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Preface from the Research Council of
Norway

Climate changeis one of the greatest social, economic and environmental challenges of our
time. Human activity is causing the climate to change, and our actions now will have impacts
centuries into the future. The challenges are many and they are transnational. They cannot be
solved by individual countries alone, but require ajoint long-term effort. Norway has both the
responsibility and the opportunity to make a significant contribution to the global community
through the national and international development of climate knowledge and expertise.

We know that excellent work is being done in many areas of Norwegian climate research, but
the knowledge needs are still many, and we need sound and solid research to help us become
even better and to set the right priorities for the future.

This evaluation provides a critical review of Norwegian climate research in an international
perspective and recommends measures to enhance the quality, efficiency and relevance of
future climate research.

The evaluation does not review single institutions, but rather the total picture of Norwegian
climate research. It provides an updated analysis of Norway's capacity and research needs and
the ways in which Norway can contribute to the global effort against climate change.

Climate research extends across a wide range of subject areas, and an overall evaluation of
these areas comprises more than the sum of the individual disciplines. Evaluating climate
research requires a substantial multi- and interdisciplinary focus. This has been an enormous,
complex task, and the Research Council of Norway would like to thank the nine members of
the Evaluation Committee and the secretariat for their comprehensive efforts. Within a
limited time frame, the Committee has delivered a sound, impressive report, with important
conclusions and recommendations. These recommendations will be essential inputs to the
Research Council of Norway's strategy for organizing future climate research.

The Research Council would also like to thank the 78 participating research units for their
contributions to facts and information. The Committee has been totally dependent on the
research units' involvement in compiling a comprehensive and reliable report. The Research
Council appreciates their time, interest and contributions.

Oslo, Norway, June 2012

Fridtjof Unander
Executive Director
Division for Energy, Resources and the Environment



Executive Summary

I ntroduction

In early 2011, the Norwegian Research Council (RCN) appointed a committee to review
Norwegian climate research. The aim of the evaluation was to provide a critical review of
Norwegian climate research in an international perspective and to recommend measures to
enhance the quality, efficiency and relevance of future climate research.

The Evaluation Committee met three times: in August and December 2011, and March 2012.
RCN sent an invitation to 140 research organisations to participate by delivering background
information on their climate research. Based on the initial response, 48 research units were
invited to submit self-assessments and 37 research units responded. These were invited to
hearings during the second meeting of the Evaluation Committee in December. In our
judgement, a great mgjority of the most active research units are covered by this evaluation
report. It should be emphasised that the evaluation concerned the Norwegian landscape of
climate research rather than individual scientists or research units.

Bibliometric analyses and socia network analyses provided additional information. We are
aware of problems in making comparisons across disciplinary publishing traditions, especially
with regard to the differences between the natural and social sciences and the humanities.

The Evaluation Committee also reviewed a number of governmental and RCN policy
documents and conducted interviews with the chairs of the NORKLIMA Programme Steering
Board and the Norwegian IPY Committee, as well as with staff members of RCN.

Additional information was received from hearings organised by RCN with the science
communities and various stakeholdersin January 2012.

For the purpose of this evaluation, climate research was divided into three broad thematic
areas.

1. The climate system and climate change: research on climate variability and changein
order to improve our capability of understanding climate and of projecting climate
change for different time scales with reduced uncertainty and increased spatial detail.
Advances will provide climate information for national and international decision
making. The focusison physical, chemical and biological processesin the
atmospheric, oceanic, terrestrial, and cryospheric systems that are relevant to the
climate system.

2. Theimpacts of, and adaptation to, climate change and variability: insightsinto the
impacts of climate change and variability on the natural environment and on society;
i.e. research on how species and ecosystems will be affected and on how society will
be affected through changes in food production, water availability, health, etc.

3. Ingtitutions and instruments for response to climate change: research on national and
international climate policy, institutions (norms, principles, organisations, strategies,
measures and instruments) for reducing greenhouse gases and adapting to climate
change. Analysis of how societal relations at multiple levels of governance need to
changein order to deal with climate change. Thisincludes issues related to economic
growth and poverty reduction, migration, changes in the attitudes and behaviour of the
population etc.



The Norwegian climate research landscape

Norway has developed internationally recognized top competencies in many of the scientific
disciplines that are necessary for understanding the current climate and its development. In
particular the comprehensive numerical climate and Earth system models are highly regarded.
Norwegian climate research is in harmony with the mainstream of international climate
science. However, more effort is needed to understand natural climate variability in order to
better quantify the uncertainty in predicting future climate.

Norwegian scientists have successfully addressed the impacts of climate change on Norway’s
natural resource base. High quality research is being pursued, but thereisagap in research on
climate change adaptation and ecosystem services. Opportunities to expand monitoring
capacity have been investigated but need to be realized and should be tied in part to
monitoring the changes in the capacity of biotic systemsto continue to deliver crucial
ecosystem services. Climate change research must also be more closely aligned with research
on other global changes that may either mitigate or exacerbate the impacts of climate change
when the latter are considered in isolation.

There isrelatively little research on institutions and instruments for response to climate
change, but it isvery influential. It isimportant that this area of research not will be reduced
to only an instrumental vision of how to address the various drivers of climate change, but
that it makes space for critical and innovative thinking as well. The research arenais
fragmented into small projects and a diversity of funders and there has been no attempt to
collate results into a meta-analysis that adds up to more than the sum of the individual
projects. This also means that there have only been limited opportunities to reflect on the big
picture issues. the architecture of climate governance from the local to the global levels and
how best to create a green, sustainable and equitable society over the same range of levels.

There are some excellent examples of integrated research that spans all themes, but the overall
bal ance of research in the Norwegian landscape still has gaps and areas of relative weakness:
e.g. the social sciencesin general and research on adaptation to climate change. The
engineering aspect of mitigation and disaster risk reduction also seem to require further study.
Integration across all themes will have to go beyond the three traditional themes of climate
system science, impacts of and adaptation to climate change, and response. It should be
emphasised that interdisciplinary research is resource intensive and requires longer time
horizons than monodisciplinary research, given the necessity of developing interdisciplinary
understanding.

The number of Norwegian climate research papers is high: Norway produced the highest
number of climate research papers per capitain the world. Over the last decade, an increased
interest in climate research has triggered an increase in research articles on climate that vastly
exceeds the increase in articles on other scientific topics, and this research spans many
scientific disciplines and sub-fields. Norwegian scientists have also played important rolesin
international assessments, such as the IPCC. The impact of Norwegian climate research
publications demonstrates a high visibility in the international research community. Norway
has some very strong university departments and research institutes specialized in climate
research and related issues, but many of its other research institutes has co-authored only a
few climate research articles. This may imply a strong fragmentation of the research system.
External funding for climate research came primarily from RCN, other national grants, Nordic
sources and EU Framework Programmes. Of all external funding, 89 per cent came from
Norwegian sources, with 74 per cent from RCN. The most important RCN activitiesin terms



of funding climate research were NORKLIMA, IPY, and the basic funding of research
institutes.

Nordic programmes provided also important financial support: the Nordic Centres of
Excellence funded by NordForsk and the Top-level Research Initiative (TRI). The most
important EU FP6 programme was ‘ Sustai nable development, global change and ecosystems’
which provided about half of the funding volume, and the most important FP7 the programme
was “Environment, (including climate change)”.

Strategic focus of Norwegian climate research
The overal priority areas for Norwegian climate research can be summarized as follows:

e animproved knowledge of the climate system, including the development of climate
scenarios with reduced uncertainty and a greater degree of detail, and an increased
understanding of the Arctic climate;

e research on the consequences of, and adaptation to, climate change for nature and
society, including public policy and technology;

e research on the development and implementation of policies and instruments to reduce
greenhouse gas emissions, including research into behavioural changes for reduction
of emissions.

The large scale Programme on Climate Change and Impactsin Norway (NORKLIMA; 2004-
2013) has been a primary driver of climate research for aimost a decade, with total funding of
721.6 MNOK. The objective was ‘to generate vital new knowledge on the climate system, its
past, present and future trends, and the direct and indirect impacts of climate change on
environment and society in order to generate a new knowledge base to guide our adaptive
response to these changes'.

The scientific focus of NORKLIMA was adjusted and steered throughout the lifetime of the
programme with a higher proportion of socia science towards the end. This was intentional
and accomplished by issuing multiple funding calls. Partly as aresult of and partly through a
shortfall in anticipated funding, none of the programme elements of NORKLIMA were
evenly funded throughout the course of the programme, and there was less continuity between
the main themes of the programme than might have been envisaged. Though intended as a 10-
year programme, NORKLIMA was not along programme from the viewpoint of scientists.

The International Polar Year (IPY), which ended in 2009, was a mgor international research
effort and represented about a 50% increase in the global funding of polar science. The
Norwegian IPY programme was specid in its 4-year span, its bi-polar scope, its built-in
emphasis on outreach, and the resources devoted to it, and a synthesis phase has already been
completed.

In the years 2006—2009, the Norwegian government issued several important policy
documents that give high priority to climate change research. In particular, the Klima2l
recommendations are still highly valid though poorly addressed in climate change research
priorities.

Parallel to the Government’ s climate policy devel opment, RCN has responded by developing
anumber of plans and including climate research in its annual budget requests to the
Government. The overall picture is one of high expectations and well-devel oped plans for
meeting the identified research needs, but the actual budget allocations have not met those
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expectations. To date, few of the stated research priorities and needs have been adequately
met, and much remains to be done.

NORKLIMA/IPY should be followed by a major new research programme taking into
account the recommendations of KLIMA 21, which were developed in afruitful dialogue
with the Norwegian scientific community, and the accomplishments of NORKLIMA itself,
once these have been properly assessed in athorough synthesis phase.

Research partnerships

Nordic Centres of Excellence partners further strengthen Nordic climate change research and
increase the international visibility of the Nordic research in global arenas. Therefore, it is
also beneficial to Norwegian climate change researchers to participate in these Nordic
activities. It isimportant that the research groups participating in joint Nordic research are
supported with sufficient national co-funding. Although the research collaboration at the
Nordic level is extensive, it is noteworthy that Nordic collaboration on research infrastructure
isrelatively poorly devel oped.

Norwegian scientists are actively participating in European collaboration, particularly though
European Commission projects. Solid, national long-term base-funding and sensible nationa
co-funding, e.g. for EC projects, are essential tools for a successful international research
collaboration. Norwegian researchers have a history of important international publishing
collaboration with many countries.

There is awillingness and motivation to collaborate internationally, and this includes
developing and emerging countries. However, the projects in the NORKLIMA programme
had only sporadic collaboration with developing countries, mainly supported by bi-lateral
projects. RCN and Norad should explore mechanisms to increase the funding for climate
research collaboration with developing countries.

There has been significant participation of Norwegian scientists in the international climate
science assessments of |PCC and the Arctic Climate Impact Assessments.

Relevance of Norwegian climate research

On the whole, the research units in the Norwegian climate landscape are addressing research
topics that are highly relevant for practitioners, programme planners, and policy-makers. To
ensure effective communication with these users, RCN and the research institutions should
provide sufficient support and guidance, and the research groups and individuals should
prioritise communication as part of the research process. With few exceptions the universities
and institutes lack professional communication expertise, and communication activities are
often still seen as voluntary even if they are part of the mandate.

There is agrowing need for the communication of scientific results, adapted to the audience
in question. Good communication requires an appropriate level of resources and forethought.
Dedicated funding of communication activities by the RCN should be seen as an integral part
of achieving research outcomes, rather than as a separate activity.

A Globa Framework for Climate Services (GFCS) has been established to promote climate
services around the world. KLIMA-21 proposed the establishment of a Norwegian National
Climate Service Centre (NCSC). With the broad range, unusual nature and high societal
importance of climate issuesin Norway, the Norwegian experience in the provision,
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development and application of climate servicesis likely to provide unique examples and
case-studiesin an international context.

Recommendations

RCN has played amajor role in stimulating Norwegian climate research, and research on
climate issues has been funded by many RCN programmes. NORKLIMA and IPY have
played an especially important role in funding dedicated climate research covering awide
range of scientific disciplines. However, NORKLIMA has been afunding programme rather
than aresearch programme with (so far) alack of adequate synthesis. On the other hand, as an
important component of a major international effort on polar research, IPY has been a
research programme with both national and international synthesis efforts. Energy and climate
issues are very closely connected, and it is important that RCN provide mechanisms to enable
energy and climate research to be mutually supportive, if financed through different RCN
programmes. Based on our evaluation, we make six major recommendations and provide
suggestions for how these might be implemented.

1. Establish aclear and coherent national strategy for climate research and its funding.

2. The Research Council of Norway should develop a new integrated long-term climate
research programme.

3. Build on strengths and develop capacitiesin areas where Norway currently lacks

sufficient scientific expertise.

Ensure societal relevance as well as inter- and transdisciplinarity in research.

Emphasise collaboration and cooperation as a basis for successful climate research.

6. Prioritise outreach and stakeholder interaction

o &
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1 Introduction

The evaluation of Norwegian climate research was initiated by the Research Council of
Norway (RCN) in the spring of 2011. As defined in its mandate, the objective of the
evaluation was “to assess Norwegian climate research in relation to research quality and
capacity, strategic focus, communication and interaction, and relevance to society, and ... to
make recommendations regarding particular areas where Norway has special interests and
needs but lacks sufficient capacity or expertise”. In general, the evaluation covers the period
2001 to 2010, but with more emphasis on the second part of this period.

The appointed international Evaluation Committee started its work in July 2011. In the
following sections, the evaluation process, the evaluation tasks and the main data sources are
presented.

1.1 The Evaluation Committee and the Evaluation Process

The Evauation Committee consisted of:

Thomas Rosswall, Professor emeritus, France (chair)

Michelle Colley, Senior Manager, ICF International, Canada

Bob Dickson, Professor emeritus, CEFAS Lowestoft Laboratory, UK

K atarina Eckerberg, Professor, Umed University, Sweden

Eigil Friis-Christensen, Professor emeritus, Technical University of Denmark,
Denmark

Joyeeta Gupta, Professor, VU University Amsterdam, The Netherlands
Gordon McBean, Professor, University of Western Ontario, Canada

Harold Mooney, Professor, Stanford University, USA

Sanna Sorvari, Dr, Finnish Meteorological Institute, Finland

Antje Klitkou at the Nordic Institute for Studies in Innovation, Research and Education
(NIFU) served as the secretary of the Evaluation Committee. Malin Lemberget Lund and
Camilla Schreiner coordinated the project on behalf of RCN, with supported from Gerill
Kristiansen and Herman Farbrot.

The Evaluation Committee had its first meeting in August 2011. As aresult of this meeting
the mandate of the evaluation was revised by RCN in October 2011 (Appendix 1.1). The
second meeting was in December 2011 and included hearings with a selection of research
ingtitutions. The final meeting was in March 2012. In between these meetings the Evaluation
Committee had severa virtual conferences.

Before the publication of the report was published, a draft version was sent to all of the
research units that participated in the evaluation for comments on factual matters.
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1.2 The Evaluation Tasks

The mandate for the evaluation included a definition of the climate research that was to be
covered by the evaluation:

“Climate research may be defined as research that is relevant in the long and short term, and
at the global, regional and local levels, for predicting climate change and the impacts of these
changes on the natural environment and society, and for identifying measures for adapting to
climate change and reducing greenhouse gas emissions.

For the purpose of this evaluation, climate research was divided into three thematic areas:

e The climate system and climate change: Research into climate variability and
change in order to improve capability in understanding climate and in projecting
climate change for different time scales with reduced uncertainty and increased
gpatial detail. Advances will provide climate information for decision making in a
national and international context. Focusison physical, chemical and biological
processes in the atmospheric, oceanic, terrestrial and cryospheric systemsthat are
relevant for the climate system.

e Impacts of, and adaptation to, climate change and variability: Insightsinto the
impacts of climate change and variability on the natural environment and society,
i.e. research into how species and ecosystems will be affected and how society will
be affected through changes in food production, water availability, health, etc.

e Ingtitutions and instruments for response to climate change: Research on nationa
and international climate policy, institutions (norms, principles, organisations,
strategies, measures and instruments) for reducing greenhouse gases and adapting
to climate change. Analysis of how societal relations at multiple levels of
governance need to change in order to deal with climate change. Thisincludes
issues related to economic growth and poverty reduction, migration, changesin
attitudes and behaviour of the population etc.

The above classification of thematic areas follows the classification by the Intergovernmental
Panel on Climate Change (IPCC), but leads to some overlaps and challenges. However, this
seemed to the evaluation committee to be the best of many choices.

The mandate also specified four topics to be addressed by the evaluation.

1. Research quality and capacity
Norway’ s contribution to advancing the research front;
The quality of Norwegian research groups in an international context;
Publication activity and scores on research quality indicators;
Basic and applied research, multi- and interdisciplinary research;
e Capacity related to recruitment, infrastructure, investment, etc.
2. Strategic focus and interaction
e Distribution of tasks, interaction and coordination between national instruments
for climate research, both within and outside of the Research Council (large-scale
programmes, action-oriented programmes, support for independent projects,
infrastructure, independent research institutes, centres under the Centres of
Excellence (SFF), Centres for Environment-friendly Energy Research (FME) and
other schemes, other centres, etc.);
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¢ Interaction between Norwegian and international instruments for climate research,
e.g. inthe Arctic Council countries, the Nordic countries and the EU.

3. Theplayersinvolved in climate research — participation, communication and cooperation

e National researcher cooperation and Norwegian participation in researcher
cooperation in bilateral, Nordic, European and global arenas,

e Interaction between national players, such as the Research Council, government
ministries, agencies, directorates and research groups. Relevant players that are not
mobilised,;

e Dissemination of knowledge to the public administration, industry players and
participants in society at large.

4. Relevanceto the challenges to society

e Relevance of research for Norwegian and international climate policy prioritiesin
light of what the evaluation committee views as key challengesin climate research
and knowledge needs of industry players and othersin society.

We considered these topics in our evaluation and our findings are presented in this report.
However, we did not have an opportunity to explore “Interaction among national players,
such as the Research Council, government ministries, agencies, directorates and research
groups’ asit relates to the interaction between relevant segments outside RCN and the
scientific community. In addition, we did not have the possibility of engaging with the private
sector (“industry players’). We were invited to hearings that RCN organised with government
ministries, the private sector and other stakeholdersin Oslo in March 2012, but unfortunately
we were not able to participate in those hearings.

1.3 Data Sources
The evaluation was based on a broad set of data sources.

In September 2011, RCN sent out an invitation to 140 research organisations to participate in
the evaluation by delivering background information on their climate research in fact sheets.
Theinvitation to deliver fact sheet information, the outline of the fact sheets and the
guidelines are included in the Appendices 1.2-1.4. A total of 78 research units delivered fact
sheets (Appendix 1.5). Most of the fact sheets came from university departments (44) and
research institutes (29). Four other institutions of higher education and a public agency
participated as well. The fact sheet information was analysed by the secretariat. The thematic
specialization of the research units was assessed based on this analysis and contributions of
the Evaluation Committee.

In October 2011, RCN invited 48 research units (26 university departments and 22 research
institutes) to deliver self-assessments and 37 research units responded. The self-assessment
form isincluded in Appendix 1.6. The self-assessment also included a selection of the 5-10
most important international scientific articles. The self-assessments and publication lists gave
the main background information for the interviews with the research units (hearings).

In November 2011, RCN invited all research units that had delivered self-assessments to
participate in hearings with the Evaluation Committee. In December 2011, the Evaluation
Committee had hearings with 39 research units or groups of different research units. The
structure of the hearings is summarised in Appendix 1.7. Members also interviewed the chairs
of the NORKLIMA Programme Steering Board and the Norwegian IPY Committee. The
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hearings and interviews were summarised by the members of the Evaluation Committee and
were amain information source for the evaluation report.

In January 2012, the chair of the Evaluation Committee participated in public dialogue
meetings organised by RCN with Norwegian climate research groups in Bergen, Oslo,
Tromsg and Trondheim. He summarised the experiences from these meetings so as to inform
the other members of the Evaluation Committee.

The secretariat performed a bibliometric study of Norwegian climate research and severa
social network analyses of project collaboration at the national and international level.*

The Evaluation Committee had access to anumber of policy documents? (Arbeiderpartiet at
al., 2008; Miljgverndepartementet, 2007; Norwegian Government, 2006, 20009;
Styringsgruppen for Klima21, 2010) and RCN reports relevant for assessing the political
framework conditions and priorities for Norwegian climate research (RCN, 2007, 20083,
2008b, 2008c, 2009a, 2009b, 2010, 2011b, 2011c, 2011e, 2011f, 2011Q).

RCN provided the Evaluation Committee with data on the funding of Norwegian climate
research, especialy with regard to RCN’s funding schemes, but also to funding under the 7"
European Framework Programmes (EU FP7).

1.4 Data Limitations

The information on research funding provided by the research units had certain limitations.
There were some differences between the total amount of funding resources for climate
research reported by RCN and by the research units. Some research units did not report all
funding for thefirst three years because their accounting system did not support such
statistics. In addition, many research units reported projects funded by RCN outside the
NORKLIMA programme as 100 per cent climate research, whereas RCN has weighted the
share of climate research for projects outside the NORKLIMA programme. Some of them
may still be 100 per cent climate research, but many are accounted for at alower level.

The bibliometric analysis of climate research was based on a selection of core journas and
keywords. This combination allowed a better coverage of the highly multidisciplinary
research field. However, the selection of keywords and core journals was essential. Whereas
the core journals were identified by RCN, the selection of keywords was based on the index
of the 4™ Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2007
ad).

In some cases, it was difficult to distinguish between the three themes that were to be covered
by this evaluation, and this also complicated the task of determining the breakdown of
funding. Many research units carry out climate research on more than one theme, and the
borders between the themes were not clear cut with regard to scientific disciplines. Thiswas
an issuein the analysis of the fact sheets (section 2.3), in the hearings (Appendices 1.2 and
1.4) and in the bibliometric analysis (section 2.2).

! The bibliometric analysis covered 2001-2010, whereas the fact sheets covered just the last five years and often
even less.

