from 2 up to 4 km height.  cations like the assimilation of lidar data in air quality deb
ta-both these ranges mean values and corresponding staadand in dust transport model, models validation, monitorifig o
errors of all the vertical profiles plotted in figure 8 haveibee special events like volcano eruptions. In partiqular the€SC
calculated. pre-processed data measured during the 72h operationality
In figure 9 the comparison for MUSA system in daytime exercise have been succesfully assimilated in the airtguali
condition is shown. As already mentioped in this case themodel Polyphemus developed by Centre d’Enseignement et
2 Raman channels are not available and so it is possible tde Recherche en Environnement Atmosphérique (CEREA)
compare only backscatter related quantities. As it can e se to improve the quality of PM10 and PM2.5 forecast on the
from Table 2, where the mean valuesRange 1 andRange ground (Wang et al., 2014).
2 are shown, also for daytime conditions we have a good All the participating stations agreed to provide raw data
agreement between the two analysis. in SCC format containing 1 hour timeseries of raw lidar sig-
For the Leipzig station, we have compared all regudarnals each synchronized with the start of each hour. Starting
EARLINET climatology and CALIPSO measurements made from these raw data files the SCC was configured to pro-
by Polly*T from September 2012 to September 2014 for vide 30 minutes time averaged range corrected signals (pre-
which the complete data set of 3 backscatter coefficient andprocessed files) for all the involved lidar systems. Durlmg t
at nighttime, 2 extinction coefficient profiles were avaiéab  exercise the SCC was an important step toward the standard-
The numbers of Pol§T single profiles that have been - ization of lidar products as the lidars participating to tpe
cluded in the calculation of mean profiles are reported in Ta-erate at different raw time resolutions (from 1 minute to 5
ble 1. minutes) and they also differ in many other characteristics
Fhe fjgures 10 and 11 show the result of the mean anal+equiring different instrumental corrections.
ysis comparison for Pol/" system made in nighttime and ~ To make the SCC outputs available as soon as possible, an
daytime conditions respectively. All the quantities digmdio  infrastructure was set up to automatically submit the data t
in these figures are the same already described for the figurdbe SCC. Usually to start the retrieval of the SCC on a partic-
8 and 9. The agreement between the two analysis is good inlar measurement the user needs to register the measurement
both nighttime and daytime conditions. All the manual cal- into the SCC database using the web interface. This oper-
culated profiles plotted in figures 10 and 11 look quite simi- ation needs time and also the presence of an operator. To
lar to the corresponding ones calculated by the SCC. Mereimprove that, a fully automatic uploading system has been
over the same quantitative comparison made for the Potenzinplemented and used during the 72h measurement exercise.
MUSA system has been carried out also for Poliiidar. Once the system has detected the presence of a new measure-
The results are summarized in Table 3 that shows a very goochent, a check on the format of the uploaded datafile is auto-
agreenment of both mean values and standar errors calcumatically performed and in case of success the measurement
lated within theRange 1 andRange 2. s0 IS automatically registered to the SCC database and conse-
quently the SCC is started on it. The results of the SCC anal-
ysis are sent back to the originator for their evaluatioroass
5 Example of applicability as they are available. With such kind of system it was possi-
ble to automatically retrieve the needed aerosol produncts a
In July 2012 eleven EARLINET stations performed ansifi- make them available within 30 minutes from the end of mea-
tense period of coordinated measurements with a well desurement.
fined measurement protocol. The measurements started on 9
July at 06:00 UT and continued uninterrupted for 72 hours
whenever the atmospheric conditions allow lidar measuresé Conclusions
The details of this quite intensive observation period ace p
vided in (Sicard et al., 2015). In this section the main ob- The SCC, an automatic tool for the analysis of EARLINET
jectives of this 72h operationality excercise will be bgiefl lidar data has been developed and made available to all the
recalled and some technical specific details about howthd&ARLINET stations. The SCC has been installed on a cen-
SCC has been used during that period will be provided. Theralized server where the user can submit data in a pre-
main scope of the 72h operationality exercise was to show thelefined NetCDF structure. The SCC is highly configurable
EARLINET capabilities to provide in near-real time a large and can be easily adapted to new lidar systems. In particular
set or aerosol parameters obtained in a standardized way foran user-friendly web interface allows the user to change all
large number of stations around the Mediterranean basig. Ithe instrumental and configuration parameters to be used in
particular the SCC was used to retrieve both pre-processethe analysis. The products of the SCC are all quality cedtifie
products in real time (mainly range corrected lidar sighals in terms of EARLINET quality assurance program. The SCC
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can provide different levels of output: pre-processedaign
which are range corrected lidar signals corrected for &l th
instrumental effects, and aerosol optical products, whieh
aerosol backscatter or extinction profiles. The pre-preses
and the aerosol optical products 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
the ELPP module. The actions of the two modules are auto-
matically 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

