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Data Curation and Preservation
 Keith Jeffery(B)
 Keith G Jeffery Consultants, 71 Gilligans Way, Faringdon SN7 7FX, [email protected]
 Abstract. Data is a valuable resource. In some scientific disciplines, experimentscan be redone to reproduce the data. In environmental sciences, the observationsand measurements of the earth and its surroundings commonly can be made onlyonce: each time point records uniquely the state of the many earth processes. Thisdemands that environmental data - structured to information - is preserved in sucha way that it may be reused. Phenomena like the ozone hole, biodiversity andclimate change depend on data curated over a long period of time. However, it isnot just the data that must be curated. The software used to process and analysethe data - or more accurately an executable specification of the software - must bepreserved along with associated libraries and computing operational environment.Information on the equipment and sensors usedmust be preserved since this affectsthe relevance and quality of the data for future use. Equally challenging is thedecision to discard data - for reasons of costs of storage (although that is reducingrapidly) or cost of curation. Curation is blended inextricably with cataloguing andprovenance and the core requirement is for richmetadata to characterise the digitalasset for all three purposes.
 Keywords: Data · Information · Preservation · Curation · Storage ·Metadata ·Cataloguing, provenance
 1 Introduction, Context and Scope
 “Digital curation is the selection, preservation, maintenance, collection and archivingof digital assets. Digital curation establishes, maintains and adds value to repositoriesof digital data for present and future use. This is often accomplished by archivists,librarians, scientists, historians, and scholars” (Wikipedia)1.
 Cataloguing, Curation and Provenance are commonly grouped together since themetadata, workflow, processes and legal issues associated with each have a high degreeof intersection in recorded metadata attribute values and therefore rather than generat-ing independent systems a common approach is preferable. Moreover, there are stronginterdependencies with identification and citation, with AAAI (Authentication, Autho-risation, Accounting Infrastructure), with processing, with optimisation, with modellingand with architecture.
 1 https://en.wikipedia.org/wiki/Digital_curation.
 © The Author(s) 2020Z. Zhao and M. Hellström (Eds.): Towards Interoperable ResearchInfrastructures for Environmental and Earth Sciences, LNCS 12003, pp. 123–139, 2020.https://doi.org/10.1007/978-3-030-52829-4_7
 http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-52829-4_7&domain=pdf
 http://orcid.org/0000-0003-4053-7825
 https://en.wikipedia.org/wiki/Digital_curation
 https://doi.org/10.1007/978-3-030-52829-4_7
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124 K. Jeffery
 A key aspect of curation is the interplay between governance and technology. Findingtechnological solutions to satisfy the principles of governance is not always easy. Theincreased acceptance of the Data Curation Lifecycle and the increasing use of DataMan-agement Plans (DMPs) evidences this. Another key aspect is involving the researchersin the decision making of what to keep and what to discard; this provides motivation forthe process of curation, including the provision of appropriate metadata.
 2 Curation Within ENVRIplus
 The ENVRI community observes and analyses many aspects of Earth’s changing phe-nomena. Observations and analyses today may be needed or reviewed in ways that areimpossible to predict. Consequently, preparing the platform for future researchers asbest we can by investing in curation has to be a key element of the ENVRI research cul-ture with broad support by Research Infrastructures (RIs) and researchers. This requiresleadership, education and collaborative development.
 The ideal curation culture will ensure – via an appropriate IT system includingboth technological and governance aspects - the availability of digital assets throughmedia migration to ensure physical readability, redundant copies to ensure availability,appropriate security and privacy measures to ensure reliability and appropriate meta-data to allow discovery, contextualisation (for relevance and quality) and use, includinginformation on provenance and rights.
 At the curation stage of the lifecycle we record metadata concerning quality. Suchmetadata is – by its nature – domain specific and to some extent subjective. The requiredquality of the asset described by the metadata depends heavily on the purpose to which itis to be put. Decisions that are of broad scope and/or urgent may require only summaryqualitymetadatawhereas decisions relating to critical and detailed information such as inreproducibility of researchmay need detailed technical quantitative parameters recordedin the metadata. Thus, the end-user has to decide – based on the metadata available,guidelines established by governance and training to develop the skills – whether theasset is of appropriate quality for the intended purpose and whether – based on cost-benefit analysis - it should be curated. Clearly, the richer and more comprehensive themetadata providing context, the better judgement on quality can be made. The qualityprocesses for some RIs in the environmental sciences have been studied in [1] and botha quality taxonomy and potential improvements recommended.
