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Abstract
In recent years there have been huge changes in the way researchers carry out their research. New terms like e-Science, Cyberinfrastructure and Virtual Research Environment emerged. Now researchers work in more interdisciplinary and collaborative ways, they communicate virtually to a greater extent, they have to deal with an overflow of data and information, and they use different ways to publish their research outcomes. Most roles and services of academic libraries are affected by these developments. But what do e-Science and Virtual Research Environments mean for academic libraries in practice? What role should libraries play and what are the biggest challenges? These questions will be discussed, and approaches for academic libraries in Norway to support these new research practices will be presented.
Introduction
Research processes that obtain, adapt, disseminate and archive knowledge are under change and their complexity is constantly increasing. Most areas of science have been transformed by the huge amount of new scientific data available. In particular knowledge production, publishing and scholarly communication are affected by enormous technological changes. This means researchers’ work patterns and needs have changed too. Today researchers work in ways that are much more interdisciplinary and collaborative, and the communication is done in virtual, net-based environments. Researchers have to deal with an overflow of data and publications and with a huge number of search tools. There are new forms of scholarly output and new publication channels, complicated intellectual property laws and different uses and reuses of research outcomes. Researchers want cross-repository search tools and intuitive interfaces to find the needed information easily and quickly. There is also a need for long-term preservation and for professional management of digital information. This new way of carrying out research is called e-Science or e-Research.
E-Science and Virtual Research Environments

A widely used definition of e-Science originates from John Taylor, former director of Great Britain’s Research Councils: “E-Science is about global collaboration in key areas of science, and the next generation of infrastructure that will enable it.” (Taylor, 1999) Thus e-Science refers to research and science increasingly done through distributed global collaborations enabled by the internet, using very large data collections, large-scale computing resources and high performance visualisation. (Simpson, 2007) "The term 'e-Science' denotes the systematic development of research methods that exploit advanced computational thinking" is another much used definition, from Malcolm Atkinson, director of UK’s e-Science Institute. (Atkinson, n.d.)
An infrastructure enabling e-Science and e-Research is described by various terms, such as Virtual Research Environment (VRE), Cyberinfrastructure or e-Infrastructure. In the following VRE will be used. There are a range of definitions of VRE. One widely used one is from the Virtual Research Environment Collaborative Landscape Study that was carried out by UK's Joint Information Systems Committee (JISC): 
A VRE helps researchers in all disciplines to manage the increasingly complex range of tasks involved in carrying out research. It will provide a framework of resources to support the underlying processes of research on both small and large scales, particularly for those disciplines which are not well catered for by the current infrastructure. VREs will add value to the research process across all disciplines by complementing and inter-working with existing resources and by being flexible and adaptable to changing requirements. (Reimers & Carusi, 2010) Another shorter definition is offered by Michael Fraser: “A set of online tools, systems and processes interoperating to facilitate or enhance the research process within and without institutional boundaries.” (Fraser, 2004) The German Research Foundation refers to the Allianz working group for VREs that defined a VRE as “a platform for internet-based collaborative working that enables new ways of collaboration and a new way of dealing with research data and information”. (Allianz-AG Virtuelle Forschungsumgebungen, 2011)  Looking at the various definitions, one can conclude that all of them focus on collaboration and on an online environment that contributes to the research process. In other words, besides supporting the individual scientist, a VRE facilitates collaboration amongst research teams and communities, providing them with more effective means to jointly collect, create, and manage data, information and knowledge.
There are many e-Science programmes and VRE projects in Europe, most of them supported by EU's Seventh Framework Programme. The platform for discussing and coordinating a European research infrastructure is called ESFRI (European Strategy Forum on Research Infrastructures).
Roles and challenges for libraries 

