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1. About this document

In RIURBANS, the ACTRIS Research Infrastructure (RI) is responsible for the data management of
surface in situ data collected during the project. This milestone describes how ACTRIS meets the
requirements of FAIR data management, how the data wildredled both for reatime and manual data
submissions, and which software tools are available fdRBANS for conducting data curation and
quality control.

This is a public document, available in theURBANS websitent{ps://riurbans.eu/work-package
1/#milestoneswpl). This document will be distributed to all-BRBANS partners for their use and
submitted to European Commission as atURBANS mileshe M2 (M1.2).

2. ACTRIS isitu data management

The target of data management in ACTRIS (The Aerosol, Clouds and Trace Gases Research Infrastructure) is
O2YL) & gAGK GKS NBIdANBYSydGa 2F RFEGF C! Lwy Biddable,( 2
Accessible, Interoperable, Beableas defined by thecORCE 11 interest graufhe data FAIRness requirements

are listed and defined below, along with theFAIRenabling resourcesised by ACTRIS implement the
requirements:

i Findable:
o F1. (Meta)data are assigned a globally unique and persistent identifier
All ACTRIS curated final data products will be identified by Digital Object Identifiers é3®igice
currently being implemented.
o F2. Dataare described with rich metadata (defined by R1, see below)
ACTRIS metadatantain not only discovery metadata, but alsetadata on operating procedures,
data quality, and, in the future, provenance.
o0 F3. Metadata clearly and explicitly include the idiéttiof the data they describe
The metadata contain one or sevérdentified access points to the data.
o0 F4. (Meta)data are registered or indexed in a searchable resource
The ACTRIS data centre collaboratéth various data search portals which are operational or
under developmente.g. the World Meteorological Orgiation (WMO) Information System (WIS),
the Global Earth Observatiorystem of Systems (GEOSS), and the European Open Science Cloud
(EOSC).
M1 Accessible
o0 Al. (Meta)data are retrievable by their identifier using a standardised communications protocol
A A1.1 Theprotocol is open, free, and universally implementable
ACTRI®ffers standardised protocols such as G@CS Qpen Geospatial Consortium
Web Coverage Servicehd OPeNDAROpensource Project for a Network Data Access
Protocol)for dataaccess, and OAIMH(1ISO19118) and RestAPI for metadata access.
A Al.2 The protocol allows for an authentication and authorisation procedure, where
necessary
ACTRIS data are available without login by default, except e.gimeatiata.
0 A2. Metadata areaccessible, even when the data are no longer available
The latest data version shall always be available, as well as versions previously publicly available.
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91 Interoperable
o I1. (Meta)data use a formal, accessible, shared, and broadly applicable langudgefdedge
representation
ACTRIS useamong othersXML scherafor representing metadata, and the NetCDF file format to
store data. Both are well described and widely used.
o 2. (Meta)data use vocabularies that follow FAIR principles
ACTRIS has recently finished the first versiars afwn (meta)data vocabularthat meets itself the
FAIRnNess criteria.
o 3. (Meta)data include qualified references to other (meta)data
The ACTRMdcabulary links to external reference vocabularies.
1 Reusable
o0 R1. (Meta)data are richly described with a plurality of accurate and relevant attributes
A R1.1. (Meta)data are released with a clear and accessible data usage license
ACTRIS data products use theeative Commons by Attribution 4.0 (CC BY licénse by
default.
A R1.2. (Meta)data are associated with detailed provenance
ACTRIS implements documentation of datavenance usinghe PROMO ontology
A R1.3. (Meta)data meet domairelevant community standards
ACTRIS includes the expert communities necessary foinconisly improving metadata
records.

Raw data Transcription & Level 0
stream Annotation Data

Instrument

Level 0.b Automatic Upload to Data

Raw Processing Data Quality Control Centre

to fully QCed
Data Workflow

Level 1.b Time Averagin Level 2.b (1.5) Submission to
Data ging Data Data Centre

Figurel: Abbreviated versioof the ACTRIS in situ data production workflow for online observatiomgelldefined data

production workflow is a gerequisite for data traceabilityand documenting provenance of dgpaoduction, which are
both data FAIRness requirements
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ACTRIS data production is described in detail inAig RIS data management plan (DMP3hort version of the

data production workflow for ACTRIS in situ data, i.e. the branch for in sittimeabata production, is visualised

in Figurel. Online instruments produca stream of raw data, which is transcribed iststandardisedyidely used

data format and annotated with metadafevel 0 datapy an ACTRIS provided software already at the stafibe.
samesoftwareuploads the latestdata packagéo the data centre at each turn of the houkt the data centre, the

data are processed to levels 1 ahdwhere level 2 is published via the ACTRIS Data Centre data portal (for human
interaction) and machingo-machine interfacesThe hierarchy of data levelssed for ACTRIS-&itu data is
explainedin jError! No se encuentra el origen de la referencia.