 There has been significant progress over the period of the ENVRplus project: (1)the RIs appreciate the curation lifecycle; (2) the RIs generally have developed DMPsusually using the DCC (Digital Curation Centre) template appropriate for H2020 (ECHorizon 2020) projects; (3) the RIs appreciate the interplay between curation and bothcataloguing and provenance; (4) the RIs understand the requirements for rich metadatato effect curation (and also cataloguing and provenance); (5) some RIs are planningfuture evolution utilising these principles.
 3 Current Curation Activity
 In the ENVRI community, there is a curation activity [12, 13]. Starting from a relativelylow base at the beginning of the ENVRIplus project, curation activity has risen steadily
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Data Curation and Preservation 125
 encouraged by the presentations at ENVRImeetings and by the collection of informationon curation associated with requirements collection.
 3.1 Curation Lifecycle
 The desirable lifecycle is represented by a DCC diagram, as shown in Fig. 1. TheDCC in the UK is responsible for advising researchers and others on digital curation.The lifecycle model emphasises the steps in curation, the information required and thedecisions to be taken at each step.
 Fig. 1. The curation lifecycle model (“The DCC Curation Lifecycle Model”, JISC/DCC, http://dcc.ac.uk/sites/default/files/documents/publications/DCCLifecycle.pdf) from DCC.
 3.2 Data Management Plan
 A Data Management Plan is defined as “A data management plan or DMP is a formaldocument that outlines how you will handle your data both during your research, andafter the project is completed” (Wikipedia)2.
 The ENVRIplus RIs now generally have DMPs and utilise these as a basis forinternal policymaking, road mapping, technological planning and governance of assetmanagement, the latter within the framework of governance established by the RI e.g.the governance of a consortium through a consortium agreement. They are also used inthe context of external agreements on transnational access.
 2 https://en.wikipedia.org/wiki/Data_management_plan.
 http://dcc.ac.uk/sites/default/files/documents/publications/DCCLifecycle.pdf
 https://en.wikipedia.org/wiki/Data_management_plan
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 3.3 OAIS Reference Model
 TheOpenArchival Information Systems (OAIS) ReferenceModel - ISO 14721:2002 [2]- provides a generic conceptual framework for building a complete archival repositoryand identifies the responsibilities and interactions of Producers, Consumers and Man-agers of both paper and digital records. The standard defines the processes required foreffective long-term preservation and access to information objects while establishing acommon language to describe these. It does not specify an implementation but providesa framework to make a successful implementation possible, through describing the basicfunctionality required for a preservation archive. It identifies mandatory responsibilities,and provides standardised methods to describe a repository’s functionality by providingdetailed models of archival information and archival functions [3]. Some RIs have con-sideredOAIS as a framework but none has implemented it fully, although the concepts ofSubmission Information Package (SIP): which is the information sent from the producerto the archive, Archival Information Package (AIP): which is the information stored bythe archive and Dissemination Information Package (DIP): which is the information sentto a user when requested have influenced the curation work in environmental and Earthscience RIs.
 In order to populate such a framework, a rich metadata element set is required. Muchwork has been done investigating various metadata standards to assess their suitabilityfor curation (as well as for cataloguing and provenance). Within the work of the RDA(Research Data Alliance) MIG (Metadata Interest Group) – of which the chapter authoris co-chair – a set of metadata elements in a structure for the purposes of curation,cataloguing and provenance according to the FAIR principles3 has been proposed4.
 3.4 RDA (Research Data Alliance)
 The Research Data Alliance has groups working on curation, provenance and cataloguemetadata as well as citation. Clearly there is a benefit to ENVRIplus in alignment withthe evolving RDA metadata recommendations which assist greatly not only in curationbut also cataloguing, provenance and citation leading to improved discovery, contex-tualisation (for relevance and quality), interoperability, scientific reproducibility, andgeneral governance of research assets. However, the RDA work is brought togetherwith that of other groups in the specification of metadata5. The other groups are eitherdomain-specific (e.g. in agriculture) or cross-cutting (e.g. in citation).
 RDA proposed some metadata principles which are now generally accepted in thatcommunity:
 • The only difference between metadata and data is a mode of use;• Metadata is not just for data, it is also for users, software services, computing resources;• Metadata is not just for description and discovery; it is also for contextualisation (e.g.relevance, quality, restrictions (rights and costs)) and for coupling users, software andcomputing resources to data (to provide a VRE);
 3 https://www.force11.org/group/fairgroup/fairprinciples.4 https://drive.google.com/drive/folders/0B8FnM3PsoL2dd2RnYVBmcjRMYXc.5 https://www.rd-alliance.org/groups/metadata-ig.html.
