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Why bother with structured data management?

* Loosing scientific data « Maximise public investment in data
* Decline can mean 80% of data are collection and production
unavailable after 20 years.  Promote scientific collaboration
* Gibney and Van Noorden (2013), : ST :
Nature * Promote interdisciplinary science
ﬂlgs.se?rlcﬁae#}eé age, the odds of their raw data being extant * PromOte SCIentIfIC transparency
e  Leave a legacy

* Science paradigms
 according to Jim Gray

empirical science

O e theoretical science

computational science

data exploration science
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SIOS Data Management System Service
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* Main principles
* Open and free data sharing
 Distributed data centres
* International standards
* Harmonisation of SIOS Core data

* Interdisciplinary combinations of data and
products

Processing

capacity
Storage
capacity

Physical
data

Digital
data
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The SIOS Data Management System
38

* Integration of existing data centres
into a unified system.
 Linked to larger frameworks

* Each data centre has its own
procedures and technical solutions
tailored to the needs of that data
centre.

* SIOS will not change this, but bridge

* using internationally accepted
interoperability standards and
technologies

* Which can be added as a layer between
the data and the SIOS Data Management
System
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SIOS Core Data

* SIOS Core Data are Earth System  * Criteria for SIOS Core Data
Science data for Svalbard that fulfil - Scientific requirements

i i i | i * SIOS core data are essential in answering
the deflned criteria Of SCIentlfIC the Earth System Science questions defined

requirements, data availability and in the SIOS infrastructure optimisation

Collecting commitment report, and further update in SESS reports.
* Data availability

e Data that fulfil these Criteria, but * SIOS core data should be available through
: : the SIOS Data Management System
are_ not yet available online are (SDMS). SIOS core data candidates should
defined as SIOS Core Data be available as soon as possible and at
Candidates latest one year after data collection.

* Collecting commitment

* For SIOS core data there should be a more
than 5-year commitment from the providing
institute to maintain the measurement and
to make the data available through SDMS.

www.sios-svalbard.org
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Harmonisation of SIOS core data

. O
* E.g. GTOS statements -

* Datasets should be harmonised to the /
extent possible to allow integration of —]
institutional, national and regional 9=
datasets into a usable global information
resource. \

* Harmonisation seeks to bring together &
various types, levels and sources of data S he
in such a way that they can be made
compatible and comparable, and thus ™

useful for decision making.

* Implies harmonisation at the levels of
* Observation protocols
* Encoding and publishing of data

www.sios-svalbard.org
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The challenge of data

* Need to integrate data across data providers
(silos), communities and languages to simplify
data consumption.

* With the support of emerging technologies.
* Challenged by heterogeneous data policies.

* Need to combine different types of data.

* E.g. in situ, remote sensing, numerical simulations
and LTK.

* While minimising the human effort required.

* Need to switch from 80% of human effort on
massaging data and 20% on use to the
opposite.

* |n this context we need to transition from data
to knowledge and understanding through
connection of the “dots”

* From a fragmented to consolidated view.

is10S

Russ Ackoff “From Data to Wisdom” -
Journal of Applied Systems Analysis, Volume 16, 1989 p 3-9
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The FAIR Guiding Principles for scientific data
management and stewardship

* To be Findable: * To

* F1. (meta)data are assigned a globally unique and .
persistent identifier

* F2. data are described with rich metadata (defined
by R1 below) .

* F3. metadata clearly and explicitly include the
identifier of the data it describes

* F4. (meta)data are registered or indexed in a
searchable resource

* To be Accessible:

* A1. (meta)data are retrievable by their identifier
using a standardized communications protocol

* A1.1 the protocol is open, free, and universally
implementable

* A1.2 the protocol allows for an authentication and
authorization procedure, where necessary

* A2. metadata are accessible, even when the data .
are no longer available

be Interoperable:

|1. (meta)data use a formal, accessible, shared,
and broadly applicable language for knowledge
representation

|2. (meta)data use vocabularies that follow FAIR
principles

I3. (meta)data include qualified references to
other (meta)data

be Reusable:

R1. meta(data) are richly described with a
plurality of accurate and relevant attributes

