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ABSTRACT

The volume of scientific research results in Eétlience is growing tremendously, so
their preservation is becoming more and more appmedlarge amount of data is already
affecting many fields of science, most notablydglike, space with both new satellite
surveys and new deployments of extensive sensowoniet, oceanography with
deployments of underwater oceanographic obserestogeophysics with past and new
seismograph data, etc. This trend will not be cwmdito the physical sciences but will
also transform large parts of the humanities amthseciences.

Mechanisms, infrastructures and software solutisheuld be in place to enable
sustainable long-term preservation of scientifisuiss in digital form. Common
preservation policies and their application by E&tience data owners and providers
should be defined to guarantee preservation of @atassociated knowledge according
to a common and harmonized approach and their sibdegg by users according to their
needs. Furthermore Earth Science communities useugamodels (conceptual models,
metadata schemas, ontologies, vocabularies) focridesy their datasets. Ideally we
would like a common set of models for Earth sciedata, and a common strategy for
harmonizing them.

The purpose of this paper, which summarizes sontieeofvork done in the context of the
SCIDIP-ES project, is to describe the Earth Sciemmeds, procedures and gaps in terms
of the current data preservation and data accdissgso perform an analysis of the current
Earth Science data infrastructures, identify thpsgeith respect to the Earth Science
community requirements and interoperability aspedsd define common data
preservation policies which are applicable to akrtk Science data categories.
Furthermore an analysis of the semantics, metaaatantologies that are currently in use
by earth scientists is presented. Based on thitysisapossible strategies for having
harmonized metadata, semantics and ontologies rappged, able to satisfy the earth
scientists’ needs coping with different Earth Sceedomain approaches.
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INTRODUCTION

The volume of scientific research results in E&tience is growing tremendously, so their presemvat

is becoming more and more appealing. Large amdudata is already affecting many fields of science,
most notably fields like, space with both new diiteturveys and new deployments of extensive senso
networks, oceanography with deployments of undeswateanographic observatories, geophysics with
past and new seismograph data, etc. The data tswvarmoh is occurring in Earth Science, is gainang
critical importance. Past and present Earth Obsiervanissions will have collected several tenths of
Terabytes of data by the end of the missions; & Eentinel§ which are going to be launched between
2013 and 2020, are expected to collect 1TB of g@aday. These numbers are relatively small if
compared to the Square Kilometre Array radamich will be completed by 2024 and is expected t
generate the same amount of data each day astiteeleternet.

The problem here does not only refer to the “scath® complexity is mainly in the variety and
heterogeneity of the data acquired from differextiellites and sensors and which are stored inrdifte
formats, and in the need for additional informatimowledge which makes these data usable across
different scientific communities. This leads inteetneed for data interoperability, which has inseeh
dramatically in recent years. Scientists belongmglifferent communities increasingly need to asces
and use data with which they have little or no farity. This is particularly evident in Earth Soiee,
where phenomena such as climate change requisgatiff communities of scientists to work together on
a common objective, sharing both data and restiliss provides a challenge for Earth Science data
holders and archive owners who must ensure coheiat preservation and optimum availability and
accessibility of the different Earth Science datd products.

The purpose of this paper is to describe the Eacience needs, procedures and gaps in terms of the
current data preservation and data access polpsegrm an analysis of the current Earth Scierate d
infrastructures, identify the gaps with respecttihe Earth Science community requirements and
interoperability aspects. Furthermore an analy$ishe semantics, metadata and ontologies that are
currently in use by earth scientists is presenBatked on this analysis, possible strategies fompgav
harmonized metadata, semantics and ontologiesrapdged, able to satisfy the earth scientists’ seed
coping with different Earth Science domain appreach

This work has been carried out in in the contexthefongoing EU project SCIDIP-E®hose objective

is to deliver generic services for science datagrmation as part of the data infrastructure fecience

and set up a European framework for the long teresgyvation of Earth Science data through the
definition of common preservation policies, the rhanization of metadata and semantics and the
deployment of generic infrastructure services i@ Harth Science domain. This paper summarizes the
results reported in the SCIDIP-ES deliverables][1,2

THE STATE OF THE ART

Data Preservation Policies

Earth Science data are the products of differerssimns, campaigns or experiments carried out by
different organizations and as a result are complea heterogeneous. The rationale which has been
chosen to categorize these data, and thereforeriduct an in-depth analysis of the different data
preservation and access policies has been bastt atassification of the sensors or instrumenesyp
which are behind these missions. This has resinitedhe ten categories shown in Table 1. The fivst
categories (C1 to C5) can be grouped and refeoexds t'Earth Observation Space data”; categories C6

! http://www.esa.int/Our_Activities/Observing_the_fé€opernicus/Overview4
2 http://www.skatelescope.org/
® http://www.scidip-es.eu



and C7 can be grouped and referred to as “AirbanteBalloon” data, while C8 and C9 categories can
be grouped and referred as “In-Situ data”. The meim@ category (C10 “Models and Simulations data”)
refers to Earth Science experiments and simulatidrish are conducted in the laboratory.