 https://www.force11.org/group/fairgroup/fairprinciples
 https://drive.google.com/drive/folders/0B8FnM3PsoL2dd2RnYVBmcjRMYXc
 https://www.rd-alliance.org/groups/metadata-ig.html
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 • Metadata must be machine-understandable as well as human-understandable forautonomicity (formalism);
 • Management (meta)data is also relevant (e.g. research proposal, funding, project infor-mation, research outputs, outcomes and impact); and furthermore, a metadata elementset that covers all the uses of metadata (not just curation):
 – Unique Identifier (for later use including citation);– Location (URL);– Description;– Keywords (terms);– Temporal coordinates;– Spatial coordinates;– Originator (organisation(s)/person(s));– Project;– Facility /equipment;– Quality; Availability (licence and persistence) including curation duration;– Provenance;– Citations;– Related publications (white or grey);– Related software;– Schema;– Medium/format;
 It should be noted that many elements within this set have an internal structure(syntax) and semantics (meaning – usually represented by an ontological structure withtermexplanation and relationships) and so are not simple attributeswith values. TheRDAgroups continue working on ‘unpacking’ the elements to a form suitable for discovery,contextualisation and action by both humans and computers.
 4 Problems to Be Overcome for Curation in ENVRI
 4.1 Current State
 Some important problems associated with curation were discovered during requirementscollection:
 “ENVRI research communities will expect an integrated and seamless curationservice that supports their routine work well and that opens paths for innovativeresearch. This will require engagement from the practising domain scientists tohelp the ICT experts deliver relevant curation systems” [4].
 The incremental progress achieved for each problem is documented below:
 Motivation
 Problem to Be Overcome: There is littlemotivation for researchers to curate their digitalassets. At present curation activity obtains no ‘reward’ such as career preferment based
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 on data citations. In some organisations curation of digital assets is regarded as a librarianfunction but without the detailed knowledge of the researcher the associated metadatais likely to be substandard. Increasingly funding agencies are demanding curation ofdigital assets produced by publicly funded research.
 Progress Achieved: Motivation has increased significantly – but not sufficiently yet.Use cases that provided significant scientific results dependent on curation are well-known and have provided motivation. The requirement by funding agencies for DMPshas also caused increased interest in and compliance with curation principles. Finally,the increasing availability to researchers of ‘data stewards’ and curators are improvingcuration.
 Business Model
 Problem to Be Overcome: Curation involves decidingwhat assets to curate and of those,for how long they should be kept. Determining an appropriate duration of retention fora digital asset is a problem; economics and business models do not manage well theconcept of infinite time. First a business justification is needed in that (a) the assetcannot be collected again (i.e. it is a unique observation, experiment); (b) the cost ofcollecting again (by the same or another researcher) is greater than the cost of curation.
 Progress Achieved: Awareness of the data curation lifecycle (within the researchlifecycle) has increased leading to better governance and improved curation decisions.
 The economic problem remains but decreasing costs of both storage and processingargue for increased curation by improving the cost/benefit ratio.
 The major cost of curation is in expert staff providing guidelines and protocols andalso – ideally – associated software tools. Increasing automation and autonomicity ofcuration processes will further reduce costs leading to an acceptable economic model intime.
 Metadata
 Problem to Be Overcome: Metadata collection is expensive unless it is automated orat least partially automated during the data lifecycle by re-using information alreadycollected. Commonly, metadata is generated separately for discovery, contextualisation,curation and provenance whenmuch of the metadata content is shared across these func-tions. A comprehensive but incrementally completed metadata element set is requiredthat covers the required functions of the lifecycle. It needs sufficient application domaindata that other specialists in that domain will be able to find and correctly interpret theassociated data. Making the metadata handling facilities and tools that use them, suchas workflows and data management, available to practical researchers to help them intheir daily work, encourages them to invest in metadata, improves the quality of domainmetadata and therefore facilitates the later curation processes [5].
 Progress Achieved: Awareness of the need for - and benefits to be derived from – richmetadata is increasing substantially in the RIs as they evolve. This evolution is driven byresearcher aspirations and requirements and is supported by improving technology. At
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 present there are manymetadata standards - international (e.g. ISO19115), local variantsof international (e.g. INSPIRE6 or APs (Application profiles) of DCAT7, OpenSearchgeoxtension8) and community/local all used in RIs within ENVRI. However, intercon-version among all n of them requires n(n − 1) converters. Using a common canonicalrich metadata schema as the ‘switchboard’ for interoperation between RIs reduces thisto n convertors.
 The co-development of richmetadata cataloguing, curation and provenance is a jour-ney taking the RIs from a processing and governance environment where much humaneffort is required to re-use the assets with poor metadata to an automated environmentwith much re-use of the assets leveraged by rich metadata.