Data Manual | RRT/

Level Qc auto QC | Description
0 Oa Ob * Annotated raw data * contains all parameters
* format instrument specific provided by instrument as
+ all data / information for provided
processing to final value. * “native” time resolution
1 la 1b * processed to final * format property specific
parameter * STP correction if necessary

* invalid data removed
* “native” time resolution

1.5/2 |2/2a 1.5/2b |« aggregated to hourly » format property specific
averages
* variability quantified

Table 1: Definition of data levels uséd ACTRIS in situ data production

Each hgher level of data originates from the previous lower one accordinthéodata production workflow,
establishing traceabilitpf the data back to the time of measuremehevel O data correspond t@l parameters
contained inthe instrument raw data streamplus information needed to process the data furthg@ut into a
standardised open data formafThe time resolutiormatches the one defined as raw time resolution in the
instrument. Level 1 data gt has the same time resolution, but the data haween processedo the targeted
parameter, e.g. from raw aerosol particle concentrations in level 0 to an aerosol particle ngiméetistribution

in level 1. Instrument status parameters are containeteurel O, but not anymore in level I level 1, invalid data
records are removedand concentrations are reported for standard conditions of temperature and pressure
(27315 K, 1013.25 hPalVhen producing level 2, data are averaged to hourly valudde the variability within

the hour is quantified by percentileBata leveh RSy (0 A T A SNA d@goté latarhgving thdetgahe falll £
manual data quality control, while identifie@2 y G F AyAy 3 | Go6é¢ RSy203S Rbumd KI
quality control.

Realtime data production is not the oniyjy RIURBANS for participating pilot statiodsomanually curated data
are accepted by the ACTRIS in situ data centre unit at NILU. The tools for the detaualbmission process are
describedn section3.
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3. Tools for manual data submission

The ACTRIS In Situ data are hostetie EBAS databasperated atNILU For manual data submissions, EBAS uses
the NASA Ames 10@ata formatwith an EBAS specific profilthe NASAmRes 1001 specification ensures the files
to be backwards compatible, whilee EBAS profi¥ SS i a (2 RI & Qon dahifsAlRnk MBIyt Gré
more modern alternatives tbIASA Ames 10Gvailable it has the great advantage béing readablend editable

by humans without anyadvancedsoftware tools which keeps the thresholbw especiallyfor less experienced
users and data producers. Software libraries for handling NASA Ames 1001 are awva#ilvtejor programming
languages

3.1.Instructions for assembling data submissisn

The entry point tasubmitting data to the EBAS database is Hi#AS dataubmission porta(Figure). The portal
contains a sectiomlescribing the process and workflaf submitting datali 2 9. ! { 0 & D SThémaigr 3 & |
aSOGA2Y 6dac¢SYLX I G Sainsttumedaydivariabisgecific teripdated fd@afalsibaisgion where

each entry especially in the metadata headedescribed individuallylhis applieso all 3 data levels (0, 1, 2). By
definition, level 0 templates are instrument specifichile level 1 and 2 are specific for the observed parameter.
establish complete treeability, a datasubmission needs toontain all 3 data leveldrom 0 via 1 to 2While
submitting all 3 levels is obligatory for ACTRIS stations, dthereworksmight establish less strict policiethus
compromising on traceability.

EBAS
Data Submission Manual

ﬂ Templates > Standard operating procedures QA Measures Boundary check

General introduction

Getting started The EBAS atmospheric database, originally designed for the European Monitoring and Evaluation Programme (EMEP), archives today data on atmospheric composition from
- ground stations around the globe as well as aircraft platforms. Co-operating frameworks and projects include:
* « The Convention on L ong-Range Transboundary Air Pollution
l « The WMO Global Atmosphere Watch Programme

« The Arctic Monitoring and Assessment Programme (AMAP)
* The EU-project Aerosals, Clouds, and Trace gases Research InfraStructure Network (ACTRIS)

Data providers benefit from improved data dissemination through EBAS with an increased number of collaborations. Data submitted to EBAS are protected by a fair-use data
Temp\ates policy while some projects/programmes requests a more restrictive data policy. The association of data to projects thus defines the associated data policy.

This service has been funded or supported by the Norwegian Institute for Air Research (NILU), the EU research infrastructure ACTRIS (Aerosols, Clouds, and Trace gases Research InfraStructure), the European Monitoring and Evaluation
Programme (EMEP).