# Category

C1 | SAR imaging missions/sensors, high and very hegblution (different radar bands)

C2 | Multi-spectral imaging missions/sensors, higt @ery high resolution

C3 | Medium resolution land and ocean monitoring miss'sensors (e.g. wide swath ocean color
and surface temperature sensors, altimeter, etc.)

C4 | Atmospheric chemistry missions/sensors

C5 | Satellite based other scientific missions/sensor

C6 | Airborne (e.g. digital cameras single/multipiiégital line scanners, radar, laser topographic/
bathymetric, etc.). Helicopter Observation PlatferfiHOPs) are considered in this category

C7 | Balloon (e.g. geomagnetic instruments, wind, perature, radiation, radio propagation,
particles, optical properties, chemistry, etc.)

C8 | Ground (e.g. seismography, temperature, humidityd, pressure, radiation, radiance, pollutjon
factors, rain, chromatography, soil property, etc.)

C9 | Hydro (e.g. temperature, salinity, pollutionttas, wind, pressure, water flow/flux/level, etg.).
This includes data coming from buoys as well amfahips, gliders or other equipment used to
capture local data

C10| Models and Simulations data

Table 1 A categorization of Earth Science data

A complex process such as data preservation irEtith Science domain can be divided into logical
steps or “themes”. The definition of these themas been derived from an extensive analysis of the
European LTDP Common Guidelines. They consist of a set of teminjuidelines recommended for
application by Earth Observation space data owfmrdhe preservation of their data. These LTDP
guidelines do not cover programmatic and regulaaspects (e.g. LTDP organization, availability of
LTDP dedicated programs or budgets within orgaiora) or data policy aspects associated with i@ da
to be preserved. These themes are shown in tlosvialy table:

Theme # | Description

Theme 1 | Preserved data set content definition ppchésal

Theme 2 | Archive operations and organization

Theme 3 | Archive security

Theme 4 | Data ingestion

Theme 5 | Archive maintenance

Theme 6 | Data access and interoperability

Theme 7 | Data exploitation and re-processing

Theme 8 | Data purge prevention

Table 2 Themes for Data Preservation

For each of the data categories (described in THblee performed an analysis to investigate theeciir
practices for the preservation of Earth Scienca dsing the aforementioned themes as criteria. The
analysis revealed that for “Earth Observation sgiata” (C1-C5) most of the organizations have acel
their own practices which are aligned with the gipfes defined by LTDP common guidelines. Thera is
strong reliance on ISO standards and well knowmé&s (e.g. PDF) are preferred for documentation.

* Long Term Data Preservatitwip://earth.esa.int/gscb/ltdp/
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Regarding “Airborne and Balloon data” (C6-C7) difiet agencies are working to preserve their hexitag
resources and making them accessible to the plticeover the datasets in these categories sedm to
very heterogeneous and raw data or the intermetkatd processing data are usually not provided.
Regarding In-Situ data (C8-C9) the tendency iddcesthe raw data, the data products and sometimees
associated documentation; however the preservafitine software tends to be less common. Moreover
there are cases where the procedures for the ényggreservation of the data have not been addjted
such cases preservation is only addressed in tefntise physical storage of the data). Finally with
respect to the Models and Simulations data (Cl€etlseems to be a full adherence to the guidelines,
although the field is very heterogeneous.

Data Access Policies

Data access policies define what data can be aatéyswhat users, and under what conditions and the
are often accompanied by terms and conditions ef iata access policies from publicly funded
organizations are generally aiming at providingrsisgith access to data on a non-discriminatorysbasi
(full and open access), at minimum (or no) costaty as possible in the dissemination process.