 The cost of metadata creation is high. However, increasingly it is collected incremen-tally along the research workflow so reducing the perceived cost at each step. With richmetadata used for cataloguing, curation and provenance functions the scientific benefitincreases relative to the costs of collection.
 The utilisation of CERIF9 additionally to CKAN10 as the metadata standard forinteroperation in ENVRIplus will improve the situation even further because of its muchricher syntax and semantics (providing a superset canonical standard for interoperation)and its provision of referential and functional integrity.
 Process
 Problem to Be Overcome: The lifecycle of digital research entities is well understoodand it needs process support. The incremental metadata collection aspect is criticallyimportant for success. Workflow models – if adapted to such an incremental metadatacollection with appropriate validation –are likely to be valuable here [6].
 Progress Achieved: Within some RIs we see increasingly the use of workflows (and,indeed, in some, automation of workflow deployment across multi-cloud or multipleprocessing environments managed by rich metadata). This allows for incremental meta-data collection as predicted (with consequent benefits) but also highlights the need forrich metadata if automated processing – and thus reduction of human costs in research- is to be achieved. This was demonstrated in the PaaSage project11 where the chapterauthor was scientific coordinator.
 Curation of Data
 Problem to Be Overcome: It may be considered that curation of data is straightforward–but it is not. First the dataset may not be static (by analogy with a type-specimenin a museum); both streamed data and updateable databases are dynamic thus leavingmanagement decisions to bemade on frequency of curation andmanagement of versionswith obvious links to provenance. Issues related to security and privacy change with
 6 https://inspire.ec.europa.eu/metadata/6541.7 https://www.w3.org/TR/vocab-dcat-2/.8 https://www.opengeospatial.org/standards/opensearchgeo.9 https://www.eurocris.org/cerif/main-features-cerif.10 https://ckan.org/portfolio/metadata/.11 https://paasage.ercim.eu/.
 https://inspire.ec.europa.eu/metadata/6541
 https://www.w3.org/TR/vocab-dcat-2/
 https://www.opengeospatial.org/standards/opensearchgeo
 https://www.eurocris.org/cerif/main-features-cerif
 https://ckan.org/portfolio/metadata/
 https://paasage.ercim.eu/
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 time and the various licences for data use each have different complexities. The datamay change ownership or stewardship. Copies may be made and distributed to ensureavailability but then have to bemanaged in systems such as LOCKSS12. Derivatives maybe generated and require management including relationships with the original datasetand all its attendant metadata.
 Progress Achieved: After the first half of the project, the RIs have increased theirawareness – and appreciation – of this problem.
 The relationship with provenance and cataloguing is clear – and the need for an inte-grated rich metadata catalog to cover all these processing and governance requirementsin an integrated and consistent fashion is also becoming clear to the RIs.
 The need for metadata covering not only description of the asset and its history, butalso the persons and organisations - backed by funding – responsible is now understood.
 Technology for the management of distributed copies – and their partition-ing/replication/migration for processing efficiency overcoming latency – in amulti-cloudenvironment is being developed in the MELODIC project13 where the chapter author isa consultant to the project.
 The RDAData CitationWorking Group14 has produced a recommendation for man-aging citation to parts of and versions of datasets. This relies on appropriate curation ofthe versions and services to define the partition.
 Curation of Software
 Problem to Be Overcome: Software written 50 years ago, is unlikely to compile(let alone compose with software libraries and execute) today. Indeed, many items ofsoftware, such as the workflows behind a scientific method, will either not run or givedifferent results, six months later. Since many research propositions are based on thecombination of the software (algorithm) and dataset(s) then the preservation and cura-tion of the software become very important. It is likely that in future it will be necessaryto curate not only the software but also a specification of the software in a canonicalrepresentation so that the same software process or algorithm can be reconstructed (andideally generated) from the specification. This leaves the question of whether associ-ated software libraries are considered part of the software to be curated or part of theoperating environment (see below). Very often software contains many years-worth ofintellectual investment by collaborating experts. It is not unusual for the software toencode the ‘scientific method’ used by the researcher which may be less well (or lessformally) documented elsewhere (e.g. scholarly publications). This makes software veryvaluable and hard to replace. Taking good care of such assets will be a requirement formost research communities.
 Progress Achieved: The issue was novel to most RIs when introduced in ENVRIplusTask T8.1 and recorded in Deliverable D8.1 [7]. The requirement is now appreciatedbut the metadata systems in use in most RIs are incapable of providing a technological
 12 https://www.lockss.org/.13 http://melodic.cloud/.14 https://www.rd-alliance.org/groups/data-citation-wg.html.
 https://www.lockss.org/
 http://melodic.cloud/
 https://www.rd-alliance.org/groups/data-citation-wg.html
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 solution. It is further complicated because many developers – including those in someRIs – use GitHub15 and related (or similar) technology to manage software developmentincluding versions, copies, compositions and deployments.