The chas been validated comparing its optical prod-
ucts with the corresponding products retrieved with inaepe
dent manual quality certified procedures. The validation ha
been carried out into two different steps. First, consiagri
a case study selected from the EARLIQ9 inter-comparison
campaign, it has been proved the SCC is able to provide

optical products in good agreement with the corresponding gcc server

manual analysis for all the EARLIO9 lidar system consid-
ered. Second, it has been checked the SCC can provide rg
liable results in different atmospheric conditions. Thash
beenarehieved comparing mean profiles obtajned averag
ing several optical profiles for two EARLINET representa-
tive systems. Also in this case the comparisons indicatd goo
performances of the SCC.

An example of the applicability of the SCC has been pro-
vided describing the use we made of the SCC in the 72h
EARLINET measurement exercise. In this case, the SCC hag
been used to provide high quality aerosol products at differ
ent levels (pre-processed signals or aerosol optical tejlu
in near-real time. Such kind of aerosol products can be assim
ilated in models or can be used for model validation purposes

SCC intermediate files

SCC output files
)
Preprocessor Opt. processor
Daemon
Database
I SCC input file
Web interface

Storage

or to monitor special events at network level.
The development of the SCC modules is continuing. New
features like aerosol depolarization-ratio calculatianto-

matic determination of aerosol layer properties from bothig. 1.

geometrical 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 (Aerosol, Clouds
and Trace gases Research InfraStructure Network) project
(http://www.actris.org). Due to its flexibility the SCC dolu

be easily extended to GALION (GAW Aerosol Lidar Obser-
vation Network) to evaluate lidar data of networks diffdren
from EARLINET.

User

Block structure of the Single Calculus Chain.
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Fig. 2. Two examples of Raman backscatter calculation usecasdenmapted in the SCC. In particular the usecase 0 (on thedaft)be
used for a lidar system measuring only the elastic backseatisignal (elT) and the corresponding Rlaman backscattered signal (viRN2).
The usecase 13 (on the right) refers to more complex lidafigamation in which there are two different telescopes anthezhannel is

acquired in

both analog and photoncounting mode.
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Fig. 3. Comparison of elastic backscatter profiles at 1064nm follifilee systems participating to the EARLIO9 inter-compan€ampaign.
All the profiles refer to measurement session taken ah Ry 2009 from 21:00 to 23:00 UT. The profiles in blue are theyamis provided
by the originator of the data usigg-his own analysis softwahe profiles in red are the ones retrieved by the SCC
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Fig. 8. Mean nighttime analysis comparison for Potenza station $ldystem). On the left it is reported the mean analysis nbthusing
the manual analysis while on the right the results obtaiyetid& SCC are shown. Several measurement cases (see tahle baen analyzed
and the corresponding backscatter and extinction profdes been avaraged and shown respectively in the first an@ iseitond subplots
of both manual and SCC analysis plots. The other two subptating from the left show respecvitely the lidar ratios éimel Angstrom
exponents as calculated from the mean aerosol extinctidiackscatter profiles.
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Fig. 9. Mean daytime analysis comparison for Potenza station (ME\&#tem). On the left it is reported the mean analysis obdailseng the
manual analysis while on the right the results obtained by3GC are shown. Several measurement cases (see table bekavanalyzed
and the corresponding backscatter profiles have been @ehsagl shown in the first subplot of both the manual and SCGsirallots. The
other subplot shows the backscatter related Angstrom expisras calculated from the mean backscatter profiles.
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Appendix A Table 1. Number of MUSA (Potenza) and Poly (Leipzig) mea-
surement cases included in the calculation of the mean gsofil
SCC Usecases description shown in figures 8, 9, 10 and 11. The quantify)64 indicates the