2 The chapter on policy documents cover documents issued in 2006-2010, with the exception of RCN where
documents from 2011 were included.
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We are certainly aware of the problems with making comparisons across disciplinary
publishing traditions. In particular, some of social sciences and humanities frequently publish
in journals and formats (e.g. books and book chapters) other than those covered by the IS
data base. Therefore, we urge the readers to interpret the comparative statistics in section 2.2
giving due consideration to this bias. An analysis of amore extended list of keywords
covering social science research on climate revealed that socia science articles are covered
very well in the bibliometric analysis. The differences between the social sciences and the
natural sciences can be explained by the different publishing traditions, not by the selection of
the sample of articlesincluded in the bibliometric analysis.

This evaluation does not cover all of the Norwegian research units that have been engaged in
climate research over the last ten years. Of the 140 invited research units only 78 research
units delivered fact sheets. However, we assess that the vast mgjority of the most active
research units are covered by this evaluation report.
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2 The Landscape of Norwegian Climate
Research

2.1 Thematic Specialization of Norwegian Climate Research
2.1.1 Theme1l The climate system and climate change

2111 Background

The Earth is a complex system and can be divided into different components (atmosphere,
biosphere, cryosphere, hydrosphere, lithosphere and recently a so the anthroposphere).
However, all of the components are strongly interlinked with many concurrent operating
processes on awide range of temporal and spatia scales. In addition, many natural processes
are self-organising, giving rise to a high degree of variety and complexity in the system. It is
not possible to understand the climate system by simply extrapolating one process or research
aspect from the single units of which they are composed. A different approach is needed — a
systems approach.

For the climate system, as for any system, the capacity to understand is predicated on the
capability to describe. The ability to predict in satisfactory manner is dependent on the
capacity to understand and in a scientific sense is a measure of that understanding. Intelligent
control or mitigation must be firmly based on an ability to predict. By carefully studying past
climate, the basic physical processes, modelling them, and validating the models by
observations, new climate knowledge can be achieved. Therefore, the climate research that
comes under Theme 1 is crucial for dealing with the research that comes under Theme 2, i.e.
concerning the impacts of and adaptation to climate change and variability, and Theme 3,
institutions and instruments for mitigation of and adaptation to climate change. On the other
hand, there are potential thresholds of change that exceed biospheric resilience and these will
need to be given specia focus within the Theme 1 activities. In addition, Theme 3 research
topics may call for specific investigations within Theme 1.

As concluded in the international evaluation of research on Earth Sciencesin Norway (RCN,
2011d), Norway has many strengths in the field of Earth Science, which have been devel oped
from a strong physical and natural science base. This appliesin particular to climate research.
Norwegian research on the climate system has along tradition, and over timeit has created a
broad knowledge base and sound competence in climate research. Long-term investments and
talented scientists have helped establish many Norwegian research groups as world leadersin
their fields and important playersin international climate research arenas. Compared to the
other Nordic countries, for example, Norway plays arelatively substantial rolein the
preparation of the IPCC reports (see Table 4.5.1).

Norwegian climate researchers and research groups are typically strong in the field of marine
research and oceanography, climate modelling, paleoclimatology, high latitude/polar research,
atmospheric sciences, etc. and in recent years the fields of integrating process studies,
modelling and theoretical work and system analyses have been added to this impressive list.
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19 research units conducting research under Theme 1 submitted fact sheets, and 17 of these
units were interviewed by the evaluation committee. The list of research units that indicated
they were performing research in Theme 1 includes: the Norwegian Computing Centre, the
Geological Survey of Norway (NGU), the Norwegian Meteorological Institute, the Bjerknes
Centre for Climate Research partners (UiB — the Geophysical Institute, UiB — the Uni
Bjerknes Centre, the Institute of Marine Research, the NERCS Nansen Centre), the
Norwegian Polar Institute, the NV E Research Group, UiB —the Dept. of Biology, UiB —the
Dept. of Earth Sciences, UiO — the Dept. of Geosciences, UNIS Biology, UNIS Geology,
CICERO, NILU, NTNU —the Dept. of Geography, UMB — IMT.

As reported in the fact sheets, the amount of RCN research funding under Theme 1 came to
about 56.5 MNOK in 2006 (18 per cent of the total RCN climate research funding) and 98.6
MNOK in 2010 (17 per cent). When Themes 1 and 2 and 1, 2 and 3 are included, the funding
amounted to 270.7 MNOK in 2006 (88 per cent of the total RCN climate research funding)
and that amount increased to 400.8 MNOK in 2010, i.e. aclear increase in the amount, but a
much lower percentage of the total funding (69 per cent).

The bibliometric results for Theme 1 are shown in Figure 2.2.3 and indicate that the research
has been widely distributed throughout all of Norway but with two regions, Bergen and Oslo,
dominating the picture when it comes to publication activity.

2112  Strategic focusand trends

Theme 1 has received stable basic funding over the last five years which has enabled
Norwegian research organisations to build competence around their research focus aress.
Many research groups have clearly identified their strategic focus areas, and they seem to be
in good accordance with competence and national strategic focus. However, especially for
small research groups, it is difficult to carry out long-term strategic research that demands a
longer funding perspective than the standard 3-year contract from RCN.

There are two regions where most Norwegian scientists related to Theme 1 are located,
namely Oslo and Bergen. The Oslo region comprises strong atmospheric research groups,
including the Met office, whereas the Bergen school in addition to the atmospheric research
plays a strong, internationally leading role in oceanography and paleoclimatology. RCN has
been instrumental in encouraging collaboration rather than competition regarding the limited
resources for climate research. Collaboration in the use of NORKLIMA funding through
RegCLIM, NorCLIM and currently EarthCLIM has been an important factor in the creation
and development of a suite of climate models, which form the essential competence at the
core of Norwegian climate research, and this collaborative effort seems poised to continue
with the further development of the Norwegian Earth System Model (NorESM) and the
establishment of a distributed National Climate Service Centre (Section 5.2). Because of the
dominant role of RCN in Norwegian research funding and the pre-eminence of NORKLIMA
asits primary long-term climate-funding programme, we can sketch out a reasonably
complete pattern of national collaboration in climate research solely based on the project
collaborationsin NORKLIMA (Section 4.1).

In a geographical sense thereisalarge but natural strategic focus on the Polar/Northern
regions (mainly northern Europe and Russia, including Svalbard and Greenland). Thisisthe
basic framework for studies in atmospheric and ocean climate processes as well as integration
of observations on Earth System modelling, past climate variability, and land surface
processes. The strong marine component incorporates operational oceanography, marine
microbiology, and chemical oceanography.
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Thetrend in climate research isinevitably connected to the available funding, which in recent
yearsis closely connected to the needs of society and to the political agenda aimed at
decreasing the emission of anthropogenic greenhouse gasses. By assessing the magnitude and
uncertainty of the various elements contributing to climate change, the IPCC provides a
strong guide-line for identifying research areas where additional research may have the largest
impact. Klima21, which adheres quite well to the IPCC results, was almost unanimously
recommended in the interviews as the preferred direction for future climate research activities
(see Section 3.1.3). Consistent with that is the fact that Norway, compared to the number of
climate scientists, has acquired arelatively high profile in writing the scientific chapters of the
IPCC reports measured in terms of lead authors and coordinating |ead authors (see Section
4.4). This complies very well with the increased focus on climate and Earth system models,
involving arelatively large number of Norwegian research groups and organisations.

The need for increased infrastructure for monitoring and observations as well as for
international cooperation has directed the Norwegian climate research to some extent and will
probably do so even more in the near future, in particular because of the continued large
uncertainty in the model projections.

2.1.1.3 Capacity: students, personnel, infrastructure, etc

According to the fact sheets, Theme 1 constitutes about 36 per cent of the research personnel
in Norwegian climate research, with 11 per cent and 9 per cent more in interdisciplinary
research when Themes 1, 2 and 1, 2, 3 are respectively taken together. When measured by the
number of researchers specialized in atheme, the largest research unitsin Theme 1 that we
interviewed were: the Norwegian Meteorological Institute (87 researchers), the University of
Bergen - Geophysical Institute (45 researchers), the Norwegian Polar Institute (28
researchers), the University of Oslo - Dept. of Geosciences (27 researchers), the Institute of
Marine Research (IMR) (22 researchers), the Geologica Survey of Norway (NGU) (16
researchers), the Centre for International Climate and Environmental Research — Oslo
(CICERO) (13 researchers) and UMB, IMT s section for geomatics (9 researchers).

Severa of the large ingtitutions like the Norwegian Meteorological Institute and the Institute
of Marine Research rely on alarge infrastructure which facilitates long-term research projects,
whereas some of the smaller groups need to cooperate in order to do research at a competitive
level.

2.1.1.4 Disciplinary strengths and weaknesses in the landscape

The climate projections of variability and change and the physical understanding of the
system are developed by means of climate system models. The climate system is complex
with so many interacting processes that projections are not possible without models. On the
other hand, it is not possible to model all the physical processes that are involved, in particular
because some of the processes take place on scales well below the grid-cell sizethat is
feasible for the available computer power. Furthermore, many of the small-scale processes,
for instance those related to the formation of clouds, which are one of the main constituents of
the radiative forcing in the aimosphere, need to be better understood before they can be fully
incorporated in the numerical models. Therefore some of the physical processes need to be
parameterized — a procedure that needs to be validated by real observations.

The Norwegian climate research community is well-suited for carrying out many of the tasks
necessary for this effort. It comprises a number of excellent groups that cover many of the
necessary disciplines without too much overlap. The Earth System Model (NorESM) isa
state-of-the-art enterprise combining various modelling efforts at different institutionsin
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Norway, and thisisatool that is not only providing a significant contribution to the next
IPCC report but that also seemsideal for testing the various physical processes by making
predictions that can then be tested by means of atmospheric, terrestrial, and marine
observations.

The Norwegian combination of disciplinary expertise in oceanography, paleoclimatology and
atmospheric scienceis an asset that Norway should be proud of . It should be used to improve
the capability of the models and to validate the models with new and improved oceanographic
observations, which have recently become possible and which have provided new, and in
some cases surprising results, that the models are not yet capable of explaining. Norway has
the necessary institutions and competence to make systematic observations of relevant
atmospheric and oceanographic parameters to compare them with model calculations and
thereby help quantify the uncertainty in the model predictions. This also illustrates the need to
include in climate research the excellent competence in statistical analysisthat is availablein
the scientific community at large, and which has also been applied, although perhaps not to
the extent that it might have been.

The increased consciousness of the importance of natural climate variations has entailed a
greater focus on past climate variations as atool for understanding current climate change. In
its scientific community, Norway has leading world experts in paleoclimatol ogy, so using the
Norwegian climate models in an attempt to simulate past climate variations may be further
pursued.

The strong focus of RCN on supporting al three themes of climate research in a concerted
way has obviously had some very valuable impact on the quality and extent of Norwegian
climate research at large. For Theme 1, however, the coherent approach may not have
attracted adequate attention to those aspects of the climate system that are currently not
explained by numerical climate models.

An increased focus on basic research with regard to physical processes in the climate system
as expressed in severa interviews could possibly improve the models significantly.

2.1.1.5 Attitudes. disciplinary, interdisciplinary, transdisciplinary, national-international
Norwegian climate research rests on a strong disciplinary tradition and competence.
Interdisciplinary efforts are necessary in climate science, and attempts by RCN to foster
interdisciplinarity by providing funding for specific calls have been made. The establishment
of RCN Centres of Excellence has proven to be a successful tool for building strong
disciplinary competence while simultaneously enhancing the interdisciplinary research
collaboration among research groups.

The establishment of the Bjerknes Centre for Climate Research — now approaching its 10"
Anniversary — obviously provides such an opportunity, for it has enjoyed success, although it
seems to suffer from lack of a co-location and from bureaucratic delays due to dependence on
three different institutions.

The strong competence in Norwegian climate research is also seen in the strong leadership
role that Norway plays in internationa collaborations. Among many new initiatives: 1)
following the decision of the World Climate Conference 3 in 2009 to establish a Global
Framework for Climate Services (GFCS), a Climate Services Partnership (CSP) was formed
at the 1st International Conference on Climate Services (ICCS) in October 2011 in which the
proposed Norwegian Climate Service Centre may play an important role; 2) over the past 4
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years and for the most part under Norwegian Chairmanship, the Arctic Ocean Sciences Board
(AOSB), now Marine WG, of the Internationa Arctic Science Committee (IASC) has

devel oped a series of reports on observing our Northern Seas during the International Polar

Y ear, and these will form the basis for observing polar seas during the ‘legacy Phase' of the
IPY; 3) in addition to the NERSC outreach initiatives in setting up a Nansen-Zhu Centre in
Beijing and the Nansen-Tutu Centre in Cape Town in 2010, and 4) important Norwegian
influence in the leadership (Vice-Chair) of the Intergovernmental Oceanographic Commission
(10C) for 2011-13.

2.1.1.6 Futuredirections

For the research groups evaluated, the main motivation is to better understand the physical
processes of the complex climate system. During the last decade, Norway has invested major
resources in the research field and important results have been achieved. This has given
Norway a prominent international position, in particular in relation to the IPCC. The building
and developing of Norwegian climate and Earth system models and the devel opment of
climate services gives Norway a unique opportunity as a nation to tackle climate change
related challenges.

Although the expressed political needs regarding science results primarily relate to the impact
of anthropogenic greenhouse gasses, there is also aneed for increased research on the impact
of human activity on land cover and land-use change, especially in relation to the albedo and
the biogeochemical and hydrological cycles. Furthermore, a good understanding of the
climate system cannot be reached without a dedicated effort to understand the contribution to
climate change from natural climate processes. The geological history very clearly documents
astrong climate forcing associated with solar variability, although the exact mechanism has
not been identified. This should call for a coherent international effort, but surprisingly, the
worldwide scientific effort to increase our understanding of the natural variationsis very
limited, and thisis most probably related to the limited funding available for basic, not
agenda-driven research. Therefore, in addition to implementing the recommendations of
Klima21, this committee recommends an increased effort in research on the natural causes of
climate change, in particular the activity variations of the sun, the mechanism of cloud
formation, and the multi-decadal variations in ocean current systems.

2.1.1.7 Summary of key findings

Largely funded by RCN, Norway has developed internationally recognised top competency in
many of the scientific disciplines that are necessary for understanding current climate and its
development. In particular, the numerical comprehensive climate and Earth system models are
highly regarded. Less effort has been devoted to studying and explaining the natural causes of
climate change because these have been regarded as having arelatively minor impact on the
climate system and global temperature compared with the effect of man-made greenhouse
gasses. In setting priorities, Norwegian climate research is in harmony with the mainstream of
international climate science, but, taking into account the strong competenciesin awide
spectrum of disciplines, an increased effort to understand the basic natural climate processes
could be advantageous for Norwegian climate research.

2.1.2 Theme2 Impacts of, and adaptation to, climate change and variability
2.1.2.1 Background

The great bulk of climate change science over the past decades has focused on accumulating
evidence that climate change is indeed impacting biological systems, and the fourth IPCC
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Assessment Report (IPCC, 2007a) concluded that “Observational evidencefrom all continents
and most oceans shows that many natural systems are being affected by regiona climate
changes, particularly temperature increases’.

Focusing specifically on high latitudes, an international effort produced areport on “The
Impacts of aWarming Arctic” (ACIA, 2006) which concluded that “annual average Arctic
temperature has increased at amost twice the rate as that of the rest of the world over the past
few decades..”. This study embraced the Subarctic in its analysis. The study concluded with
the reminder that not only was there impressive climate warming but also, “ The increasingly
rapid rate of recent climate change poses new challenges to the resilience of Arctic life. In
addition to the impacts of climate change, many other stresses often brought about by human
activities are simultaneoudly affecting lifein the Arctic, including air and water
contamination, overfishing, increasing levels of ultraviolet radiation due to ozone depletion,
habitat alteration and pollution due to resource extraction, and increasing pressure on land and
resources related to the growing human population in the region. The sum of these factors
threatensto overwhelm the adaptive capacity of arctic populations and ecosystems’
(highlight added).

Most recently, there has been amassive international study to enrich the basic understanding
of the natural and physical characteristics of Polar Regions. Norwegian scientists were heavily
involved in this International Polar Y ear (IPY) (Orheim and Ulstein, 2011) as they have been
in the studies noted above. The studies specifically directed at global change in biotic systems
focused mainly on the impacts of global warming. One study, “Community Adaptation and
Vulnerability in the Arctic Regions” or CAVIAR did however focus on human populations.
Its results reiterated the conclusions of ACIA and noted, “ The research findings indicate that
climate change is not necessarily the greatest challenge that communities in northern Norway
and northeast Russia need to deal with. It is the interactions between social, political and
economic factors, and the fact that their impacts are intensified by climate change, that
together require adaptability and determine how vulnerable communities are” (Hovelsrud,
2011). A similar contribution to impacts on human populations and adaptation in the
CAVIAR study was devoted to reindeer husbandry and the adaptation of human populations
from the ice age to the present.

In sum, there has been a considerable recent investment in research on the Arctic in the larger
sense. The great bulk of the climate change research has focused on the drivers of the climate
system and on evidence that the climate is changing and that it is having wide-spread impacts
on geophysical processes aswell as on biotic systems. The scientists from Polar Regions have
had along history of international collaboration in science, and this has increased in recent
times. Norwegian scientists have played an important role in all of the activities noted above.

This section, Theme 2, focuses on impacts and adaptation. From the above reports it appears
that most work to date has focused on impacts rather than on adaptation. We examine these
issuesin more detail below for a number of specific Norwegian research entities. In this
section, we a'so introduce a further element of analysis. The documented increasing losses of
biotic diversity stimulated an international assessment of the consequences of these lossesin
terms of the capacity of ecosystems to provide benefits to human well-being; the Millennium
Ecosystem Assessment (MA, 2005). The connection is that the functioning of natural and
managed ecosystems, results in benefits to society such asfood and fibre, as well as erosion
control, water purification, climate and disease regulation as well as cultural services relating
to wilderness, including recreation. The MA concluded that the capacity of ecosystemsto
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deliver services had been considerably degraded over the past 50 years. Ecosystem services
are thus an important metric to assess because they provide information not only about the
impacts of climate change on biotic systems but a so information on the consequences of any
mitigation or adaptation strategy in dealing with climate change. Any given area can be
viewed as providing abundle of servicesto society. In viewing the full bundle, assessments
can be made about which services will be gained and which will belost in the production of
biofuels, for example. Many services can be valued economically to aid in such decisions.
However, the overview of our sample of research units doing impact and adaptation research
indicates that virtually nothing is being done in this research areain these units, although it
was mentioned as a possible future direction in one unit.

In the following we sketch how a group of Norwegian research programs is addressing the
impacts and adaptation to current and projected climate change. These have been reviewed
and evaluated in a number of contexts. Most recently, there has been an overview of al
Norwegian research in biology, medicine and health (RCN, 2011b,) which looked at the broad
sweep of their capacity and accomplishmentsin these research areas. The present review
covers many of the same units, but with a specific focus on climate change. The units covered
in this section’s analysis represent a broad range of foci: some are very small units and others
are extensive in all dimensions. They range from government institutes to university
departments, from an applied to a basic science focus, from marine to terrestrial research, and
derive from arange of disciplinary foci —in the physical, natural and social sciences. We ask
what their main focusis as a unit and how this relates to the study of the impacts of climate
change and research on approaches to mitigating and adapting to climate change. What
capacity do they have to accomplish their goals, how productive have they been and how is
their work viewed by others, both nationally and internationally? We look at outreach and
relevance of their work and their future plans.

Aswill be noted, the research entities that we investigate in relation to climate-change
research are predominately working on impacts and to a very much lesser degree on
mitigation and adaptation. No doubt thisis due to the historical foci of ecological and
production research groups that have centred their work in their study of
organism/environment interactions on the prime controlling determinant — climate. Thus,
climate change impact work is an extension in focus rather than a shift to anew goal. By
contrast, mitigation and to a certain extent adaptation research in natural systems, isto alarge
degree anew direction. Thisimbalance is hidden to a certain degree by lumping units that are
doing research in any one of these areas into a basket called impact (climate effects) and
adaptations as described in Section 1.2. of this report. However, when looking at the actual
content of the research proposals awarded to NORKLIMA, for example (data not shown),
thereisvery little research on adaptation and mitigation of natural and managed ecosystems,
but extensive support for impacts. The current overall RCN research support agendais
augmenting attention to this area across a broad spectrum including agriculture, aquaculture
and nature management and also including basic biological adaptive processes such as genetic
adaptation (e.g. Bioforsk, UiO, NIVA). Furthermore, there are programmes in agricultural
mitigation strategies to reduce greenhouse gas emissions. However, these biotic adaptation
and mitigation research efforts only constitute arather small fraction of the total research
support of RCN. No doubt there will be a shift in research emphasisin the future as data
accumulate showing the increasing impacts on the distribution and performance of organisms
from climate change. The questions about how to mitigate and adapt will become central. The
research on the societal adaptive responsesto changeis discussed in Section 2.1.3in this
report.
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2.1.2.2 Strategic foci of the groups dealing with climate impacts and adaptation

The sample groups from Theme 2 include those units dealing only with impacts (or adaptation
and mitigation) as well as some having an overlap with the climate system as well as with
socia responses (Figure 2.2.4). Thisis avery heterogeneous group. It includes government
research laboratories or institutes, national research facilities and university research
departments. The institutes cover abroad range of sectors, including production (crops and
forests), terrestrial and marine natural systems and monitoring. They include the Norwegian
Water Resources and Energy Directorate, the Norwegian Institute for Nature Research
(NINA), the Norwegian Institute for Agricultural and Environmental Research, the Institute
for Marine Research, the Norwegian Forest and Landscape Institute, and the Norwegian Polar
Institute, as well as national (and international) facilities such as the Centre for Plant Research
in Controlled Climate, University Centre in Svalbard, the Norwegian Polar Institute and a
range of university departments spread throughout the country from Subpolar to Polar
regions. Collectively, they cover most of the ecosystems in the country, with some doing only
monitoring, but most are research-based and some are entirely so, particularly the institutes,
as well as those with teaching and research missions such as the university departments. They
differ considerably in the amount of effort they devote to climate change research.