 There is – as yet – no generally accepted way of managing this from both thetechnological and governance points of view. From an ENVRIplus perspective, the bestwe can do is to use rich metadata to catalogue the software and its evolution and monitorwork elsewhere that will provide appropriate solutions.
 Curation of Operational Environments
 Problem to Be Overcome: It is necessary to record the operational environment of thesoftware and dataset(s). The hardware used – whether instrumentation for collection orcomputation devices – has characteristics relating to the accuracy, precision, operationalspeed, capacity and many more. The operating system has defined characteristics andincludes device drivers – i.e., a software library used by the application. It is a moot pointwhether software libraries belong to the application software or to the operational envi-ronment for the purposes of curation. Finally, the management ethos of the operationalenvironment normally represented as policies requires curation.
 Progress Achieved: The issue was novel to most RIs when introduced. The requirementis now appreciated but themetadata systems in use inmost RIs are incapable of providinga technological solution.
 There appears to be no generally accepted solution available. The best we can doin ENVRIplus is to collect rich metadata covering the operational environments andmonitor external developments to find solutions as they are developed.
 Increasingly, there appears to be a partial solution in containerisation using e.g.Docker16 or Kubernetes17. Unlike Virtual Machines (VMs) (which have the contents ofthe container plus the operating system and are thus heavier on resources) containersinclude just the application and associated libraries and runtime environment and thuscan be moved from one operating system environment to another, utilising the operatingsystem kernel read-only and permitting writing to the container through its own ‘mount’(access to the container).
 Curation of ‘Raw’ Data Collected by Sensors or Instruments
 Problem to Be Overcome: This is a special class of operational environment of impor-tance to RIs in environmental science. The problems are manifold due to the data col-lection volume, velocity, variety, veracity and value and the difficulties of analytics,simulation and visualisation of streamed data.
 Progress Achieved: While the requirements collected early in the project concentratedon the curation of validated or part-processed data, some RIs require curation of (atleast some) raw data to allow subsequent reprocessing in calibration for precision andaccuracy. Some examples illustrating the variety of practice are given below. EMSO
 15 https://github.com/.16 https://www.docker.com/.17 https://kubernetes.io/.
 https://github.com/
 https://www.docker.com/
 https://kubernetes.io/
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 has distributed observatories with differing policies. In contrast Euro-Argo centralisesquality control and curation. IAGOS validates the raw data manually or automaticallybefore curation. ICOS stores (a kind of curation) raw sensor data collected at the stationsand curates validated data. LTER does ingestion and quality control (curation) at individ-ual sites. SeaDataNet relies on local centres curating quality-controlled data. An aspectparticularly relevant increasingly to ENVRI communities is semi-automated curationof metadata which can be achieved if instrument metadata is available (SensorML18 orSSNO19) and e.g. linked by PIDs with the incoming data stream20.
 4.2 A Longer-Term Horizon
 There is some cause for optimism. Work within the ENVRIplus project has increasedknowledge and understanding among the RIs and has exposed the issues and challengesto be addressed. A list of reasons for the optimism is:
 1. Media costs are decreasing – somore can be preserved for less (and the cost reductionhopefully matches the expansion of volume). Media costs have decreased even morein the last 24 months and the trend shows no sign of changing;
 2. Awareness of the need for curation is increasing; partly through policies of fundingorganisations and partly through increased responsibility of some researchers. Theawareness has increased substantially not only through the efforts of ENVRIplus butalso international efforts such as RDA and the FAIR initiative. The link with openscience (i.e. open access to scholarly publications and datasets) is an effective driver.
 3. Research projects in ICT are starting to produce autonomic systems that could beused to assist with curation. In particular MELODIC (mentioned above) is offeringsolutions combining curation and deployment.
 4. Increasing standardisation of metadata and approaches to curation based on richmetadata are emerging and it is to be expected that this will continue producingricher and more effective curation services.