elastic backscatter profile at 1064nm whig32 (b355) ande532
In this appendix all the usecases currently implemented ir(€355) represent respectively the mean Raman or elastic baekscat
the SCC arg-reperted-sehematieally. A specific nomenclaturéer and extinction profile at 532nm (355nm).
has been used te-dentify-univeeally the different types-of |
dar signals detected by all EARLINET lidars. In particular
the name assigned to each lidar signal is composed by four
different substrings separated by the character underscor

Nighttime Daytime
MUSA Polly*T  MUSA  Polly*T

The first substring describes the scattering mode chaiacter b1064 23 15 12 9
ing the detected signal, the second identifies the polésizat b532 20 15 12 9
state, the third describes the detection mode used to mea- b355 24 15 10 9
sure the signal and finally the fourth identifies the range for es32 16 15 - -

which the signal is optimized. For example a channel called €355 14 15 ) )

“elT _crosspc fr” represents the photoncounting perpendicu-
lar polarization component (with respect to the directién o
linear polarized incident laser light) of the elastic barzts  search, technological development and demonstrationrigrded
tered lidar signal optimized (in terms of the signal to neise agreement no 289923 - ITaRS.
ratio) to detect the atmospheric signal from the far range. T
table A1 summarizes all the possible substrings used to iden
tify the signals. References
All the implemented usecases, separated by product type, o _ _
are reported in the tables A2 A3 and A4 using the SameAckerme_mn, J.: The extlncyon-to-backscatterlng ratiotripo-
structure. The first column gives the number identifying the ~ SPheric aerosol: a numerical study, J. Atmos. Ocean. Téchno
usecase. This numberidentify-univecally the usecase once 15, 1043-1050, 1998.

’ 4L 1000 Ithausen, D., Engelmann, R., Baars, H., Heese, B., Kailitz,
prod.uct type has bg selectepl. The second cqumn.reports. al Komppula, M., Giannakaki, E., Pfiller, A., Silva, A. M., P.,
the lidar channels involved in the product calculation.sThi  \yagner, F., Rascado, J. L., Pereira, S., Lim, J., Ahn, J &écfie,
information allows us the identification of the relevant-use M., and Stachlewska, I. S.: PollyNET: a network of multiwave
cases fitting with one specific experimental setup. The other length polarization Raman lidars, in: Proceedings of SFI&48
columns specify the steps to be performed in the calaula- Lidar Technologies, Techniques, and Measurements for Atmo
tion of the product. The third column shows which chan- spheric Remote Sensing IX, 2013.
nels are combined at pre-processing level typically to en-Ansmann, A. et al.: Measurement of atmospheric aerosaieitn
hance the detected dynamic range glueing signals optimized Prefiles with a Raman lidar, Optics Letters, 15, 746-748,0199
for the far range detection with the corresponding ones optj A"smann, A. et al.: Combined Raman elastic-backscatter fiof
mized for the low range. The fourth column specifies wiith  ertical profiling of moisture, aerosol extinction, baciter and

. . lidar ratio, Applied Physics B, 55, 18—-28, 1992.
pre-processed signals are used to calculate the correisgond

ical d fin thi | - | b Bockmann, C.: Hybrid regularization method for the illseal in-
optical product. If in this column-tis-present only one sub- version of multiwavelength lidar data in the retrieval obessol

column tlike for example the usecase 7 in table A2) itmeans  sjze distributions, Applied Optics, 40, 1329-1342, 2001.