2.1.2.3 Capacity: strengths and weaknesses

Do the research units have the capacity to fulfil their potential for climate-change impact and
adaptation research? Climate change research in the area of impacts and adaptation calls upon
science that isin part well-developed, such asimpact research, but it is also directed toward
areas that do not have established protocols, such as adaptation (or mitigation), where new
approaches are needed. This has implications for the capacity of the research units to meet
the challenges of the future. Some of the units have very small staffs and have neither the
means, nor the attractionsto recruit new staff. Some of the institutes are mandated to provide
basic accounting of natural resource delivery in the country and have limited potential for
growth. Strategically then, theissue is how build capacity in the neglected areas of climate
change research. In order to build further capacity in the weak areas, there must either be
some redirection within the current talent pool or the means for additional recruitment to fulfil
these needs. The basic complaint of many of the unitsisthat it is hard to recruit on the basis
of new money that istied to short-term goals, but it is clear that adaptation (and mitigation)
will be aresearch area of increasing importance in the years ahead, particularly in northern
regions. Although, as noted, there is existing activity in the social dimensions of adaptation
research, thereislittle activity in the natural and managed systems concerning the use of
vegetative feedback to the climate system as well as investigation of the capacity of different
species and populations to adapt in place to climate change or their capacity for dispersal to
new, more favourable habitats. Some of the forestry researchers think that there is enough
variability in the tree crop species under long-term study so that adding new species to the
mix will not be necessary in order to adapt the industry to a changing climate. In summary,
the breadth and capacity of the research units that exist at present to document the impacts of
the climate change that is already occurring are quite strong. What needs more attention is
increasing the capacity to meet the climate change challenges of the near future, i.e.
adaptation. Thisis also the conclusion of the Climate Impact Research for a Larger Europe
report (CIRCLE, 2008). The new controlled growth facility (Centre for Plant Research in
Controlled Climate) should be a big plus in obtaining datafor model development of climate
change impacts.

For mitigation (see Section 2.1.3 for socia responses), the main work being done by natural
scientists within Theme 2 is on biofuels, which is agrowing element in forestry research.
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There appears to be little climate modification scheme research, either by working with
technology, or by natural land surface modification.

2124 Status

As noted in the self-evaluations of the research output, most of the research unitsin the
climate impact research area produce work of very high quality and of importance to the
international climate change research community. Naturally, thisis due to the high calibre of
the scientists involved, but also the unique facilities that are located in crucial locations for
climate change research, where climatic change effects are most notable and where the
impacts on habitat types related to permafrost and sea ice are noteworthy. Furthermore, many
of the groups have a deep tradition in population studies on major plant types and animal
species. This capacity and tradition have meant that they had the foundation for quantifying
the impacts of climate change on the distribution of organisms. One of many examples that
can be noted is the work carried out in the past by the University of Oslo, where fundamental
work on genetic and population responses (terrestrial and marine) to climate has resulted in
many high profile publications. One of the most highly cited papers in climate change
research by Norwegian scientists resulted from work led by the leader of this group.

Furthermore, Norwegian scientists have had a history of doing experimentsin the field that
provided information for predicting future impacts. The universities, more than institutes,
have predominated by far in the quantity of impact research as noted in Figure 2.2.4. The
abundant research in the climate effects area has had a high impact factor (Figure 2.2.7).

2125 Futuredirections

Collectively the Theme 2 research units have ambitious and important strategic plans for
future research. For the universitiesin particular, realizing these plans will depend on the
nature of the calls for proposals and the success of these unitsin getting awards. A flavour of
some of the areas that the various research groups would like to pursue can be characterised
by the following elements. more research on adaptation and mitigation, exploration of the
feasibility of new crops, more work on bio-energy and carbon sequestration (and their
ecosystem impacts), improving the dialogue with decision-makers, upgrading field facilities,
establishing proposed monitoring systems, improving the capacity for model development of
ecosystem responses to climate change, and devel oping ecosystem-service research projects.
All of these are important goals.

2.1.2.6 Summary of key findings

Norway has diverse, extensive, and successful research on the impacts of climate change on
its natural resource base. High quality research is being pursued in some of the most critical
“hot spots” of climate change. However, the Norwegian climate change research effort could
certainly profit from improvement. As noted above, the greatest gap in research is substantial
work on adaptation, and any work on ecosystem services. Opportunities to expand monitoring
capacity are planned, but need to be realised and can be tied in part to monitoring the changes
in the capacity of biotic systems to continue to deliver crucial ecosystem services.

The challenge for the future is to continue to support those areas where there is already
considerable strength, but also to find away to identify the critical gaps and to provide the
means to fill them. One possibility isto host an annual or biannual meeting to stimulate the
climate change research units to work together to identify research needs and strategies for
meeting these needs. Thiswould also serve to develop a more integrated national research
programme for climate change in Norway, and to some extent would call upon the research
community itself to provide input with regard to setting prioritiesin the calls for proposals.

26



Furthermore, as noted previously, there needs to be a mechanism to aign climate change
research more closely with research on other global changes that are occurring and that may
either mitigate or exacerbate the impacts of climate change alone.

2.1.3 Theme 3 Institutions and instruments for response to climate change

2.1.3.1 Background

While the natural scientists working on system Earth have been dealing with issues related to
climate change for decades, if not in limited number for more than a century (see Section
2.1.2), socia scientists have only much more recently turned their attention to climate change
research and to the institutions and instruments needed to deal with the problem of climate
change. There are two reasons for this: climate scienceis not intrinsically a part of the social
science agenda, and funding for climate-change-related social science has only emerged in
recent years. As aresult, social scientists and social science research face adual challenge: if
funding stops they return to their core research areas, and since funding is limited, they often
do not have the critical mass to make a difference, so when countries decide to focus
resources in their key research areas, social scienceisthe areathat gets marginalized. This
general experienceis aso something we witnessed during our analysis of the socia science
climate change landscape in Norway.

The components of social science research in relation to climate change and in particular,
Theme 3, include arange of issues dealing with understanding the anthropogenic drivers of
climate change and how these can be addressed as well as the impacts of climate change and
how societies can cope with these impacts. These driversinclude not only an understanding of
the sectors that emit greenhouse gases, but how sectoral emissions are embedded into our
production and consumption patterns, and in our definition of how societies develop (e.g. the
development paradigm), our ideologies (e.g. neo-liberalism), and our units for defining
development (e.g. GDP; HDI). In assessing response strategies, we need to understand
technological options, the socio-cultural and psychological issues that influence behaviour,
and the options for dealing with this from the local up to the global level. This not only
requires social science research, but also closer collaboration between social scientists and
natural scientistsin understanding how the Earth system actually functions. Research on
climate change in the socia science field in Norway is of high quality but very marginal in
quantity. Eleven groups are active in the field®; broadly speaking this includes Statistics
Norway (SSB) on statistics applied to energy and climate economics and the Frisch Centre on
climate economics, the Centre for International Climate and Environmental Research
(CICERO) on economics and politics with some sociology, geography and anthropology, the
Fridtjof Nansen Institute (FNI) on politics, the University of Oslo (UiO)/Dept. of Sociology
and Human Geography (SHG) on vulnerability, adaptation and transformation, UiO/Natural
Resources Law Group (NRL) on national and international legal issues, the Norwegian
University of Life Sciences (UMB)/Dept. of Ecology and Natural Resource Management
(INA) on forestry and agriculture, UMB/Dept. of International Environment and
Development Studies (NORAGRIC) on climate and development, the Institute of Transport
Economics (TQI) on transport economics and policy, Sami University College (SUC)
together with the International Centre for Reindeer Husbandry (ICR) on indigenous peoples,
and the Western Norway Research Institute (WNRI) on tourism and consumption patterns.

% The NIBR and groups at NTNU in Trondheim are also active but not covered as they did not participate in the
process. Possibly there are other groups as well, but they have not been covered by the eval uation process.
Nevertheless, the groups mentioned here have been the most active in Theme 3.
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Theme 3 constitutes about 10 per cent of the research personnel in Norwegian climate
research, and afew per cent more in interdisciplinary research when Themes 2 and 3 are taken
together. Asfurther described in Section 2.3 (Figure 2.3.10), the amount of RCN research
funding to Theme 3 was about 38 MNOK in 2009 (12 per cent of the total RCN climate
research funding) and 51 MNOK in 2010 (14 per cent). In terms of publications, only about
700 of thetotal of 6,450 climate-related publications with Norwegian co-authorsin IS
journals came from the socia sciences (Appendix 2.2.4). This does not include socia science
journalsthat are traditionally not part of the ISI system — e.g. law journals. Furthermore, there
were very low numbers of social science research publicationstill around 2006, when the
numbers started to increase (Appendix 2.2.4). The institutions and instruments theme provides
about 7.6 per cent of the total number of papers (Figure 2.2.2). It does not do as well as the
other areas in terms of citation rates, but has improved to a higher level in recent years (see
Figure 2.2.6) (see Chapter 2.2).

2.1.3.2 Strategic focus and trends

Therelatively low funding for social science research in climate research in general has
entailed that few groups have a strategic research plan that they can execute. In addition, the
relatively low funding for free research money entails that researchers cannot develop an
independent strategy and then seek resources. At the same time, our experience within
research panels shows that free interdisciplinary research money is relatively more difficult to
acquire for social scientists because the evaluation system often promotes technol ogical and
natural science aspects of climate research in cases where social scientists are in aminority in
the review panels. Still, it should be emphasised that several socia science groups have
benefited from available funding in the former FRIMUF (Free (interdisciplinary) research on
environment and development, which merged with FRISAM in 2011).

The dependence on funding entails that their research tends to move to where the money isif
thereisafit with disciplinary expertise (T@I, UiO/NRL, FNI). In recent years, NORKLIMA
has allocated 30% of its budget to social science research (see Table 3.3.1), but it was seen as
being largely geared towards adaptation and inadequately covering mitigation. Research on
socia scienceissues within IPY was also very limited (see Section 2.3.1).

The dependence on funding also entails that research institutes find it difficult to prioritise
work in international epistemic communities such as IPCC — since there are no dedicated
resources for this, and there is no narrow academic value in terms of Impact Factor
evauations (FNI, UiO/SHG). However, there are five convening and lead authorsin WG 11
of IPCC AR5, and that isimpressive for asmall country (Table 4.5.1). Some of the
researchers felt that they did not wish to participate in IPCC despite invitations because of the
way such work is evaluated by the academic community.

In terms of coverage, there is a greater focus on local to national issues such as climate
change, consumption and tourism issues (WNRI); energy and climate economics (SSB),
transport economics and policy in Norway (T@I1), and relevant climate policy (FNI).

There is some focus on European issues such as climate change multi-level governance and
the effectiveness of instruments and transport economics within the European Union.

At the global level, there iswork on climate negotiations and links with other negotiations
(CICERO), palicy instruments, institutional design and effectiveness of climate governance
(CICERO), comparative implementation. multi-level governance (FNI), REDD related forest
research (UMB/NORAGRIC and UMB/INA), evaluation of economic instruments and
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technological issues (Frisch and CICERO), and the relationship between climate and security
(UiO/ISHG).

2.1.3.3 Capacity: students, personnel, infrastructure, etc.

Some of these groups are quite substantial and have critical mass on their own. Others are
small, but in collaboration with related groups acquire critical mass. Still others are very small
and vulnerable. Groups with critical mass are SSB (with ca. 20 people), which has core
funding for basic research and close links with policymakers, UMB/NORAGRIC, which has
successfully raised resourcesin recent years (with 10 senior staff and 5 PhD students).
CICERO and FNI are stable research groups. Statistics Norway (SSB) has critical mass
because of the mutual support of the two departments working there on climate change,
namely climate economics and energy economics, funded primarily from project money.
However, their core funding is focused on social issues. Onethird of Frisch’s budget is spent
on climate change and energy, but their work in thisfield is funding-driven. If the funds dry
up, they have no independent source of resources to allow them to continue the work. A
smaller group at WNRI claimsto have a critical mass. The university groups — on social
geography, law (2-3 senior staff) and the Sami University College have low critical mass
because of very limited core funding and limited success in raising resources, even though
they have acquired scientific reputations.

One can distinguish between university groups that publish well and have good academic
reputations but are very small and research institutes that are larger, more stable and better
ableto function in the research market. For the university groups, akey chalengeisraising
the resources for PhDs and post-docs and offering a tenure track to qualified young people.
The RCN might also consider communicating with universities to request them to direct some
of their core funding to new priorities, e.g. those related to climate change (UiO/SHG). The
interviewees aso claimed that this has to do with the way the research calls are designed,
where they (a) see social science needs from the perspective of the natural sciences
(UiO/geography), (b) keep a strong Norwegian focus (FNI), and (c) have little space and
resources for new and creative research lines.

In terms of students, some of the groups have no students and some have recently established
aMaster’s programme that is relevant (UiO/NRL has anew Master’s programme). There are
increasingly more young people being educated in climate change socia science, so the
potential for hiring qualified people will increase in the future.

Although social scientists do not often need much infrastructure, those analysing quantitative
data may need considerable computing facilities, and those working with qualitative methods
often need resources for field work and data collection. In addition, resources for reviews and
communication activities are important because social scientists are frequently called upon by
government commissions and asked to comment in the debate, and this work is often
underfunded (see also Section 5.2).

2.1.3.4 Disciplinary strengths and weaknessesin the Norwegian research landscape
The background documents and the literature reveal some general conclusions: (a) some
disciplines are dominant — e.g. economics/statistics; (b) some disciplines are strong — e.g.
political science; (c) some disciplines are very marginally involved — e.g. human geography,
law, development studies; and (d) some disciplines are inadequately covered — e.g.
anthropology, humanities, history, sociology. Many of the groups focus much more on the
local and national levels; very few focus on the European and global levels.
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2.1.3.5 Disciplinary approaches
This section focuses on disciplinary approaches used by the social scientists in the climate
changefield.

Severa of the groups are primarily mono-disciplinary in nature. Frisch and SSB are focused
primarily on economics and collaboration between different economic theories and models.
FNI works primarily in the political science field, UiIO/NRL focuses on environmental and
energy law and UiO/SHG focuses on human geography.

Some adopt a multidisciplinary approach. Either they depend on severa disciplines within
their own staff, or they try to complement their knowledge with researchers from other
disciplines elsewhere. SSB seeks complementary work from other institutes (e.g. CICERO,
engineers) whereas UiO/NRL collaborates with other Faculties on MILEN. The University of
Oslo, FNI and CICERO have a CICEP Centre for Environment Friendly Energy with
substantial funding from RCN. UMB/INA focuses on forestry through the forest technology,
economics, civil culture, resource economics, biology and nature conservation traditionsin
developing countries; though they have a broad foundation, they do not have atruly
interdisciplinary approach. Despite its name, the Institute of Transport Economics (TQI) is
highly multidisciplinary with some 60 per cent of its staff being non-economists who provide
insights from sociology, political science, geography and engineering when exploring the
efficiency of various greenhouse gas mitigation measures.

A minority embrace interdisciplinary work within the social sciences aswell as across to
natural sciences (CICERO) or with other engineers and technology experts (Western Norway
Research Institute; TIO). SSB, Frisch, the Institute for Energy Technology, SINTEF Energy
and groups at University of Oslo have together established CREE, a RCN funded Centre for
Environment-friendly Energy, for renewable energy issues. Despite being very small player in
the climate research field, SGmi University College (SUC) together with International Centre
for Reindeer Husbandry (ICR) have made efforts to bridge the gap between the humanities
and the climate sciences. UMB/NORAGRIC also apply interdisciplinary approaches between
the natural and social sciences, linking across scales.

For CICERO, the interdisciplinarity within the institute encourages them to do
interdisciplinary work within the institute, and to engage in cooperation with other research
institutions. However, interdisciplinary work within the institute is sometimes hampered by
the fact that many funding instruments favour collaboration among different research
institutes.

Both WNRI and CICERO attempt transdisciplinary work, going sometimes as far as action
research, i.e. areflective process of solving collective problems using participatory research
methods.

2.1.3.6 Futuredirections
This section anal yses the gaps perceived by the research groups and those that we perceived
ourselves.

First some of the research institutions highlighted the lack of an integrated approach to
climate change. For example, there is no promotion of national integrated transport research
and policy (T4@l), no real research on climate change in terms of the broader framework of
sustainable development from the local up to the global level, no debate on the concept of
(negative) economic growth (WNRI), and very little research on the role of marginalized
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communities such as the S&mi people (Sami University College). Thereistoo much focus on
framing climate change in terms of a nationalistic, parochial definition of climate change
research (FNI). There is also poor integration among the science, the impacts and the
mitigation issues.

Second, the framing of social science research on climate change is seen as largely supportive
of the natural sciences (UIO/SHG), or as arelatively lessimportant issue, and thereislittle
emphasis on the need for continued data collection.

Third, the compl ete dependence on the 30% funding from NORKLIMA for socia science
climate-related research makes the research more vulnerable. Thereis hardly any core funding
available for devotion to climate change research in any of the institutes spoken to. Thisaso
impliesthat if the social sciences cannot capture a niche market in the global research arena
this may lead to a situation where less research resources go to the social sciencesin the
future, leading to avicious cycle.

Fourth, the need for creative, risky, critical thinking is not being encouraged (WNRI). Finally,
to the extent that Norwegian social science researchers are nominated and sel ected to
participate in international epistemic communities, there needs to be funding for these
scholars, and there should be recognition for the scientific value of such work. Thisis further
discussed in Section 5.1.

Fifth, the global challenge of climate change refers not just to the problem, but also to our
inability as agloba community to sit down and set legally binding targets and timetables to
address the problem at a speed that will enable us to minimize its worst effects. This means
that we need more research on issues related to the architecture of global governance as well
as a greater understanding of how we can modify our definitions of development, our criteria
for modifying growth, and our incentives in society to achieve a green economy. These issues
are central to the forthcoming discussions in Rio de Janeiro during the UN Summit on
Sustainable Development in 2012 and are bound to set a research agendain this direction.
Furthermore, given that the climate change problem is serious and the impacts are
increasingly being felt, there needs to be much more adaptation research to support global
efforts to help the poorest and most vulnerable to adapt.

From our perspective, we believe that in addition to the above points, thereis an imbalance in
the investment in social and natural science research work on climate change. We miss the
development of climate research in the humanities. Thereis very limited research being done
on the issues of global politics and equity/devel opment and on the role of indigenous peoples
in general. Thereisaso limited research on public opinion on climate change, on how this
problem should be resolved and on the factors shaping consumer and producer behaviour, and
thereisarelative lack of systems perspectives and analyses of coupled social and ecological
systems and innovation analysis. Thereis limited funding for research bridging natural and
social systems and for promoting inter- and transdisciplinarity. There is a need to broaden the
narrow focus on Norway to be able to make most research globally relevant science.

2.1.3.7 Summary of key findings

We draw three conclusions. First, athough the Norwegian social science Theme 3 research is
relatively small, it is very influential. Thisis evidenced by the success of Norwegian scientists
in securing funding from European sources, and by the fact that Norwegian scholars are
invited to participate in IPCC. Peer reviewed publications are increasing.
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Second, there is an important issue of capacity and critical mass. Scholarsin thisfield use
core funding for other research. This makes their climate research dependent on climate
related research funds. The recent funding to this sector has improved their capacity to
produce; but should the funding dry up it will have implications for the survival of these
research groups. This also affects their ability to participate in IPCC-type activities. Even if
thiswork isinternally peer reviewed within IPCC, it is not accounted for in individual
research assessment procedures, nor isit funded, and many potential IPCC writers have said
that they cannot afford to participate in this process. The dependence on external funding also
leads to short-term projects rather than long-term thinking about devising a research strategy.
Thisisfurther exacerbated by the number of specific as opposed to open calls. It isvery
important that the Theme 3 research not be reduced to an instrumental vision of how to
address the various drivers of climate change, but that space be allowed for critical and
innovative thinking as well.

Third, the research arenais fragmented into small projects and a diversity of funders. Thereis
no attempt to collate this material into a meta-analysis that adds up to more than the sum of
theindividual projects. This also means that there are limited opportunities to reflect on the
big picture issues — the architecture of climate governance from local to global levels, and
how best to create a green, sustainable and equitable society, also from local to global levels.

2.1.4 Integration across all themes

2.1.4.1 Background

Asdiscussed in Sections 2.1.1, 2.1.2 and 2.1.3, the climate system is complex and requires an
integrated, comprehensive approach in order to understand it, see whereit is going and
understand its interactions with and impacts on all of the components of the global Earth
system, including people, and the ways in which actions or lack of actions by people will
make a difference. There are strengthsin al the components of climate science in Norway,
and these have been evaluated. In this section, the focusis on how these many research
initiatives and projects are integrated or, in a sense, how the sum as a whole compares with
the pieces. The 78 institutes or research groups that delivered fact sheets identified the theme
areas that they considered to be the principal focus of their climate science. In the hearings,
eight research units participated in Theme 1, seven in Theme 2, and seven in Theme 3. Seven
units were across Themes 1 and 2 and six across Themes 2 and 3. Six units that were
interviewed identified themselves as being across all 3 themes. These were: the Centre for
International Climate and Environmental Research — Oslo (CICERO), the Norwegian Institute
for Air Research (NILU), and the Norwegian University of Life Sciences (UMB), Dept. of
Mathematical Sciences and Technology (IMT), including the section for geomatics, two
groups in the section for construction and environmental technology, and the section for
natural sciences. Two other research units, the University of Bergen, Dept. of Geography, and
the Norwegian University of Science and Technology (NTNU), Faculty of Social Sciences
and Technology Management, Dept. of Geography were also in the category, but they were
not part of the interview process.