R1.1. (meta)data are released with a clear and
accessible data usage license

R1.2. (meta)data are associated with detailed
provenance

R1.3. (meta)data meet domain-relevant
community standards

Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data 3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18 www.sios-svalbard.org
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The Portals / Human computer interface ata
User defined Workflows R1.1
man Visualisation R1.3
Virtual research environment R1.1
* To be l
- F1. = Protocols Al shared,
. FF’zrf \ = SOA /web services Al wledge
by F = PID F1
. Fa. 4 Interoperablllty\ = AAA ALz, s WFAR
iden 3s to
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* To be / MEtadata = Vocabularies 12, R
.« A1 \ = Catalogue F3,R1.3 @
usin \ = Provenance R1.2 s
« A1 ar and
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= |nformation harmonisation tailed
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The SIOS approach to data management

* Open data space

Satellite -~
remote Surface

O i sensing | remote * Interdisciplinary
. almospnere sensing . .
[ S'e: - Higher order services offered when the
[ data space can be constrained
Data access
| | * Net centric
Coordinate systems .
e * Connecting data centres
pes . . .
_ - » Using standardised interfaces and
S ) behaviour
Station Praofile

 Dataset oriented

* Metadata driven
* Discovery and use metadata
* Observation facility metadata

* ldentifies web services for datasets
through standardised discovery metadata

S i S

Grid Swath
T

Radial : Geometry !

— e e—— - ==

Decision support
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SDMS Functionality

* Prioritised
* Data discovery,

¢ understood as the process of finding relevant datasets
across the distributed data repositories contributing to
SDMS.

-

* Retrieval of data,
* understood as the process of downloading data - e format 1 =
identified in the previous step. -,
- Visualisation of dat o3 Datase!
Isualisaton or aata, ‘fﬁ‘ﬁﬁ description
. . —
« understood as the process of generating a graphical Storage format 2 — h}::ﬂi
interpretation of a dataset (either as a map, a time series Adapter c Data Model  OPeNDAP -
or appropriate) for data identified previous step. Storage format 3 omiman Bata Wode ® =
ppropriate) p p )
* Transformation of data, Data
(Binary/ASCII)

* understood as the process of reformatting, reprojecting,
subsetting and combining different datasets into a new
dataset.

Data submission through well developed
documentation, best practices, interfaces and tools.

Long term preservation of data sets through mandated
data archives

i S10S

Storage format 4

Storage format 5
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Types of metadata for datasets

Type

Discovery
metadata

Use metadata

Configuration
metadata

Site metadata

1. S1OS

Purpose

Used to find
relevant data

Used to
understand data
found

Used to tune
portal services
for datasets for
users.

Used to
understand data
found

Description

Discovery metadata are also called index metadata and are a digital version of the library
index card. It describes who did what, where and when, how to access data and potential
constraints on the data. It shall also link to further information on the data like site metadata.

Use metadata are describing the actual content of a dataset and how it is encoded. The
purpose is to enable the user to understand the data without any further communication. It
describes content of variables using standardised vocabularies, units of variable, encoding of
missing values, map projections etc.

Configuration metadata are used to improve the services offered through a portal to the user
community. This can be e.g. how to best visualise a product.

Site metadata are used to describe the context of observational data. It describes the location
of an observation, the instrumentation, procedures etc. To a certain extent it overlaps with
discovery metadata, but more so it really extends discovery metadata. Site metadata can be
used for observation network design.

Examples
1ISO19115
GCMD DIF
ACDD
MMD

Climate and Forecast
Convention

BUFR
GRIB
DwCA

MMD

WIGOS
OGC O&M

www.sios-svalbard.org



Specific challenges

Currently most data are non standardised
Lacking (a common) understanding for

standardisation requirements
 Especially for the core data

Non standardised interfaces to data are frequently
used

* Invent your own “standard”

Lacking understanding for the importance of use

metadata
* Enabling reuse across communities and generations

Lacking understanding for the importance of

semantic standardisation
* How to described the content of datasets

* In a manner allowing translation between communities and
languages

Crediting all involved parties

* Scientists, institutions, data centres, ....

" S10S

Unwilling

Data consumer

+ Do not want to change behaviour, existing tools
have worked well.

= Want to continue as before.

+ Does not zee the benefit of standardization, until
explicitly explained/demonstrated or through new

Mediator Willin g
« Wants to translate between provider and consumer.
+ Still relies on some sort of standardisation in order to
be cost effective.
« Must know dimensions, structures, content, missing
values, units, aggregation levels, ...
Data provider Unwilling and skeptical to potential users

« Do not want to change behaviour, legacy systemi(s).

+ Want to continue as before.

+ lInderstands own requirements (knows the data
well).

www.sios-svalbard.org



Data Formats: Choosing and Adopting Community
Accepted Standards

* Most projects (rightly so) focus on the content of their data files
* But you need to consider the format as well.