The most basic level of data access is througmdexi or catalogue that provides information on the
existence of the data without generally grantingeas to the data itself (i.e. federated catalogjes
ENVRI® or GEQ portals). In this case users define basic sedidbuies such as the area of interest,
type of data, date of acquisition etc. and thegbadturns metadata records for the datasets, wdrieh
available without providing a direct link to thetdatself. A second level of data access is pravidg
services which expose a representation of the(dajaas an image) without giving the end userste

the original dataset. The last and most completel lef data access allows the user to download the
original dataset or an equivalent representatiah of

We evaluated the data access policies adoptedveyadeorganizations using the following criterig: (
investigation of the openness of access to thealadahe eventual restrictions different commuasité
users/owners have, and the mechanisms describ#telgata policy to allow them to search, discover
and access the data, trying to identify commomsalitr particular solutions, (i) analysis of thengeal
mechanism for assigning roles and privileges ferdifferent communities, (iii) overview of the difient
pricing policies adopted by the data owners orrithistors trying to define/discover a general price
structure, (iv) identification of legal issues teld to the management of intellectual propertytadgbr

ES data, (v) investigation of agreements in diatidm of data by third parties and (vi) compliarveith
INSPIRE directives. The INSPIRE directive lays down gehemasles for establishing a spatial
information infrastructure in Europe for the puresof establishing community environmental policies
and informing activities which may have an impattloe environment.

The analysis revealed that Data access policieganerally well consolidated in the Earth Science
organisations. In particular, data tend to be ab#dl free of charge, pricing policies depend on
agreements with private companies in most of tleesgaintellectual property rights depend on nationa
and international agreements, distribution of thiprties data depends on national and interndtiona
agreements, and the majority of organisations dtteere INSPIRE compliant or working towards
compliance. In general the landscape in the dowfaitata access policies for Earth Science datather
complex due to the abundance of different policeating to different organizations and also within
single organizations for different Earth Sciencéadand products. This landscape depend both on the
nature of the organizations (private vs. publia) an the individual national legislations and intgronal
agreements which largely influence them.

® http://portal.genesi-dec.eu/envri/
® http://www.geoportal.org/web/guest/geo_home
" http://inspire.jrc.ec.europa.eu/



Semantics, Metadata and Ontologies currently in use

Earth Science data are the product of differensimis, campaigns or experiments carried out byrakve
organizations, and as a result are very complexleatdrogeneous. Furthermore there is not a single
standard schema for maintaining and exchangingetdas. In the context of the SCIDIP-ES project a
survey has been carried out for identifying the etedvhich are being used by different organizations
The results of this survey yielded about 50 distimodels. As regards their format and purpose, the
majority of these data are expressed in XML forraati most of them are used for querying and
exchanging data. The following figure shows thérittigtion of the models.
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Figure 1 Format and Actual Usage Information

The next step has been to identify the most “poputaodels and further analyze them. A brief
description of these models is given below.

ISO 19100 SeriesThe International Organization for Standardizati@as established the 1SO 19100
serieé for: (a) defining the basic semantics and strechfrgeographic information for data management
and data interchange purposes and (b) definingrgpb@ information service components and their
behavior for data processing purposes. In genemlcould say that these standards support data
management, acquiring, processing, analyzing, acggsnd disseminating data between different users
systems and locations for geographic information.

OGC Standards The OGC Technical Committee has developed aritaotbre in support of its vision
of geospatial technology and data interoperabitified the OpenGIS Abstract SpecificatioThe
Abstract Specification provides the conceptual ftaton for most of the OGC specification
development activities. Open interfaces and prdsoewe built and referenced against the Abstract
Specification, thus enabling interoperability bedwedifferent brands and different kinds of spatial
processing systems. The Abstract Specification idesva reference model for the development of
OpenGIS Implementation Specifications and is brakeéo 20 Topics in order to assist development of
different topics from different working groups.

CGI Vocabularies: The development of CGI (Commission for the Managansnd Application of
Geoscience Information) vocabularies aimed at agweyy concept vocabularies for populating
GeoSciML interchange documents. Because the voaaeslimplement GeoSciML concepts they are
relevant to a number of types of geological infaiiora(e.g. Samples, Species, etc.). There are milyre
31 vocabularies in the CGI portfolio.

CF Conventions: The Climate and Forecast (CF) metadata converifiame designed to promote the
processing and sharing of data files. In partictiay are focused on the description of Earth ®een

8 http://www.isotc211.org/Outreach/Overview/Overvibtm
® http://www.opengeospatial.org/standards/as
0 http://cf-pcmdi.linl.gov/documents/cf-conventions
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data. The data files are created with respect ¢oNBtCDF API. The metadata defined by the CF
conventions are included in the same file with ttega, thus making the file “self-describing”. CF
conventions are intended for use with climate amddast—related data.