 The cost of collecting metadata for curation remains a problem. Reducing storagecosts mean that more data (even raw data to allow later re-processing before interpreta-tion) can be stored. However, the major cost is that of creating appropriate metadata forthe purposes of curation and subsequent discovery, contextualisation (including prove-nance) and action on the asset. The relative cost against benefit is reduced considerablyby collecting the metadata once and using it for curation, cataloguing and provenance.Incremental collection along the workflow with re-use of existing information has beenshown to decrease costs – but particularly to decrease researcher resistance to providingmetadata - further. Improving techniques of automated metadata extraction from digi-tal objects offer a further possibility of cost-reduction. There was some hope that they
 18 https://www.opengeospatial.org/standards/sensorml.19 https://www.w3.org/TR/vocab-ssn/.20 https://www.rd-alliance.org/group/persistent-identification-instruments/case-statement/persis
 tent-identification-instruments.
 https://www.opengeospatial.org/standards/sensorml
 https://www.w3.org/TR/vocab-ssn/
 https://www.rd-alliance.org/group/persistent-identification-instruments/case-statement/persistent-identification-instruments

Page 11
						

Data Curation and Preservation 133
 may reach production status in the ENVRIplus time frame [8]. At present – althoughprogress has been made – there are no appropriate systems although research indicatessome cause for optimism.
 4.3 Issues and Implications
 Lack of Common Metadata Elements
 Issues and Implications: Commonality of metadata elements across curation, prove-nance, cataloguing (and more) implies that a common core metadata scheme shouldbe used for interoperability – possibly with extensions for particular domains whereinteroperability is not required.
 Ongoing Work: The joint work especially with cataloguing - and following the recom-mendations from both the ENVRIplus cataloguing activity and the architecture – hasled to the development of two catalogues, one using CKAN as in EUDAT B2FIND21
 and the other using CERIF as used in EPOS22. Experiments are underway to evaluatethe two approaches for capability as the core metadata scheme.
 Metadata Collection Expense
 Issues and Implications: Metadata collection is expensive so incremental collectionalong the workflow is required: workflow systems should be evolved to accomplish thisand scientific methods and data management working practices should be formalisedusing such workflows to reduce chores and risks of error as well as to gather themetadatarequired for curation;
 Ongoing Work: There is evidence of increased use of workflows in the RIs althoughmany are human-driven and not automated. Nonetheless, this provides the governanceprocess to ensure incremental metadata collection to provide the required rich metadata.
 Automated Metadata Extraction
 Issues and Implications: Automated metadata extraction from digital objects showspromise but production system readiness is some years away. However, metadataprovision from equipment-generated streamed data is available;
 Ongoing Work: This has beenmonitoredbut the current systems are not yet at productionstatus sufficient to be recommended to the RIs
 DCC Recommendations
 Issues and Implications: ENVRIplus should adopt the DCC recommendations;
 Ongoing Work: Following acceptance by the RIs, this is achieved. However, implemen-tation is incremental.
 21 https://www.eudat.eu/services/b2find.22 https://www.epos-ip.org/.
 https://www.eudat.eu/services/b2find
 https://www.epos-ip.org/
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 RDA Tracking and Involvement
 Issues and Implications: ENVRIplus should track the relevant RDA groups and – ide-ally – participate.
 Ongoing Work: Following acceptance by the RIs both tracking and participation havebeen pursued actively. Of particular relevance is the work on the RDAMetadata Elementset which could be a candidate for a future common metadata scheme.
 Education and Awareness
 Issues and Implications: ENVRIplus should consider educational and practical steps toincrease awareness of curation issues for all practitioners, particularly those concernedwith curation organizational and technical strategy – collaboration and coordinationcould reduce the cost of this.
 Ongoing Work: Curation has been presented at ENVRI meetings and elsewhere to raiseawareness and encourage best practice in both governance and technical solutions.
 The appreciation of the data curation lifecycle and the increasing use of DMPs isan achievement. The appreciation of the need for rich metadata for curation (alongsidecataloguing and provenance) is also an achievement.
 5 Architectural Design for Curation in ENVRI
 5.1 Context
 5.1.1 Initial State
 At the beginning of the project, we asserted three aspects of the then-current state. Each,below, is supplemented by the work done during the project:
 1. Technologies are available for curation but they may not be compatible with thosefor cataloguing and provenance. There has been a rapid and voluminous increase inunderstanding the need – for technological and governance reasons – to utilise onecommon metadata standard (in each RI and for interoperation across RIs) coveringcataloguing, curation and provenance. Furthermore, it is widely understood andappreciated that this metadata standard has to be rich in syntax and semantics.
 2. Governance principles for curation were lacking widely among the ENVRI commu-nity. The appreciation of the Data Lifecycle (within the research lifecycle) and theincreasing use of DMPs has seen a marked improvement in governance.
 3. Most RIs in the ENVRI community appreciate the importance of curation but arenot practising it – partly because existing used metadata standards do not supportit explicitly and/or can only be made to support it partially. All RIs appreciate theimportance of curation and understand the rationale behind the WP8 work towardsa rich metadata standard for curation (as well as cataloguing and provenance).
 Further work on curation has considered also other, wider, aspects. In particular:
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 1. The use of personal data;2. Fixity or preservation of state against possible data corruption.