the final product is directly calculated using the select®d,p  Bsckmann, C. et al.: Aerosol lidar intercomparison in thenfe-
processed signal. If there are two subcolumas (like for exam  work of EARLINET. 2. Aerosol backscatter algorithms, Amggli
ple the usecase 4 in table A2) two products are calculated in Optics, 43, 977-989, 2004.

the processing phase (typically one for the far range and on€haikovsky, A., Balin, Y., Elnikov, A., Tulinov, G., Plusmj I,
for the low range) and then these products are combined to- Bukin, O., and Chen, B.: CIS-LiNet - lidar network in CIS ceun
gether to get the final product. The presence of productigem-_ {ries, in: Geophysical Research Abstracts, vol. 7, 2005.
bination in the usecase is specified by the last column of thé?’Amico, G. etal.: EARLINET Single Calculus Chain - techalc

tables. Itis worth mentioning that to each usecase corgpon _ 21t 1: Preprocessing of raw lidar data, in preparation5201
. . Di Girolamo, P. et al.: Two wavelength lidar analysis of &ira
always a single optical product.

spheric aerosol size distribution, Journal of Aerosol Saig 26,
1025 989-1001, 1995.
Diner, D. J., Ackerman, T., Anderson, T. L., et al.: PARAGOMN

Acknowledgements. The financial support by the European Com-  Integrated Approach for Characterizing Aerosol Climatpéets
mission grants RICA-025991 EARLINET-ASOS and 262254 AC- and Environmental Interactions, B. Am. Meteor. Soc., 8914
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Fig. 10. Mean nighttime analysis comparison for Leipzig stationlifPt" system). On the left it is reported the mean analysis oldaine
using the manual analysis while on the right the resultsiobtaby the SCC are shown. Serveral measurement cases lfge=d tdnave
been analyzed and the corresponding backscatter and textipeofiles have been avaraged and shown respectivelyeifirgt and in the
second subplots of both manual and SCC analysis plots. Hee two subplots staring from the left show respecvitelylith@r ratios and
the Angstrom exponents as calculated from the mean aendasottion and backscatter profiles.

Manual Mean daytime analysis SCC Mean daytime analysis

Altitude [km]

1 2
Backscatter Ang. Ex;
[sr™Mm™!] [sr™'Mm™1)

1
Backscatter Ang. Ex

Fig. 11.Mean daytime analysis comparison for Leipzig station P9l system). On the left it is reported the mean analysis obdaiiséng
the manual analysis while on the right the results obtainethb SCC are shown. Serveral measurement cases (see tdidgelbeen
analyzed and the corresponding backscatter profiles haredv@araged and shown in the first subplot of both the mandab&¢C analysis
plots. The other subplot shows the backscatter relatedtfargexponents as calculated from the mean backscattelesrofi

Engelmann, R. et al.: Technical solution for backscatteasuee- Holben, B., Eck, T., Slutsker, I., Tanré, D., Buis, J., 8etA., Ver-

ments at 1064nm, in preparation, 2015. mote, E., Reagan, J., Kaufman, Y., Nakajima, T., Lavenu, F.,
Fernald, F. G.: Analysis of atmospheric lidar observatismne Jankowiak, |., and A., S.. AERONET-A Federated Instrument
1035 comments, Applied Optics, 23, 652—-653, 1984. 1045 Network and Data Archive for Aerosol Characterization, Ré&n
Freudenthaler, V. et al.: EARLIO9 - Direct intercomparisainll Sensing of Environment, 66, 1-16, 1998.
EARLINET lidar systems, in: Proceedings oft2fternational IPCC: Intergovernment Panel on Climate Change: Fourth #ssse
Laser Radar Conference (ILRC), St. Petersburg, Russiauy9 ment Report: Climate Change 2007, Tech. rep., 2007.
2010, 2010. IPCC: Intergovernment Panel on Climate Change: Fifth Assest