These groups are assessed in terms of their theme-specific research in Sections 2.1.1, 2.1.2
and 2.1.3. As noted there, Norwegian climate research on the climate system has created a
broad knowledge base and competence in climate research so that many Norwegian research
groups are world leaders and important playersin international climate research arenas, as
demonstrated by their strong role in the IPCC and other assessments (see 4.5).
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2.1.4.2 Strategic focus and trends

The climate system, its variations and changes, and the local, national and international
responses are very complex. Much of scientific research has traditionally been donein a
disciplinary approach — based, for example, on physics, chemistry, biology, geography,
sociology, economics, political science, various fields of engineering and law. Understanding
and responding to environmental issues, such as climate change, requires an integration of
knowledge and the cross-disciplinary analyses of issues and responses. Thisisstill a
challenge. This section looks at the integration across themes as defined in this review.

As noted above, only 6 of the 39 groups interviewed were, by their self-assessment,
undertaking research across al themes. However, based on the information provided, some
other groups could also been included, and the full scope of coverage of the 6 groups may not
aways be across all themes. One group, CICERO, was established in 1990 in recognition of
the broad areas of research related to climate and environmental issues, as laid out in the
Report: WCED: Our common future (1987). The CICERO report notes that their “research
spans many disciplines and research traditions (atmospheric chemistry and physics, political
science, economy, social anthropology, human geography and sociology) across natural and
socia sciences. Most of our natural scientists work in the core of their disciplines, while our
social science researchers mainly conduct applied research according to CICERO’ s mandate,
i.e. on impacts of, and adaptation to, climate change (CC), and curbing of climate emissions.”
Their research is highly rated in external reviews and they have several researchers who have
been or are currently acting as Coordinating Lead Author or Lead Author for the IPCC
Working Group | and Il reports.

The political science programme at CICERO follows and analyses international climate
negotiations and work with the Department of Political Science at UiO. The CICERO
strategic plan for 2009-2014 identified priorities for: climate system and international
agreements, the reduction of emissions and costs (including political feasibility and
opportunities for political action), and the impacts of climate change on society. These seem
fully appropriate for an institute mostly focused on the policies related to climate change.

NILU has been traditionally strong in research on atmospheric composition change, air
quality and toxic substances. Its strategic goal isto be recognized as highly competent in all
scientific disciplines relevant to meeting the mandate outlined in the institute statutes. With
changing global agendas, climate-related integrated assessment and impact assessment, which
are less traditional research topics for NILU, are also being developed. NILU has a strong
research reputation and has garnered much praise for publicationsin its traditional research
area, and this carries over into what is mainly Theme 1 climate research. For example, NILU
acts as the Chemical Coordinating Centre for EM EP and coordinates the atmospheric
monitoring work under the Convention on Long-Range Transboundary Air Pollution. Thisis
ascientifically based and policy-driven programme with high relevance to the institute' s
involvement in, and relation to, international research infrastructure projects. This expertise
and their international experience would serve well in terms of international climate change
monitoring (both the state of the climate and emissions of GHGS). Aerosols, black carbon
and related issues are now seen as most important for the climate system, and the NILU
expertise on atmospheric chemistry in the broad sense of thefield is relevant.

The UMB Dept. of Mathematical Sciences and Technology (IMT) has asits research foci:
geodesy, glaciology and landscape mapping; impacts of climate change on flood damages;
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climate exposure and adaptation of buildings; meteorological monitoring and agricultural
meteorology. As such, these seem mainly focussed on Themes 1 and 2.

As mentioned, the above description is based on the self-assessment by the groups that were
interviewed. In addition, severa of the research groups emphasised that they are striving to
work cross-disciplinary and that there are opportunities available to do so through the various
funding schemes. For instance, the centres of excellence that have been created cover severa
disciplines: the Bjerknes centre and the newly established Centre for Environment-friendly
Energy Research (CEER) are examples thereof. Some also mentioned that they collaboratein
specific research projects. Hence, there is a growing awareness of the need to search for
research partnerships across disciplines and research unitsin the pursuit of climate research.

2.1.4.3 Capacity: students, personnel, infrastructure etc.

CICERO s expansion of staff has been quite marked in the period 2007-2010. In 2010 they
had about 42 full-time equivalent researchers among 80 employees. NILU has leading
expertise in chemical analytical instrumentation, which serves as the basis for the institute’ s
extensive work on pollution components in the environment. NILU’ sinfrastructure is available
for climate research studies, and NILU has more than 15 researchers and about 20 technicians
doing the work. The UMB-IMT has about 110 employees and a broad programmein
mathematics and technol ogical sciences, including computer science and structural
engineering and architecture. They have alarge number of students.

2.1.4.4 Disciplinary strengths and weaknesses in the landscape

With the exception of CICERO, the integration across all themes at a single institution seems
to be not very strong. However, it is not clear whether this need be the case. Research studies
of the climate system, itsimpacts and response strategies need to be based on very high
quality science, and the approach needs to bring these elements together in an integrated
interdisciplinary approach so asto provide the best understanding, knowledge and focus for
responses. CICERO did note that, in their opinion, the funding councils seemed to focus
interdisciplinary research on linking units rather than recognizing, asin their case, the
interdisciplinary competence within one unit.

The strengths and weaknesses across the landscape for each theme have been identified in
Sections 2.1.1-2.1.3.

One of the challenges for interdisciplinary research is finding the “high-quality” journalsin
which to publish. The usua assessments of journals give high ratings to disciplinary journals,
and publicationsin other journals, which are generally newer and less well-recognised, are
valued less highly. The usua reward and promotion systems of universities and national
academies are al so discipline-based so that those who work across disciplines often encounter
barriers to promotion and recognition.

Another challenge involves to the time factor. It takes considerable time and effort to create a
well-functioning interdisciplinary research group. Most research grants, however, are short-
term, and by the time the researchers have got to know each other and devel oped an
atmosphere of trust and creativity, the research time is often finished. Therefore, extended
funding for 4-10 yearsis often a prerequisite for establishing truly interdisciplinary research
groups. Thetime factor is of course closely connected to the availability of sufficient funds
over alonger period of time, because multi-, inter- and transdisciplinary research requires
considerably larger budgets than traditional monodisciplinary research since it requires more
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time to find common ground for collaboration across different epistemol ogies and research
methods.

2.1.45 Attitudes: disciplinary, interdisciplinary, transdisciplinary, national-international
Norwegian climate research has devel oped a strong disciplinary tradition and competence.
RCN has recognized the need for interdisciplinary efforts in climate science. The methods of
development of broad interdisciplinary programmes need to be examined with regard to their
effectiveness. Comparisons could be made between these approachesin a variety of countries
in order to examine the mixture of approaches sinceit isunlikely that a monolithic approach
will be best. Centres of Excellence have proven to be a successful tool for building strong
disciplinary competence while simultaneously enhancing the interdisciplinary research
collaboration among research groups.

The bibliometric study showed that Norwegian climate research encompasses a high number
of scientific disciplines and sub-fields (see Figure 2.2.6). Thus, there is great potential for
cross-breeding among disciplines. In the NORKLIMA programme, interdisciplinary research
has been high on the agenda. The RCN distinguishes in its reporting between (a) cooperation
inside the social sciences, natural sciences or humanities, and (b) “radical” cooperation
between different disciplines, i.e. between the social sciences and natural sciences and/or
humanities, where the share of this kind of research cooperation in the NORLIMA
programme from 2004 to 2011 is depicted in Figure 2.1.4.1. There was an upward trend from
2006 until 2008 when the share of interdisciplinary projects within the natural or social
sciences increased considerably, but more recently that share has decreased and been partially
replaced by an increasein “radical” interdisciplinary projects. The share of monodisciplinary
projects has generally decreased even though a small increase can be discerned between 2010
and 2011.
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Figure 2.1.4.1: Interdisciplinary of NORKLIMA projects. 2004—2011. Share of project budgets.

Source: RCN.

Note: Some interdisciplinary covers all research projects that include cooperation between disciplines within the
social sciences, the natural sciences or the humanities. Radical interdisciplinary coversal research projects that
include cooperation between different disciplines, i.e. the social sciences and the natural sciences and/or the
humanities.
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2.1.4.6 Futuredirections

In several institutions there has been a move towards more integrated research. This has also
been happening in the NORKLIMA programme. The CICERO approach has been excellent,
and it has worked well with partner groups at, for example, the University of Oslo. The shift
of NILU from itstraditional very strong focus on air quality-pollution issues to the issues of
the climate system is also promising. The Research Council has encouraged this process
through their funding approaches, but there are still difficulties. In particular, the budgetary
constraints and the short time horizons create obstacles to the establishment of integrated
research to meet future challenges. Thiswill be elaborated further in Section 6.

2.1.47 Summary of key findings

There are some excellent examples of integrated research across al themes. However, the
overall balance of research in the Norwegian landscape still has gaps or areas of relatively less
strength. Examples include the social sciencesin general and research on adaptation. The
engineering aspects of mitigation and disaster risk reduction also seem less evident. The
overall issues of connectivity between climate change adaptation and disaster risk reduction,
as described in the 2012 IPCC Specia Report on Climate Extremes (for which the
Government of Norway was amajor supporter) seem not yet fully identified in the research
programmes. Integration across all themes will have to go beyond the traditional 3 themes of
climate system science and response. It should be emphasised that interdisciplinary researchis
resource-intensive and requires longer time horizons than monodisciplinary research, due to
the need to devel op crossdisciplinary understanding, and this argues for targeted support of
interdisciplinary Centres of Excellence.

2.2 Quality of Norwegian Climate Research

This sub-section will give an assessment of Norwegian climate research based on the analysis
of relevant publications. Firstly, the results of two bibliometric analyses of scientific articles
published in peer-reviewed international journals are summarised: (a) a study of a national
sample of relevant publications which has been selected on the basis of a combination of
relevant keywords and core journals and (b) a study of the publications selected by the
research units participating in the hearings. The results of both studies are compared to assess
the reliability of both analyses.

Bibliometric datais especially useful for analysing the scientific output and collaboration
patterns in the natural sciences and medicine, whereas researchers in the humanities publish
many more book sand book chapters than journal articles. The publication behaviour of social
scientists has changed in recent decades. Many socia scientists have a reasonably high output
of international journal articles.

2.2.1 Analysis of the national sample

The national sample of climate research articles was retrieved from the Thomson IS
database, Web of Science (ISI WoS). The study of the national sampleis based on a merging
of two samples: acore journal sample and a keyword-based sample. Articles, proceeding
papers, and review articles with Norwegian author address(es) and that were published in the
period 2001-2010 were included. The results of both search strategies have been merged into
one sample, which has been analysed further. For further analysis the Thomson's National
Citation Report for Norway 2010 was used.
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Firstly, asample of core journals relevant to climate research was established. Climate
research is multidisciplinary with publications not only in specialized climate research
journals, but also in important multidisciplinary journals such as Nature or Science. Indeed
one could say that climate research is embedded in severa disciplines, and thisis particularly
true of the socia sciences, where climate issues are seldom amajor focus of the research but
one of several aspects of societal engagement with the environment and sustainable
development (Schwechheimer and Winterhager, 1999). Therefore, it was decided to define a
short basic list of specialized climate research journals and a much more comprehensive list
of relevant keywords for identifying publications outside the sample of these journals. A first
draft of the basic list of journals was created from a combination of avery rough search in the
ISI data base on climate research over the last ten years, alist of journals covering the
physical aspects of the climate system (Prall, 2010) and alist of journals on climate change
published by Springer®. Initially, thislist included over 500 journals, which was far too many,
so thelist had to be shortened. A sample of relevant journals was proposed by experts from
the Research Council of Norway (RCN) in collaboration with Norwegian researchers. This
sample was shortened to seventy journasin dialogue with RCN (Appendix 2.2.1). Relevant
articles from other journals were identified with keywords. Three mgor subject fields have
been covered in this evaluation: (a) ‘ Climate system and climate change’, (b) ‘ Climate effects
and adaptations’, and (c) ‘ Institutions and instruments for response to climate change' . Some
of the journals cover more than one subject field. The core journal sample consisted of 2,928

papers.

Secondly, relevant papers were identified via keyword-based search strings which have been
developed on the basis of keyword lists in the 2007 IPCC reports, the bibliometric mapping
exercise of Danish climate research (Schneider and Larsen, 2009) and feedbacks from the
Evaluation Committee. The index of the 2007 IPCC reports was used (IPCC, 2007a-d). The
list of keywords s presented in Appendix 2.2.2. The keyword sample consisted of 4,596

papers.

The merged nationa sample consisted of 6,448 papers. This number is high compared with
the results of the Danish bibliometric study. The Danish study identified 1,408 Norwegian
papers on climate research (Schneider and Larsen, 2009) and highlighted the fact that Norway
has the most climate research papers per capitain the world (0.3 papers per 1,000
inhabitants). By comparison Sweden and Denmark achieved 0.18 climate research papers per
1,000 inhabitants in the study.

The papersin our analysis were published in over 900 different journals. 89 per cent of the
papers were articles, the rest were either review articles (5 per cent) or proceeding papers (7
per cent). The overlap between the two samples was rather small (1,076 papers). This
confirmed the value of our strategy of defining the national sample by a combination of
keywords and a sample of corejournals.

Over the past decade, the number of papers has risen steadily by 12 per cent per year on the
average (Figure 2.2.1) or 177 per cent for the whole period. Thisincrease over the last decade
is much higher than the increase in the overall Norwegian publication output and in the global
publication output. By comparison, the number of geoscience articles increased by 118 per
cent in the last decade (Aksnes & Klitkou, 2011). The results are consistent with the results of
arecently published bibliometric study of Norwegian polar research, which can more or less

* SPRINGER: List of journals on Global Change - Climate Change:
http://www.springer.com/environment/global +change+-+climate+change?SGWI D=0-158402-12-449699-0
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be regarded as a sub-field of Norwegian climate research (Aksnes et al., 2012). The number
of Norwegian polar research articles increased by 46 per cent from 2005 to 2010, while the
number of Norwegian climate research articles increased by 55 per cent in the same period.
Thelist of the hundred journals that most frequently carry Norwegian climate research papers
is presented in Appendix 2.2.3. Thirty journals accounted for over 40 per cent of all published
papers and 100 journals accounted for over 66 per cent.
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Figure 2.2.1. Number of Norwegian climate research papers. 2001-2010. N=6,448. Source: |S| WoS/ NCR
Norway 2010 / NIFU.

In Figure 2.2.2, the papers were categorised into three themes: (a) ‘ Climate system and
climate change’, (b) ‘ Climate effects and adaptations’, and () ‘ Institutions and instruments
for response to climate change’ based on both the categories for the core journals and the
different sets of keywords (see Appendices 2.2.1 and 2.2.2). There is considerable overlap
between the first two themes because some of the journals cover both themes, and many
papers were found by different sets of keywords belonging to more than one theme. Therefore
weighted counts for all papers have been calculated (see Appendix 2.2.4). In the calculation of
the weighted counts we have applied the principle that each of the thematic assignments of a
paper isweighted as 1/N of a publication, where N is the total number of thematic
assignments. If a paper was assigned to two themes each theme received just ¥z point.
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Figure 2.2.2. Norwegian climate research papers by theme, based on fractionalised counts. 2001-2010.
N=6,448. Source: 1SI WoS/ NCR Norway 2010/ NIFU.

For thefirst two themes, * Climate system and climate change’ and ‘ Climate effects and
adaptations’, the publication output and its development are quite similar: for ‘ Climate system
and climate change’ amost 3,045 papers or 47 per cent of al papers and for * climate effects
and adaptations’ almost 2,912 papers or 45 per cent of all papers — and there were only minor
differences between them over the last ten years. The third theme, ‘ Institutions and
instruments for response to climate change’, was less prominent in the sample with 490
papers or 8 per cent of all papers. However, it has more than doubled from 2001 to 2010.
‘Climate system and climate change’ achieved the highest growth rate of the three themes
followed by * Institutions and instruments for response to climate change’ and ‘ Climate effects
and adaptations'.

Over 11,922 Norwegian addresses for the 6,448 papers were identified and standardised in
accordance with the registry of Norwegian R& D organisations. Table 2.2.1 givesan
indication of the distribution of climate research publications among the main R&D sectors.
Based on total counts, amost 70 per cent of all papers had an address in one of the
universities or university colleges, and amost half of the papers had an addressin at least one
research ingtitute. The private business sector was listed for seven per cent of all papers.
Because of co-authorship, it is more accurate to use aweighted share of addresses rather than
total numbers.®> Of addresses in Norway, the universities had 60 per cent, the institute sector
36 per cent and the private sector 4 per cent. In total, 55 per cent of the weighted co-
authorships were Norwegian and the remaining 45 per cent were foreign author addresses. An
analysis of the international co-authorship of Norwegian climate researchersis presented in
Section 4.4.

® When calculating the weighted share of addresses, i.e. each article has n numbers of addresses and the share is
calculated as the n-share of the number of addresses.
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Table2.2.1. Distribution of Norwegian climate research papers among R& D sectors, based on total counts
and weighted counts. N=6,448. 2001-2010. Source: ISl WoS/ NCR Norway 2010 / NIFU.

Number of papers by Weighted share of
R& D sector, total counts | addresses

I nstitute sector 3,100 1,247

Universities and 4,478 2,097

university colleges

Private business sector 444 149

NGOs 11 3

Unidentified address 33 18

Note: Many of the papers are co-authored with foreign authors. Therefore the sum of the weighted sharesis
lower than the total number of papers.

The distribution of research papers among the different themes shows the specific strengths of
research unitsin the three different themes. Here weighted counts have been used.

For the theme ‘ Climate system and climate change’ (Figure 2.2.3) the university researchers
contributed more than half of al publications and over one third of the publications were
published by researchers affiliated to one of the independent research institutes.

Other higher Business sector;
education 131
UNIS; 93 institutions; 59

NPI; 128

NILU; 102
IMR; 96

NTNU; 153 Met.no; 94
NGU; 87
NINA; 76
UMB; 201 NERSC; 46
/_____— Forest and

— _\ Landscape; 43
Bioforsk; 40

I : Other research
institutes; 229

Univ Bergen; 501

Univ Tromsg; 214

Univ Oslo; 428/

Figure 2.2.3. Number of scientific papers on climate system and climate change, based on weighted address
counts. (N=4,091, weighted address counts 2,837). 2001-2010. Source: ISI WoS/ NCR Norway 2010/ NIFU.

Note: Following abbreviations have been used: NPI: Norwegian Polar Institute; IMR: Institute of Marine
Research; Met.no: Norwegian Meteorological Institute; NGU: Geological Survey Norway; NILU: Norwegian
Institute for Air Research; NIVA: Norwegian Institute for Water Research; NERSC: Nansen Environmental and
Remote Sensing Centre; UMB: Norwegian University of Life Sciences; NTNU: Norwegian University of
Science and Technology; UNIS: University Centre in Svalbard.

The most prominent institutions in terms of publishing in this area are: the Norwegian Polar
Institute (128), the Norwegian Institute for Air Research (102), the Institute of Marine
Research (96), the Norwegian Meteorological Institute (94), the Centre of Excellence
Bjerknes Centre at the University of Bergen (102), the Department of Earth Science (77) at
the University of Bergen, and the Department of Biology (82) and the Department of
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Geosciences (97) at the University of Oslo (see the table in the Appendix 2.2.5. for more
details). There are more than sixty other research institutes that have co-authored almost 230
papers. This entails that climate issues are integrated into the research activities of many
research ingtitutes that are not specialized in research on climate system and climate change.

The publication pattern was quite similar for the theme ‘ Climate effects and adaptations’
(Figure 2.2.4). The university researchers were responsible for more than half of all
publications and about one third were published by researchers affiliated with one of the
independent research institutes. The most prominent institutions in terms of publishing in this
areawere: IMR (228), the Department of Biology at the University of Oslo (167) and the
Department of Biology at the University of Bergen (99), NINA (116), NPI (75), Met.no (70)
and CICERO (64) (seethetablein Appendix 2.2.5. for more details). More than seventy other
research institutes co-authored almost 300 additional papers. This shows that research on
climate effects and adaptations is integrated into the research activities of many research
institutes that are not specialized in thisfield.

Other higher
education institutions;
NINA; 116

102
UNIS; 52
NPI; 75
UMB; 157
Met.no; 70

NTNU; 242 _____ CICERO; 64
NGU; 59
/ NILU; 57

4 NIVA; 56
Univ Tromsg; 242

Other research
institutes; 296

Business sector; 92

IMR; 228

Univ Oslo; 457

>

Univ Bergen; 480

Figure 2.2.4. Number of scientific papers on climate effects and adaptations, based on weighted address
counts. (N=4,025, weighted address counts 2,856). 2001-2010. Source: ISI WoS/ NCR Norway 2010/ NIFU.
IMR: Institute of Marine Research; NINA: Norwegian institute for nature research; NPI: Norwegian Polar
Ingtitute; Met.no: Norwegian Meteorological Ingtitute; CICERO: Centre for International Climate and
Environmental Research; NGU: Geological Survey of Norway; NILU: Norwegian Ingtitute for Air Research;
NIVA: Norwegian Institute for Water Research; NTNU: Norwegian University of Science and Technology;
UMB: Norwegian University of Life Sciences; UNIS: University Centre in Svalbard.
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Other higher Business sector; 27,3
education institutions;
46,1 CICERO; 61,8
UNIS; 3,9
T SSB; 32,2
Univ Tromsg; 20,4
FNI; 25,0
Univ Bergen; 32,3
‘ NIVA; 13,3
UMB; 36,0
NTNU; 61,4 Other research
institutes; 92,7
Univ Oslo; 69,3
Figure 2.2.5. Number of scientific papers on ingtitutions and instruments for response to climate change,

based on weighted address counts. (N=691, weighted address counts: 550). 2001-2010. Source: 1SI WoS/ NCR
Norway 2010/ NIFU. CICERO: Centre for International Climate and Environmental Research; SSB: Statistics
Norway; FNI: Fridtjof Nansen Institute; NPI: Norwegian Polar Ingtitute; Met.no: Norwegian Meteorol ogical
Institute; NIV A: Norwegian Institute for Water Research; NTNU: Norwegian University of Science and
Technology; UMB: Norwegian University of Life Sciences; UNIS: University Centrein Svalbard.

