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Abstract

The aim of this article is to provide an exploratory analysis of the landscape of web
archiving activities in Europe. Our contribution, based on desk research, and
complemented with data from interviews with representatives of European heritage
institutions, provides a descriptive overview of the state-of-the-art of national web
archiving in Europe. It is written for a broad interdisciplinary audience, including
cultural heritage professionals, IT specialists and managers, and humanities and social
science researchers. The legal, technical and operational aspects of web archiving and
the value of web archives as born-digital primary research resources are both explored.
In addition to investigating the organisations involved and the scope of their web
archiving programmes, the curatorial aspects of the web archiving process, such as
selection of web content, the tools used and the provision of access and discovery
services are also considered. Furthermore, general policies related to web archiving
programmes are analysed. The article concludes by offering four important issues that
digital scholars should consider when using web archives as a historical data source.
Whilst recognising that this study was limited to a sample of only nine web archives,
this article can nevertheless offer some useful insights into the technical, legal, curato-
rial and policy-related aspects of web archiving. Finally, this paper could function as a
stepping stone for more extensive and qualitative research.
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1 Setting the scene: Archiving the web as a historical source

The history of web archiving goes back more than 20 years, with the first
initiatives launched in 1996 by the Internet Archive, the National Library of
Australia and Sweden (Schroeder and Briigger 2017). France was also a pioneer
in the field with the National Library of France (BnF) undertaking its first web
archiving experiments in 1999 (BnF 2014). However, web archiving has roots in a
wider digital preservation movement, which emerged in the 1980s—1990s. Led by
memory institutions, the aim of this movement was to develop strategies to
respond to the rise of digital technologies and in particular address their ability
to capture and preserve digital artefacts as ‘records of social phenomena’
(Schneider and Foot 2008). As web archiving is still a nascent field, clear
definitions are sometimes difficult to find. For this reason, the phrase ‘web
archiving’ is often used interchangeably with ‘web preservation,” without any
clarification or distinction between the two. For example, the International
Internet Preservation Consortium (IIPC)‘s definition of web archiving includes
both terms: ‘Web archiving is the process of collection portions of the World Wide
Web, preserving the collections in an archival format, and then serving the
archives for access and use’ (IIPC 2017). ‘Web archiving’, therefore, refers to
the whole process, whereas ‘web preservation’ is one of the steps in the process of
archiving the web. Web preservation is a crucial step as, in the words of Reyes
Ayala, it is ‘the process of maintaining internet resources in a condition suitable
for use’ (2013: 1). A website can be captured and stored, but the preservation of
this content ensures it will still be accessible over time. Given this long-term
perspective, web archiving requires a strategic approach as much is required in
terms of technologies, systems, policies, procedures and resources to make web
archiving more than merely harvesting and storing online content.

For digital scholars in the social sciences and humanities, web archives are
increasingly recognised as an essential source for studying cultural and social
phenomena of recent decades (Schneider & Foot 2005). Some examples include:
Briigger et al. (2017), who have been studying the evolution of national do-
mains; Helmond et al. (2017), who used the Internet Archive Wayback Machine
for empirically surveying the historical dynamics of social media industry part-
nerships and partner programmes; Chakraborty and Nanni (2017), who used
archived websites as primary sources to examine activities of scientific institu-
tions through the years, or Weber (2017), who traces the tumultuous history of
news media on the web through an examination of archived news media content
maintained within the Internet Archive. Furthermore, in the BUDDAH (Big UK
Domain Data for the Arts and Humanities) project, a number of bursaries were
awarded to researchers for carrying out research in their subject area using the
UK web archive (BUDDAH 2014). At the European level, RESAW, the
Research Infrastructure for the Study of Archived Web Materials, has been
established ‘with a view to promoting the establishing of a collaborative
European research infrastructure for the study of archived web materials’
(RESAW 2012).

Legal issues have implications for web archiving as they influence selection policies
and users’ access to archived online content:
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1. Copyright legislation.'

2. Personal data protection as web archiving is likely to imply personal data process-
ing. However, it is important to keep in mind that the General Data Protection
Regulation (GDPR) authorises legal derogations from the rights of the data
subjects when personal data are processed for historical or scientific purposes
and for archiving purposes in the public interest.

3. The legal framework on authenticity and integrity of online content as web
archives could be used before courts for probative reasons.

4. The issue of illegal contents violating public policy and their potential interest for
researchers due to the automatic nature of web archiving tools.

5. Legally delimiting the national scope of competence in a web archiving context
with unclear digital boundaries. Indeed, regarding potential overlap between leg-
islation on legal deposit and on public records, it is important to have clear criteria
to determine the country and the national heritage institution in charge of the
archiving of a particular website.

6. Legislation concerning reuse of public sector information.

As the web has evolved from a publishing to a communication medium, it now presents
a vast collection of primary sources for our past. This wealth of diverse information
provides the necessary conditions for the emergence of web archiving as a truly
interdisciplinary field, bringing together practitioners and scholars from different back-
grounds: humanities, social sciences, computer and information sciences, libraries,
archives, etc. (Ogden et al. 2017). However, the sheer quantity of information, and
the constant evolution of the web, complicate its preservation and make diachronic
study for researchers very challenging (Chakraborty and Nanni 2017). As Laursen
notes: ‘Curators do what they can to capture what they can, and their practices and
opportunities change over time’ (2017: 220).

The following sections report the findings of a review of web archiving activities in
Europe. After a short description of our research methodology, we discuss the aspects
of web archiving that affect the users of web archives. First, the web archiving selection
process is analysed from an operational point of view, including an in-depth analysis of
legal deposit legislation. The different ways in which the concept of a ‘national web’ is
defined and the different selection strategies used by the studied web archiving
institutions are explored. Second, the differences in policies regarding access to web
archives are analysed, taking into account the legal framework with regard to copyright
and the inclusion of illegal content in web archives. On an operational level, the user-
friendliness of the studied web archives is explored based on an analysis of the
available search functionalities. The role of metadata, and the importance of obtaining
a thorough understanding of user needs and requirements are stressed. Third, the
‘hands-on’ or technical aspects of working with web archives are introduced and some
of the challenges and main techniques to keep in mind when working with web
archives are discussed. Our explorative analysis of European web archives ends with
a discussion underlining four important considerations for digital scholars.

