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1 Introduction (1.5 pages)

In natural and biodiversity sciences the number of data repositories as well as national and
international data networks with long-term tasks in data management, data storage and
publication was rapidly growing over the last two decades (#9). In parallel, the recognized
museums and natural science collections (independently from their sponsorship and
operating organizational units) extended their traditional core tasks in the direction of
digitisation of their belongings of physical objects (#10). The new tasks include and will
include the data publications of scientific and collection data as part of data inventories and
research data infrastructure projects. Example in Germany are the contributions of the
collection data centers in GFBio and NFDI4Biodiversity (see #11, #12). . In Germany . ...
example here: collection data centers at NFDI

e scientific data: research and long-term data management in biodiversity and

geoscience research
e data publication and storage in archives
o Why archiving is necessary: Important for reproducible science
% challenges of archiving databases (binary data,...)

In the "Leipzig-Berlin Declaration" on cross-cutting topics of the NFDI consortia, long-term
archiving and sustainable access were formulated as part of the data infrastructure to be
developed. The "safeguarding of technical access and, in particular, productive re-use
options for the original research and creation context"" are crucial [#7].

e partners of case study: GDA and SNSB
The Directorate General of the Bavarian State Archives (GDA) is an authority of the Free
State of Bavaria that performs various cross-sectional tasks. It is responsible for the

T#7,p.4.



Bavarian state archives, their administration, organization, records management, IT
services, long-term archiving and archival training. As a participant in the NFDI4Biodiverstiy
consortium, the GDA is dedicated to the mobilization of historical biodiversity data and
contributes its experience in the field of long-term archiving. This includes the enrichment of
data with metadata, the design of archival interfaces and rights management [#1].

In addition to the close cooperation in the NFDI4Biodiversity and the common goal of

keeping relevant research data available in a way that is findable, accessible, interoperable
and reusable as long as possible, the two actors also work together on a purely institutional
level in the long-term archiving of data of lasting value. Based on the Bavarian Archives Act,
the Bavarian State Archives are responsible for archiving the data from the State Natural
Science Collections that are worthy of long-term preservation. This includes research and
collection data as well as data from administrative processes of lasting value. In contrast to
the publication of data for science and research in the sense of first use, long-term archiving
at the Bavarian State Archives also specifically archives metadata on the collection data,
which serves internal administrative purposes but is sometimes crucial for the provenance of
the objects and data may be relevant for secondary research purposes in new contexts.
Since the data, as in many specialist procedures, is continually updated and is still required
by the SNSB, time slices are archived; a now common procedure for archiving data from
non-historizing systems, which is already included in the archive laws of some federal states
in Germany.

The period of archiving is unlimited and includes making the data accessible for research
and also completely different scientific and usage contexts.

1.1. Challenges of long-term preservation of data/information
(GDA)

Preserving the bitstream is quite simple nowadays provided that professionally maintained
servers with a geographically separated backup solution or even a professional data center
are available.

The context in which the data was created and the infrastructures available at that time
serve the current research purpose. The significantly more complex challenge for long-term
preservation is to ensure data interpretability over several decades and longer, despite their
subsequent use outside their context of production [#6]. Therefore, archives worldwide rely
on the migration strategy.

This means that the data itself, regardless of its software or hardware context, is archived in
formats that ensure the longest possible interpretability. These formats should, if possible, be
non-proprietary, open, sufficiently documented and widely used. At certain intervals, a further
migration stage into another archive format will be necessary accordingly. The same data
will therefore be stored in the long-term archives in multiple representations over the
decades and centuries [#8].? This means that in order to be kept interpretable in the long
term, data must be exported from its original software and a series of specifications must be
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made for this in the form of logical archiving interfaces. In particular, it must be determined
which data must be transferred because it is worth of archiving, in which formats, in which
structure and how it must be explained in order to be able to interpret it permanently. In
addition, documentation material for the original system must be archived in order to give
later users the opportunity to trace the context of origin, the provenance, of the data. And
finally, the data must be explained with metadata that allows semantic interpretation of the
data even many years from now. It must also be determined which information is significant
and must be retained over future migration cycles. The formats and the transfer structure
must then be determined for this data as well as for the documentation material. Finally, it is
important to decide how the data should be transported to the archive.