GEMET: The General Environmental Multi-lingual Thesauries 6hort GEMET') has been developed
as an indexing, retrieval and control tool for theropean Topic Centre on Catalogue of Data Sources
(ETC/CDS) and the European Environment Agency (EBA&e basic idea for its development was to
merge the best available multilingual thesauri. GHMwas conceived as a general thesaurus, thus
specific thesauri and descriptor systems weremsdtided in its development and only their uppeelev
structure and terminology was taken into account.

GeoSciML: GeoSciML* was developed by CGI, as a Geography Markup Laygy&ML) derived
schema to represent geology data. GeoSciML isaidtgrchange format which (not strictly) fallstive
ontology/metadata/vocabulary domain.

OTEG: OTEG has been developed within the framework of BS#vities in the field and in line with

related past and ongoing projects. The aim of ti&E® project is to help application experts in
identifying relevant Earth Observation productéowing them to easily identify the Earth Observatio
missions, sensors and products useful for theiiviggt using familiar semantic terms (i.e., terms
pertaining to their application domain).

MOLES: MOLES [10] (Metadata Object for Linking EnvironmahtSources) is an information model
for describing metadata covering a broad rangeppfi@ations within multiple disciplines. These are
mainly, but not limited, those within the earth apldysical sciences. MOLES is primarily of use to
consumers of data, especially in an interdiscipjineontext. It allows them to establish details of
provenance, and to compare and contrast such iafeym without recourse to discipline-specific
metadata or private communications with the origimeestigators.

ThIST: is an abbreviation dfThesaurus Italiano di Scienze della Terradtherwise“ltalian Thesaurus

of Earth Science”lt is a thesaurus which is used to classify E&tlence related documentation and
cartography within the internal library archivesur@ntly it contains about 10350 descriptors linked
each other through a set of more than 100 thousealadionships of hierarchical, associative and
equivalence types.

VolID: The Vocabulary of Interlinked Datasets (Voltis a vocabulary exclusively focused on providing
metadata for describing datasets as a whole. ltiggs terms and patterns for describing RDF dataset
and is intended as a bridge between the publishetsisers of RDF data. VolD descriptions can bd use
in many situations, ranging from data discoverycttaloguing and archiving of datasets, but most
importantly it helps users find the right data thoeir tasks.

SKOS: SKOS [11] is an abbreviation of Simple Knowledge@nization System, and is implemented as
a series of specifications and standards to suppertse of Knowledge Organisation Systems, such as
thesauri, classification schemes, and taxonomied, ather similar types of controlled vocabularies,
within the framework of the semantic web. As anliapgion of RDF, SKOS allows concepts to be
composed and published on the World Wide Web, tinkéh data on the web and integrated into other
concept systems.

Dublin Core: The Dublin Core metadata terms [12] are a set ofbalary terms which can be used to
describe resources for the purposes of discovemically, the Dublin Core vocabulary has been aedpt
and/or extended by many other domain vocabulaoielréctly refer to the domain objects represeinted
RDF though, as its properties can be connectedytodds:ResourceDublin Core is also used by specific
metadata vocabularies for describing RDF vocaledasnd RDF Datasets, thus to provide overall
information about data collections as a whole.

" http://www.eionet.europa.eu/gemet/
12 http://www.geosciml.org/
13 http://www.w3.org/TR/void/



ISO 21127 CIDOC Conceptual Reference Model (ISO 21127)43 formal ontology of 80 classes and
132 relations describing the underlying semanticever a hundred database schemata and structures
from all museum disciplines, archives and librari€ke primary role of CIDOC CRM is to enable
information exchange and integration between hg@reous sources on cultural heritage information. |
defines (and is restricted to) the underlying seramf database schemata and document structsees u

in cultural heritage and museum documentationrims$eof a formal ontology.