* Since you captured or created the data, and stored them in your own files,
you know
* how the data are organized,
* how to read them,
* how to use them,
* characteristics of the data that could constrain their use.

* The goal of a good data format is to make it easier for others to read the data

too.
* Many hours have gone into developing standards for formats — try to learn
from them.
| V
18108 Adopted from Curt Tllmesél;ﬁ\asag@? ia' % Sl P



Curt Tilmes, NASA, 2013 ESIP Material €S| P
Why use community standards

* If you try to develop your data format

from scratch, you will forget something. OJ STANDARDS PROLIFERFTE:

* Build on the experience and (GEE: AIC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)
iImprovements built into the community M7 RIDICULOLS! [SooN:
standards over years of use. WE NEED To DEVELOP

- - STUATION: || 2N UNVERSAL SRVORRD | |- 5o

* Tools and analysis software natively ~ THAT COVERS EVERYONE'S 2
support reading community standard wa‘.‘?m%grﬁnis Uf-“i CASES. ey ig%ﬂs -
data. STANDPRDS. O / STANDPRDS.

* Reduce development effort and
support reuse.

* Positive feedback — they are more

likely to be adopted by others. hetpixked.com/B271

www.sios-svalbard.org
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Curt Tilmes, NASA, 2013 ESIP Material g SI P
Use self describing data formats

filensme s the filenarme of
the MNetzDF file without the
*“.nc” file extension.

dimension? 5 the second
dirmension. The final dimension

* Self-describing data formats have ‘ iz e (s b

.. P netcdf filename i defined as the total number of paints
become a well accepted way of archiving | e eas L] dimencions: A or even as "UNLIMITED" as in this
and disseminating scientific data SIEIEY 7 dinension? = WLINITED : // (§ currencly) |

* ' -1 wariables:
. Examnples e dimensionl{dimensicnl) ; _ _ : ) )
* Before self-describing data formats would be O mameion: merimitel = "ame cexce ;) SSMSIEiond i defined frst
. . angitude, dimensionl: attribute? = 10000.0f ; I
latitude, di iom? { di ionZ) ;
became Wldely used’ eaCh prOJeCt Often jt:tﬂdzl w e %Tu?alq‘:‘s;nnz:mﬂgrl;ﬁtel = "some text" ;wﬁ dimension® is defined second.
invented their own data formats, often e et ensionZ: artriuce? = 2.et0201 ; I
i - 7 iablel:attribucel = 4.=+020f ; warishlel is defined with the
raw blnary or even ASC” iz;ahl:l::gizibi:z = "ssme tex‘:ﬁ dimensions that it changes with in
* These approaches had a number of type isthe RIS e R | parentheses,
!:Iata type. This Ff olobal attribubes: |
problems: | I s - ﬁﬁ\ i A YR
* Machine dependent byte ordering or floating point TUmDET): il D et s s 5 6 S T T,
point organizations data: global || commas (e.a. “u-wird speed").
* Required a ‘key’ to be able to open the file 7 dimensionl = 2.34, 2.35, 2.36 ; are gefined
and read the right data. /| dimensionz = 1.0, 2.5, 7.0, 8.0, 3.7 ; | section.
* A new custom reader is needed for each Igiiﬁtﬁmds [periablel = 348 312 287, 19.6, 353, 29.2, 24.4, 18.6,
different data organization. Working in a new | the actual y T T T e e T
iFFi i values for each
language could be very difficult since you imselen 2
have to redevelop the reader anew. the variables. Figure 1. The structure and syntax of a COL (ASCII) equivalent to a
MetCDF file,

http://artefacts.ceda.ac.uk/formats/netcdf/index_cf.html

www.sios-svalbard.org
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netcdf radflux_hopen-201512 {
dimensions:
time = UNLIMITED ; // (22811 currently)
strlen2s = 25 ;
variables:
doubte—time{time)
time:long name = "time of the observation® ;
time:short name = "time" ;
time:standard name = "time" ;
time:units = "seconds since 1978-81-01 80:00:00 UTC" ;

time:axis = "T" ;
char stationid(strlen25) ;
stationid:long_name = "name and/or stationnumber used as identifier™ ;
stationid:cf_role = "timeseries_id" ;
float latitude ;
latitude:long_name = "latitude"
latitude:short_name = "latitude” ;