! For instance, obtaining prior authorisation of right holders, creating new exceptions for reproduction or
communication to the public for archiving purposes and obtaining a fair balance between the public interest in
preserving information of cultural or historical significance and the interests of rights holders.
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2 Methodology

The research methodology consisted of three phases. In the first phase, a secondary
research approach (also known as desk research) was taken. This involved
summarising, collating and/or synthesising documentation related to existing
web archiving projects. A number of web archiving initiatives were selected and
analysed in depth. These included the National Library and National Archive of
the Netherlands, the Royal Danish Library (Netarkivet), the National Library of
Ireland, the National Library of France (BnF), the National Library of
Luxembourg, the British Library, The National Archives UK and Arquivo.pt. in
Portugal. With regard to the selection of our sample of web archiving initiatives, a
number of characteristics were taken into account:

— Established web archiving initiatives

— Web archiving initiatives in countries where both the national library and the
national archives are involved in web archiving (as the PROMISE project is a
collaboration between the Belgian Royal Library and State Archives, useful
lessons could be drawn from countries where both institutions engage in web
archiving)

—  Web archiving initiatives in countries with multiple official languages

—  Web archiving initiatives in countries of different sizes

— Combination of web archiving initiatives relying on external service providers and
initiatives that manage all aspects of the process in-house.

Not all of these features are applicable to each initiative; the main aim was to study a
representative mix of web archiving initiatives, based on the above characteristics.

The main research question for this study is: how are other European national
libraries and national archives engaging in web archiving and how are the web
archiving processes organised? The web archives were studied from a legal,
technical and operational point of view. The aim was to create an overview of
the web archiving processes in place in each of the institutions covering a) the
selection (selection policy, legal framework), b) the web archiving process itself
(crawling, quality control, indexation, preservation and storage) and c) access to,
and use, of the web archive (policies, search functionalities and legal framework).
Operational questions such as the composition of the web archiving teams in terms
of professional profiles or the storage requirements in terabytes (TB) or petabytes
(PB), were also included in the mix.

In the second research phase, interviews were conducted with representatives from
the aforementioned institutions. The aim of the interviews was to fill in the gaps that
remained on the specific initiatives following the literature review so that a complete
overview of the web archiving activities was obtained for each of the institutions. All
participants were interviewed either in face-to-face meetings or by conference call. The
interviews were semi-structured, using both closed and open questions. Some inter-
viewees already provided written replies to (some) of these questions beforehand, in
which case the interview consisted mainly of follow-up questions. Interviewees includ-
ed a mix of archivists, librarians, IT specialists, managers, digital curators and re-
searchers (see Appendix A).
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The third and final research phase encompassed further validation and synthesis.
The answers to the questions that were obtained during the literature review, and in the
interviews, were integrated. On the basis of which, comparisons were drawn, thereby
obtaining an answer to the research questions and creating an overarching view of the
selected web archiving initiatives. This allowed to us to distil the relevant aspects that
are important for digital scholars.

3 Selection of content for web archives
3.1 How is web archiving framed by the law?

In all of the countries where our selected European web archiving institutions are based,
the National Library is legally responsible for preserving and opening up cultural and
historical heritage to the public, even if they have no legal deposit law (e.g.
The Netherlands). There is a lot of information available online; thus, institutions
believe that the preservation of online cultural heritage is naturally part of their legal
mandate. In addition to the mandate to preserve a nation’s heritage, there are two legal
ways to enable web archiving: on the one hand, legal deposit legislation; on the other
hand, legislation on public archives.

The majority of countries have gradually modified their national legal deposit
legislation in order to widen it to the Internet and thus allow the collection and
preservation of online information.” In Ireland, this process is ongoing as the legal
deposit legislation is now under review to broaden its scope to include online contents
(Ryan 2017). As Maria Ryan (2017) stated: ‘The Irish situation is difficult because Irish
Legal Deposit legislation does not extend to digital or online publications. The legis-
lation is under review at the moment’.

The scope of this legislation is often very broad in regard to determining
which websites should be archived. However, national legislation generally
excludes personal correspondence and private spaces available on intranets,
for privacy reasons.

Still, a minority of countries do not have any legal texts relating to legal deposit (at
least, to the web legal deposit).” In these countries, the deposit of websites of cultural
and/or historical significance to the National Library is in principle done on a voluntary
basis (Beunen and Schiphof 2006, p. 18; Kunze and Power n.d., p. 2). Indeed, in the
absence of a legal obligation to deposit publications, the consent of website owners is
necessary.” These right holders are, therefore, able to refuse web archiving.

In the Web 2.0 world, obtaining the prior consent of each right holder is impracti-
cable, especially since their identification can be very difficult. Therefore, heritage

2 It is the case for France with the DADVSI Law (see « Loi n° 2006-961 du ler aoit 2006 relative au droit
d’auteur et aux droits voisins dans la sociét¢ de I’information »), for Luxembourg (see « Loi luxembourgeoise
du 25 juin 2004 portant réorganisation des instituts culturels de 1’Etat »), for United Kingdom (see « Legal
Deposit Libraries (Non-Print Works) Regulations of 5th April 2013 »), For Denmark (see “Danish Actn® 1439
on Legal Deposit of Published Material of 22nd December 2004”).

3 For instance, The Netherlands, Portugal and Switzerland (at the federal level).

* Prior authorization of the right holders is not necessary for websites that have fallen into the public domain or
that were made available under the system of Creative Commons License (Beunen and Schiphof 2006, p. 16).
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institutions acting in countries that do not have legislation for the web legal deposit do
not always ask the permission from the websites owners before proceeding to collect
their website, preferring to take a pragmatic approach. On the one hand, they either
notify the website owner of their intention to archive their website and if he/she does
not object, they consider that the website owner implicitly consents to the archiving.’
As Kees Teszelszky states:

The biggest problem for web archiving in the Netherlands and for our national
library is that we do not have a legal deposit like you have in Belgium. [...] So
then we decided [...] to [use] the opt out method. So if we want to archive the
website, [...] we do not ask permission, we say we are going to archive and if
people are not reacting on our wish, then we are archiving. (Teszelszky 2017a)

On the other hand, they either choose to archive all websites included in their selection
policy without prior notification, but allow the website owner to object to the archiving
by using Robot Exclusion Protocols.® In any case, these heritage institutions are
generally very cautious. In this way, they develop a very effective takedown policy
in the event of subsequent objections by website owners, through the removal of the
archived content from their database.