140 Freudenthaler, V. et al.: Internal Quality Assurance Toolprepareso Report: Climate Change 2013, Tech. rep., 2013.
ration, 2015.
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Table 2. Comparison of the mean values and correspondent standeetiole of the profiles shown in figures 8 and 9. Mean values and
standard errors (reported in round braket) have been eddclibveraging the mean profiles witiitange 1 (0-2km) andRange 2 (2-4km)

Nighttime Daytime
B [sr*Mm~1] a[Mm~1] LR [sr] Blsr *Mm~1]

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) A1BY) 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) 4@.68) 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) 6R7AB) 71.89(2.96) 0.52(0.04) 0.54(0.04)
532 0.54(0.03) 0.56(0.03) 43.81(2.17) 41.73(1.39) 823N 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)

Table 3. Comparison of the mean values and correspondent standéedide of the profiles shown in figures 10 and 11. Mean valuek a
standard errors (reported in round braket) have been eddclibveraging the mean profiles witiitange 1 (0-2km) andRange 2 (2-4km)

Nighttime Daytime
B [srMm™] a[Mm™] LR [sf] BlsrtMm~1]

A [nm] Manual SCC Manual SCC Manual SCC Manual SCC

Range 1
355 3.16(0.22) 3.03(0.19) 168.93(13.40) 147.77(10.64) .2EKP.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) 52.8%) 50.88(1.80) 1.00(0.08) 1.05(0.08)
1064 0.58(0.01) 0.69(0.01) - - - - 0.48(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) 5887 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) 58.0%) 45.76(0.55) 0.08(0.01) 0.11(0.01)
1064 0.32(0.02) 0.38(0.02) - - - - 0.06(0.01) 0.07(0.01)

Klett, J. D. et al.: Stable analytic inversion solution fopgessing
lidar returns, Applied Optics, 20, 211-220, 1981.

Klett, J. D. et al.: Lidar inversion with variable backscat-
ter/extinction ratios, Appl. Optics, 11, 1638-1643, 1985. 1075

Madonna, F., Amodeo, A., Boselli, A., Cornacchia, C., D'Ami
G., Giunta, A., Mona, L., Pappalardo, G., and V., C.: CIAO:
the CNR-IMAA advanced observatory for atmospheric resgarc

Mller, D., Wandinger, U., and A., A.: Microphysical pate pa-

rameters from extinction and backscatter lidar data byrsiva
with regularization: theory, Appl. Opt., 38, 2346—2357994.

Mller, D., Wandinger, U., and A., A.: Microphysical pate pa-

rameters from extinction and backscatter lidar data byrinve
sion with regularization: simulation, Appl. Opt., 38, 232368,
1999b.

Atmospheric Measurement Techniques (AMT), 4, 1191-1208, Muller, D., Mattis, I., Wandinger, U., Ansmann, A., Althsen, D.,

2011. 1080

Mattias, V. et al.: Aerosol lidar inter-comparison in therfre-
work of EARLINET. 1. Instruments, Applied Optics, 4, 961—
989, 2004.

Mattis, |., Ansmann, A., Wandinger, U., and D., M.: Unexpetty
high aerosol load in the free troposphere over central Eumag@s
spring/summer 2003, Geophys. Res. Lett., 30, 2178, 2003.

Mattis, I., Ansmann, A., Muller, D., Wandinger, U., and Wdtusen,
D.: Multiyear aerosol observations with dual-wavelengnian
lidar in the framework of EARLINET, J. Geophys. Res., 109,
2004 1090

Mattis, I. et al.: EARLINET Single Calculus Chain - techrli€art
2: Calculation of optical products, in preparation, 2015.

and A., S.: Raman lidar observations of aged Siberian and-Can
dian forest fire smoke in the free troposphere over Germany in
2003: microphysical particle characterization, J. GegpRes.,
110, D17 201, 2005.

Mller, D., Bockmann, C., et al.: Single Calculus Chaiecfinical

Part 3: Microphysical inversion schemes, in preparati®is2

Nemuc, A., Vasilescu, J., Talianu, C., Belegante, L., andND:

Assessment of aerosol’'s mass concentrations from mealsxed
ear particle depolarization ratio (vertically resolvediiasimula-
tions, Atmos. Meas. Tech., 6, 3243-3255, 2013.