In this case, too, the basis for long-term digital archiving is provided by the international
standard OAIS, which fundamentally defines how a digital archive works and defines
important terms. The Open Archival Information System (OAIS) is a reference model for the
exchange, preservation and long-term availability and interpretability of information;
regardless of its type of representation [#3]. The standard (ISO 14721) was developed in a
public process and is therefore freely available for use. Based on the data submitted by
producers for the archive repository, the submission information package (SIP), the data is
stored in the archive repository as an archival information package (AIP). In addition to the
submission, this package also contains information on the context of origin and documents
that ensure the interpretability of the information (e.g. manuals, data models, etc.). If there is
a demand for the archive material, a dissemination information package (DIP) is delivered,
which may also contain information on access and usage rights [#4]. Various public archives
and libraries have been active in building OAIS-compliant digital long-term archives for many
years, and the Nestor network is an expert network for the exchange of knowledge and the
development of important fundamentals
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The Bavarian State Archives operate an OAIS-compliant digital archive. In cooperation with
the respective state data producers, logical interfaces are designed and technically
implemented that enable data archiving under these conditions for the heterogeneous
original systems.There are now also some automated solutions for this, such as for e-files
and specialist procedures. The Swiss governmental standard SIARD is also suitable for data
from collection databases.

2 Operational databases of the Diversity
Workbench and data management at SNSB (0.25

pages)

xxTextTextxx ..- documentations of operational database content and system design at
SNSB (Wiki, Abouts, manual, ER diagrams ..., XML archives, CSV, pdfs)

The modularized Diversity Workbench (= DWB) represents a virtual research environment
for multiple scientific purposes with regard to management and analysis of life and
environmental sciences data.

The databases at the SNSB are actively used, so the datasets are dynamic and data is
changing constantly. ( see also 3.1)

2.1 Description of the system design (0.5 pages)

It consists of 14 modules (abb.x) for different types of data and is a suite of independent,
but linked software applications. These can be used individually or in combination with each
other, concerning the own needs , linked data objects”

.Net Clients, webservices, Web-Apps

Optimised for different data domains
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Abb.x: 14 modules of the DWB

DiversityProjects is the module for the management of metadata of research projects and
data sets defined and used by modules of the Diversity Workbench. It is designed to
document information about the data sets, their relations and hierarchy. All metadata on
data set level are processed here, e.g. data set provenience, descriptions, responsible
agents, identifiers including DOls, etc. Each project can have different licenses on how the
data can be used.

DiversityCollection is the module for the management of occurrence data, thus observation
and collection data (GFBio Data Type 1la and b,
https://kb.gfbio.org/display/KB/Major+Types+of+Biological+Data). To document data about
collection events, collection objects/observations, experiments and analyses, object
transfer/exchange, preparation and storage of specimens or multimedia files. Labels can be
printed and distribution maps can be created.

It is suitable for Data from various disciplines like Botany, Mycology, Zoology, Palaeontology,
Mineralogy, Anthropology, etc.

To avoid too complex database structures each module has its own relational database with
an own database model to store the necessary information. This helps to keep the table
relations clear and understandable. The linking between the modules is done by identifiers
as linked data objects. These identifiers allow a coupling between items in the databases
with link resolution on the client side. The business logic is represented in the table



relations, the table relations, the linking between the modules but relies also on informal
agreements on how to store data in the database.

Case study: Mycological Data, mildews, Erysiphe

Noch auszuformulieren:
e ER diagrams
conceptual and textual standards
code and software application repositories
manuals
vocabularies of the DWB ...
Projects can have different licenses
Dataset history explicitly stored (reproducible science) -> 3.2
Pseudonymized editing history -> 3.27
Internal management details (transaction, loan, ) -> 3.27?
semantic links to other database modules (no foreign keys or direct db linking)
business logic stored in table relations but also in informal agreements

2.2 Data pipelines for published and unpublished data (0.5
pages)

xxTextTextxx see DWB Specimen and Occurrence Data, PostgreSQL Cache, BPS AP,
BMS API, GBIF and NEDI - Serviceprofil; involving services at GDA, LRZ, SNSB and NFDI
and documentations for data management; inventory data and research data

Data Flow image.

2.3 SNSB owned collection data and related research data (0.5
pages)

xxTextTextxx concept of extended digital specimens, data policies and core services

Beschreibung der Daten zu den physischen Objekten (Digital Specimen) Daten zu einem
Physischen Sammlungsobjekt, Vortrag vom Marz mit Zitaten


https://kb.gfbio.org/display/NFDI/DWB+Specimen+and+Occurrence+Data%2C+PostgreSQL+Cache%2C+BPS+API%2C+BMS+API%2C+GBIF+and+NFDI+-+Serviceprofil
https://kb.gfbio.org/display/NFDI/DWB+Specimen+and+Occurrence+Data%2C+PostgreSQL+Cache%2C+BPS+API%2C+BMS+API%2C+GBIF+and+NFDI+-+Serviceprofil