There are a number of advantages for heritage institutions of relying on legal
provisions that enable them to frame their web archiving activities in order to solve
the aforementioned difficulties. Firstly, legislation on web legal deposit has the advan-
tage of offering greater legal certainty and facilitating the web archiving by forcing the
website owners to comply with the legal deposit obligation. Indeed, such legislation
means that heritage institutions are not required to ask for prior permission from
website owners (Beunen and Schiphof 2006). Without that legislation, the owners’
consent would be required, because the archiving of a website composed of various
protected contents’ necessarily triggers an act of reproduction,® likely to infringe
copyright. Alongside a web legal deposit obligation, some countries created some
copyright exceptions covering activities intrinsically linked to web archiving and
access.” It is, in fact, technically impossible to archive a website without reproducing
it. In this way, these kind of exceptions have proved unavoidable in order to permit acts
of reproduction (Graff and Sepetjan 2011: 179-180). Secondly, some countries have a
legal provision allowing the heritage institution responsible for web archiving to require

> This approach is the one of the National Library of The Netherlands (KB Nederland, n.d.-b and n.d.-d).

© This approach is the one of Arquivo.pt. in Portugal (Arquivo.pt, n.d.-c).

7 Let us indicate that websites are composed of a set of elements that can be each protected by copyright
(original texts, images, search engine, database, etc.) and may each have a different right holder (KB
Nederland n.d.-e). We also have to underline the fact that websites can also be composed of elements
protected by other rights such as trademark law, database right, neighboring rights and image right (KB
Nederland n.d.-b).

& Act for which the consent of the right holders is in principle required.

® In France, the DADVSI Law has introduced an exception allowing acts of reproduction and communication
related to the web legal deposit (see French Heritage Code, art. L1324 to L132-6). In the United Kingdom,
Sections 19 to 31 of the Legal Deposit Libraries (Non-Print Works) Regulations of Sth April 2013 and
Section 44A of the Copyright, Designs and Patents Act of 15th November 1988 allow the realization of certain
activities related to web legal deposit without that they violate copyright.
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domain names management bodies to help them identify website owners.'® Thirdly,
some legislations go even further by allowing heritage institutions to require website
owners to give the passwords and access keys necessary for collecting their website.'!
This makes it considerably easier for the heritage institutions to obtain the web material
covered by legal deposit.

Concerning the criteria for deciding the scope of the national web archive at the
national level, we noticed some similarities in the choices made by the studied countries
with legal deposit legislation. Considering that online information falls within the scope
of competence of one state or another, there are three main principles to be followed.
Firstly, a state considers itself competent to archive online contents published within its
national domain name. Secondly, a state also considers itself competent to archive
online contents published on other domain names if one of these additional conditions
is met: if the website was registered to the national body responsible for managing
domain names or by a citizen of the state; if the content of the website is related to the
state (i.e. concerns the general affairs of the state); if the content of the website was
drafted by a citizen of the state or in the national territory. Luxembourg also has an
additional criterion which was not found elsewhere: if the production of the publication
has been supported by the state. Thirdly, the language of the content is an additional
criterion. However, this criterion only applies to countries with a single national
language but does not work for countries with multiple national languages that are
also national languages of other countries.

In countries without legal deposit legislation for online content, the scope is defined
in a similar way. In Ireland, in addition to the national top level domain, web material
that is of Irish interest, has heritage value and that treats a subject of interest, is also
considered to be within scope (National Library of Ireland 2017a). In Portugal, the top
level domain of all Portuguese speaking domains, except for the Brazilian domain, are
included, as are websites on other domain names that are of broad interest to the
Portuguese community. While in The Netherlands, websites about Dutch language,
history and culture on both the national domain, and other domain names, are within
the scope of the project (Arquivo.pt n.d.-c; Sierman and Teszelszky 2017).

There is a marked difference between public record legislation that regulates the
activities of national archives and legal deposit legislation that frames the missions of
national libraries. Where web legal deposit legislation exists (UK, France, Denmark,
...) numerous detailed provisions are included to frame web archiving activities. For
instance, the text of the UK legal deposit legislation'? comprises of more than 20 legal
provisions, specifically related to web legal deposit. However, in public records
legislation, the same text that applies to classic public records also applies to online
public records, meaning that there are no specific legal provisions where web archiving
is concerned, except for in the Library and Archives of Canada Act. The legal text on

10 For instance, in France, Article L132-2-1 of the French Heritage Code authorize the “Bibliothéque
Nationale de France” to turn to domain names management bodies or to the Higher Audiovisual Council to
identify the publishers and producers of websites. There is also a similar legal provision in Denmark (See
Danish Act n° 1439 on Legal Deposit of Published Material of 22nd December 2004, §11).

" It is the case in France (see French Heritage Code, art. R132-23-1, II), United Kingdom (see Legal Deposit
Libraries (Non-Print Works) Regulations of Sth April 2013, Section 16 (4)) and Denmark (see Danish Act n°
1439 on Legal Deposit of Published Material of 22nd December 2004, §10).

12 The Legal Deposit Libraries (Non-Print Works) Regulations 2013
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public records therefore applies to websites of public institutions only because the
notion of “records” is broadly defined (for instance, as ‘all types of medium’).

3.2 How is web archived content selected?

Our analysis shows a great deal of variation when it comes to selection strategies and
criteria. Furthermore, the terminology for describing the web archiving approach,
differs between web archiving initiatives. As can be seen in Table 1, in the case of
Arquivo.pt., two main strategies can be distinguished: broad crawls (covering top-level
domain crawls (e.g. .be, .fr) and relevant content outside of the national domain(s)) and
selective crawls (thematic or events-based collections, for example). The selection
policy of national archives with regard to web archiving differs in the sense that it is
mostly limited to the public records of governmental organisations. For national
libraries, the scope of collection is broader as web archiving is seen as part of the legal
deposit legislation or as a complement to the more traditional electronic or paper
collections of publications in countries without legal deposit legislation.

All national libraries and Arquivo.pt. in Portugal combine broad crawls with selective
crawls, except for the National Library of France (BnF) where a representative sample of
the web is taken instead of a complete top level domain crawl and the National Library of
The Netherlands, where only a selective approach is taken Table 1."