ISR C 11 CD

Figure2: Screen shot oEBAS dataubmission portatlescribing all temiates used for data submission the EBAS
database at NILUEEBASosts all ACTRIS In Situ data.
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Thethird sectiod y G KS 9. ! { & dzo Ydokedssotwaretoitss&ricésandwel r2spircasiratnd
assemblingand quality controlling data submissignshich partly are specific to certairariables.Two of these

links on the tools page of the EBAS data submission portatolitiie EBAS data submission tool athé Mantis
issue trackerwhich will be discussed in the next section.

3.2. Quality control ofdata submissiorand upload to data centre

Once a data provider has assembled a data submission with the tools of his preference, the file is submitted to the
EBAS database using thBAS data submission t¢Bigure3). The data file to be submitted is uploaded to the web
based tool for an initial quality check. The software performs checks on syntax and certain semantics, while giving
the data provider immediate feedback on any errors or issues found. Mvidpr can fix the errors in the tool, or
upload new versions of the file unéll issues are removedhis applies to all 3 data levels.

EBAS Data Submission Tool

Note: At the moment, the EBAS data submission tool is mainly targeted for data level 2 submissions. Not all level 0 and level 1 formats are supported yet, but we
canstantly work on improving this. Currently supported level 0 formats: dmps/smps, cpc, nephelometer, NOx, meteorology, NMHC, OVOC, CCNC and DMPS-CCNC

Please note, that after submitting, the file will go through a manual QA and data curation workflow at NILU. Therefore it will take time before the actual data is available in
EBAS.

I you experience prablems with missing vocabulary (like for example type, . instrument model, standard methad, inlet type, QA
measure ID, ._.), please contact the EBAS-team. We are constantly working on keeping the list of valid values up to date

i o0 s

Euton om0 Ty ThivEnEE ]

File data errors (returning up to a maximum of 1000 rows)  (errors 0, wamings 80)
3 Dl peraes sote S sneuls b lamr sssareing  dre S
o e " EeEERSCSTARSEL paricle rumber_sise st ioution el S5 1. v nas’ o “ISSSIER ESELESESE00008. SERESSSISIEEL. dpa. paticle_mmber_yie_Sistriotion. . 385 1o IOELL LU AP S 12 ETR.IGEAL s S EEALE_lesd-procnst-£-8. vk mas’
el inile borary ok fond
Ticssle sounie et

N e
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Figure3: Screen shot gEBAS dataubmission toofor interactive quality control of data files assembled for submission to
the EBAS database at NILU
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Once a data file is submitted via the submission tool, a member of the EBAS data curation team opens an issue fc
the file in the EBAS Mantis issue track@figure4). This issue tracker is the central tool for organising the
communication between the data provider and the data curation group at the AQT&I$DC node during the
data curation procesthat follows the data submission. The issue tracker guides the data provider through the data
curation workflow while documenting the process in a transparent way, making it possible for other group

members on both ends to step in and contribute if need@d users are identified by their own account on the
issue trackers so tasks can be assigned to the responsible person.

NILU Issue Tracker (@ Report issue e Iwite Users | Data feedback v m
L] & Markus ( Markus Fie
My View
= YO Filters | =a
. & per * B Load
c4 — priory severiy rew sear Srw Sticey tssues
Report Issue w any any any ves
Category Fiker by Date Sutmitt =1 Fiter by Last Updated Date:
= g Ho No
Change Log e s Reiaronstps =
i ¥ y =y ¥
A show ) sorby Upoatea Descanaing Matcn Type A0 Congons HighWEt changed howrs) 5
Roadma

@ - @ Viewing Issues (RENE)
Manage v T T

Project  Category ID % Status Resoluion P DueDate Updatedw Summary Tags

# Datafesdback Task reopened 20210 pelin mountain (Ny-Alesund) | NOG042G | 2020 | filter_absorption_photometer | serosol | Magee AE33 ZEP_dry | levo Arasol

# Datafesdback Task ape PIEIRERAN 2020-12-09 Zeppelin 01.01.2020 - 15.04.2020 AE33 data in response to Covid-19 ACTRIS, Covid-19

# Datafesdback Task apen 2020-12:09  Zeppelin 2019 AE33 data ACTRIS, Agrosol, A
# Datafeedback Task open 2020-12:09  Zeppelin 2016 AE33 data ACTRIS, Agr G
# Datafeedback Task open 2020-12:09 Trollhaugen 01.01.2020 - 15.04.2020 AE33 data in response to Covid-19 ACTRIS, Covid-19