TOWARDS HARMONIZING METADATA, SEMANTICS AND
ONTOLOGIES

The “Big Picture” conceptually

Since the existing Earth Science resources camuradfin a plethora of different forms (from reséarc
papers, databases, files, catalogues, etc.), wene&e the following basic distinctions: (A) protkiof
human activities, (B) human activities and (C) comnceptualization of Earth Sciences. The above
distinctions and the relationships between thesdetsocan be characterized by a core conceptuallmode
of fundamental categories and their relationshiigure 2 illustrates these groups formed by these
distinctions, as well as the concepts they cordaih the relationships between them. It is a kintigh
level picture of the relationships between humaivities and their targets, as they appear on thedst
level of description of all scientific products aservices. They are the ones necessary for thddirsl
selecting relevant information, and for managing amaintaining the referential integrity of the most
fundamental contextual information. It is only onmere specialized level that all the entities insih
models are refined by specific, open-ended terragiek (typologies, taxonomies) and a relativelylsma
set of more specific relationships among them
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Figure 2 The "Big Picture" conceptually: (A) protsiof human activities, (B) human activities andl ¢Gre
conceptualization of Earth Sciences

The next step is to use this core conceptual madel guide for identifying what the aforementioned
semantic models cover. This provides a top-downaligation of the current state of art of the setican
models that are currently in use in the Earth Sgefomain which is useful for interoperability posps.

In addition, this enables the identification of daps and gaps. From our analysis we have founthatit
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some of the models described above cover most white others cover only some parts. The following
table illustrates the placement of each model énlilg picture. The mark symboM*) between a model
and a group (e.g. between the 1SO-19100 seriesgemap A) denotes that the model is capable for
modeling all the aspects from that group, while $t&r symbol (%’) denotes that only some of the
aspects are covered.
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Table 3 Coverage of the semantic models with reégpdbe core conceptual model

STRATEGIES FOR HAVING HARMONIZED METADATA, SEMANTIC S
AND ONTOLOGIES

According to the Dublin Core Metadata Initiatiemetadata harmonization is defined as «the atwlfity
two or more systems or components to exchange “Gwmdbmetadata” conforming to two or more
metadata specifications, and to interpret the nattathat has been exchanged in a way that is ¢ensis
with the intentions of the creators of the metadaiad as “recipe for harmonization” it recommends
adopting a core model with support for machine essable semantics and construct mappings of others
standards to the core model.

In general we can identify two main strategies: ¢ampliance with standards and (b) adoption of
integration/harmonization approaches. Regarding tbemer, there is adequate standardization
(mandated) in the geographical domain. Two maj@ndardization organisations I1ISO and OGC
cooperate together to develop interoperability ddags that are increasingly becoming adopted. Below
we discuss the second strategy, i.e. approachastégration/harmonization.

Integration Approaches

The availability of mappings between various modgtsetadata schemas/ontologies) is crucial for
interoperability. They allow building tools and sy®s for exchanging and integrating information.
Specifically they can be exploited for implementimgnaterialized integration (warehouse), or a sirtu
integration (mediator) approach.

Materialized Integration relies on a central refurgi where all data are to be stored, called “Data
Warehouse”. Mappings are used to extract informatiom data sources, to transform it to the target
model and then to store it at the central repogitbis good practice not to modify extracted imf@tion
after its transformation except for the use of camndentifiers. Rather, any need for updating irciral
information is covered by requesting source pradde make updated sources available.

There are some important issues that should be take account for designing and maintaining a data
warehouse. Firstly (designing phase) the infornmatiom each source that is going to be used shosild

% http://dublincore.org/



selected. Specific views over the sources shouldhmsen in order to be materialized and the global
schema employed by the warehouse should be cotstrudext (maintenance phase) issues should be
tackled concerning the warehouse initial populatigrthe source data and the update of the data when
sources are refreshed. Finally, there are somey quecessing, storage and indexing issues thaticihaeu
taken into consideration. The great advantage dfemadized integration is the great flexibility in
transformation logic, decoupling of the release agwment of the integrated resource from the
management cycles of the sources and the decouwgdlimcress load from the source servers. An example
of the process of constructing a warehouse fobibéiversity domain is described in [4].

On the other hand, Virtual Integration approachesat rely on a central repository but leave thia da

the original sources. Mappings are exploited tdnguery translation from one model to anotheerTh
data from disparate sources are combined and esturm the user. The mediator (a.k.a. integrator)
performs the following actions: first it receivegjaery formulated in terms of the unified model&tia
and decomposes these queries into sub-queriese Goesies are addressed to specific data sourbiss. T
decomposition is based on the mappings generatsebde the unified model and the source models,
which play an important role in the sub-queriegasion plan optimization. Finally, the sub-querdes
sent to the wrappers of the individual sourcescihiiansform them into queries over the sources. Th
results of these sub-queries are sent back to gwator. At this point the answers are merged amte
and returned to the user. Besides the possibifigs&ing queries, the mediator has no control eker
individual sources. The great advantage (but inescases disadvantage) of virtual integration igdiad
time reflection of source updates in integratedeasc The higher complexity of the system and the
quality of service demands on the sources is amjifjed if immediate access to updates is indeed
required.