Different methods are used to identify the content that does not reside under URLs
of the national domain. The British Library, for example, uses Geo-IP localisation to
locate information on servers in the UK or make use of UK postal addresses (Hockx-Yu
2014). At the Royal Danish Library a specific system has been developed to identify
this content. As Jakob Moesgaard explained:

We’ve built a system that basically looks at everything we harvest. It looks at all
the links that point out [...] and then it analyses the content on all of those pages.
[...] It scans for regular expressions that cover Danish phone numbers and [...] we
try to have this sort of validation process ranking [...] to see if [...] it looks Danish
enough for us to trust that we should automatically add it to the archive.
(Moesgaard and Larsen 2017a, b)

In the case of selective crawls, there are different ways of determining these collections.
Some institutions have defined overarching selection criteria for these collections. The
British Library, for example, focuses on websites that publish research, reflect the
diversity of lives, interests and activities in the UK and demonstrate web innovation for
the UK Web Archive (UK Web Archive n.d.-a). In general, websites deemed of interest
to the nation are included in the selection, meaning websites that are representative of
the diverse society, or that are linked to the history and culture of a nation. It is
interesting to note that the popularity, uniqueness or the degree of innovation of
websites is sometimes also taken into account, as well as websites that publish research
(KB Nederland n.d.-a; National Library of Ireland 2017a; Maurer and Els 2017a;
Gomes 2017b).

13 Sierman and Teszelszky 2017; BnF 2017a, b; Maurer and Els 2017b; UK Web Archive (n.d.-a); Hockx-Yu
2014; Briigger et al. 2017; Arquivo.pt n.d.-c; Ryan 2017; National Library of Ireland 2017a, b.
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Table 1 Overview of general selection strategies for web content

Country Institution Broad crawl Selective crawl

The Netherlands ~ National Library No Yes

France National Library No (Representative sample) Yes

Luxembourg National Library Yes Yes

UK British Library Yes (non-print legal deposit) Yes (open UK
web archive)

Denmark Royal Danish Library Yes Yes

Portugal Foundation for Science and Yes Yes

Technology (FCT) (Arquivo.pt)
Ireland National Library Yes Yes

Another way to create selective collections is to build them based on specific
themes, events or even emergencies (mostly focusing on natural disasters or other
unforeseeable events). There is a large variety in how thematic collections are
defined. They can, for example, be centred around the different collection depart-
ments in the institution, as is the case in the National Library of France (BnF
2017a) or focus on other themes such as literary collections or health and social issues
amongst others, which is the case in the National Library of Ireland (National Library of
Ireland (n.d.-d)). Event-based collections on the other hand are more coherent between
institutions. Most often they are about events such as elections (national or local),
commemorations, referendums or sporting events such as the Olympics.

With regard to social media, a number of web archiving initiatives include them in
their collections. From a technical point of view, archiving social media is challenging
(e.g. due to the vast amount of data generated or changing access policies), which
explains why increasingly sophisticated proprictary and open source software and
services are available to support social media archiving. The policies with regard to
social media differ widely between institutions. Table 2 provides an overview of which
institution preserves which social media.'* The most popular social media platforms
captured by the studied web archiving initiatives are Twitter, YouTube and Facebook.
The social media accounts that are captured, in general focus on important people,
organisations and events such as political parties, politicians, newspapers, journalists,
athletes, other celebrities, etc. In the case of Arquivo.pt. no special efforts are made to
harvest social media, although their web archive does contain some material stemming
from Facebook and Twitter (Gomes 2017b). The National Library of the Netherlands is
also not currently harvesting social media, but they have it included in their 10-year
plan. At the National Archive of The Netherlands social media are not yet included in
their collection either, but tests have been scheduled in 2018 to archive social media
(Teszelszky 2017a; Posthumus and van Luin 2017a).

14 Tanésie et al. 2017; Maurer and Els 2017b; British Library 2017a; British Library (n.d.-b); National
Archives (n.d.-a); Netarkivet.dk 2017; Moesgaard and Larsen 2017a
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Table 2 Overview of social media included in web archives

Country Institution Facebook Twitter YouTube Instagram Flickr
France National Library (used to, not  Yes No No No
anymore)

Luxembourg National Library Yes Yes Yes Yes No

UK British Library Yes Yes No No No

UK National Archives No Yes Yes No No

Denmark Royal Danish Library ~ Yes Yes Yes Yes No

Ireland National Library No Yes Yes No (starting in 2018)

Some institutions also make use of certain exclusion criteria, some of which concern
the legality of the content. The national legislations are unanimous on what constitutes
illegal content: child pornography, hate, xenophobic or racist speech, speech inciting to
violence, etc. Some institutions take specific measures to exclude this content automat-
ically. The National Library of France, for example, makes use of a filtering tool
(Tanésie et al. 2017). Additional exclusion criteria are sometimes in place, for instance,
excluding content that is already included in other web archives or material that cannot
be captured for technical reasons (KB Nederland (n.d.-d); Moesgaard and Larsen
2017a). In the case of The National Archives UK, additional selection criteria have
been developed for Twitter content, for example, tweets written by the selected govern-
ment organisations are included, but retweets or tweets sent from non-governmental
accounts to government accounts are excluded (National Archives (n.d.-a)).

When digital scholars use web archives for their research, it is important that they
take into account how the archived web content is selected and who is responsible for
making that selection. In some institutions specific collection specialists are responsible
for making the selection, while in other cases, selection is a responsibility that is shared
between a large number of people, each devoting only a limited amount of time to
selecting the content. This is, for instance, the case at the National Library of France
(BnF 2016) where the selection is done transversally, meaning that each department
contributes to the web archiving by entering URLs into the system (Tanésie et al. 2017).

Furthermore, some institutions collaborate with external partners. The National
Library of Ireland sometimes contacts specialists in the field. For their collection on
the Irish elections, they contacted political analysts, lecturers and journalists in order to
obtain their feedback on what should be included in the collection (Ryan 2017).

The role of digital scholars, along with the general public, in the selection of content
for web archives is a topic worthy of consideration. For example, engagement from the
digital scholars as well as the general public is already being sought: the national
libraries of France, The Netherlands, Luxembourg, Denmark and Ireland, and
Arquivo.pt., all provide a way for people to make suggestions for websites to be
included in the selection (BnF 2017¢; KB (n.d.-d); BnL n.d.; Netarkivet.dk 2016a;
Ryan 2017; Arquivo.pt (n.d.-e)).