Weibulat, Tanja, Schwartz, Anna Lisa, Seifert, Stefan, Schmalzl, Markus, Triebel, Dagmar
(2023) Was haben Mehltaupilze mit digitaler Langzeitarchivierung zu tun?
https://zenodo.org/records/8268840

Triebel/Puchta: Vortrag AG Long Term Archival (LTA) innerhalb der Sektion Infrastructure
des NFDI e.V. am 17./18. August 2022 in der DNB Frankfurt

Ohnesorge, Vortrag "Archivierung von Daten aus relationalen DB im Schweizerischen BA",
Tagung AK "Archivierung von Unterlagen aus digitalen Systemen" April 2009 im Staatsarchiv
St. Gallen

3 Specification of the Case Study with SIARD
(0.25 pages)

The prerequisite for long-term archiving of data at the Bavarian State Archives is that the
data is worth of archiving within the meaning of the Bavarian Archives Act. Since the
collection data of the State Natural Science Collections is permanently important scientific
information, the lasting value is given primarily for the purposes of science but also for those
of the collecting authority itself. In addition to the actual data on the collection objects, other
internal data from the database is also archived, such as information about processing and
those processing it and data provenance.

Three SNSB collections with a high degree of indexing were selected for the pilot project,
which is also represented in the database: The Erysiphales Collection (BSMeryscoll), the
Fosill Fish Collection (BSPGpiscescoll) and the Arthropoda Varia Collection
(ZSMarthrovariacoll) [#13].

The special feature of the case study is the archiving of relational databases, that has not yet
been established in the German archiving sector. SIARD provides a standardized, efficient
and easy-to-use possibility to archive relational databases and was therefore used for this
study. SIARD [XXX delcis] is a standard which describes how to store relational databases in
an archivable content format using XML and the SQL2008 dialect. The Swiss Archive
provides an open source toolset (SIARD suit, [XXX github]) to migrate a databases into the
SIARD format. Besides the transformation of the database it also applies to the use of
SIARD that the data to be archived must be prepared for long-term archiving or explained
with metadata. This concerns, on the one hand, the resolution of the keys and codes used
that is as human-readable as possible, as well as the explanation of the attributes and
values used. In addition, the indexing metadata to prove the archived data in the archive
information system must be created and supplied. Finally, the significant properties must be
defined that should guarantee interpretability of the information over several migration
cycles.


https://kb.gfbio.org/download/attachments/60197357/AG_LZA_NFDI4Biodiversity.pdf?version=1&modificationDate=1661259058416&api=v2
https://docplayer.org/4497051-Archivierung-von-daten-aus-relationalen-datenbanken-im-schweizerischen-bundesarchiv.html

3.1 Valuable scientific content description of archived collection
data (0.75 p) (SNSB)

Natural History Collections accommodate specimens of various materials like dried plant or
mycological objects, (parts of) animals or plants in alcohol, microscopic slides, DNA
samples, insects, bones, furs, fossils, etc. These objects are often digitized by taking
pictures of the objects and typing all information given about the objects in a database.
These data can be published in different national and international portals, thereby other
researchers can re-use the data for their research projects. They can also use the published
information to decide which Natural History Collection they want to visit for having a closer
look at the specimens of which specimens they want to loan.

The case study was started with three different occurrence datasets - one mycological, one
paleontological and one zoological. They are all managed in the same data management
system, Diversity Workbench, and therefore have the same structure, including the same
DWB modules used.

Archival value, scientific value

The mycological dataset is called ‘The Erysiphales Collection at the Botanische
Staatssammlung Munchen’

(http://www. nisch mmlung.de/D lients/BSMer [I/A .cfm,
https://doi.org/10.15468/sookye). It consists of data about 6.200 herbarium specimens from
600 species, each including mildew and the host plant from all over the world.Erysiphales
are well known by gardeners with their characteristical flour-like cover of different ornamental
shrubs like roses. The specimens are a valuable historical collection with the oldest
specimens about 200 years old.

The paleontological dataset is called ‘The Fossil Fish Collection at the Bayerische
Staatssammlung fir Paldontologie und Geologie’
(http://www.snsb.info/DatabaseClients/BSPGpiscescoll/About.html). It consists of data about
2.159 fossil specimens from around 20 countries, partly including

The zoological dataset is called ‘The Arthropoda Varia Collection at the Zoologische
Staatssammlung Minchen’
(http://www.snsb.info/DatabaseClients/ZSMarthrovariacoll/About.html).