Pappalardo, G., Amodeo, A., Apituley, A., Comeron, A., fken-

thaler, V., Linng, H., Ansmann, A., Bosenberg, J., D'AmIG.,
Mattis, |., Mona, L., Wandinger, U., Amiridis, V., Arboledal .,
Nicolae, D., and Wiegner, M.: EARLINET: Towards an advanced
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Table A1. Nomenclature used to identify univocally the differentagpf lidar signals detected by all EARLINET lidars.

Name Description

Scattering mode

el elastic backscattered signal

VN2 ro-vibrational Raman backscattered signal by nitrogmlecules

pRRlow  pure rotational Raman backscattered signal at lamntgum number
pRRhigh  pure rotational Raman backscattered signal atdnightum number
Polarization state

tot total signal

Cross perpendicular polarization component
paral parallel polarization component
Detection mode

an analog

pc photoncounting

any can be analog or photoncounting

Range mode*)

fr signal optimized to detect the far range
nr signal optimized to detect the near range
unr signal optimized to detect the ultra near range

&) for signals not optimized for a specific altitude range thisstring is omitted.

sustainable European aerosol lidar network, Atmosphega-M
1005 surement Techniques (AMT), 7, 2389-2409, 2014.
Pappalardo, G. et al.: Aerosol lidar intercomparison inftahene-
work of EARLINET. 3. Raman lidar algorithm for aerosol ex-
tinction, backscatter and lidar ratio, Applied Optics, 83,70—
5385, 2004.

uoo  Sicard, M., G., D., et al.: EARLINET: potential operatioityalof a
research network, in preparation, 2015.

Wandinger, U., Muller, D., Bockmann, C., Althausen, D.,t\M&s,
V., Bosenberg, J., Weil3, V., Fiebig, M., Wendisch, M., Stohl
A., and A., A.: Optical and microphysical characterizatioh

1105 biomass-burning and industrial-pollution aerosols fromltim
wavelength lidar and aircraft measurements, J. Geophys., Re
107, 8125, 2002.

Wandinger, U. et al.: Instrument Intercomparison Campsigm
preparation, 2015.

o Wang, Y., Bocquet, M., Sartelet, K., Chazette, P., DulacSkard,
M., D’Amico, G., Léon, J., et al.: Assimilation of lidar sigls:
Application to aerosol forecasting in the Mediterraneasira
Atmos. Chem. Phys., 14, 12 031-12 053, 2014.

Winker, D. M., Hunt, W. H., and J., M. M.: Initial performanes-

1115 sessment of CALIOP, Geophysical Research Letters, 34,.2007
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Table A2. SCC usecases implemented for the calculation of the atredspdrerosol backscatter coefficient profile using Ramahmiggce.

The first column provides the number identifying the usectse second column reports all the lidar channels involvethée product
calculation, the third column shows which channels are d¢netbat pre-processing level, the fourth column specifieighvpre-processed
signals are used to calculate the final optical product.|Fitize last column shows if intermediate products have bEenmbined to get the

final optical product.

Usecase Channels Signal Product Product
combination  calculation combination

0 el_totany X
vrRN2_tot.any X
el_tot.any.nr X »

1 el_tot any.fr X
vrRNZ2_tot.any X
el_totany.nr X

2 el_tot any.fr X X
vrRNZ2_tot.any X X
el_totany X

3 VrRN2_tot.any.nr X .
VrRN2_tot_any.fr X
el_totany X X

4 VrRNZ2_tot.any.nr X X
VrRN2_tot_any.fr X
el_tot.any.nr X

X

5 el_tot.any.fr X
vrRN2_tot.any.nr X «
VrRN2_tot any.fr X
el_totany.nr X

6 el_tot any.fr X y
vrRN2_tot.any.nr X
VrRN2_tot any.fr X
el_crossany X

7 el_paralany X
vrRN2_tot.any X
el_totany X

8 pRRlow tot.any X »
pRRhightot.any X
el_crossany.nr X »
el_crossany.fr X

9
el_paralany.nr X

X

el_paralany.fr X
VrRN2_tot.any X
el_crossany X

10 el_paralany X
VrRN2_tot.any.nr X «
VrRN2_tot_any.fr X
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Table A2. SCC usecases implemented for the calculation of the atneoispaerosol backscatter coefficient profile using Ramah-tec
nique.[Continued]