As ‘all web archives to a greater or lesser degree can only suggest comprehensive-
ness’, (Koerbin 2017: 194) web archiving institutions have a very important role to play
as facilitator. They should ensure that sufficient information about the web archiving
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context is made available so that researchers can find the answers to the questions
evoked by Webster (2017: 175-176): “Why has this content been archived, by whom
and on whose behalf?” There is a clear demand for this information. Sara Aubry of the
National Library of France (BnF) stated:

This is information researchers increasingly request meaning that they wish to
understand the context of the production of the archive in order to gain insight
into whether [a resource] was archived as part of a selective crawl or of a broad
crawl, if it was part of a specific project, how long the crawl lasted, [...], so really
everything about the context of the capture. (Tanésie et al. 2017, translated from
French)

However, even though the importance of this contextual information is understood, it is
sometimes not made available. From a research perspective, this lack of contextual
information is problematic.

Finally, the web archiving process itself has an impact on what digital scholars can
do with the material:

The purpose, strategies and technology of an archive affect what is archived and
the manner in which it can be accessed, and in this way influence the possibility
of constructing a research object on the basis of the material in the archive.
(Nielsen 2016)

It is important that digital scholars keep these various aspects in mind, when they
undertake their research using data from web archives.

4 Consultation, access and ease of use of web archives
4.1 How to consult and access web archived content?

It is essential to underline that access conditions differ widely between web archives as
can be seen in Table 3. Some of the web archives are freely accessible online such as
Arquivo.pt. in Portugal or the web archive developed by the National Library of
Ireland'® (Arquivo.pt n.d.-a; National Library of Ireland n.d.-a). For the national librar-
ies, this mission of making national heritage accessible to the public is complementary to
their national heritage preservation mandate. However, granting such access to the
public must comply with the legal provisions related to copyright. Indeed, the vast
majority of archived online content is protected by copyright and, while it is clear that
their mere archiving is not likely to cause too much damage to right holders, this is not
the case when making this content available to the public (Beunen and Schiphof 2006).

As a result, in a number of web archives, only specific parts of the collections are
freely accessible. In the case of the British Library, the Open UK web archive and the

'3 In the case of the National Library of Ireland, this only counts for the web archive collections that were
based on a selective policy. Access conditions to the web material collected during the top-level domain crawl
that started in 2017 were not yet defined at the time of the interview.
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JISC UK web domain dataset for example are freely accessible, whereas the UK non-
print legal deposit web archive is not (UK Web Archive (n.d.-b); British Library (n.d.-
b)). At the National Archive of the Netherlands, a specific status for access is assigned to
each archived website: open, restricted or offline (Posthumus and van Luin 2017b).
Some web archives, which are not freely available, are only accessible on the premises
of the library from specific workstations. In the case of the UK non-print legal deposit
web archives, the law also specifies that only one user can access a certain piece of
online content at any given time.'® A reader card needs to be obtained in some cases to
gain access to the reading rooms as is the case in the National Library of
The Netherlands (KB Nederland (n.d.-e)). At the National Library of France (BnF)!’
however, the legislation is more flexible: accredited users are allowed to bring their own
laptop to connect to the network. At the Royal Danish Library remote access is provided
for PhD-level researchers (Moesgaard and Larsen 2017b). Some web archives are also
only open to researchers and others are not accessible at all, as is the case for the web
archive of the National Library of Luxembourg where the technical infrastructure is not
yet in place (Maurer and Els 2017a). However, in most cases, the access restrictions are
in place because of copyright reasons. As Webster states: ‘A common feature of most
web archiving backed by legal deposit legislation is some sort of restrictions on the
access afforded to the end user of the archive’ (Webster 2017: p. 180) Table 3.

The British Library found a way to avoid certain access restrictions with their
interface SHINE of which the beta version was launched in December 2017 (UK
Web Archive (n.d.-d)). Their archive is open to anyone, but for content that is not
publicly available, only the metadata is shown (Webber 2017). Other web archiving
specialists showed interest in the SHINE interface, Yves Maurer from the National
Library of Luxembourg stated that:

The SHINE interface of the UK British Library would be very useful for digital
humanities researchers, for sociologists, political scientists maybe or even jour-
nalists. (Maurer and Els 2017a)

In the context of access to web archives, it is important to keep in mind the interests of rights
holders. Table 4 provides an overview of how the studied institutions allow web archives to
be used. Some countries are keen to put in place a fair balance between the interests of
website owners and the interest of the public to access archived online content. Indeed,
some heritage institutions respect a kind of ‘embargo’ on access (meaning that content can
only be made accessible to the public at the end of a certain period) upon a duly justified
request of right holders. For instance, in the United Kingdom right holders have the
opportunity to submit a written request to the deposit library to prevent readers’ access
for a renewable period of three years in order to protect their commercial interests. The
British Library grants this ‘embargo’ request if it considers that providing access to readers
during the specified period would unreasonably prejudice the interests of right holders (see
Legal Deposit Libraries (Non-Print Works) Regulations of 5th April 2013, Section 25).
Arquivo.pt. in Portugal also makes use of an automatic ‘embargo’ for all online publica-
tions. They are attentive to the interests and rights of authors by respecting an access

16 See Legal Deposit Libraries (Non-Print Works) Regulation of 5th April 2013, Section 23.
17 See French Heritage Code, art. R132-23-2.
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embargo period of one year after the collection of the website to avoid that the archived
content competes with the online website (Gomes 2017a) Table 4.

Finally, web archives raise the question of how to proceed in relation to illegal
content. Since most of web archiving procedures are automatic, it is inevitable that
sometimes so-called ‘illegal’ content is collected. This was also noted by the National
Library of France (BnF) where Sara Aubry stated:

We will not collect them, we will not take active steps to collect [illegal content]
in the context of selective crawls [thematic or events-based collections, for
example]. In the broad crawls [covering the capture of a representative sample
of the French web], however, we will not refrain from collecting them. (Tanésie

et al. 2017, translated from French)

Table 4 Overview of allowed use of the web archives

Country Institution Functionalities

The Netherlands National Library Copy only for themselves.

The Netherlands National Archive Not specified.

France National Library Short quotations and screenshots only for teaching
and research. Forbidden to download archived files
and other technical restrictions may prevent copying
of texts or screenshots.

Luxembourg National Library No functionalities as no access is currently provided.

UK British Library Printing of material in the legal deposit UK web
archive is allowed, but very limited.

UK National Archives Most Crown copyright material within the Web
Archive can be used without formal permission
under the terms of the Open Government Licence.
Where the copyright of material is owned by a
third-party, it is the responsibility of the user to
obtain the necessary permission for re-use.