3.2 Challenges of RDBMS in operation (0.75 p) (SNSB,GDA)

Difference between the Database and the RDMBS: It would be possible to archive only the
data without the management information behind. This is done already in the case of
disseminated data packages which are provided for external data aggregation services.
Here only the relevant Metadata to understand the current state of the data is exposed and
for documentation archived. The data in a database management system is, especially in a


http://www.botanischestaatssammlung.de/DatabaseClients/BSMeryscoll/About.cfm
https://doi.org/10.15468/sookye
http://www.snsb.info/DatabaseClients/BSPGpiscescoll/About.html
http://www.snsb.info/DatabaseClients/ZSMarthrovariacoll/About.html

database system for scientific data management and curation, always under modifications. It
is not always possible to reconstruct which modifications on the data was done and why
these were done, from the current state of the published dataset. In the in-house
management system Diversity Workbench (DWB)I modifications are logged automatically in
the separate tables. Those modifications, like updates, inserts or new withholds are logged
with timestamps and pseudonymized agent information in the log-tables. These logs allow
that all modifications of the dataset can be reproduced to assure data quality and
reproducibility. This shows that not all data from the DBMS is suitable to be published, but
important to understand the genesis of the dataset. Further examples are legal documents
for the specimen collection which are referenced in the database, als well as loans that are
documented. This

e in-house management systems ... legacy systems, migrations, business model,

documentation, schema

3.3 SIARD installations at SNSB and GDA (0.75 p)
(SNSB,GDA)

xxTextTextxx
e SIARD Standard and ISO Norm
% proprietary databases into a non-proprietary (SIARD) format
« developed at Swiss Federal Archive (mention one of their use cases?)
< rare use in the german archiving sector to the present day
SIARD format and tools
SIARD in the case study
% SIARD files, use of the tool
e SIARD and related management of multimedia
= Approximate time estimate from the first installation steps to the final
compilation of the submission package

3.4 specific requirements for the ingest and content
preservation (0.75 p) (GDA)

The Bavarian State Archives operate the "Digital Archive" as a long-term digital repository in
which data and supplementary information can be stored indefinitely. The aim is not only
bitstream preservation but the preservation of the interpretability of the content of the data.
Therefore the data must be prepared and enriched with metadata and documentation
material and several specifications must be made. The ingest is being prepared by a

multi-stage approach based on a recently published specialist concept [#2, 14—-17].

The first step before transferring data is a rough evaluation. It is particularly important to
determine whether the data can be relevant for understanding other data in addition to its
lasting value. In the next step, further information is obtained from the data providing
institution, for example on the structure of the original system (in this case Diversity
Workbench) and its documentation. After examining existing export interfaces, which were
not suitable for the case study as they were limited to archiving the content, SIARD was
chosen as a new approach. SIARD is a widely used, internationally used and
well-documented standard. The additional archiving of the database documentation,



including the data model and a detailed explanation of the attributes of the state natural
science collections, also guarantees future interpretability. The DELCIS Board [XXX Declis
page] recommends the creation of an SIP using the Content Information Type Specification
for Relational Databases using SIARD (CITS SIARD, [XXX]) but in this project the Archive
has its own recommendations for the SIP structures.

In addition to the digital archive, an archival subject information system (ActaProDesk)
operates in which the metadata is stored. Currently operating export interfaces serve the
EAD and ABCD XML format. The data records in both systems are uniquely identifiable via a

UUID [#15, 269-70].

Following the OAIS reference model, the data is transferred as an submission information
package that correspondence to the archival information package (AIP) in this case study

[#2, 30—-31].
The structure and content must be agreed with the submitting authority, as must the indexing
metadata to be included and transferred to ActaProDesk. As these are not analog but digital

files, they follow a separate indexing guideline [#14, 64—-76].

The submission portion consists of a ZIP container, which in turn comprises several
individual ZIP files. A quasi-standard from the Bavarian State Archives is used for the
delivery structure of the SIP, which is also used for the XML client of the Bavarian State
Archives: two ZIP packages contain the primary data and the associated metadata, which
are necessary for indexing the submission. A third file contains the indexing metadata as a
csv-file. The SIP and the indexing metadata can be clearly associated through a UUID. In
order to ensure the long-term interpretability and following the OAIS reference model, the
first ZIP folder contains documentation material. For each DBMS module, in this project
DWB-Projects and DWB-Collections, this includes wiki pages and data models. The delivery
structure and file name conventions developed in this project are presented in Table XXX.
The indexing metadata in csv format can be used for import into ActaProDesk.