E-Science fundamentally alters the ways in which scientists carry out their work, the tools they use, the types of problems they address, and the nature of the documentation and publication that results from their research. Consequently, nearly all aspects of the academic library’s classic roles are influenced by these new methods.  (ARL, 2007) Therefore libraries must first of all develop an understanding about the issues and needs that are linked with e-Science and VRE. There will not be ONE model for all libraries, and each library has to find out for itself the best way to support their researchers. However, all documents on e-Science agree that digital archives are a vital element for research infrastructures and that e-Science is much about free access to scientific publications and research data. So many libraries feel that they can claim that they are already supporting e-Science by facilitating institutional repositories. Academic libraries do have expertise in several areas that are important for e-Science. Libraries are in particular good at supporting access to information, offering alternative ways of publishing and providing metadata. They are experts on long-term preservation and intellectual property laws. Libraries can be experts on linking research data and publications, they can and do facilitate research documentation systems and they help researchers becoming information literate. Therefore academic libraries should be active participants in the conceptualisation and development of research infrastructures, including systems and services to support all stages of the life cycle of e-Research. But even if academic libraries have started being engaged in e-Science there are still a lot of challenges. There is a need for an increasing awareness of e-Science and a requirement for excellent management. Necessary skills for supporting the new research methods have to be identified and the professional development of library staff has to be promoted to develop the required skills. Big challenges are the ever-changing user behaviour and the rapidly changing technology. E-Science raises questions about intellectual property as well as who will pay for the development of research infrastructures. Another big challenge is marketing and advocacy because most researchers do not know about library services and librarians’ knowledge and skills. Last but not least, there is a need for a much closer cooperation between researchers, administrative system operators, libraries and university managers.
E-Science librarianship in Norway
The example of Norway shows responses in practice. Until recently e-Science and Virtual Research Environments were hardly discussed in Norwegian academic libraries. But gradually libraries have realised that they need to define their role in supporting the new research methods. So far University of Bergen Library is the only one that mentions e-Science explicit in its action programme. The National Library and the University Library in Tromsø are implicit adapting themselves to e-Science by mentioning in their strategy documents the development of new forms for knowledge management and information retrieval systems, of useful metadata, and by talking about digitising collections and providing easy and quick access to the newest research results. Currently, the university libraries in Stavanger and Trondheim are working on new strategies and action programmes. Today most universities and colleges in Norway have an institutional repository, and it is here that libraries have achieved a lot when it comes to e-Science. Norwegian academic libraries also facilitate CRISTIN (Current Research Information SysTem In Norway), a tool for research information and documentation in which researchers can register and profile projects, publications, institutions and academic expertise and that could function as an element for a VRE. But a role for  Norwegian libraries in e-Science has not been defined and there is no joint strategy even if the Research Council of Norway (NFR) already in 2006 started a programme called EVITA (eScience - Infrastructure, Theory and Applications). Two years later NFR came up with a National Strategy for an eInfrastructure. One part of this programme and strategy is the development of a National Research Net. Other ones are NorGrid (Norwegian GRID Initiative) and NorStore (Norwegian Data Storage Infrastructure). The National Strategy mentions metadata, a national research net, long-term preservation and other issues on which libraries have expertise. However there is not a single word about libraries in the document. But there are quite a few e-Science activities in the research communities in Norway that are mainly supported by the National Financing Initiative for Research Infrastructure (INFRASTRUKTUR). Only two of several newly accepted projects also involve libraries. (NVFI, 2010)
Summary and conclusions

E-Science, the new dynamic way of scholarly work, requires innovative research infrastructures and new services for scientific communication, information and publications. In particular the transfer of research results and the supply of relevant information and research data are of great importance. Sustainable scientific information infrastructures will only be accepted if they offer added value to the researchers. Even if most libraries see a role for themselves in e-Science through the management of research data and publications, this is not recognised in national strategy or definitive library planning in Norway. It is clear that library services must be easily accessible at all stages of the research process and that they have to be aligned to researchers’ workflow. But in regard to this there are still only vague strategies and a few projects. If Norwegian academic libraries are to fulfil their e-Science potential, a joint strategy needs to be developed by Norway’s National library, academic libraries and Library Associations as a basis for specific developments in the institutions. 
References

Allianz-AG Virtuelle Forschungsumgebungen (2011). Definition Virtuelle
    Forschungsumgebung. Retrieved November 27, 2011 from
    http://www.allianzinitiative.de/fileadmin/user_upload/2011_VRE_Definition.pdf
ARL (2007). American Association of Research Libraries. Agenda for Developing 
    E-Science in Research Libraries. Retrieved November 21, 2011 from
    http://www.arl.org/bm~doc/ARL_EScience_final.pdf
Atkinson, M. (n.d.). e-Science Envoy. Retrieved November 27, 2011 from
    http://www.rcuk.ac.uk/research/xrcprogrammes/prevprogs/Pages/e-Science.aspx
Fraser, M. (2004). Supporting Virtual Research Environments: how can we help?
    Retrieved June 27, 2011 from http://users.ox.ac.uk/~mikef/rts/vre/img0.html
NVFI (2010). Norsk Veikart for Forskningsinfrastruktur 2010. 
    Retrieved November 26, 2011 from
http://www.forskningsradet.no/servlet/Satellite?c=Page&cid=1253959647542&pagename=infrastruktur%2FHovedsidemal
Reimer, T. & Carusi, A. (2010).Virtual Research Environment Collaborative
    Landscape Study. Retrieved June 27, 2011 from  http://www.jisc.ac.uk/media/documents/publications/vrelandscapereport.pdf
Simpson, P. (2007). Libraries supporting e-Science. Combining cultures. Retrieved
    November 26, 2011 from http://eprints.soton.ac.uk/48098/
Taylor, J. (1999). Defining e-Science. Retrieved November 14, 2011 from
    http://www.nesc.ac.uk/nesc/define.html