# Datafeedback Task open 202 AE33 data in response to Covid-19 ACTRIS, Aer

# Datafeedback Task open 202 ACTRIS, Aer DCA
# Datafeedback Task 0000910 open z eck 2015-2018 ADD data Aerosol, GAW-WDCA
# Datafeedback Task 0000913 ) open [ 20200531 [ Falls 20152013 AOD data Aerosol, GAWWDCA

# Datafeedback Task . open 2 State 20152018 ADD data Aerosal, GAW-WDCA
# Datafeedback Task big) open 20200531 [ US0902 Desert Rock 20152018 AGD data Aerosol, GAW-WDCA
# Datafeedback | Task i open 20200531 [ US0900 Goodwin Creek 2015-2018 AOD data Aerosol, GAWWDCA
# Datafeedback Task i open 20200531 [ Aerosol, GAWWDCA
# Datafeedback Task i open 202 Aerosol, GAWWDCA
# Datafeedback Task e open Birkenes neph: spike on ACTRIS, Aerasol, GAW-WDCA
# Datafeedback Task open 201803 06 dirlige DMPS-data fra Trollhaugen ACTRIS, Aerosol

# Datafeedback Task big) open 2020-05-01 [ Birkenes 01.01.2020 - 15.04.2020 AE33 data in response to Covid-19 ACTRIS, Covid-19

# Datafeedback Task 001122 assigned (Markus Fiebig) open 2020053 Birkenes 2019 OPS data ACTRIS, Aerasol, GAW-WDCA
# Datafesdback Task 000075 assigned (Markus Fiebig) open 2020-01-06  equivalent_black_carban reported a5 level 2 data with only EMEP referance E

Figure4: Screen shot of th&BAS Mantis issue trackieacing the communication between data provider and datnter
around a data submission in a transparent way, while guiding the data provider through the data curation workflow

4. Tools for automatic (reatime) data submission

For ACTRIS in situ stations, the responsible Topic Centrethig @ntity responsibleor quality control of the
observation, provides the station with softwafer data acquisition.Thissoftware collects the data from the
instrument, stores it locallwisualises ibn display, and uploads the data in rd¢iahe (at the turn of each hour) to
the ACTRIS in situ data centre uhitRIURBANS, this service will be made available to stagiartgipating inthe
LINR 2 S Oditiesa LJA £ 2

4.1. Software package fohandling observatios of particle number size distribution, aerosol particle
light absorption andscattering

Within the CAMS21a project, software package for datacquisitionfor absorption photometersjntegrating
nephelometersand particlenumber sizespectrometers was developedhis package will be usédr nearreal
time data acquisitiorat the RIURBANS®ilot sites The software collects radata and stores it in a local database
(Figureb). The database is the source for onliisualisation of the data aritie generationof hourly datéfiles that
are sentto the ACTRI8ata cente where QOmeasures takelace.The datacomply with theACTRI$ situ data
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management(see section 2). Raw data from all devices are stored in a local databadgiXDB on the data
acquisition computer-urther data not part of the instrument raw data, e.g. relative aerbsohidity, temperature

and air pressure can be stored in the same database. In this way, data files with all the necessary information fo

automatic quality control can be generated from one data source in a simple and transparent way. The data files
are seant to the EBAS database every hour.

* %t
*

4{ DAQ Computer 1 }—
v v
/ Data logger Data logger \

instrument type 1 instrument type 2

File archive

Time series
for raw data

database

Visuali-

sation /

Figureb: Diagram of the data flow on the DAQ computer.

The programs for instrument control and data recording for absorption photometers and integrating
nephelometers can be controlled via a terminaktmable remote maintenance even with limited internet capacity.
Optionalgraphical interfaces for these instruments are kept as identical as poéSiglee6). Particlenumbersize
spectrometers are an exception, as they require special, in some cases proprietary software. These data are simpl
reformatted and transferred to the local database.

The visualisation of the data is realised exclusivelyhédree browsesbased progranGrafang whereby the data
is taken directly from the local databa@eigure7). The solution of browselnased visualisation and database offers
the advantage that, with appropriate configuration, visualisation can take glagemote computers.

The data files are subjected to quality control after being transferred to the data cehttematically quality
assured data are stored as level 1b and level 2b data. The quality control software was developed and tested withir

the CAMS21a project.

7
REURBANSwWww.RIURBANS.8us supported by theeuropean Commission under the Horizon 202BResearch and Innovation
Framework Programme, H202BD52020, Grant Agreement number: 101036245



http://www.riurbans.eu/

et European “'h'.lh
Commission URBANS

Figure6: Screenshot of the graphical user interface facilitating conttala acquisition and processing.

Figure7: Screenshot of the redime visualisation with access to data archive (local database).
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