latitude:standard_name = "latitude"
latitude:units = "degree_north" ;
latitude:valid min = -90.f ;
latitude:valid max = 90.T ;

float longitude ;
longitude:long_name = "longitude”
longitude:short_name = "longitude" ;
longitude:standard name = “"longitude" ;
longitude:units = "degree east"
longitude:valid min = -180.F ;
longitude:valid max = 180.fT ;

float ssi(time) ;

ssi:long name = "shortwave irradiation at the surface" ;
ssi:short name = “"ssi" ;

ssi:standard_name = "surface downwelling shortwave flux" ;
ssi: Fillvalue = -999.F ;

ssi:units = "watts/meter2"

ssizcell method = "time: mean (last minute)" ;
float ssisenstemp(time) ;
ssisenstemp:long_name = "temperature of the surface shertwave irradiation sensor” ;
ssisenstemp:short_name = "ssisenstemp"
ssisenstemp: FillValue = -999.f ;
ssisenstemp:units = "degC" ;
ssisenstemp:cell_method = "time: mean (last minute)" ;
float dli(time) ;
dli:long_name = "difference between downward atmospheric longwave irradiatien and emitted CGR4 irradiance"
dlirshort_name = "dli" ;
dlirstandard_name = "surface_net_downward_longwave flux"
dli:_Fillvalue = -999.f ;
dli:units = "watts/meter2" ;
dlitcell_method = "time: mean (last minute)" ;
float dlisenstemp(time) ;
dlisenstemp:long_name = "temperature of the surface longwave irradiation sensor" ;
dlisenstemp:short_name = "dlisenstemp" ;
dlisenstemp: FillValue = -999.f ;
dlisenstemp:units = "degC" ;
dlisenstemp:cell method = "time: mean (last minute)" ;
float battery(time) ;
battery:long_name = "minimum battery voltage" ;

jn

battery:short_name = "battery" ;

battery: Fillvalue = -999.f ;

battery:units = "V

battery:cell methed = "time: min ({last minute)" ;

€ ons = "CF-1.6" ;
thistory = "2009-11-03 creation\n",
"2016-01-01 revision" ;
:title = "Downwelling surface radiative fluxes at Hopen" ;
tabstract = "Downwelling surface radiative fluxes observed at the meteorological station at Hopen Island in the Barents Sea.
Measurements are made using Kipp and Zonen CMP21 and CGR4 pyranometers and pyrgeometers. Daily maintenance is performed by the
meteorological persennel at the station. Data are averaged over the last minute and the time is set to UTC. This data set has been collected
with support from the Morwegian Research Council. The gquality control performed is by visual inspection and by comparison of clear sky
values against RTM simulations. Originally this station was started as an IPY station funded through iA00S-Norway and IPY-THORPEX, currently
it is continued by METNO." ;
rtopiccategory = "ClimatologyMeteorologyAtmosphere” ;
skeywords = "Radiative Flux" ;
:gemd_keywords = “"Atmosphere > Atmospheric Radiation > Shortwave Radiationyn®,
"Atmosphere > Atmospheric Radiation > Longwave Radiation®
:area = "Barents Sea" ;
ractivity type = “"Land station"

:PI_name = "@ystein Godey" ;

scontact = .godoy@met.no" ;

sinstitution = "Norwegian Meteorological Institute" ;
curl = "http://vww.met.no/" ;

cproduct_name = "radiative fluxes" ;

:Platform_name Hopen" ;

cproject_name = "1A005-Norway"

:start_date 2015-12-81 @e:00 UTC" ;

:stop_date = "2015-12-16 86:50 UTC" ;
sdistribution_statement = "Restricted to iA00S-Norway" ;
ssouthernmost_latitude ;
cnorthernmost_latitude = 76.5 ;

swesternmost_longitude = 25.07 ;

reasternmost_longitude = 25.07 ;

rquality statement = "Quality controlled by visual inspection and RTM comparison”
:featureType = "timeSeries” ;

data:

www.sios-svalbard.org



Documentation standards relevant for SIOS

* Biological data
 Darwin Core Archive

* Geophysical data
* NetCDF adhering to the Climate and Forecast convention

* Else a non proprietary file format with an comprehensive product manual

* ldentifying variables, units, missing values, aggregation levels, positions, reference
frames, etc.

www.sios-svalbard.org
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Also we need to agree on a mechanism to identify SIOS Core Data when
harvesting information from contributing data centres

Preferably by adding a specific project to these datasets?

www.sios-svalbard.org
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