For the theme ‘ Institutions and instruments for response to climate change’ the research
institutes were the most important actors (194 out of 298): CICERO (62), Statistics Norway
(SSB, 32) and the Fridtjof Nansen Institute (25) were especially active (see Figure 2.2.5.).
Almost 50 other institutes co-authored almost 100 additiona papers. The institute sector in
total co-authored 45 per cent of all publications, and the universities and other higher
education institutions co-authored half of the papers. At the universities, the publications in
this area were distributed over many different research units (281 out of 550) (see the tablein
Appendix 2.2.5. for more details).
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Figure 2.2.6. Main scientific sub-fields in Norwegian climate research articles. 2001-2010. N=6,448.
Source: 1SI WoS/ NCR Norway 2010/ NIFU.

The sample of Norwegian articles covers amultitude of scientific disciplines as an analysis of
the distribution of the articles at the sub-field level shows (Figure 2.2.6).

For assessing the quality of the papers, a citation analysis was based on publications published
not later than 2009 (5,516 papers) applying an open citation window —to include al citations
obtained until the end of 2010. Table 2.2.2 and Appendix 2.2.6 summarise the results. The
results of the citation analysis can be summarised as follows:
1. The papers had received 77,622 citations by the end of 2010.
2. Theaverage number of citations per paper (CPP) was 14.1, but 7.3 per cent received
no citations. Thisis much better than the average for Norwegian papers, whichis 12.3
per cent according to Thomson Reuter’ s National Science Indicators, Deluxe Edition
for 2001 to 2008.
3. The maximum number of citations for one article was 522.° 42 per cent of the papers
were cited at least 10 times. The 10 most cited papers are listed in Appendix 2.2.5. On

® This paper has been co-authored by a group of 56 international researchers coming from 19 different research
groups from 11 countries, one of the research organi sations was the Norwegian Polar | nstitute:

Augustin, L., Barbante, C., Barnes, P. R. F., Barnola, J. M., Bigler, M., Castellano, E., Cattani, O., Chappellaz,
J., DahlJensen, D., Delmonte, B., Dreyfus, G., Durand, G., Falourd, S., Fischer, H., Fluckiger, J., Hansson, M.
E., Huybrechts, P., Jugie, R., Johnsen, S. J., Jouzel, J., Kaufmann, P., Kipfstuhl, J., Lambert, F., Lipenkov, V.Y .,
Littot, G. V. C., Longinelli, A., Lorrain, R., Maggi, V., Masson-Delmotte, V., Miller, H., Mulvaney, R.,
Oerlemans, J., Oerter, H., Orombelli, G., Parrenin, F., Pedl, D. A., Petit, J. R., Raynaud, D., Ritz, C., Ruth, U.,
Schwander, J., Siegenthaler, U., Souchez, R., Stauffer, B., Steffensen, J. P., Stenni, B., Stocker, T. F., Tabacco, I.
E., Udisti, R., van de Wal, R. S. W., van den Broeke, M., Weiss, J., Wilhelms, F., Winther, J. G., Wolff, E. W.,
Zucchelli, M., & Members, E. C. (2004). Eight glacial cycles from an Antarctic ice core. Nature, 429(6992),
623-628.
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4.

average, the expected citation rate (XCR) was 12.6, based on the average citation rate

of al papers world-wide in the same journal set and in the same year.
The impact of Norwegian climate papers compared to the expected citation rate
(CPP/XCR) was 1.15 and demonstrated a high visibility of Norwegian climate

research in the international research community.

Table2.2.2. Summary of citation indicators. Source: ISl Web of Science / NCR for Norway. N=5,516.
Number of Number of Average Average Impact
papers (total | received number of expected compared to
counts) citations citationsper | citationrate [ XCR

paper (XCR)

2001 | 337 8,555 254 24.7 1.08

2002 | 423 11,030 26.1 21.7 1.23

2003 | 515 10,532 20.5 195 1.10

2004 | 551 10,787 19.6 18.2 1.08

2005 | 601 10,830 18.0 15.6 1.17

2006 | 650 10,094 15.5 12.9 1.18

2007 | 678 7,220 10.6 9.8 111

2008 | 843 5,201 6.2 5.7 1.16

2009 | 918 3,373 3.7 3.0 1.22

Total | 5516 77,622 14.1 12.6 1.15

The analysis by theme (Appendix 2.2.8) showed that ’ Climate system and climate changes’
had the highest impact, averaging 1.2, ‘ Climate effects and adaptations’ aso had a high
impact and achieved a higher impact with the most recent papers published in 2008 and 2009.
The theme * Institutions and instruments for response to climate change’ had an impact
equivaent to the world average, but lower impact compared to the other two themes. Over the
last two years, however, this theme showed remarkable achievements: the impact compared to
the expected citation rate increased to 1.4 in both years, which was the best result for any year
in all three subject fields (Figure 2.2.7).
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Figure 2.2.7. Impact of Norwegian climate research compared to expected citation rates for the three themes,

where 1 stands for the average impact of all published articlesin thisfield.
Source: 1SI WoS/ NCR Norway 2010/ NIFU

2.2.2 Analysis of the sample of papers selected by the research units

The second part of the bibliometric analysis was based on the sample of papers selected by
the research units that participated in the hearings. In this sample, we were able to go into
more depth in our analysis of publication patterns, and also include those that were not
included by the national sample. Every research unit was asked to submit its 5 to 10 most
important climate-related research articles published in the period 2001-2010. This selection
was quality checked because not all of the submitted papers were articles. some were books,
book chapters, editorial material or other types of publications, and not all were published in
the period 20012010 (38 articles). In addition not al of the scientific articles were indexed
by Thomson ISI/NCR Norway (31 articles), the databases used for calculating the
bibliometric indicators. Altogether 311 papers had been submitted by the research units, 207
of whi7ch were published in the period 20012010 and indexed in the database NCR Norway
2010.

The Evaluation Committee examined the thematic specialization of these papers. The
Committee determined that 14 of these papers are not climate research papers and another 7
papers were only indirectly related to climate research. That means that the final sample of
papers selected by the research units consists of altogether 186 papersin total.

About two-thirds of the papers were published in the last four years. Eight articlesin this
sample had not been captured by the search of selected keywords or core journalsin the
national sample. The most prominent journals in the selected sample were Science (13
articles), Nature (7 articles) and Tellus Series A: Dynamic Meteorology and Oceanography (7
articles).

" Each year Thomson ISI gathers publication and citation datain national citation reports (NCR). The NCR for
Norway (2010 edition) has been used to receive comparable citation data for all articles.
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The thematic classification was based on the assessment of the Evaluation Committee. This
meant that part of the sample was distributed over more than one theme (see Figure 2.2.8). 44
per cent of the articles came under climate system and climate change (theme 1), 26 per cent
of the papers came under climate impact and climate adaptations (theme 2) and 19 per cent
are on ingtitutions and instruments for response to climate change (theme 3). Seven per cent
of the papers covered theme 1 and 2, and 4 per cent cover theme 2 and 3.

Theme 1and 2 Theme 2 and 3

7% 4%
Theme 3
v N\
19% Theme 1

44%

Theme 2
26 %

Figure 2.2.8. Thematic distribution of the selected Norwegian climate research papers submitted by research
units. 2001-2010. N=186.
Source: 1SI WoS/ NCR Norway 2010/ NIFU / Evaluation Committee.

For acitation analysis, only articles published up until 2009 have been included — atotal of
151 articles. The sample of papers selected by the research units achieved an average citation
rate of 33.6 citations per paper. The different themes aso had different citation rates: the
leading theme here was theme 2 with on average 50.3 citations per article, whereas theme 1
received an average of 33.5 citations and theme 3 received 10.1 citations (Figure 2.2.9). The
number of non-cited papers was 7, which was better than the total sample, but it is remarkable
that papers have been selected that have not yet received any citations. The article that
received the most citations — 493 citations in total — came under theme 2, and there were 6
articlesin that theme that received over 100 citations, whereas such highly cited papers were
more rare in the other themes: 3 intheme 1, 1 in theme 1 and 2, but none in theme 3 or in
theme 2 and 3.
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Figure 2.2.9. Average citation rates and average impact achieved by the selected Norwegian climate research
papers submitted by research units. 2001-2009. N=151. Source: S| WoS/ NCR Norway 2010/ NIFU.

A better method than just calculating the average citation rate is to benchmark this citation
rate with the expected citation rate (CCP/XCR). This makes it possible to assess the
international standing of the articles in the sample. The expected citation rate for al articles
was 25.8, whereas the actual citation rate was 33.9. The average impact of these papers—1.73
—was much higher than for the larger sample (1.15), which was expected since these articles
are supposed to be the most important articles.

When calculating the impact compared to the expected citation rate for the different themes
(seethered linein Figure 2.2.9) theme 1 achieve the highest impact with 1.90, theme 3 came
second with 1.73. Theme 2 and 3 combined also had a very high impact, 1.75.

The results of the citation analysis of the selected sample from the research units participating
in the hearings can be summarised as follows:

The number of papers published between 2001 and 2009 was 151.

Those papers received 5,079 citations up to the end of 2010.

The average number of citations per paper (CPP) was 33.6.

4.6 per cent or 7 papers out of 151 received no citations.

The maximum number of citations for one article was 493. This highly cited paper
was published in Science. 61.2 per cent of the climate papers, published before 2010,
were cited at least 10 times.

The expected citation rate (XCR) was on average 25.8.

The impact of Norwegian climate papers compared to the expected citation rateis 1.73
and showed the high visibility in the international research community of the small
sample of best articles from Norwegian climate research.

agrwNE
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2.2.3 Summary of key findings

The number of Norwegian climate research papers — 6,448 papers — was high when compared
with the results of earlier studies. Earlier studies reveaed that Norway has the most climate
research papers per capitain the world (0.3 papers per 1,000 inhabitants). By comparison,
Sweden and Denmark achieved 0.18 climate research papers per 1,000 inhabitants. Over the
last decade, an increased interest in climate research has contributed to a much greater
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increase in research articles on climate research than in other scientific topics. Many scientific
disciplines and sub-fields have contributed to this development. The most important scientific
fields are ecology, multidisciplinary geosciences, the environmental sciences, meteorol ogy
and the atmospheric sciences, oceanography, marine and freshwater biology, and physical
geography. These fields account for over 60 per cent of al articles.

The impact of Norwegian climate papers relative to the expected citation rate demonstrated a
high visibility of Norwegian climate research in the international research community. The
theme’ Climate system and climate changes' had the highest impact, averaging 1.2, ‘ Climate
effects and adaptations’ also had a high impact and achieved a higher impact with the most
recent papers published in 2008 and 2009. The theme ‘ Institutions and instruments for
response to climate change’ had an impact equivalent to the world average, but than the other
two themes. However, over the last two years this theme showed remarkable improvements:
the impact relative to the expected citation rate increased to 1.4 in both years, which isthe
best result in any year for al three themes.

There are some very strong university departments and research institutes specialized in
climate research and related issues, but there are also many research institutes that have co-
authored only afew climate research articles, and this may imply a strong fragmentation of
the research system. However, this may also be interpreted as a high degree of awareness.
climate issues are integrated into the research activities of many research institutes, even
when they do not specialize in climate research.

2.3 Funding of Norwegian Climate Research
2.3.1 National funding, including analysis of different instruments

There are two main public funding modes for public research organisations in Norway: basic
funding and externa funding.

Since 2004 the national basic funding of universities and university colleges has been based
on afunding model consisting of three components: (1) a basic component of ca. 60 per cent
of the funding, which gives a stable subsidy based on historical experience, local differences
and special tasks, (2) an education component; ca. 25 per cent of the funding, whichisan
open budget frame based on education performance indicators, and (3) aresearch component
of 15 per cent of the funding, which is a closed budget frame consisting of two elements: (a)
strategic resources for PhDs and research equipment, and (b) a redistribution of allocations
based on performance indicators in the area of scientific publishing, PhD candidates, and
competitive funding received from RCN and the EU Framework Programmes. Basic funding
of universities and university collegesis allocated from the annual state budget. The funding
model for research institutes subject to government guidelines for funding has been adapted
accordingly in 2009. The basic funding of these research ingtitutesis allocated in the annual
budget of RCN, and RCN receives earmarked funding from the different ministries for this
purpose. Usually the basic funding is rather low (less than 10 per cent of total funding).

The other main source of national public funding is external funding. External fundingis
provided as (a) competitive funding of specific research projects provided by RCN through
RCN'’s programmes calls and by other public R& D funding institutions, and as (b) funding of
research projects provided by ministries, public agencies or private organisations. The latter
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includes both competitive and non-competitive funding. We have no indication of the share of
non-competitive funding.

The following analysisis based on two main sources: the information provided in the fact
sheets by the 78 research units included in the evaluation and the labelling of climate research
project funding provided by RCN.

36 out of 78 research units reported basic funding for their climate research. The other
research units did not use basic research funding for climate research. The total amount of
basic funding used for climate research over the five years was about NOK 1.7 billion (Figure
2.3.1). That means that the research units covered 42 per cent of the R&D expenditure (NOK
4.1 billion) on climate research from basic grants. The amount of basic funding for climate
research increased by about 100 MNOK between 2006 and 2010. However, there were large
differences among the research units. The research unit with the highest basic funding was the
Norwegian Polar Institute. NPI covered an average of 77 per cent of its substantial
expenditures by basic funding.

At the same time as the basic funding has increased, the share of external funding of climate
research has also risen. 65 research units reported data on this matter. On average there was a
68 per cent share of external funding, but there were large deviations among the research
units: the standard deviation is 35 per cent. External funding came from the following main
funding sources: RCN, other national grants, Nordic sources, EU FP 6 and FP 7, other
European grants and other international grants. 89 per cent of all external funding came from
Norwegian sources: 74 per cent from RCN and the rest from other national grants (public and
private) (Figure 2.3.4).
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Figure 2.3.1. Basic funding for Norwegian climate research. 2006-2010. MNOK.
Source: Fact sheets provided by the research units. 36 out of 78 units reported basic funding spent on climate
research.

The reported external funding has some flaws however. Many research units did not report all
funding for the first three years because their accounting system did not provide these
statistics. Furthermore, many research units reported projects funded by RCN outside the
NORKLIMA programme as 100 per cent climate research, whereas RCN has weighted the
share of climate research for projects outside the NORKLIMA programme. Some of them
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may still be 100 per cent climate research, but many are accounted for at alower level. This
leads to inconsistencies between the total volumes of funding reported in the fact sheets and
the total numbers provided by RCN.

Ministries Industry

Sources
of funds

Research Council of Norway EUFP7
323.6 MNOK 107.8 MNOK

I—Il.

A
'a I
Higher Research institutes Industrial
education sector

sector 502.6 MNOK 128.0
162.3 MNOK MNOK

Total: 792.9 MNOK

Figure 2.3.2. Main funding streams for Norwegian climate research, 2009. Source: RCN, NIFU/SSB

Notes: The volume of RCN and EU FP7 funding is based on data provided by RCN. The figures in the sectors of
performance part of the diagram explain the R& D expenditures. They are based on data provided by
NIFU/SSB’s R& D Statistics (2011).

Sectors of
performance

Figure 2.3.2 shows the most important funding streams for Norwegian climate research. The
main sources of funding are the ministries, which fund the Norwegian climate researchers
either directly or through RCN, mainly at independent research institutes and universities. The
private business sector and the European Union are less important sources of research
funding.

Table 2.3.1 gives an overview of the allocation of climate research resources from the
different Ministries to RCN, distinguishing between NORKLIMA, IPY and other RCN
climate-relevant funding. This information was provided by RCN. The most prominent
sources of funding were the Ministry of Environment, the Research Fund (the Research Fund
was established in 1999 and finances long-term, basic research with emphasis on quality-
measures) and the Ministry of Education and Research.
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Table 2.3.1. Sources of earmarked funding for climate research received by RCN, MNOK . 2004-2010.
Programme / Funding sour ce 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
NORKLIMA:

Ministry of the Environment * 381 | 381 396| 396| 414| 46.4| 604
Ministry of Education and Research 2 5.8 55 55 55 5.5 | 15.53 9.5
The Research Fund 483| 410| 360| 200| 20.0| 20.0( 200
Ministry of Agriculture and Food 3.0 25 3.0 3.0 4.0 4.0 7.0
Ministry of Fisheries and Coastal Affairs 1.0 1.0 1.0 1.0 2.0 2.0 20
Ministry of Transport and Communications 1.0 0.8 0.8 13 3.3
Other sources 45

Total NORKLIMA 3 100.7| 881 | 861 69.9| 73.7| 89.2| 1022
IPY * 640 | 640( 640 640
Other earmarked climate-relevant funding:

Ministry of Foreign Affairs: Cooperation with China 9.0 9.0 9.0
Ministry of E ion R h:

or gjél‘(’%‘g‘;‘j‘;g fo?ngimigaé;ach 5 170| 170| 170| 170| 170| 170| 170
Total other climate-relevant funding: 170| 17.0| 170| 170| 26.0 260 | 26.0
Total: 117.7 | 105.1 | 103.1 | 150.9 | 163.7 | 179.2 | 192.2
Source: RCN.

Notes:

1. Ministry of the Environment: for 2009 and 2010 6 MNOK taken over from RENERGI are included.

2. Ministry of Education and Research: for 2009 10 MNOK from the government’ s economic rescue

programme are included.

3. The Climate Agreement has increased funding for NORKLIMA for 2010 (14 MNOK from the Ministry

of the Environment, 4 MNOK from the Ministry of Education and Research, 3 MNOK from the

Ministry of Agriculture and Food and 2 MNOK from the Ministry of Transport and Communications.

4. IPY: 80 MNOK/year 2007-2010 (80% of the funding is labelled as funding of climate research).

5. Centre of Excellence Bjerknes Centre for Climate Research: only CoE funding provided by RCN listed.

Figure 2.3.3 showsthe trend in RCN allocations compared with RCN’ s annual budget
proposals, Klima2l's proposed growth of RCN’s climate research budget and RCN’s own
proposed budget trend after the Climate Agreement (Klimaforliket) (compare with Section 3.2
aswell). Thus, neither Klima21’'s ambitions nor RCN’ s proposals were followed up by
government allocations, and thisis one reason why it was difficult to fund all of the excellent
research proposals submitted by Norwegian researchers. For NORKLIMA, thematic calls for
proposals (as opposed to open calls) were written in accordance with available funds so asto
ensure arealistic number of applications relative to the scope of the call and the funds
available. Experiencesin NORKLIMA indicate that for calls with a success rate of 1520 per
cent all projects with exceptional and excellent quality were funded, compared with calls with
alower success rate of 8-10 per cent where several projects of excellent quality could not be

funded.
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Figure 2.3.3. Trend in RCN alocations compared with RCN’ s annual budget proposals, Klima21's growth
proposal and RCN'’ s follow-up of the Climate Agreement. MNOK. 2008-2015. Source: RCN
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Figure 2.3.4. Distribution of all external funding sourcesin per cent. 2006-2010.

Source: Fact sheets provided by 72 research units.

Notes: 72 out of 78 research units reported external funding sources. 67 research units reported RCN funding; 45
units reported other national grants; 17 units reported Nordic sources; 20 units reported EU FP6 funding; 21
units reported EU FP7 funding; 14 units reported other European grants; and 12 units reported other international
grants.

All in all, about 39 per cent of RCN funding of climate research was channelled through
NORKLIMA and 16 per cent through the polar research programmes for the period 2005—
2010 (see dso Figure 3.3.1). The support for Centres of Excellence was important, not just for
climate research, but also for funding for scientific excellencein general. This funding was
given to several centres, not just the Bjerknes centre. In addition to these research
programmes dedicated to supporting climate research, about 80 different RCN instruments
provided funding of climate research to some extent. In the period 2005-2010 RCN funded
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climate research for over 1,652 MNOK according to RCN’ s classification of climate-related
funding. Main funding types were project funding (71%) and institutional grants (25%).
Personal scholarships and other types of funding were less important (Figure 2.3.5). The
following table lists the main RCN funding instruments, together with their duration and their
main objectives.

Table 2.3.2. Main RCN programme funding instruments for climate research.®

Name Start End Objective

NORKLIMA - Climate 2004 2013 The primary objective of NORKLIMA isto generate vital
changes and impactsin new knowledge as a basis for adaptive responses by
Norway human society. The main focusis on the climate system;

climate trendsin the past, present and future, and direct
and indirect impacts of climate change on the natural
environment and society.

IPY —Thelnternational 2007 2010 IPY isaresearch programme under the auspices of the

Polar Year 2007—2008 International Council for Science (ICSU) and the World
Meteorological Organization (WMO). Norwegian
participation in the IPY is administered by RCN, which
has appointed an IPY committee under the permanent
National Committee on Polar Research and established an
IPY secretariat. The IPY was launched on 1 March 2007
and the Norwegian part of IPY has been a 4-year research
programme which lasted until 2010. During that time,
research resources and funding from over 60 countries
were coordinated in an extraordinary initiative to increase
our knowledge about both the Arctic and the Antarctic.

POLRES - Polar 2010 The Polar Research programme will help safeguard

Resear ch Norway s specia responsibility for the research-based
knowledge that is hecessary to conduct policy,
management and business activity in the polar regions.
Research affiliated with Svalbard will receive priority,
including developing Svalbard as an international research
platform and strengthening research cooperation with
Russia. Since the Polar Research programme is still under
launching, most of the funding for the period 2011-2012
has been announced via NORKLIMA.

Norwegian Centres of 2003 RCN has initiated this scheme with the intention of

Excellence bringing more Norwegian researchers and research groups
up to ahigh international standard. The centres are
affiliated with Norway's top universities and independent
research institutes. Today there are 21 centres of
excellence. As research organisations continue to apply
for this status, this number will increase.