Usecase Channels Signal Product Product
combination calculation  combination

el_crossany.nr X «
el_crossany.fr X
11 el_paralany.nr X «
el_paralany.fr X
VrRN2_tot.any.nr X «
VrRN2_tot any.fr X
el_crossany.nr X
el_crossany.fr X
12 el_paralany.nr X «
el_paralany.fr X
VvrRN2_tot.any.nr X
VrRN2_tot any.fr X
el_totannr X o
el_tot_pc.nr X
vrRNZ2_tot.an.nr X «
13 vrRN2_tot. annr X X
el_totanfr X «
el_tot_pc.fr X
vrRN2_tot anfr X «
VrRNZ2_tot_pc._fr X
el_tot.any.unr X
X
el_totany.nr X
pPRRlow tot.any.nr X
14 pRRhightot.any.nr X % %
el_totany.fr X
pRRIlow tot_any.fr X y
pRRhightot.any.fr X
el_totany.unr X
X
el_totany.nr X
15 VrRN2_tot.any.nr X %
el_tot.any.fr X
vrRNZ2_tot any.fr X
el_totany.nr X
pRRIlow.tot any.nr X «
16 pRRhightot.any.nr X X
el_totany.fr X
pRRIlow.tot any.fr X «

pRRhightot.any.fr

X




D’Amico et al.: EARLINET Single Calculus Chain - general presentation methodology and strategy 21

Table A2. SCC usecases implemented for the calculation of the atmdspaerosol backscatter coefficient profile using Ramah-tec
nique.[Continued]

Usecase Channels Signal Product Product
combination  calculation combination
el_paralany.nr X y
17 el_paralany.fr X
el_crossany X
VrRN2_tot.any X
el_crossany.nr X o
18 el_crossany.fr X
el_paralany X
vrRNZ2_tot.any X

Table A3. SCC usecases implemented for the calculation of the atreosgerosol extinction coefficient profile using Raman igeé. The
structure of the table is the same one corresponding to ke 2.

Usecase Channels Signal Product Product
combination  calculation combination
0 VIRNZ2_tot_any X
1 VvrRN2_tot.any.nr X «
VrRN2_tot any.fr X
5 VrRN2_tot.any.nr X «
VrRN2_tot any.fr X
3 pRRlow tot.any X y
pRRhightot.any X
vrRNZ2_tot.an.nr X «
4 VrRN2_tot_pc._nr X »
VrRN2_tot anfr X «
VrRN2_tot_pc.fr X
pRRIlow.tot any.nr X «
5 pRRhightot.any.nr X y
pRRIlow.tot any.fr X y
pRRhightot.any.fr X
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Table A4. SCC usecases implemented for the calculation of the atnedspherosol backscatter coefficient profile using elastilgy
techique. The structure of the table is the same one comedgmpthe the table A2.

Usecase Channels Signal Product Product
combination  calculation combination
0 eltot.any X
1 el_totany.nr X y
el_totany.fr X
5 el_totany.nr X «
el_totany.fr X
3 el_paralany X o
el_crossany X
el_paralany.nr X y
4 el_paralany.fr X
el_crossany.nr X «
el_crossany.fr X
el_paralany.nr X
5 el_paralany.fr X y
el_crossany.nr X
el_crossany.fr X
el_totannr X
el_tot_pc.nr X x
6 - X
el_totanfr X «
el_tot_pc._fr X
el_crossany X
7
el_paralany.nr X y
el_paralany.fr X
el_paralany X
8 el_crossany.nr X y

el_crossany.fr X