Candidate Core Ontologies and Technologies

Below we describe some possible (current and uteleelopment) models that can be used as a basis for
achieving harmonization in terms of metadata, séiceand ontologies.

The ISO 19100 series of standards has been ths fmsthe development of well-known semantic
models (including MOLES, GeoSciML and many otheRs)rthermore I1SO is in close cooperation with
OGC for the development of emerging standards.imai@ concern of these standards (ISO 19100 series
and OGC Specifications) is to support the interapdity of geo-information systems which are the
building blocks of spatial information infrastruots. For achieving interoperability these standards
provide a basic conceptualization of: (a) unifiedadmodels, (b) well defined interfaces, (c) lamygpsato
access and manipulate data based on these intedlad€d) automatic translation of data and models.

The well-known 1ISO 19115 standard provides a stmecfor describing digital geographic metadata. As
stated in [5] it is sufficient for capturing enoughthe context surrounding the data, howevertrinca be
used for capturing other important preservatioatesl metadata as specified in the OAIS reference
model [6], such as Representation Information, oes€rvation Description Information. In [5] a
preservation profile of ISO 19115 has been devappased on the metadata requirements specified in
the OAIS reference model. The main purpose of phidile is to enable capturing preservation-related
information about geospatial dataset, while pargjsthe ability to capture contextual metadatahefse
datasets using the core 1ISO 19115 model.

While ISO 19115 is the standard metadata schemgdographic datasets, its structure is not the most
appropriate when dealing with Earth Observation )(E@oducts: the required 1SO19115 metadata
elements like title, abstract, contact point, eeke the description of EO products less efficiaritile
important attributes for the description of varide® products are missing. To address this prob&éem,
profile of ISO 19156 called the Earth Observationtdtlata profile of Observations and Measurements
(OGC 10-157) has been developed in the contexh@fHMA™ projects. Similarly to 1ISO 19115 it
provides some elements for capturing preservagtatad information.

'3 http://earth.esa.int/hma/



Alternatively the CIDOC CRM (ISO 21127) [3] provilehe concepts to model the complexity of
cultural heritage and archaeological data in tlsimantic context, but also scientific observation,
measurement and processing activities. Recentrodsé@wever has revealed that CIDOC CRM and
OGC standards are opaque with respect to the egbttonship of the real extent of the matter of
features to given geometries. As a consequench, dtahdards fail at scale-independent integration o
geometric data with data of other semantics. Fataince, the given geometry of a detail of a boesfai
water sampling may not overlap with the given getoynef the borehole as a whole. To solve this
problem, a novel “articulation” of the CIDOC CRMtWwiOGC standards has been produced; a common
ontological refinement of both standards capablexiain the missing details as specializationbaih
models simultaneously. The resulted model, whiameruly is called CRMgeo [9], is a spatiotemporal
extension to the CIDOC CRM expressed in RDF. CRMgeegrates the CRM with the OGC standard of
GeoSPARQL [7] and thus provides the concepts toesgmt current standardised geo-information in an
ontological network with its data, metadata andvprance data. The benefits stemming from such a
model is that one could use it for building repmsés that host both spatial data and other semanti
resources. Moreover, it could be exploited as tbleesa for information integration, either in a
materialized approach, or a virtual approach. Thsidservice over an integrated repository is the
search/query service. In [14] an extension of RD& 8PARQL, namely stRDF, which is capable for
representing geospatial data that change over aimdea database system which allows querying such
data, has been developed.

At this point we should also stress that RDF/Suigently the lingua franca for metadata and seroanti
descriptions. The adoption of this representattaméwork has various benefits (exploitation of tinals
that have been developed, Linked Data initiatite,) eAccording to the W3C definition, the Semantic
Web is a collaborative effort, which “provides arooon framework that allows data to be shared and
reused across application, enterprise and comminaityndaries.” The vision is based on the idea of
extending the principles of the Web from documentslata by defining and describing the relations
among data on the Web. These meaningful relatippsban be established between any named
resources in the Web documents by enabling an afiiomtegration of data.