FORINFRA —National 2008 2017 Research will provide the key to devel oping solutionsto

Financing I nitiative for many challenges facing society today in areas such as
Research health, climate and energy. The objective of the national
Infrastructure financing initiative for research infrastructure is to

provide researchers with the equipment they need in order
to perform high quality science and to efficiently meet the
needs of the business sector for high-calibre research. In
addition, the initiative aims to enhance the Norwegian

8 Thislist of programmesis not complete and there are other RCN programmes which contributed with
substantial funding, for example FRIMUF and NORGLOBAL.
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HAVKYST —The
oceans and coastal
areas

NATURNAER - The
resear ch programme on
nature-based industry

MATPROG —Thefood
programme

BIA —User-driven
resear ch based
innovation

Centresfor
environmental-friendly
energy research

RENERGI - Clean
energy for thefuture
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research community’s international reputation as a
provider of outstanding research infrastructure.

The objective of this programme is to encourage creative
marine environmental research of high international
quality. A broad understanding of our marine environment
forms a basis for long-term management of the marine
ecosystems and their resources. The programme will bring
about basic competence building in order to strengthen the
integrated understanding of the structure, function and
species diversity of the ecosystem.

The main focus of this programme is to generate
knowledge that supports industrial development based on
the sustainable use of forests, coastal zones, and other
land and coastal resources associated with the natural
environment and areas of cultural significance.

This programme aims to strengthen industrial

devel opment through research and innovation in Norway's
food industries.

This programme funds industry-oriented research and has
no thematic restrictions. This broad-based programme
supports high-quality R& D projects with good business
and socio-economic potential. BIA istargeted at industry
in collaboration with research organisations.

The CEER scheme isadirect follow-up of the political
agreement on climate policy achieved in the Storting (the
Norwegian Parliament) in 2008 and of the nationa R&D
strategy Energi21. The objective of the schemeisto
establish time-limited research centres that conduct
focused, long-term research of high international standing
in order to solve specific challengesin the field. The first
eight centres were established in 2009. In 2011, three new
centres were established with afocus on social sciences,
one of which focusses on international climate and energy
policy.

The objective of RENERGI isto devel op knowledge and
solutions as a basis for ensuring environment-friendly,
economically efficient and effective management of the
country's energy resources, a highly reliable energy
supply and internationally competitive industrial
development. RENERGI has alarge number of projects
that involve socia research on energy and other socia
research projects that are climate-relevant. The allocations
to these projects are accounted for in the next section.

The number of climate research projects labelled as 100 per cent climate research and
including research project funding, institutional grants and scholarships increased by 38 per
cent from 132 in 2007 to 182 in 2010, and the total volume of funding also including other
types of funding (conferences, seminars etc.) increased by 34 per cent from 296 MNOK in
2007 to over 396 MNOK in 2010 (Figure 2.3.5).
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Figure 2.3.5. RCN funding for climate research by types of funding. 2007-2010. MNOK.
Source: RCN

The number of institutional grants declined from 44 to 40 in the same period, while the
amount increased in the same period from 68.4 MNOK to 114.7 MNOK in 2010, which
means that there is a stronger concentration of the institutional grants. Institutional grants
include mainly institutional funding of research institutes active in climate research, strategic
institute programmes, strategic university college programmes, Centres of Excellence,
Centres for research-driven innovation, Centres for Environment-friendly Energy Research
and institutional support for expensive research infrastructure.
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Figure 2.3.6. RCN funding of climate research by sectors of beneficiary, based on principal investigator.
2007-2010. MNOK.
Source: RCN

Universities and especially research institutes received most of the funding for climate
research (Figure 2.3.6). Among the universities the University of Oslo and the University of
Bergen received most of the RCN funding, which may be explained by their relative size.
Among the research institutes, the Bjerknes Centre for Climate Research, CICERO and NILU
received the most funding. There was aso some minor funding of climate research in the
business enterprise sector.

55



In addition to RCN, there were also some other important national funding sources for climate
research. In total, 45 research units reported in the fact sheets that they had received funding
from other national sources, atotal of 467 MNOK for the whole period. This funding
increased from 58 MNOK in 2006 to 135 MNOK in 2010. The Norwegian Polar Institute
(NPI) received substantial funding from the Ministry of Environment annually. Since 2010,
NPI aso received funding from the ICE centre and the Fram Centre. The Department of
Arctic Geology at UNIS got funding from the Norwegian Space Agency. In 2010, the
Bjerknes Centre in Bergen received a new 12-year institutional grant from the Ministry of
Education and Research to ensure the key competence of the Bjerknes Centre after the Centre
of Excellence period isover in 2012. The new 12-year grant will be used to fund the Centre
for Climate Dynamics at the Bjerknes Centre.

2.3.2 Nordic instruments

Only 16 research units out of 78 reported Nordic funding sources, and the total amount was
40 MNOK for the entire period. Except for the Nordic Energy Research (NER) and the Top-
level Research Initiative (TRI), the different Nordic research funding instruments have not
been specified. In the following we give an account of Nordic climate research funding based
on information provided by NER and NordForsk.

NER provides funding in four-year cycles. The year 2010 marked the end of such acycle, in
which the thematic focus was on “ climate and energy, energy efficiency, renewable energy,
hydrogen technology, and energy markets’ (Nordic Energy Research, 2011). One of the
projects with afocus on climate and energy was “ Climate and energy systems — risks,
potential and adaptation” with atotal budget of 18.2 MNOK. This project was funded with
10.0 MNOK by NER, with the participation of several Norwegian actors: NVE, Sintef and
Statkraft.

During 2003—-2007, the most visible and important joint initiatives were the Nordic Centres of
Excellence (NCoE) funded by NordForsk, under the NCoE Programme on Global Change.
Four NCoEs were established and funded (Figure 2.3.7), one of which, “EcoClim: The
dynamics of ecological systems under the influence of climatic variation”, was led by a
Norwegian research organisation, the University of Oslo. The NCoEs received basic funding
from their national sources and were supported by NordForsk with 58.3 MNOK (see Section
4.2 aswdll).

The programme was evaluated in 2009, and the evaluation report stated that funding from this
programme was “low compared with other sources of funding at the national and European
levels” (NordForsk 20093, p. 12). However, the status of the Nordic Centres of Excellence
was prestigious and helped obtain funding from other sources.
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Figure 2.3.7. Nordic Centres of Excellence funding by research organisations that received it. 2003—2007. In
MNOK (NordForsk, 20093).

In 2009 the Top-level Research Initiative (TRI) was launched. The TRI has a budget of 410
MNOK over five years. Two sub-programmesin TRI are of particular interest for climate
research, “Interaction between climate change and the cryosphere” and “Effect studies and
adaptation to climate change”. Both sub-programmes had calls for Nordic Centres of
Excellence in 2010, and in both programmes one of the three established centres has a
Norwegian project leader. The two NCoEs have funding of about 70 MNOK over five years.
Most of thismoney is for networking activities and PhD/post-doc training.

The NCoE “NorMER (The Nordic Centre for Research on Marine Ecosystems and Resources
under Climate Change)” isled by the University of Oslo and has 17 partners from all of the
Nordic countries, 10 PhDs and 7 post docs. The sub-programme aso funds ten Nordic
networks and each network receives up to 0.3 MNOK per year for three years (see Section 4.2
aswell). There are four Nordic networks with Norwegian project leaders. The NCoE “SVALI
— Stability and Variations of Arctic Land Ice” isled by the University of Oslo and has 15
partners from all Nordic countries, 11 PhDs and 6 post-docs. In the other four NCoEs
Norwegian research groups are partners.

It isdifficult to estimate the amount of TRI funding of the climate research in Norway, but
based on the number of PhDs and post-docs, an estimate of 8 MNOK per year seems
reasonabl e.

2.3.3 European instruments

The EU Framework Programmes are reported by the research units as the third most
important funding source overall: FP 6 accounts for 5.4 per cent of all external funding and
FP 7 accounts for 2.3 per cent. The reason for the lower share of FP 7 funding is that the
programme period is still going on, whereas FP 6 is aready finalised. Other European,
international or Nordic funding sources are less prominent.

The total funding reported by the 20 research units that reported grants from the 6™ EU
Framework programme (FP6) was about 150 MNOK. The most important EU research
programme listed was ‘ Sustainable development, global change and ecosystems', which
received about half of the funding volume (Figure 2.3.8). Thereis also alarge amount of
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funding in the category ‘unspecified’, 41 MNOK, where the research units did not specify the
thematic focus of the funded projects.
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Figure 2.3.8. Funding of Norwegian climate research by EU FP6, in MNOK (N=20). 2006—2010. Source:
Fact sheets from the research units. 20 out of 78 units reported FP6 funding.

From 2008 to 2012, Norwegian researchers participated in 93 projects categorised as climate
research under the 7" EU Framework programme (FP7) (based on RCN data). In the period
2008-2011 the total funding provided to Norwegian participantsin 77 projects was about 420
MNOK. The most important programme under FP7 in terms of the volume of funding was the
programme “ Environment, (including climate change)” (Figure 2.3.9). Two-thirds of the FP7
funding came from this programme. The thematic topics “ Space’, “ Research infrastructure”
and “Transport” provided the next highest levels. Research projects on political framework
conditions and instruments for reducing emissions received higher priority in 2011.
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Figure 2.3.9. Funding of Norwegian climate research by EU FP7 by funding programme, MNOK (N=77
projects). 2008—-2011.
Source: RCN, based on labelling of EU FP7 projects by RCN; the year is the year when the project started.

We have no account of the number of climate research proposals, but we take proposals to the
FP7 programme “Environment, (including climate change)” as a good proxy since 51 of the
93 projects were labelled as climate research. Norwegian researchers have submitted 349
research proposals so far, and 93 projects received funding which means a success rate of 26.6
per cent, which israther high. Altogether Norwegian researchers coordinated 11 projects
labelled as climate research in the Environment programme. This means a share of 22 per
cent, which was higher than the share of coordinators for al Norwegian projects under the
programme “ Environment, (including climate change)” in total, where Norway had the
highest share of coordinators (16 per cent) among the Nordic countries.

In addition to the European Framework Programmes, 14 research units reported other
European funding sources, without specifying which funding instruments they received
funding from. The total funding from these sources was about 24 MNOK.

2.3.4 Otherinternational instruments

Finally, 11 research units reported in the fact sheets that they had received atotal of 40
MNOK from other international funding instruments. This funding increased from arather
low level in 2006 to over 10 MNOK in 2008.

2.3.5 Thematic focus of climate research funding

Basic funding of climate research was especially high for research units specialized in the
themes ‘ Impacts of, and adaptation to, climate change and variability’ and ‘ Climate system
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and climate change', whereas the theme * Institutions and instruments for response to climate
change’ received less than one per cent of the basic funding.

For the period 2009-2011, the climate research projects have been labelled by RCN according
to the three different themes, which are identical with the themesin this evaluation (Figure
2.3.10). ‘Climate effects and adaptations' (Theme 2) received the highest share of funding and
also an increase for 2010. ‘ Institutions and instruments for response to climate change’
(Theme 3) were less prioritised. However, funding for Theme 3 has increased in 2010 and
2011 relative to 2009, in both the amount and percentage of total funding.
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Figure 2.3.10. Thematic distribution of RCN climate research funding. Percentage. 2009-2011.
Source: RCN.

RCN also labelled the thematic orientation of all 77 FP7 projects according to these three
research themes (Figure 2.3.11). Almost 80 per cent of all projects were labelled with more
than one research theme: 57 per cent were labelled with two themes, 21 per cent were labelled
with three themes, whereas only 21 per cent were labelled with only one theme. * Impacts of,
and adaptation to, climate change and variability’ and * Climate system and climate change’
predominate. The third theme, ‘ Institutions and instruments for response to climate change’,
has gained much more funding in 2011, which may indicate a new trend.
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Figure 2.3.11.  Funding of Norwegian climate research by EU FP7. Percentage. 2008—-2011.
Source: RCN, Note: Based on project start year.

2.3.6 Summary of key findings

There are two main public funding modes for public research organisations in Norway: basic
funding and external funding. External funding came from the following main funding
sources. RCN, other national grants, Nordic sources, EU FP 6 and FP 7, other European
grants and other international grants. 89 per cent of all external funding came from Norwegian
sources. 74 per cent from RCN and the rest from other national grants (public and private).

RCN received funding of climate research from various ministries. The most prominent
sources of funding were the Ministry of Environment, the Research Fund (the Research Fund
was established in 1999 and finances long-term basic research with emphasis on quality-
measures) and the Ministry of Education and Research. The most important RCN activitiesin
terms of funding climate research were NORKLIMA, IPY, and the basic funding of research
institutes.

Nordic funding of Norwegian climate research was less prominent, but some programmes
gave important contributions: the Nordic Centres of Excellence funded by NordForsk under
the Programme on Global Change, Nordic Energy Research, and the Top-level Research
Initiative with the two sub-programmes, “ Interaction between climate change and the
cryosphere” and “Effect studies and adaptation to climate change”.

The most important EU FP6 programme was * Sustai nable devel opment, global change and
ecosystems’ which accounted for about half of the funding volume. The most important
programme under FP7 in terms of the volume of funding was the programme “ Environment,
(including climate change)”. Altogether Norwegian researchers coordinated 19 out of 77
projects labelled as climate research.

Basic funding of climate research was especially high for research units specialized in the

themes ‘ Impacts of, and adaptation to, climate change and variability’ and ‘ Climate system
and climate change’, whereas the theme * Institutions and instruments for response to climate
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change’ received less than one per cent of the basic funding. ‘ Impacts of, and adaptation to,
climate change and variability’ (Theme 2) received the highest share of RCN funding,
including an increase for 2010. ‘ Institutions and instruments for response to climate change’
(Theme 3) were less prioritised. However, funding for Theme 3 has increased in 2010 and
2011 relative to 2009, in both the amount and percentage of total funding. Among FP7
projects ‘ Impacts of, and adaptation to, climate change and variability’ and ‘ Climate system
and climate change' predominate.
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3 Strategic Focus of Norwegian Climate
Research

3.1 Climate Research Policy Priorities

This subsection describes Norwegian climate research policy priorities based on relevant
policy documents. Climate research policies have been addressed in a series of Norwegian
policy documents over the last decade. Here we give a short overview of the most relevant
policies and comment briefly on how they relate to the research agenda. Asthe analysis
shows, the ambitions are high, but their realization remains only partial, with important gaps
still to befilled in order to address the political targets.

3.1.1 White Paper “Norwegian climate policy”

Three ambitious political goals were proposed by the Norwegian government in the Report
No. 34 (2006-2007) to the Storting (a White Paper), namely that:
e Norway will become carbon neutral by 2050;
¢ Norway should assume an obligation to reduce global emissions of greenhouse gases
by 2020 equivalent to 30 per cent of Norway's emissionsin 1990;
e Norway will intensify its Kyoto commitments by ten percentage points to nine per
cent below the 1990 level (Miljeverndepartementet, 2007).

According to the White Paper, key instruments of high priority for achieving these goals are
research and technology development, including environment-friendly energy technology,
research on the climate system, and monitiring of climate processes and the consequences of
climate change in the Arctic. Interdisciplinary research is also stressed, as well as cooperation
among different ministries, especially between the Ministry of Science and Education and the
Ministry of Environment. Furthermore, the White Paper emphasi ses the geographical |ocation
of Norway, with its access to the Arctic region and its research activitiesin the Antarctic,
providing great possibilities for contributing to international climate research with continuous
surveillance and measurement of relevant indicators. Long-term involvement is deemed
necessary for being able to realize such a continuous long-term surveillance.

The White Paper on Climate policy was based on the recommendations of the Climate
Research Panel established by RCN in 2005 (for more details, see Section 3.2).

3.1.2 Political agreement on the White Paper on climate policy (the Climate
Agreement [Klimaforliket))

In January 2008, most of the political parties in the Storting (the Norwegian parliament)
reached a political agreement on the White Paper on climate policy (Arbeiderpartiet et al.,
2008). Thisled to a stronger focus on climate-related research, resulting in increased funding
of research centres for environment-friendly energy. Norway’ s contribution to the further
devel opment of the knowledge base for climate policy is again emphasised. It foresees the
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establishment of a strategic body for climate and environmental research following the model
of Energi21. The agreement sets the following target areas for Norwegian climate research:
e regional and global climate changes — research on and surveillance of climate
processes and consequences of climate changesin the Arctic region;
e consequences of and adaptation to climate change, anong others for public and private
sector activities,
e socia science research as an input to policy making and to framework conditions of
climate policy;
e development of climate-friendly technology and renewabl e energy;
e development of business activities based on climate technology development.

3.1.3 Klima21l

The development of aresearch and devel opment strategy for the energy sector — Energi21 —
contributed to an increase in public expenditure on environment-friendly energy. This process
was followed up in part of the climate research in the research strategy, Knowledge for
climate (Klima21) (Styringsgruppen for Klima21, 2010). This strategy was developed by a
committee appointed by the government in December 2008. The strategy was published in
February 2010. Klima21 made the following recommendations to the government:

e aconsiderableincrease in funding for climate research —in 2015 the public funding
should be at least 1 billion NOK above the level in 2010;

e |long-term research priorities and incentives based on intellectual property rights
should be established so as to give the research groups and the business sector
predictability;

e coordination of climate research by continuing the work of Klima21 through
interaction between the ministries’ efforts and the funding of climate research, and by
further ensuring the responsibility of the Research Council for the coordination and
evaluation of those efforts;

e establishment of a climate science council where researchers, the government and
central politicians may meet for dialogue and exchanging knowledge.

These recommendations still remain to be implemented.

According to Klima21 three fields of research need to be prioritised: the climate system,
consequences of and adaptations to climate change and mitigation, in particular to reduce
greenhouse gas emissions. Recommended measures in those three themes included:
(1) The climate system:
0 establish along-term research programme to reduce uncertainty in the climate-
change scenarios;
0 securelong-term financing for high-performance infrastructure;
0 continue to develop and establish critical infrastructure for research and
monitoring;
0 budget growth of 250 MNOK by 2015 and prioritisation of infrastructure.
(2) Consegquences and adaptation:
0 establish long-term and economic research centres on the basis of national
competition;
0 establish along-term research programme with user (stakeholder) focus;
0 continueto develop and establish critical infrastructure for research and
monitoring;



0 budget growth of 250 MNOK by 2015 with rapid and, relatively speaking, the
greatest growth in social science research.
(3) Reduced greenhouse gas emissions.
0 establish long-term financed social science research centres,
0 include emission-reducing research in various research programmes,
0 budget growth of 500 MNOK by 2015, coordinated with and in addition to
funding from industry.

The Klima21l proposals for research measures are awaiting consensus among the political
parties and ministerial bodies before they can be implemented (RCN, 2011f). As our
evaluation analysis shows, severa of them are mentioned as highly relevant and necessary to
be addressed by the research units, and we return to thisin our conclusions about the future
directions of the research.

3.1.4 High North Strategy

In 2006, the government, through the Ministry of Foreign Affairs, developed itsfirst High
North strategy. The High North Strategy underlined the importance of intensifying monitoring
of climate change and knowledge generation with regard to the impacts of climate change
(Norwegian Government, 2006; p. 46).

In the spring of 2009, the government published a follow-up to this strategy: “New Building
Blocksin the North — The Next Step in the Government’ s High North Strategy”. Itsfirst
chapter is devoted to devel oping knowledge about climate and the environment in the High
North. It states that the Norwegian research communities in the “ northern areas have a
considerable advantage as regards research on climate change in general, and more
specifically on therole the Arctic playsin the global climate system” (Norwegian
Government, 2009; p. 9). The following table highlights important strategic aims and the
ways they have been implemented so far.

Table 3.1. Strategic aims of the High North Strategy (2009) and their implementation

Aims of the Government’s Implementation processes
High North Strategy (2009)

Developing a centrefor climate and environmental research in Tromsg that would
include:

Establishment of the Centre for | The Fram centre is expanded with 21 participating research
Ice, Climate & Ecosystems organisations in ajoint High North Research Centre for
(ICE) Climate and the Environment. The Fram centre has 5
flagship projects. The ICE centre was opened in March
2009 at the Norwegian Polar Institute. It isto become a
national competence centre for ice and climate research in
the Arctic. The ICE centreis an important contribution to
the Fram centre flagship research programme ‘ Seaicein the
Arctic Ocean, technology and agreements'.

Generating knowledge of the Thisresearch areais covered by the work of HAV21, a

environment and living strategy group established by the Norwegian government in
resources in the northern 2011. It isaso planned to be covered by the JPI Oceans.
marine environment Both HAV 21 and JPI Ocean will include aNordic

dimension. Relevant research is funded by RCN'’s
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programmes NORKLIMA and The Oceans and the Coastal
Areas (HAVKY ST). Relevant knowledge building is going
on under the flagship projects of the Fram centreand in
connection with the work on the Management plan for the
Barents Sea.

A new research programme on
climate change and ocean
acidification

Relevant research will be conducted under the Fram centre
flagship research programme Ocean acidification and
ecosystems effects in Northern waters. Relevant research is
funded by RCN’s programmes NORKLIMA and
HAVKYST.

Knowledge building on the
impacts of and adaptation to
climate change for business
and industry, based on cross-
sectoral cooperation

Important problems and challenges were identified in the
report of the RCN and the National Polar Research
Committee report titled * Business and polar research’
(2011). The research government initiative NORDS-
ATSING has a focus on tourism and arctic technology. The
latter include relevant research projects. RCN funds a centre
for research-driven innovation: ‘ Sustainable Arctic Coastal
and Marine Technology’, coordinated by NTNU.

Knowledge building on the
impacts of the growing volume
of maritime transport in the
Arctic

Barents2020 and RCN’ s programme MAROFF are relevant
here. NORKLIMA funds arelevant project on climate
impact of arctic ship traffic.

Further development of
expertise on coastal and fjord
ecology

HAVKY ST has activities in the sub-programme Marine eco
systems. There are also relevant projects under the sub-
programme Impact on eco-systems..

Establishment of an
environmental specimen bank
of ecological toxins

In 2009, the Climate and Pollution Agency (Klif) started a
programme for monitoring of environmental toxins,
petroleum and radioactive substances in the Norwegian
coast and sea regions.

Establishing new technical research infrastructureincluding:

Establishing an Arctic Earth
observation system in Svalbard

SIOSisin the preparatory phase with funding from EU and
RCN. Thisisaprioritised research infrastructure and
Norway has offered to host SIOS.