Denmark Royal Danish Library Possible to make a copy of the website for personal
use, display the archive or websites from the
archive for teaching (non-public classes or courses).
Use in public, scientific and television presentations
and for scientific publications is also possible but
with certain restrictions.

Portugal Foundation for Science Access is intended to support work of an

and Technology educational, scientific or research nature. Use for
(FCT) (Arquivo.pt) commercial purposes is strictly forbidden.
Ireland National Library Available for the purposes of research and private

study only. For publication the permission is needed
from the National Library. When copyright exists
and is not held by the National Library, the
copyright holder’s permission is also needed.

The information included in this table can be found in: KB Nederland (n.d.-e); BnF (2017c); Maurer and Els
2017b; UK Web Archive (n.d.-c); National Archives (n.d.-a); Netarkivet.dk 2016b; Arquivo.pt (n.d.-d);
National Library of Ireland (n.d.-b); National Library of Ireland (n.d.-c)
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If web archives contain illegal content, heritage institutions usually ensure that these
archived web pages are not made accessible to the public. Nevertheless, such contents
might be of interest for digital scholars and researchers in certain disciplines to
understand and analyse the history and the culture of the country. To paraphrase
Valérie Schafer; having, for example, access to past Neo-Nazi websites, which, in fact,
contain hate speech, is of utmost importance, both for the study of digital cultures and
of history in general (Tanésie and Aubry 2017).

4.2 What makes a web archive easy to use?

Once users have obtained access to a web archive, archived websites are often not
easily discoverable via the available search and browse methods (see Table 5). This
inhibits use (Dooley 2016). Two main challenges were revealed to ensure
discoverability in the context of a web archive; the lack of descriptive metadata
guidelines and the lack of a clear understanding of user needs and behaviour (Dooley
et al. 2017). It is necessary to address these two challenges in order to guarantee the
discoverability of web archives.

The lack of descriptive metadata guidelines related to web archiving is also prob-
lematic for initiatives where the aim is to link different web archives, as is the case for
the National Coalition for Digital Preservation (NCDD) in The Netherlands. The
NCDD is working on promoting cooperation and creating an inventory of which
material is present in which web archive (NCDD n.d.). Related to this initiative,
Teszelszky (2017a) said: ‘If we want to have a national web collection, we need to
use the same software. We need to have common standards and that’s something that

Table 5 Overview of search options in the web archives

Country Institution Search options
URL Full-text Topical Alphabetic
browsing browsing
The Netherlands ~ National Library Yes No No No
The Netherlands ~ National Archive No No No No
France National Library Yes Yes Yes No
Luxembourg National Library Not open for  Not open for  Not open for  Not open for
the public the public the public the public
yet. yet. yet. yet.
UK British Library Yes Yes Yes No
UK National Archives Yes Yes No Yes
Denmark Royal Danish Library Yes Yes No No
Portugal Foundation for Science  Yes Yes No No
and Technology
Ireland National Library Yes Yes No Yes

The information included in this table can be found in: Teszelszky 2017b; Posthumus and van Luin 2017b;
BnF (2017c¢); Maurer and Els 2017b; UK Web Archive (n.d.-b); The National Archives n.d.; Gomes 2017b;
National Library of Ireland (n.d.-a)
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will be worked on’. Increasing standardisation of metadata management would, there-
fore, be advantageous for the users.

The second most frequently mentioned challenge is the need for a better under-
standing of user needs and behaviour to ensure discoverability for archived websites
(Costa and Silva 2010; Dougherty et al. 2010). Many web archiving institutions do not
have accurate statistics on the number of visitors of their web archive. Often the number
of visitors to the web archive are merged with the number of visitors of the whole
website (as is the case at the National Archive of the Netherlands) or in other cases the
internal use of the staff was included (as is the case at the National Library of the
Netherlands). Furthermore, numbers like these do not indicate who these visitors are;
why they are visiting; what they expect to find; what they take away with them and
whether they experienced any degree of satisfaction. As Maria Ryan (2017) of the
National Library of Ireland stated: ‘It’s difficult to get good analytics on web archive
users, due to the fact the selective web archive can be accessed remotely’. In the case of
Arquivo.pt., efforts are made to target the right people to stimulate them to make use of
the web archive. In this regard, they have a well-defined communication strategy in
place to encourage researchers and academia to use their collections. For example, they
organise contests offering prize money to researchers working with their collections
(Gomes 2017b). That user engagement is also considered an important matter at the
British Library is underscored by the fact that they have a “Web Archiving Engagement
Manager’ for the web archive (British Library 2017b). This contrasts with other web
archiving initiatives that find it hard to attract users:

Not many people are using our web archive. I think we have 100 visitors a year
[...] We only see this year that these kind of researchers come to our web archive
because some websites are not in the Internet Archive. (Teszelszky 2017a)

In general, most interfaces of web archives afford a form of URL search (either
searching for an exact URL or a specific part of a URL), combined with full-text
searches. The URL approach has been dominant for years (Ben-David and Huurdeman
2014) but, recently, full-text search is also supported by most of the web archives.
Research by Costa and Silva (2010) shows that users prefer full-text search to URL
search. However, some web archives have also permitted other types of searches for
some time now. In such web archives, the user can also explore topical collections or
undertake alphabetical browsing (see Table 5).

5 Overview of tools used in web archiving

This section briefly describes web archives from a technical viewpoint. In particular, it
discusses software tools involved in the process of gathering web content and analysing
this content that might be relevant for digital scholars. Not all available tools are
described, however, nor are the long-term preservation systems or the back-ends of
archives.

Web archiving starts with harvesting or crawling websites, which means trying to
get a copy of websites. Since web content is diverse—static pages, dynamic pages,
multimedia, social media, etc.— different harvesting tools focus on different types of
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content. Typically they produce output that can be stored or archived, for instance, as a
directory structure on disk, mimicking the original website or as Web Archive (WARC)
files ISO 2017).

HTTrack (Roche 2018) copies the website(s) to disk so the user can simply open it
in a browser. It uses a single thread so one instance is only suited for limited crawls.
Webrecorder (Webrecorder n.d.) uses a browser to harvest content of websites, hereby
addressing typical issues of other harvesting tools: dynamic content, flash, multimedia,
etc. It ‘records’ web pages as the user browses them, so it is suited for very selective,
high quality crawling. Although it requires some technical skills to install, an online
demo is available. The content is saved in the WARC format.