 The use of personal data – even in open science – is a contentious issue. The GDPR23
 (General Data Protection Regulation) of the EUmakes provision for protecting personaldata and its use. In open science, the name of a person, their institution, the equipmentthey use, their publications and their research assets are highly relevant to contextuali-sation (assessing relevance and quality for a new purpose). At present, there is no caselaw testing the limits of GDPR so this requires tracking and incorporating statementsbased on any judgements into the governance of RIs and their management (includingcuration) of data.
 Environmental research data is the evidence base for some active political dis-cussions, especially concerning climate change, utilisation of resources and pollution.Clearly, for environmental research, it is essential to have the observations made at aparticular location and time preserved (possibly after assessment for accuracy, precisionand/or any calibration corrections, smoothing or aggregation). This requires appropriatesecurity to protect the integrity of the research product (asset) against ‘tampering’.
 5.1.2 Current State
 It is clear that in the ENVRIplus project timespan the RIs have appreciated the needfor a common rich metadata standard covering not only curation but also cataloguingand provenance (chapter 8 and 12). The requirement for protection of personal data andassurance of integrity (including fixity) underlines the need for richmetadata appropriatefor enforcing access control. The ICT team has been working towards this and hasbeen evaluating the solutions described in within the context of the requirements andarchitecture.
 The final architectural solution for curation post-ENVRIplus will be decided as aresult of that evaluation.
 5.2 Architectural Design
 5.2.1 Introduction
 The initial design for curation was based not just on the state of the art and requirementsfor curation, but also for cataloguing and provenance (and also identification, citationand processing) for the reasons outlined above. The design consists of two components:the catalogue metadata and the curation processes. The final design confirms the initialdesign and adds detail.
 5.2.2 Catalogue Metadata
 The catalogue – for the purposes of curation – needs to describe the asset to be curatedwith richmetadata. Themetadatamust provide sufficient information for asset discovery,contextualization (for relevance and quality) and action. This is analogous to – but goes
 23 https://eugdpr.org/.
 https://eugdpr.org/
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 beyond in the area of action – the FAIR principles. In the case of curation, the actionis to ensure an asset can be (a) made available when required; (b) is understandable tohuman and computer systems. The use of a logic representation provides advantages indeduction (facts fromrules) and induction (rules fromfacts)which reduces potentially themetadata input burden and increases the validity of the metadata. Furthermore, becauseof versioning and the relationship to provenance, the metadata must include temporalinformation.
 This system design aspect, therefore, depends on the cataloguing activity ofENVRIplus and to some extent on the Provenance activity, all within the overallarchitectural design.
 However, the requiredmetadata elements can be specified, derived from the use casesand requirements and the work of the Metadata Interest Group (and its sub-groups) ofRDA (see above under ‘State of theArt’) which attempts to bring together experience andbest practice frommany international and national domain-specific efforts at standardis-ing metadata for multiple uses, including curation. The base entities (objects) typicallyrequired (but note these may be complex with internal structure (syntax) and semantics)are:
 Research Product (i.e. asset), Person, Organisation, Project, Research Publica-tion, Citation, Facility, Equipment, Service, Geographic bounding box, Country, Postaladdress, Electronic address, Language, Currency, Indicator, Measurement, and Funding.
 Of course, the entities appropriate to a particular DMP would be selected and used.These entities need to be linked by linking entities to provide the role relationship
 (semantics) between base entities and the temporal duration of the truth of the assertion(the role linking the base entities). The linking entities can refer to instances within thesame base entity (e.g. Research Product related to Research Product: with role ‘derived’or Research Product related to Organisation: with role ‘rightsholder’). Concepts such asavailability are a relationship between the Research Product and e.g. Organisation withan appropriate role (e.g. manager) and a temporal duration. A similar relationship existsbetween a Research Product and an Organisation in the form of a licence (role) withtemporal duration.
 This structure gives great flexibility: the role relationships between Research Prod-uct and Person could be creator, reviewer, user…; those between Research Productand Facility, Equipment and service record the digital collection of the asset (ResearchProduct). Indicators andmeasurement relate to quality when linked to Research Product.The address information may be linked to an organisation (such as the one owning thefacility), the facility itself, the person or the organization employing the person (for thepurpose of research).