Building a next-generation
radar system in the High North
(EISCAT 3-D)

EISCAT-3D isin the preparatory phase with funding from
EU and RCN. The fina funding has not been decided, but
RCN assumes that this will be an important part of the High
North Strategy of the Norwegian government and Norway’s
established membership in Eiscat. The Nordic research
councils have been oriented and are communicating with
Eiscat about it.

A new ice-class research vessel

The Design of new ice-class vessdl is accomplished under
leadership of the Institute of Marine Research, but the
government has not yet determined the final funding of the
vessd.

Mapping the diversity of the
seabed

The programme MAREANO will survey the seabed and the
seabed environment, biodiversity and the pollution of
sediments in the Norwegian coast and searegions. The
programme is funded by three ministries, and it contributes
to the work on the Management plan for the Barents Sea.
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3.1.5 Adapting to a changing climate

In December 2008, a committee was appointed to explore Norway’ s vulnerability and
adaptation needs as aresult of climate change. The committee published its report to the
Ministry of Environment in November 2010: Adapting to a changing climate (NOU, 2010).
The report supported the Klima21 recommendations in terms of both research needs and the
need to fund climate research. The committee had the task of surveying relevant research
programmes and specifying research needs regrding consequences of climate change. The
report gives a short overview of Klima2l and RCN’s NORKLIMA programme (p. 210). The
report states that the need for aregularly updated knowledge base is not adequately met
through ordinary research programmes and projects of arelatively short-term nature. The
committee supports the Klima21 recommendation to establish large-scale, long-term research
programmes that specifically address the climate system and the impacts of, and adaptation to,
climate change. It recommends that the Research Council should establish a strategic research
programme for the construction industry, with a primary focus on the impacts of climate
change on that industry.

Existing monitoring programmes must be shored up, and new programmes must be
developed, particularly relating to the natural environment and natural hazards. The
committee also advises improving the monitoring of wind and short-term precipitation.

3.1.6 Summary of key findings

The overall priority areas for Norwegian climate research are as follows:

e animproved knowledge of the climate system, including the development of climate
scenarios with reduced uncertainty and a greater degree of detail, and an increased
understanding of the Arctic climate;

e research on consequences of and adaptation to climate change for nature and society,
including public policy and technology;

e research on the devel opment and implementation of policies and instruments to reduce
greenhouse gas emissions, including research into behavioura changes for the
reduction of emissions.

3.2 Policy Development within the Research Council of Norway

The above-depicted Norwegian climate research policy gives an overall framework, but in
order to trandate this into specific funding allocations, RCN has to specify these research
needs to the relevant ministries and persuade them to make budgetary provisions. The
Ministry for Education and Research does not have sole responsibility for research funding in
Norway, asisthe case in many other countries, but it is expected that the allocation of funding
will be shared by several ministries. For climate research, the Ministry of the Environment,
the Ministry of Agriculture and Food, the Ministry of Fisheries and Coastal Affairs, the
Ministry of Transportation and Communication and the Ministry of Foreign Affair are the
main sponsors in addition to the Ministry for Education and Research. There are also
possibilities to apply for funding from private industry, and such funding is used for some
projects in which there is more immediate potential to make use of the research results. This
means that there is a constant bargaining process under way with numerous actors which
result in multiple implementation constraints. The iterative process between the Norwegian
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Government’ s policy and the subsequent allocation of funding to RCN appears complex and
rather time-consuming as compared with the situation in other countries.

Figure 3.2.1 gives an overview of the timeline from 2006 to 2010 for the political strategies
and report to the Storting issued by the Norwegian Government, other important policy
documents based on cross-party collaboration, and RCN’ s policy actions. Taken together,
they form an intricate web of interactions between policy-making, budgetary demands and
allocations. The respective RCN documents are commented upon in the following.

High North White Paper High North
Government Strategy ,Nc-'we-gmn Strategy
poli (Ministry  climate (Ministry
acti(c:r\s of Foreign policy” of Foreign
' Affairs) (Ministry of Affairs)
Environment)
A climate Political Knowledge Adapting
friendly agreement on for climate toa
Other policy Norway White Paper (Klima21) changing
actions (NOU on climate climate
2006:18) | policy (NOU
v (Klimaforliket) 2010{10)
W W W v v
2006 2007 2008 2009 2010
.n‘ik A N M F T /‘\ N
Action Strategic = Revised Strategic = Norwegian Strategic Strategic
Plan for Priorities  Programme Priorities  polar Priorities Priorities
Climate for 2009 Plan for for2010 research: for 2011 for 2012
Research NORKLIMA policy for
RCN policy poey
actions RCN proposal ~ Norwegian
for Norwegian  polar
climate research
research 2010-
2013

Figure 3.2.1. Climate research policy time line: 2006—2010

3.2.1 Action Plan for Climate Research

The global climate crisis has received increased political attention in Norway. The
development of an Action Plan for Climate Research in 2006 (RCN, 2006) was an important
contribution to the improvement of Norwegian climate research. The Action Plan is based,
among other things, on a survey of Norwegian climate research which showed that in 2005 a
total of 1,012 MNOK had been expended on climate research (Rasdal & Aksnes, 2006).
Norwegian climate research is distributed among the following science groups: natural
sciences (52 per cent), technology (42 per cent) and social sciences (6 per cent). Norwegian
climate research has been improved as aresult of areport by the coordinating committee for
climate research in 2000. The growth in funding was by far the greatest in natural sciences,
but also substantial in technology and engineering sciences. Socia science research remained
at almost the same level in 2005 asin 1998 (RCN, 2006). The coordinating committee for
climate research at RCN stressed that climate research requires strong disciplinary research
and multidisciplinary cooperation. Climate-related research has to meet transdisciplinary
needs, which can only be addressed by combining understanding in several scientific fields (p.
31).

The Action Plan for Climate Research lists specific national interests related to climate, such
asthe North Atlantic Drift and its extension, the Norwegian Atlantic Current, the vulnerability
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of the Arctic, fishing and other nature-based businesses, and boundary zones between
ecosystems.

3.2.2 Revised Programme Plan for NORKLIMA

In August 2008, the Programme Plan for NORKLIMA was revised (RCN, 2008b). The
revised Programme Plan specified the research priorities for the remaining period of
NORKLIMA, 2008-2013. The programme stated that the original main priorities remain
unchanged: “to generate vital new knowledge about the climate system, about climate trends
in the past, present and future, and about the direct and indirect impacts of climate change on
the natural environment and society, as abasis for adaptive responses by society” (p. 6). The
scientific objectives cover the broad thematic range of this evaluation to improve
understanding and knowledge of:
1. theclimate system and its variability, and to quantify uncertainty.
2. climate change and its impacts on buildings, infrastructure and other installations, both
on land and offshore.
3. climate change and its impacts on natural and cultivated ecosystems and natural-
resource-based industries.
4. theimpacts of climate change on society and the ways in which adaptive capacity can
be improved.
5. thelinks between emission trends and the devel opment of society, and of international
cooperation to mitigate climate change (p. 10).

3.2.3 RCN proposal for improving Norwegian climate research

In October 2008, as a follow-up of the Political agreement on the White Paper on climate
policy (The Climate Agreement), RCN issued a proposal for how to enhance the volume and
improve the strategic orientation of climate research (RCN, 20084). It was proposed that the
funding of climate research be increased via different funding instruments from the 2008-
level of 260 MNOK to NOK 1 billion in 2012. It was proposed that this increase be achieved
through a stepwise process: 300 MNOK in 2010, and 220 MNOK annually in 2011 and 2012.
The document also supported the work of Klima21. The document proposed that the
increased budget be divided as follows among four different thematic areas:

climate devel opment and climate change — increase with 120 MNOK;

consequences of and adaptation to climate changes — increase with 200 MNOK;
climate policy — increase with 100 MNOK;

actions and emission reductions — increase with 320 MNOK.

3.2.4 Norwegian polar research: policy for Norwegian polar research 2010-
2013

In September 2009, RCN’ s Executive Board adopted this policy document on Norwegian
polar research 2010-2013 (RCN, 2009a). The document covers polar research in both the
Arctic and in the Antarctic. The document states the following four overall objectives for
Norwegian polar research:
1. “Scientific: Norway will be the leading nation in certain fields of polar research.
Norwegian polar research will provide important input to research of global interest.
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2.

3.

Management and environmental: Norwegian polar research will provide abasis for
sustainable development and management of the Polar Regions.

Political: Norwegian polar research will provide an important knowledge base for
Norwegian policy in the Polar Regions and contribute to sustainable devel opment of
the global community.

Industrial: Norwegian polar research will contribute to sustainable industrial
development of the Polar Regions’ (p. 9).

The document recommends giving priority to the following thematic areas:

developing an Earth system science approach using models that link regional studies
in the polar regions with global studies;

research on economic activities in the Polar Regions and their impact on marine
ecosystems, ice conditions, ice loads and ice mechanics, and pollution;

social science research on change and adaptation, and on geopolitical issues relating
to change in the polar regions; research on natural resource management, and on
indigenous peoples in the Arctic, historical and cultural heritage research on earlier
human activities in the polar regions, and research on the management and
conservation of the polar cultural heritage.

3.2.5 Annual national budget proposals

Each year, RCN submits an input — Strategic priorities (Store satsninger) — to the annua
budget discussionsin the relevant ministries (RCN, 2007a, 2008c, 2009b, 2010, 2011g).
These proposals for an increased budget for climate research have been one of RCN’smain
priorities in the annual budget discussions. Hereis asummary of the proposed increase and
the government allocations from 2009 to 2013:

2009: RCN proposed a growth of 300 MNOK for research on renewable energy,
environmental technology and climate change, of which 70 MNOK would be on
climate, but no growth in RCN’s alocations to climate research was achieved,;

2010: RCN proposed a growth of 585 MNOK for research on energy, the environment
and climate, of which 265 MNOK would be on climate, and the result was that RCN’s
allocations to climate research increased by 30 MNOK;;

2011: RCN proposed a growth of 480 MNOK for research on climate and energy, of
which 265 MNOK would be on climate, but RCN’s allocations to climate research
were reduced due to the finalising of 1PY;

2012: RCN proposed a growth of 150 MNOK for research on climate and climate
policy, but it isnot likely that any growth in RCN’ s alocations to climate research
will be achieved;

2013: RCN proposed an increased allocation of 90 MNOK for research on climate
changes and sectoral challenges, 115 MNOK for the bio-economy, 140 MNOK for
health and welfare, 135 MNOK for environmental technology and 100 MNOK for
research equipment and infrastructure (Figure 3.2.2).
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Figure 3.2.1. Proposed budgets for selected strategic prioritiesin 2013.
Source: English tranglation of RCN (2011g).
Note: Blue colour signals the size of the last budget, red colour signalsincrease for 2013.

3.2.6 Summary of key findings

In the years 2006—2009 the Norwegian government issued several important policy
documents that gave high priority to climate change research in view of addressing Norway’s
climate goals. However, the more specific recommendations vary over the years, and quite a
few remain to be implemented in practice. In particular, the Klima21 recommendations are
still highly valid but poorly addressed in climate change research priorities.

Parallel to the Government’ s climate policy devel opment, RCN responded by developing an
Action Plan for Climate Research in 2006 and accompanying follow-up in the annual
NORKLIMA Action Plans, the revised Programme Plan for NORKLIMA and yearly budget
requests to the Government. The overal pictureis one of high expectations, and well-

devel oped plans for meeting the identified research needs, but the actual budget allocations
have not met those expectations. The complex annual negotiation procedure between the RCN
and alarge number of ministries and other societal actors entails that decisions are piece-meal
and implementation deficits commonplace. To date, few of the stated research priorities and
needs have been adequately met and much remains to be done.

3.3 NORKLIMA and IPY
3.3.1 Background

Though the full breadth of available funding sources for climate research — national, Nordic,
European and ‘other’ — has already been described (Section 2.3), it is plain that the
NORKLIMA and IPY programmes have played such an important role in the funding of
climate research in Norway over the past decade (lower two blocks in the histograms of
Figure 3.3.1) asto justify a special focusin this evaluation.
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Figure 3.3.1. Climate research funded by RCN. 2005-2011. MNOK.
Source: Underlagsdokument — Kunnskapsgrunnlaget, Draft, 2011, and updated data March 2012 (RCN, 2011f).
(The breakdown for 2004 is not yet complete).

Notes: (1) Since 2009 technology research addressing greenhouse gas emissions is not labelled as climate
research. (2) The 20 MNOK funding of the Centre for climate dynamics at the Bjerknes Centre isincluded. After
2010 the centre is separately funded from the state budget. (3) IPY isthe major part of ‘polar research’.

3.3.2 NORKLIMA and IPY

3.3.21 NORKLIMA

The large scale Programme on Climate Change and Impacts in Norway (NORKLIMA; 2004-
2013) has been aprimary driver of climate research for almost a decade, with atotal funding
of 721.6 MNOK. In practise NORKLIMA ‘inherited’ the tail-end of pre-existing projects on
related topics between 2000 and 2004. NORKLIMA will aso continue to manage the main
part of the Polar budget from the present ‘until a new effort on polar research has been
decided’ (RCN, 2011b, Figure 3 and footnote to p15). Thus the alocated budget for al
NORKLIMA applicationsincluding ‘inherited projects’ in the extended period 2000-14
amounts to the somewhat larger figure of 948.3 MNOK. The span of its primary objective
was and is remarkably complete: ‘to generate vital new knowledge on the climate system, its
past, present and future trends, and the direct and indirect impacts of climate change on
environment and society in order to generate a new knowledge base to guide our adaptive
response to these changes'. To meet this aim, the programme has been organised around six
sub-goals, although the final two (on emissions and society) were added relatively recently in
2008 and 2010:

1. Toimprove understanding of the climate system and its variability, and to quantify
uncertainty.

2. Toimprove knowledge of climate change and itsimpacts on buildings,
infrastructure and other installations, both on land and offshore.

3. To improve knowledge of climate change and its impacts on natural and cultivated
ecosystems and natural resource-based industries.
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4. Toimprove knowledge of the impacts of climate change on society and how
adaptive capacity can be strengthened.

5. Toimprove knowledge of the links between emission trends and the development
of society, and of international cooperation to mitigate climate change (this subgoal
was included in 2008).

6. Toimprove knowledge of the measures and policiesfor emission reductions (this
subgoal was included in 2010).

The expenditure on each of these subgoals as a function of timeis shown in Figure 3.3.3.

3322 IPY

The International Polar Year (IPY), which ended in March 2009, was the fourth in a series of
global research initiatives (including the International Geophysical Y ear, 1957-58) dating
back to 1882-1883. As such, it represented about a 50% increase in the global funding of
polar science, amajor expansion of the observation effort across polar and subpolar seas, the
deployment of awide range of new and complex observation techniques and a gratifying new
degree of international collaboration in their use. As aresult, the IPY has revolutionized our
polar data setsto provide our first real glimpse of the ocean- atmosphere- cryosphere
operating as a complete system. Resources for the 4-year Norwegian IPY effort, 2007-10,
were awarded in asingle round following one main funding call in January 2006. Asfinally
realised in October 2006, the Norwegian IPY Programme consisted of 27 research projects
with abudgetary framework of 290 MNOK, supplemented by the funding of more than 10
NORKLIMA projects that were closely related to the IPY (Orheim 2011, p39). Education,
Outreach and Communication (EOC) projects were covered by alater call in 2006; all inall, a
total of 14 MNOK was alocated to EOC activities by Norway with a further 10 MNOK on
websites, communications etc. (Orheim op cit). The Norwegian programme was special in
terms of its 4-year span, its bi-polar scope, its built-in emphasis on outreach, and the resources
devoted to it. Norway had the third largest budget of the IPY -participating nations and the
fourth manpower commitment.

Taken together, the annual funding of climate research through NORKLIMA and IPY by
RCN peaked at about 190 MNOK around 2008 and has declined since then to under 120
MNOK (Figure 3.3.1).

3.3.3 The Submissions

Since both the IPY and NORKLIMA programmes have concluded or are scheduled to end
shortly, the views of greatest interest to the evaluation were those that might aid the design
and optimise the execution of any follow-up programme(s) that might be thought justified.
Although views on these issues might be discussed at any level of detail, it wasfairly clear
that with 27 projectsto consider in IPY and over 100 in NORKLIMA, the evaluation would
most likely be couched in broad-brush terms, though not exclusively so. From the written
submissions and interviews, the comments made to the Committee clustered around two
issuesin particular. The first concerned the perceived change in emphasis of NORKLIMA
while the programme was underway. The second concerns the question of whether and how
these programmes and their funding might be protracted into alegacy phase. We describe
these in order below:
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3.3.3.1 Content and steering of the programmes

In general terms, the administration of the IPY and NORKLIMA programmes was hot faulted
and in one case (Norwegian Meteorological Institute; met.no), the RCN was given special
mention for the transparent and professional manner in which this was done. However, as the
interviews continued, a small but insistent unease began to emerge regarding the design and
steering of NORKLIMA (the shorter-term nature of IPY meant that this was not an issue).
Two issuesin particular were:

a) whether an appropriate balance had been struck and maintained between basic and applied
science or between the natural and the social sciences. To quote examples, the Institute of
Marine Research (IMR) as a body with the key responsibilities for the management of the
marine ecosystem and environment submitted that, in its view, there has been a tendency
for NORKLIMA to look at the two ends of its climate research spectrum, i.e. the climate
itself and its effects on humans, but less on the ecosystems in between (note also the
responses described under Sections 2.1.2.1 and 2.1.2.4 above, which support this view).
The same point was articulated in a different way by the Norwegian University of Life
Sciences (UMB) Nitrogen Group: ‘NORKLIMA has been very important, but it was
considered that the programme had become too social-science oriented’.

b) whether there had been a tendency for funding calls to become too specific and directed.
In apparent support was the concern expressed by both the University of Bergen
Geophysical Institute and the Bjerknes Centre for Climate Research (BCCR) that a recent
perceived reduction in the number of climate models (' reduction of modelling toolbox’)
might have been one result of the over-direction of programmes, with the specific
recommendation that RCN takes steps to set aside some investment funding for
revitalising model development and for the maintenance of existing climate models. The
BCCR submission confirmed that climate system research funding in Norway is
undergoing a strong downward trend with erosion of the science base and a drive towards
short-term and more opportunistic projects.

3.3.3.2 Thecasefor continuation

The magjority of written submissions and interviews stressed the past importance of
NORKLIMA and IPY in advancing Norwegian Climate Research on a broad front. Probably
the most important of these was its funding of a sequence of collaborative model advances
(stemming from the RegClim, NorClim and currently EarthClim projects), which along with
several EU projects, have brought the necessary new methods, analyses and products to bear.
With its shorter duration, the IPY programme offered short-term PhD opportunities and was
welcome for that, ‘ but not long-term employment’ . With afew conspicuous exceptions the
request that NORKLIMA and IPY should be continued in some form or another, was
probably the clearest message received by the Evaluation Committee during a week of
interviews.

The written submissions and interviews made a wide range of suggestions relevant to the
management of climate research in general in Norway and to the planning of any extension of
NORKLIMA and IPY in particular; i.e. that the RCN, not the Ministries directly, isthe more
appropriate vehicle for distributing climate research funding; that climate research in Norway
has become too much policy-driven and applied; that funding has seemed too much
influenced by high-level regional |obbying with too many programmes, too much competition
and a fragmentation [one submission termed it a’ pulverisation’] of science; that RCN should
incorporate what the University Centre in Svalbard (UNIS) called ' a dependable continuity’

to certain themes in climate research that may take the place of or supplement long-term
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monitoring; and that Norway should contribute to global research areas for their own sake
instead of the current overemphasis on Norway per se.

3.3.4 The Evaluation

3.3.4.1 Content and steering of the programmes

As mentioned above (Section 3.3.1), two issues that featured in the submissions to the
Committee were whether an appropriate balance had been struck and maintained between
basic and applied science or between the natural and the social sciences. In fact it was
relatively easy to examine both of these statements. The first can be assessed in Figure 3.3.2
below, which shows the relative proportions of ‘basic’ vs. ‘applied’ research throughout

NORKLIMA (2004-11) from data supplied by RCN.
100%
Q0% -
BO% -
T0%
60% -
50% - ® Applied research
A0% - M Basic research
30% -
20% -
10% -
0% . . . . . . .
2004 2005 2 006 2007 2008 2009 2010 2011

Figure 3.3.2. Proportion of basic vs. applied research in NORKLIMA.

Source: from data supplied by RCN, March 2012. Basic research is defined as experimental or theoretical work
undertaken primarily to acquire new knowledge about underlying phenomena and observable facts without
aiming at any particular application or use.

Although the relative proportions of ‘applied’ and ‘basic’ will depend to some extent on how
these terms are defined (see caption), thisis unlikely to overturn the principal conclusion that
we draw from Figure 3.3.2, which is that the proportion of ‘applied’ has been arelatively
steady 20-30% throughout the lifetime of NORKLIMA.

On the second point raised, the balance between natural and the social sciences, it was
relatively easy to find evidence that the scientific focus of NORKLIMA had been adjusted
and steered throughout the lifetime of the programme so that, whether it was ‘too much’ or
not (see above), the programme did become much more social-science-oriented at the finish
than at the start. This steering was accomplished by issuing multiple calls for further work, so
that compared to the single main call in respect of the 4-year IPY campaign (i.e. excluding the
Education, Outreach and Communication cal), no fewer than 27 funding calls for
NORKLIMA wereissued in the 8-year period 2004-11 (Appendix 3.3.1).

The net result of this development was that the social science content of NORKLIMA rose
from around 1-3% of total expenditure in 2004-06 to around 30% in 2010-11 (Table 3.3.1).
The Evaluation Committee found nothing particularly untoward in this. In fact as Gerill
Kristiansen (Special Adviser to the RCN on NORKLIMA) pointed out to us, the profile of the
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Programme was kept in continuous review with regard to basic vs. applied research, social
science vs. natural sciences, number of PhDs, post-docs, percentage of female vs. male, etc.
Thisanalysis formed the basis for the action plan for the year in question, and that gave
direction to the calls. As she pointed out, afew years ago the goal was to reach 30% social
sciencein NORKLIMA, and afew years later that was attained (Table 3.3.1).