Wget (Free Software Foundation 2017) and the similar tool Wpull (Foo 2016) are
versatile command line tools that have built-in web crawling functionality, comparable
to HTTrack. They can write to a directory structure or to WARC files. Wpull is better
suited for large crawls because it stores detected URLs to disk as opposed to WGet
which stores them in often limited computer memory, and it offers deduplication (i.e.
crawls a page only once). Both tools are rather easy to install and to run; the art is to
compose the right commands to instruct them. Grab-site (Grab-site GitHub 2018)
provides a graphical interface for Wpull.

Social media require specialised tools to capture their content because of their very
dynamic nature. Capturing content is typically done programmatically using
Application Programming Interfaces or APIs, offered by the social media providers.
F(b)arc (Fbarc GitHub 2018) is a command line tool that can be used to archive data
using the Facebook Graph interface. Twarc (Twarc GitHub 2018) is a command line
tool and library that makes using the Twitter APIs easy. It can be used to archive data,
detect trends, search friends, etc. Social Feed Manager (Social Feed Manager 2018) can
harvest data from Twitter, Tumblr, Flickr, and Sina Weibo.

Web archiving organisations tend to use more advanced tools, which often require
technical skills to install and use. Heritrix (Webarchive.jira.com, July 2016) is a general
purpose web crawler designed with web archiving in mind. It can be configured for
broad crawls or targeted crawls, on one machine or in clusters, it can be extended with
custom code, etc. It is suited for large scale crawling activities, but less so for dynamic
pages or social media. It produces WARC files. The NetarchiveSuite (Rosenthal 2017)
is built with Heritrix at its core, but provides extra functionality in the area of
deployment, long term preservation and access. Brozzler (Brozzler GitHub 2018) uses
the engine of the Chrome browser to harvest pages, which offers the same advantages
Webrecorder offers, but it requires no user interaction during crawling. It can be set up
on a cluster.

Besides tools to get the data, there are also tools for doing something with the data.
Tools to view the archived websites include Webrecorder Player (Webrecorder Player
for Desktop GitHub 2018), OpenWayback (ITPC 2018), pywb (Pywb GitHub 2018)
and WAIL (Web Archiving Integration Layer) (Kelly 2017). Webrecorder Player is
relatively easy to install and use and can open content from ARC, WARC and HAR
(http Archive) files. OpenWayback reads and indexes WARC files and lets users
browse or search the archived content in a web browser. Pywb offers OpenWayback
functionality, but it also enables web pages to be recorded while the user surfs the web.
It is the software used in Webrecorder and Webrecorder Player. Note that
OpenWayback and pywb require technical skills to set up. WAIL is an easy-to-use
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tool with a graphical user interface that combines Heritrix for capturing websites and
OpenWayback for viewing the captured content.

Several tools and libraries exist to enable processing archived data, but don’t do a lot
of actual processing. Tools that can read and write data, or validate and extract metadata
from WARC files include JWAT (Clarke 2016), node-warc (Node-warc GitHub 2018),
WARCAT (WARCAT GitHub 2017) (Web ARChive (WARC) Archiving Tool), warcio
(Warcio GitHub 2017) and warctools (Warctools GitHub 2016). These tools often
require programming skills to write software that processes the data itself.

Some tools go a step further and provide a framework for analysing web archives.
The Archives Unleashed Toolkit (AUT), part of the Archives Unleashed Project
(Archives Unleashed Project 2018), provides a flexible data model for storing and
managing raw content as well as metadata and extracted knowledge. Although basic
programming or scripting skills are required, a lot of built-in functions (including,
extracting links, popular images, and named entity extraction) help the writing of
powerful code. A version running in the cloud, providing a user interface, is currently
being developed. A tool similar to AUT is ArchiveSpark (ArchiveSpark GitHub 2018).
This tool focuses somewhat more on entity recognition and linking than AUT. Another
difference is that ArchiveSpark extensively uses CDX files, which are indexes gener-
ated from WARC files to speed up some processing. Both tools are built using the
Apache Spark analytics engine, enabling a plethora of (big) data processing and
analysis tools on top of their own functionality.

A last aspect worth mentioning is how to access publicly available archived data
from organisations. As described before, most organisations make this data accessible
by means of a web page. However, there is a standardized way of getting web resources
near a given timestamp, with a specific URL: Memento (Van de Sompel et al. 2013). It
is not necessary to know which organisation holds the data, as long as it runs a
Memento aware web service. Organisations supporting Memento are Arquivo.pt.,
National Library of Ireland, UK Government Web Archive, UK Web Archive,
Internet Archive and many more (Kremer 2016). OpenWayback and pywb for instance
are tools that provide Memento functionality. A number of Memento clients exist, as
standalone libraries or browser plugins, which can be used to access data in this way. A
demo is available online."®

6 Discussion and conclusion

Our explorative analysis of European web archives for use by digital scholars under-
lines four important considerations:

(1) Digital scholars need to investigate why, by whom and on whose behalf web
archiving is being done. This is important because it ‘(...) serves to orient users as
to some of the questions they should be asking of their sources, and of the
institutions that provide them’ (Webster 2017: 176). With regard to why the
content in question has been archived, it has been shown that the selection is
based on a variety of strategies and criteria. Sometimes the collection scope is

18 See http:/timetravel. mementoweb.org/
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2)

defined by law as is the case in countries with legal deposit legislation; in other
cases, the scope is defined by the heritage institution itself. In the case of national
libraries and Arquivo.pt., it has been shown that two main approaches exist: broad
crawls and selective crawls although some institutions combine both. Broad
crawls cover top-level domain crawls and relevant content outside of the national
domain(s) and selective crawls mostly focus on specific events, themes or emer-
gencies. When it comes to social media in the studied web archives, it has been
demonstrated that approaches differ widely: some institutions do not (yet) include
any social media content, while others cover several platforms. Twitter, Facebook
and YouTube are the social network platforms that are most often included by web
archives.

Who does the web archiving is another important factor from the user per-
spective. Sometimes specific collection specialists are responsible, whereas in
other cases, selection is a responsibility that is shared collectively by a large
number of people. A number of institutions also work together with external
experts for the selection of web content and most of the studied initiatives offer
the public the possibility to submit suggestions to be included in the web archive.