 The metadata structure outlined above has been encoded – partially - in the CKANmetadata of EUDAT B2FIND/B2SAVE and – using RDF – could be made compati-ble with the W3C PROV-O24 standard for provenance (so linking curation and prove-nance). Additionally, the above conceptual structure has been encoded in CERIF (Com-mon European Research Information Format; an EU recommendation to the MemberStates) which is used widely for research information management but also for the
 24 https://www.w3.org/TR/prov-o/.
 https://www.w3.org/TR/prov-o/
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 EPOS project where it forms the catalogue. The ongoing ENVRIplus rich metadata cat-alogue (CERIF) involves harvesting from EPOS and conversion of CKAN records fromthe ENVRIplus CKAN catalogue harvested from other RIs. CERIF has been mappedto DC (Dublin Core)25, DCAT (Data Catalogue Vocabulary), CKAN (ComprehensiveKnowledge Archive Network which has its own metadata format based on DC) andISO19115/INSPIRE (an EU directive). The initial mapping to/from PROV-O has beendone in joint work between euroCRIS and CSIRO, Canberra [9]. CERIF provides a‘switchboard’ for interoperability as a superset model compared with the others, capa-ble of representing a fully connected graph and having declared semanticswith crosswalkcapability [10, 11].
 However, the existing metadata standards used within the RIs do not reach this levelof richness of representation. Convertors have been provided fromwithin the project andfrom other projects e.g. VRE4EIC26, but RIs need to provide additional information,supplementing that in their existing metadata, to achieve appropriate curation (and forthat matter, provenance and cataloguing) especially for interoperation purposes. Forexample, typical provenance information in metadata standards such as DC, DCAT,ISO19115 and others is human-readable text and not machine-understandable.
 The chapter on cataloguing (Chapter 8) describes the catalogue implementationusing CKAN and CERIF as the canonical metadata standard and implements them as aprototype.
 5.2.3 Curation Processes
 The processes associated with curation are:
 1. Store an asset (e.g. dataset) with metadata sufficient for curation purposes;2. Discover an asset using themetadata – the richer themetadata and themore elaborate
 the query the greater the precision in discovering the required asset(s);3. Copy an asset with its updated metadata (to have a distributed backup version);4. Copy an asset with its updated metadata (media migration to ensure availability)5. Move an asset with its updated metadata (to a distributed location if the original
 location is unable to manage curation);6. Partition an asset and copy/move across distributed locations with its updated
 metadata (for performance, privacy and security);7. Partition an asset and copy/move across distributed locations with its updated meta-
 data (for performance including locality of e.g. data with software and processingpower)
 The processes were defined based on the requirements solicited [6]. All these pro-cesses could be applied to a set of assets as well as a single asset. These processes areall simple given rich metadata in the catalogue as outlined above. The processes aredocumented and specified in the ENVRI RM (Reference Model).
 25 https://www.dublincore.org/.26 https://www.vre4eic.eu/.
 https://www.dublincore.org/
 https://www.vre4eic.eu/
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 6 Conclusion
 The final design of the curation functionality aims tomaximise flexibility while retainingcompatibility with provenance and the catalogue. The catalogue is central to the designand implementation. The choice of the metadata elements in the catalogue (includingtheir syntax and semantics) is crucial for the processes not only of curation but alsoof provenance and catalogue management and utilisation. The metadata model of thecatalogue has also to permit interoperation amongRIs aswell as the usual processes asso-ciated with metadata catalogues: discovery, contextualisation and action. This impliesthat the model must be a superset (in the representation of syntax and semantics) of themetadata models used or planned within the RIs.
 The chapter on cataloguing (Chapter 8) covers the implementation of CKAN (asused in EUDAT) and CERIF for the metadata catalogue.
 This curationwork relates closely to other tasks: cataloguing and provenance but alsoIdentification and citation and processing leading towards representation in the referencemodel and the overall architecture design and evaluation.
 The choice of a metadata standard for the catalogue was a critical decision for theproject and the ability of RIs to compare CKAN and CERIF for cataloguing (relatedto the cataloguing processes of discovery, contextualisation and action), curation andprovenance has been instructive.
 The work on curation has caused the RIs to increase their attention to – and effort on– curation. RIs will now – with their DMPs – decide which assets to keep and curate, andwhich to delete and lose. The result of positive action is archives of curated environmentaldata essential for later research especially comparing the state of the environmentaldomain at that (future) time with now and past states as recorded. Some RIs need to storeraw data to allow subsequent reprocessing/validation before interpretation. Reducingstorage costs make this feasible but the cost of metadata generation is high and needsto be weighed against the benefits. Some RIs may be engaged in global collaborations,e.g. Euro-Argo or operate under global coordination, e.g. for atmospheric observationsthat need to be recognised by the IPCC27. The RIs need to fit their curation plans intothis larger context and may even draw on the resources provided by that context. If thesecommitments to compatibility for curation demand only metadata and processes that area subset of those proposed here, then interoperability and compatibility are assured. Thiswill be clarified via DMPs, so that ENVRIplus can more accurately judge the residualrequirement.
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