The Linked Data approach lies at the core of thmaBgic Web stack by adopting a small selection of
semantic web technologies. This idea is summartaedh set of best practices, introduced by Tim
Berners-Lee in [8] for publishing and interlinkisguctured data on the Web: (1) use tyRks names of
things, (2) use HTTP URIs so that people can lgpkhose names, (3) when someone looks up a URI,
provide useful information, using the standards. RDF, SPARQL, etc.) and (4) include links to othe
URIs, so that they can discover more things. Tleecalready billions of RDF triples which have been
published according to those principles. Accordmgnany, Linked Data seems to offer a valid apgnoac
to address many of the interoperability issuesdanedigital preservation providing solutions foatd
search, virtualization and integration.

To encourage users adopt the Linked Data princ\M8€ announced the 5-Star-Linked-Dataitiative

as a best practice for publishing Linked Datas lairating system, which allows users ensuringttteit
data are open-accessible and interlinked. The lowag (1 star) is given for datasets which are
available on the web (in any format), but with gew license (e.g. a pdf document showing tempexratur
measurements). 2 stars are given for datasets velneclaccessible on the web in a structured machine-
readable format, so anyone can re-use them (eXjL8rfile with temperature measurements). 3 stegs a
given to datasets which do not depend on propyietaitware (e.g. use CSV instead of XLS). 4 stags a
given to datasets which are in the web in the sémsethey contain URIs (an RDFa file, so that othe
resources can point to them). The highest rating4£s) is given to data which are linked with ottigta

to provide a description of the context (an RDFthwroperties linking to other Linked Data).

18 Uniform Resource Identifier
7 http://5stardata.info/
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CONCLUSION

In this paper we summarized the results of an arsabf the Earth Science needs, procedures andmaps
terms of the current data preservation and datasacpolicies. The analysis revealed that therenis a
increasing awareness of the importance of digtesgrvation in the Earth Science organizations éven
there is still often a lack of strategic plannimg 8igital preservation activities. Preservatiorsoientific
research results is in the public interest. Earder8ists are highly receptive to the adoption of
preservation tools. The bridge between user neadstechnology must therefore be maintained and
reinforced. Moreover it is vital to maintain andopide access to discovery information for data.
Custodians of the digital objects have a respolityilbtd store the data in suitable conditions, eimguthe
viability of the original deposited information amdigrating the data to new formats when necessary.
Additionally several organizations lack a formatalpreservation policy even if their definitionas on-
going process in nearly all scientific organizasamith a different level of maturity among the difént
stakeholders depending on current funding leveisally organizations who do not claim to have a
formal data preservation policy nevertheless ararawf the need for preservation and have objective
this end. Typical data preservation objectivesudel (a) the ability to share and exchange dataen
long-term, (b) the ability to share and exchangdadega and data products and (c) the facility to
minimize the impact of software hardware upgrades tbe operation of the archive and on
accessibility/usability of the data it contains.

Furthermore in this paper we summarized the resfltan analysis of the semantics, metadata and
ontologies that are currently in use by earth digen in terms of their usability, adoption,
configurability, and extensibility across differeBarth Science domains. A semantic backbone was
described comprising fundamental categories aradioekhips, providing a kind of high level pictuk

the relationships between human activities andr tteegets, as they appear on the highest level of
description of all scientific products and servickoreover, the placement of the various semantic
models in that semantic backbone was describedn Tve proposed strategies to have harmonized
metadata, semantics and ontologies able to salisfyser needs coping with the different Earth riBme
domain approaches. In general, one approachcsmply with standards and we have seen that there
adequate standardization (mandated) in the geoigadpfomain: 1ISO 19156 (for data) and 1SO 19115
(for metadata). The second strategy is to adomigmtion/harmonization approaches which rely on
mappings. Moreover we stressed the potential oSdgmantic Web and Linked Data trend. According to
many, Linked Data seems to offer a valid approadiddress many of the interoperability issues féced
digital preservation providing solutions for dagasch, virtualization and integration. In the domaf
cultural heritage, for example, Semantic Web tetidgies have been proposed as a promising approach
for making multi-format, multi-topical, multi-lingal, multi-cultural and multi-target content mutyall
interoperable (at syntactic but especially at s¢imamd organizational levels) so that it can berceed,
linked and published in a harmonized way acros®thmdaries of the datasets and data silos [13].
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