The indexing metadata include information on how and over what period of time the data
collection was created, the licensing of the metadata, its origin and restrictions in use, taking
into account the requirements of the data-holding body and the Bavarian Archives Act [#5].
References to multimedia files stored on external servers outside the primary system are
also listed with a contact address.

Once the files have been compiled, the transport method and frequency still need to be
defined. As the project involves a database dumb and no continuous transfer via automated
archival interfaces, determining a transfer cycle is also part of the long-term preservation
strategy.

As soon as they have been ingested, interested users can research the archival collections
in the reading room of the Bavarian State Archive. With the forthcoming launch of the Virtual
Reading Room, this task be possible online.

4 Results and Perspectives (3 p) (GDA, SNSB)

In the cooperation project of the Bavarian State Natural Science Collections and the
Bavarian State Archives, an efficient and resource-saving generic solution was found as to
how object-related collection data of lasting value can be transferred to a digital long-term
archive. The use of the Swiss government standard SIARD guarantees the traceability of the



database structure and a reduced effort when exporting the data. By adopting sufficient
documentation material about the original system and explaining attributes and values, the
long-term interpretability of the information is guaranteed. SIARD initially developed for
archiving at database retirement [xxx lindley] is in the used version 2.2 [XXX Delcis Siard] an
efficient solution for time slice archiving of a running database system. It converts a
relational database into an fileformat which is agnostic from the archival system. The
indexing metadata coordinated in the project allows for rapid processing and guarantees
data quality and findability. Just like the transfer structure and file naming convention, these
specifications allow transfer to other object-oriented collection databases.

Some questions still remain unanswered, including how defined documents in the form of
photographs and other files that are stored in external storage can be integrated into the
transfer. Some of the provenance-related significant properties for future data migration and
inventory preservation also still need to be defined. Nevertheless, one can speak of a
success.

This also means an important milestone for the use case of the NFDI4Biodiversity with which
the long-term archiving process for scientific collections is to be tested. Based on this
successful example, an important building block of sustainable data management can be
built for the entire consortium at a crucial point in the data life cycle in the long term.

In addition, the generic and easily transferable solution approach also makes a significant
contribution to the topic of long-term archiving of research data for the National Research
Data Infrastructure, in which the sustainable storage of relevant data sets has still largely
been ignored. Finally, the SIARD archiving interface that has now been implemented also
represents an important step for the archive community in Germany. After all, it is one of the
first SIARD-based database archiving in public archives in Germany.

Based on the best practices now in place, further collection databases will be archived for
the long term. The aim is also to preserve collection databases from other state collections
and museums in Bavaria at the Bavarian State Archives in the long term for the future.

xxTextTextxx
Generic approach? Relation to RDC? Proxy and mediation layer, see
view .action? Id=11

SIARD-Standard suitable and efficient for archiving of collection data from scientific data
bases; One of the first uses of the Swiss standard SIARD in Germany for the long-term
archiving of data

multimedia objects and big data? LRZ involved

distributed archives ...and linked data?


https://kb.gfbio.org/pages/viewpage.action?pageId=113904360

OAIS compliant archival access via NFDI? Metadata in the DIP?
role of long-term state archives in NFDI?

e consulting services for long-term archiving
e long-term archiving und fairification of relevant data of governmental institutions

blueprint for archival services at the collection data centers at the GFBio e.V. ?

involvement of archives in German states? digital documents ...structured digital data with
documents

“‘Documents that are of archival value are documents of legal or administrative importance
or which contain valuable information.”

xxTextTextxx
e NHC-Objekte sind Referenzobjekte zur Artenschutz-Gesetzgebung —> Daten (=
Inventar- und Forschungsdaten) dazu sind archivwiirdig
o NHC-Objekte unterliegen Gesetz zum Schutz von Kulturgtitern —> Daten (=
Inventar- und Forschungsdaten) dazu sind archivwiirdig
e NHC-Objekte sind Referenzobjekte der Forschung flir taxonomische Namen von
Organismen —> Daten (= Inventar- und Forschungsdaten) dazu sind archivwiirdig
Bundesnaturschutzgesetz (BNatSchG)
Schutz der Kulturgiter "Blue Shield”, siehe

https://www.bbk.bund.de/DE/Themen/Schutz-Kulturgut/Was-ist-Kulturgut/Identifizierung-Kult
urgut/identifizierung-kulturqut _node.html

SIARD has proven to be an efficient standard for the long-term archiving of collection data.
Based on the best practices now in place, further collection databases will be archived for

the long term. The aim is also to preserve collection databases from other state collections
and museums in Bavaria at the Bavarian State Archives in the long term for the future.
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