The context in which web archiving has taken place is, therefore, very impor-

tant for researchers as it has a significant impact on its use as a source in scholarly
studies (Webster 2017).
Access conditions differ widely between web archives and the vast majority of
archived online contents is protected in order to respect the legal provisions
relating to copyright. Once access to the archive is gained, most web archive
interfaces only afford simple tools (e.g. URL or full-text searches). Researchers
also need to take into account the integrity and authenticity of the information
captured (which is strongly linked with quality assurance and metadata manage-
ment procedures of the webarchive). Nielsen remarks that the ‘ongoing efforts
that are being made to enhance access to the archives’ (2016: 22) also reveal
new challenges. For example, full-text keyword search provides different possi-
bilities for finding material, but can potentially create challenges for digital
scholars such as data overload and the task of filtering out the relevant results
by themselves. The latter is difficult as most digital scholars are so accustomed
to seeking information through querying search engines, such as Google, where
the results are ordered by relevance, which means they expect to find informa-
tion in web archives in the same way (Costa and Silva 2011).

Ultimately, digital scholars need data-level access to web archives to under-
take analysis using digital tools and methods. A pioneer in this area is Ian
Milligan, who made, in the context of the Web Archives for Longitudinal
Knowledge project (WALK n.d.), a number of datasets available, including
information about those datasets and how to cite them. It is anticipated that
data-level access to web archives will increase in the future (Lin et al. 2017).
Digital scholars will thus need to become aware of the characteristics of web
archive search results and of the fact that they can be sometimes problematic.
For example, web archive search results will often be very numerous, neither
ordered by relevance nor importance and full of irrelevant material and false
returns (Deswarte 2015). The tools and the interfaces offered by web archives
are very much in an early stage of development and web archivists are only
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beginning to tackle the strengths and weaknesses of both their data and interfaces.

Another challenge identified is the need for a better understanding of user needs
and behaviour because of the lack of available resources of web archiving institu-
tions. However, a variety of studies have investigated the practices of web archiv-
ing and researchers using web archives. Studies done by BUDDAH underlined,
amongst other issues, the lack of guidance for humanities researchers: ‘A shared
conceptual framework of the web archives research process is essential to system-
atize practices, advance the field, and to welcome new entrants to this area. [...]
Such a framework would be structurally useful to describe any research that
investigates social questions based on web archives’ (Maemura et al. 2016:
3251-3252). Web archiving institutions could play a role in providing this guid-
ance for researchers.

(3) With regard to legal frameworks for web archiving, it is important for digital scholars
to understand the general legal frameworks governing web archiving. Increasingly,
many European countries have extended their legal deposit legislation to include web
archiving. While this means that national libraries have a formal mandate to archive
the web content of their nation, there are still challenges to providing access to this
content, for example, for research use. Sometimes this access can, for example, only
be provided on-site within a national library. For countries where there is no legal
deposit legislation in place, a number of, often pragmatic solutions—such as ap-
proaching website owners to ask permission to archive their website content—are in
place to enable cultural heritage organisations to archive websites. It should also be
important to have in mind that the General Data Protection Regulation (GDPR) gives
the Member States the possibility to put in place a softened regime when personal data
are processed in specific contexts such as archiving in the public interest, historical or
scientific research and statistical purposes

(4) Using web archives as a basis for research requires, perhaps even more than other
digital research materials, a relatively high level of technical knowledge. Not only
is it important to understand the context in which the websites were archived (e.g.
how they were selected, when and with tools were they archived), but there are
also technical challenges to accessing this content (e.g. full-text search is not
always readily available), and understanding the file formats (e.g. WARC) that
have been used for web-archiving. However, thanks to the increasing community
that is building around web-archiving (e.g. IIPC) and research using web archives
(e.g. RESAW), the expertise, tools and knowledge are also growing.

Given the importance of legislative, technical and policy-related elements linked to
the creation of a web archive as a research object, it is paramount to provide adequate
information and documentation about this context to the users of the web archive in
order to open up the black box of web archiving. The Portuguese web archive can be
considered a good example in this context as videos are created that shed light onto the
inner workings of the web archive, thereby furthering transparency (Arquivo.pt
2018). The features and history of a web archive are pertinent to all its users. It is
particularly relevant in order to evaluate the web archive as a data source. As Laursen
states: ‘In short, the story of an archive is relevant for the trustworthiness of the
archive’ (2017: 223). We have shown that many challenges are associated with web
archiving. However, some of the greatest challenges, seen from the user’s perspective,
come down to two factors. Firstly, that it is impossible to save everything, and that the
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choices made are significant for the research object. As Masanés states: “Web
archiving is often a matter of choices, as perfect and complete archiving is unreach-
able’ (Masanés 2005: 77). Secondly, in most cases the object researchers are
attempting to preserve when creating a web archive will be distorted by the actual
archiving process (Nielsen 2016). It could be argued that it is unlikely, if not
impossible, that we can preserve all of the attributes and functionality of digital
materials. However, little is known about the levels of loss that are acceptable for
digital scholars (Harvey 2005).

7 Limitations and future research

Although this research produced useful insights on how European web archiving initiatives
select and open up archived web content, the research design had some limitations. Most
importantly, this study was limited to a sample of only nine web archives, eight of which are
managed by heritage institutions. This is not meant to be a representative sample for the
web archiving landscape, as it only includes European web archives. In addition all these
web archives are members of the International Internet Preservation Consortium (IIPC),
except for the National Archive of the Netherlands.

Despite these limitations, this article can function as a point of departure for more
extensive and qualitative research. With regard to selection, research into the retrieval
of examples of the earliest web pages of a national web domain would be very
interesting, as would studies about how to ensure the representative inclusion of web
material about and from minority groups in web archives. Furthermore, the different
models of collaboration with partners external to national heritage institutions for
selection, such as digital scholars and members of the general public, could also be
an interesting research subject. From an access perspective, it could be worthwhile to
explore how secure remote access to web archives could be provided for researchers, in
compliance with the related legal provisions.

Furthermore, research related to data-level access to web archives would be another
valuable research area, backed by a solid evidence-base from user studies. From a legal point
of view, future research can center around two legal developments that will impact web
archiving: on the one hand, the impact of the GDPR on the legislation of the various EU
member states; on the other hand, the reform of copyright exceptions and limitations at the
European level. From a technical point of view, it has been noted that ‘the archive separates
itself increasingly from the live web the archive tries to preserve’ (Laursen and Meldrup-
Dalum 2017: 216) and that further research into the development of solutions and tools for
the various technical challenges web archives are confronted with is, therefore, essential.
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