Table 3.3.1. The total amounts of funding for NORKLIMA 2004-2011 and amounts and percentages to
social science research. In 1,000 NOK.

2004 2005 |2006 |2007 |2008 2009 [2010 [2011

Social sciences 2453 2824 1133 |15359|17302 |28364 |30584 |31833

Tota 84 672|87 193 |83 350|94 356 | 108 452 | 129 928 | 123 084 | 99 183

Share of social sciences|3 % 3% 1% 16% |16 % 22 % 25 % 32%

Source: RCN. Note that in Figure 3.3.2 above, social science research may fall into either the ‘basic’ or the
‘applied’ categories.

Though this shifting scientific focus of the NORKLIMA programme was deliberate, we are
still entitled to ask who decided upon these changes in the thrust of the programme and
whether these decisions had a downside.

We can make little headway with the first of these questions. Though the basis for the action
plans and callsis, naturally, the NORKLIMA programme plan (revised in 2008; RCN 2008b),
the Programme Steering Committee also had to meet successive demands for programme
adjustments from both the scientific community and the government. The latter can express
their research imperatives in various ways, either by making their strategies known to
scientists in the normal way, or more directly, by simply earmarking funds for their
preferences in the budget. The degree and influence of government ‘earmarking’ on the
science of NORKLIMA was not a subject that the evaluation felt able to approach. If the
science of NORKLIMA changed with time, asit did, this may have reflected the net response
of the Steering Committee to a changing balance of demands that were largely unknown to us.

The question of a‘downside’ to changing the scientific focus of NORKLIMA ismore easily
argued. With smaller funding than expected, an unchanging breadth of scientific interest and
yet atime-dependent research focus, it is difficult to see from Figures 3.3.3 and 3.3.4 how
any significant continuity of research could have been developed over the full NORKLIMA
period. On the positive side, if these changesin policy goa's had not been undertaken, there
would have been no focus on instruments for emission reduction and adaptation, which is
absolutely essential to addressing the problem of climate change.
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Figure 3.3.3. NORKLIMA expenditure on each of its six sub-goals as a function of time (MNOK).

Source: RCN

Note: The left hand panel includes the funding of pre-existing projects ‘inherited’ by NORKLIMA while the
right hand panel describes NORKLIMA funding alone. [Subproject goals are 1) To improve understanding of
the climate system and its variability, and to quantify uncertainty; 2) To improve knowledge of climate change
and its impacts on buildings, infrastructure and other installations, both on land and offshore; 3) To improve
knowledge of climate change and itsimpacts on natural and cultivated ecosystems and natural resource-based
industries; 4) To improve knowledge of the impacts of climate change on society and how adaptive capacity can
be strengthened; 5) To improve knowledge of the links between emission trends and the devel opment of society,
and of international cooperation to mitigate climate change (this subgoal was included in 2008; and 6) To
improve knowledge of the measures and policies for emission reductions (this subgoal was included in 2010)]

The panelsin Figure3.3.3 are of some relevance in deciding whether and to what extent
NORKLIMA achieved success as along-term research programme. Though 3.3.3a (the | eft-
hand panel) suggests that subgoal 1 (for example) was rather strongly and stably funded at 30-
50% of the annual total throughout the life of the programme to date, thisimpression is partly
due to the inclusion of the ‘inherited projects’ in the early years which may bear little or no
relation to the projects funded under the NORKLIMA programme itself. For those projects,
we have to rely on the right hand panel which clearly shows that with ‘tapering in’, ‘tapering
out’ and adjustments due to ‘ steering’, none of the programme el ements of NORKLIMA can
be said to have been constant with time (Figure 3.3.3b).
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Figure 3.3.4. Number versus duration in years for all 174 NORKLIMA and NORKLIMA-inherited projects,

started in the period 2000-2012.
Note: Included are research projects (142), scholarships (22), and institutional grants (10) but not the ‘others’
category in Table 3.3.2 which largely refersto project workshops, etc. For these 174 projects, the mean duration

is 3.8 years, the standard deviation is 1.3, and the median is 4.0. Data from RCN, plot from NIFU-NORKLIMA

Table 3.3.2. NORKLIMA —types of funding. 2000—2012, by start-up year (N=195)

2000 |2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | Total
Research
project 13 |23 16 |2 |28 |22 |13 |12 |8 |5 142
Scholarship 2 |2 |2 5 2 |2 |3 |4 22
I nstitutional
grant 2 2 |6 10
Others 2 |6 |1 |3 |5 |3 1 21
Total 2 4 121 |25 |2 |27 |3 |33 |29 |19 |17 |8 |5 195

In fact, if we examine the average duration of all 174 NORKLIMA-funded projects including
inherited projects (Figure 3.3.4), we find that although the duration of afew projects exceeded
7 years, the average was 3.8 years (SD = 1.3 years; median = 4.0). Project funding accounts
for the vast majority (131 out of 174 projects; Table 3.3.2), with institutional grants
apparently disappearing, after the start of the NORKLIMA programme.

For a complex of reasons, including those just described, what was intended and regarded by
the funding agency as a 10-year research programme will have appeared to NORKLIMA
principa investigators to be a funding programme rather than a research programme,
delivering disconnected short-term efforts with little continuity on, say, climate variability,
ecosystem impact and societal impact in place of the coherent ten-year study that was
intended. As explained by Eli Aamot, Head of the NORKLIMA Programme Board, this
problem is not simply attributable to the short span of individual projects; a project span of 3-
4 years should not be disadvantageous as long as there are funding calls available for their
follow-up. Neither isit attributable to funding the subgoals unevenly during the programme;
such a phased approach, starting with an emphasis on subgoal 1, was aways the execution
strategy of NORKLIMA. But coupled with athird factor, namely a mismatch between the
anticipated (by the RCN administration and the NORKLIMA Board) and the allocated

78



funding, the net result of all three factors was the perception of a programme with little
continuity or coherence.

The debate on afollow-up programme will no doubt consider ways of minimising these
adverse effects, perhaps using smaller balanced grants over longer periods of time.

3.34.2 Thecasefor continuation

The Committee accepts the view widely expressed in these sessions that NORKLIMA has
been amajor stimulus of climate research in its broadest sense, that the programme has been
unique in combining natural science and socia science in its portfolio, and that a decade of
strong climate science under NORKLIMA and IPY should be continued in some form. How
could it be otherwise? Basic science funding of this order (~1 billion NOK) is rare anywhere,
and as amost always happens, the questions raised by the scientific advances of NORKLIMA
are at least as compelling as the ones that have been solved. As examples, the sequence of
collaborative model advances under NORKLIMA (viathe RegClim, NorClim and EarthClim
projects) seem poised to continue with further developments in the Norwegian Earth System
Model and the establishment of a distributed National Climate Service Centre (Section 5.2
below); and without making too deep a synthesis of advancesin the other fields of
NORKLIMA, such global issues as ‘what drivesthe signal of ocean-climate change into and
through the Arctic deep basins?', “how will an increasingly-open Polar Sea drive change in
the atmospheric circulation?, *how will global change affect the Barents Sea cod stock? and
“how will society mitigate for and adapt to the impacts of climate change’, all glimpsed but as
yet unresolved, are of such fundamental importance to Norway as to justify making the
attempt to design a follow-up phase in which our understanding of these and other issues may
be developed and tested. Information gathering for a future programme s, in fact, already
well advanced in RCN and conforms to the view, strongly expressed in our interviews, that
the process should be an open one. In January 2012, meetings organised by RCN and attended
by the Chair of this Evaluation Committee were held in Oslo, Bergen, Trondheim and Tromsg
with the stated aim of gathering ‘the thoughts of national and international stakeholders
regarding future needs for knowledge about climate issues °.

3.3.5 The future: how to develop continuation, building on NORKLIMA and IPY

The strengths and weaknesses of the two programmes are briefly recalled here, before an
international context for developing their ‘legacy phase’ is described.

3.3.5.1 NORKLIMA

By and large, the strengths and weaknesses of the NORKLIMA programme that were
revealed in submissions to the evaluation Committee were encountered again in the course of
the four follow-up sessionsin Oslo, Bergen, Trondheim and Tromsg. As just described, there
is no doubting that NORKLIMA has been amajor stimulus of climate research in its broadest
sense. The case for continuation, however, needs both a thorough synthesis of past strong
results and a back-up strategy for the eradication of past weaknesses. Having described them
in some detail above, the weaknesses we need to avoid would appear to be the following: 1.
Due to the shifting focus and the lack of a scientific synthesis, NORKLIMA was more of a
funding programme than aresearch programme. 2. The intentional breadth of the programme
coupled with smaller than expected funding due to Government cuts (see Section 3.2.2 above)
meant that each component of NORKLIMA received relatively little support, preventing the

9 http://www.forskningsradet.no/no/Nyheter/inviterer_til_dialog/1253970027006.
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substantial building of new capacity. 3. Though intended as a 10-year programme,
NORKLIMA was not along programme from the viewpoint of scientists. Though the
programme is not yet ended, it is hard to read much more than a single 3-4 year period of
strong and stable funding into the time-dependencies of Figure3.3.3, in any discipline. 4.
Smaller grants over longer periods of time might have countered the shifting focus of the
programme and permitted a more dynamic development of projects. 5. The programme calls
were too prescriptive and there is arealisation that the most exciting and innovative
approaches do not often fit the calls so that an element of basic science (‘FRIKLIM’) may
profitably be developed in parallel with anew climate effort. 6. But ultimately, what is
standing in the way of a continuation programme is the fact that unlike the Norwegian IPY
programme, NORKLIMA to date has included very littleif any synthesis. A thorough
synthesisis a prerequisite both for underscoring what was achieved and for designing and
justifying any follow-up phase. It should be carried out as a matter of high priority asthe
programme nears its close.

This requirement for athorough synthesisisimplicit in the first main recommendation of this
Evauation Committee (Section 7): ' The Government should establish an overall strategy for
climate research funding building on the recommendations of Klima21 and...taking into
account the accomplishments of NORKLIMA and IPY’. The four follow-up planning
sessions organised by RCN in January 2012 can only be part of that process. According to
timetable information supplied by RCN, with the RCN Board due to decide the issue of ‘one
or several programmes’ by the end of 2012, a Programme Planning Committee to be
established early in 2013, anew climate programme Board to be established late in 2012, a
programme plan in mid-2013, calls to be issued in mid-2013 and a start to be made on 1
January 2014, it is difficult to see where such athorough synthesis may be fitted in.
Nevertheless, at the time of writing (mid-March 2012), it remains the stated intention of RCN
to organise such a synthesis during the “exit-phase” of NORKLIMA including a science
conference (2-3 days, for researchers and users), and a synthesis book (for researchers and
other academics). [The first bullet point in the second recommendation of this Committee
(Section 7 below) is designed to prevent this problem from recurring in any follow-up
programme].

3352 IPY

As regards the possible involvement of Norway in the evolving ‘legacy phase’ of IPY, the
information available to the Evaluation Committee has been and still is patchy and
incompletely resolved. At one extreme, a modern multidisciplinary synthesis of the
achievements of Norwegian science during the IPY has already been compiled (Orheim and
Ulstein, 2011) providing the essential basis for justifying and planning a national continuation
effort. To provide the international framework for such a continuation, our new idess,
stemming from the IPY, on the role of (bi)polar seasin climate have been carefully shaped
into integrated international plans for study by the Marine WG of the International Arctic
Science Committee (IASC; Dickson, 2011b) and by the Scientific Committee on Antarctic
Research (SCAR; Rintoul et a., 2012). However, apart from the briefest of statementsin the
supporting paperwork from RCN [...... until a new effort on polar research has been
decided’...; RCN 2011b, footnote to p. 15], we learned little of a specific nature about
Norwegian plans for the ‘ Legacy Phase’ of the IPY in the course of this evaluation, nor
despite its obvious relevance here, did we learn anything definite about whether the building
of adedicated ice-breaker or ice-strengthened vessel was under serious consideration in
Norway, though the Norwegian Polar Institute and Institute of Marine Research interviews
were encouragingly positive and suggested that such plans are underway.
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That situation now appears to be changing rapidly, and from the perspective of this
evaluation, appropriately so. With a northward-tending government policy, with the stated
aim of met.no and others of achieving further expansion of their R& D effort in the Arctic,
with new Norwegian technical analyses providing support (e.g., RCN 2011c), and with the
international community poised with actual and prospective new equipment
(seagliders/deepgliders, ocean-ice-atmosphere sounding autonomous buoys and an enhanced
capability in remote sensing; see Dickson, 2011b; Morison et a., 2012) to directly observe the
newly open polar sea and its effects on the regional atmospheric circulation (Overland et al.,
2011), the stage seems set to advance Norwegian polar science ‘from Knowledge to Action’
(the working title of the IPY Conference in Montreal, April 2012). Though most of the
‘continuation funding’ has thus far been announced viathe NORKLIMA Programme [ 2010 —
Under standing the climate system; 2011 — Impacts of climate change on the environment and
communitiesin the polar regiong|, it is the understanding of the Evaluation Committee that a
new Polar Research Programme is now in the process of being launched. Thetask is clear
enough: for Norway to decide how best to attain the research-based knowledge necessary to
exercise its policy, management and business activity in the Polar Regions. Several
appropriate lead-ins to that decision now exist. Though the future programme remains
undefined as far as this Committee was concerned, the following elements — incompl ete and
of unknown priority — were noted in the course of the evaluation as
possible/likely/commended candidates for the new programme:

e A funding framework has been set up by the International Arctic Science Committee
(IASC) to promote interdisciplinary research coordination among its five working
groups (marine, atmosphere, cryosphere, terrestrial and social & human). The first
fruit of thisfunding has been the initiation of an Arctic Climate System Network
(ACSNet), which will completeits planning at the IPY Conferencein Montredl, in
April 2012. Although inits early stages ACSNet will mostly be concerned with the
ocean-atmosphere-cryosphere, the intent is to extend its coordination across al five
WGs, each of which has two Norwegian members.

e Developing Svabard as an international research platform is another el ement that is
bound to be given priority in any new Norwegian Polar Programme. The Svalbard
Integrated Arctic Earth Observing System (SIOS) was one of the proposals from
Norway accepted for the 2008 Roadmap of the European Strategy Forum on Research
Infrastructures (ESFRI) and from now, until September 2013, the formal and financial
framework of SIOS is being worked out in an EC-funded SIOS preparatory phase
project coordinated by RCN. This development path is unlikely to end there. It has
since been proposed (Holmén & Ellis-Evans, 2011, pers. Comm..) that SIOS could be
developed as aregiona element of the ' Future Earth — Research for Global
Sustainability’ initiative of ICSU (http://www.icsu.org/future-earth/home), designed to
facilitate the study of the Earth’s environment as an integrated system in order to
understand how and why it is changing, and to explore the implications of these
changes for global and regiona sustainability. Their suggestion that 'An important
capacity building activity should be devel oping new observational techniques for
environmental monitoring in frigid and sensitive areas not only makes appropriate
use of the unique high-latitude location of Svalbard but is likely to be of growing
international importance as climate science expands in scope and complexity
poleward, for example in the ACSNet initiative just described.
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e A third possible e ement concerns the course recommended by the Sami University
College (SUC) in their submission to this evaluation. For the Sami and other pan-
Arctic reindeer herders, the Norwegian IPY Programme (though not NORKLIMA)
has been of fundamental importance in applying amix of formal climate science and
traditional knowledge to their critical discussions on climate change, land use change,
adaptation and resilience, and a continuation of 1PY funding by RCN is seen asvital to
continuing the spread of their community-based workshops and ‘downscaled’ climate
advice across the circumpolar Arctic to span al of the major reindeer herding regions
of the world (see Section 5.2 below).

e Another topic raised during the evaluation was the need for Norwegian research to
develop an improved understanding of terrestrial ecosystem feedbacks to the climate
system in response to initial impacts. Within a new Polar Research Programme, RCN
might support knowledge- and competence-building in terms both of terrestrial
ecosystem responses & feedbacks to the climate system and of the overall functioning
of biogeochemical cyclesin the high-latitude regions. The rapidly changing northern
permafrost forms an important study area for this work, one in which Norwegian
researchers have the triple advantage of ideal geographical location, good national
research facilities and a northward-tending science policy. In such aresearch
environment and as part of the new Research Programme, Norwegian researchers
would be important contributors to international permafrost research and to Polar
ecosystem impact, adaptation and mitigation studies.

e Climate modelling itself may provide afurther significant avenue for post-IPY
development: an IPY follow-up might be just the place to encourage the science of
decadal predictability and variability, in the submission of BCCR.

e Bolstered by recent statements by the Prime Minister on Antarctica, Norwegian
research there seems set to expand. For example, with the British Antarctic Survey
supporting the costs of the field operation and Norway (BIAC-UiB/BCCR) proposing
to cover the equipment costs of maintaining observatories beneath the Filchner-Ronne
ice shelf, the long term and climatically valuable observations that have been made
there by Norway since 1977 seem set to continue beyond the BIAC ‘Legacy Phase’,
and anew Norwegian Antarctic Research Expedition (NARE project WEDDELL) is
planned.

e Findly, inrounding off this selection of possible-to-probable initiatives for anew
Norwegian Polar Programme, one issue in particular is likely to prove problematic.
Resolving the Arctic Ocean circulation in the Nansen Basin (akey issuein
determining the role of the Northern Seas in climate; see Dickson, 2011b) must
absolutely involve the strengthening of research cooperation with Russiathat Norway
has been pursuing as a matter of its Northern Policy, despite the past difficulties that
Orheim aludes to obliquely in his précis of the IPY (Orheim and Ulstein, 2011, p 43).

However fruitful they may appear, these glimpses of a possible new Polar Research
Programme remain to be confirmed at the time of writing, see
http://www.forskningsradet.no/prognett-pol arforskning/Home page/1231229969357.
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3.3.6 Summary of key findings

The large scale Programme on Climate Change and Impacts in Norway (NORKLIMA) with
its six sub-goals was a primary driver of climate research in Norway for the past decade
(2004-14), with atotal funding of about 721 MNOK. If we include a range of pre-existing
projects inherited by NORKLIMA, the total funding devoted to climate research in Norway in
this programme increases to about 948 MNOK between 2000 and 2014. In addition, between
2007 and 2010, i.e. during the middle years of NORKLIMA, a Norwegian IPY Programme
was developed by RCN as a contribution to the globally-coordinated International Polar Y ear,
April 2007-April 2009. With 27 research projects and a budgetary framework of 290 MNOK,
the Norwegian IPY programme was special in terms of its 4-year span, its bi-polar scope, its
built-in emphasis on outreach, and the resources devoted (Norway ranked third of all the IPY -
participating nations in terms of budget and fourth in terms of manpower devoted to IPY).
The total spending on climate research under NORKLIMA-IPY in the decade 2004-14
amounted to 1,011 MNOK.

Though there is no doubting the fact that NORKLIMA has been amajor stimulus to climate
research in its broadest sense, the submissions to the Evaluation Committee revealed the
weaknesses of the NORKLIMA programme as well asits strengths. As many of the institutes
suggested, the scientific focus of NORKLIMA had been adjusted and steered throughout the
lifetime of the programme so that the programme became much more social -science-oriented
at the finish than at the start. This steering was intentional, reflecting the changing demands
on the Steering Committee, and it was accomplished by the issuing of multiple funding calls
(27 in the 8—year period 2004-11 compared with the single main research call for IPY). Partly
in consequence of and partly through a shortfal in the anticipated funding, none of the
programme elements of NORKLIMA were evenly funded over the course of the programme
(although the relative proportions of ‘applied’ and ‘basic’ research were maintained), and
there was less continuity and coherence among the main themes of the programme (climate
variability, ecosystem impact and societal impact) than might have been envisaged. Though
intended as a 10-year programme, NORKLIMA was not along programme from the
viewpoint of scientists. Taking al 174 NORKLIMA-funded research projects, including
inherited projects, we find that although the duration of afew projects exceeded 7 years, the
average duration was 3.8 years. Smaller grants over longer periods of time might have
permitted a more coherent and more dynamic development of projects.

A magjor conclusion isthat NORKLIMA should be followed by a mgjor new research
programme with a consistent focus for its entire 10-year span. The primary bases for this new
investment in climate change research should be the recommendations of Klima21, which
were developed in a strong dialogue with the Norwegian science community, and the
accomplishments of NORKLIMA itself, once these have been properly assessed in a
thoroughgoing synthesis phase. The latter has yet to be carried out but since the
recommendations of Klima21 were developed in 2008-10, both are required. In any future
programme, the requirement for synthesis activities should be incorporated from the outset to
ensure that the whol e becomes more than the sum of its funded projects. Calls within any new
programme should be fewer and considerably less specific than in NORKLIMA. Asan
important component of any new funding initiative, RCN should establish an unrestricted
‘FRIKLIM’ programme to enable funding of the best natural and social sciences disciplinary
research solely on the basis of disciplinary quality.
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The synthesis phase of Norway—IPY is already completed, and (whether part of a new climate
programme or separate from it), a new Polar Research Programme is now in the process of
being launched. Though the task is clear enough — to decide how best to attain the research-
based knowledge necessary in order to exercise Norway’s growing policy, management and
business activity in the Polar Regions — its specific e ements had not yet been decided or
made clear to this Committee at the time of writing. Several appropriate lead-ins to that
decision now exist, however, and we will note some that appear to be front-runners.



4 Research Partnership

4.1 National Research Partnerships

Climate research in Norway is distributed among a number of research institutes and
university departments. A total of 78 research entities have submitted fact sheets and out of
them 36 have submitted self-assessment reports. This number represents afew rather large
institutions as well as a number of smaller ones.

Although spread over alarge number of topics and locations there seems to be considerable
interaction between the individua groups. Some of those arein alarge strategic aliance
through a formalised collaborative agreement, such asin the Norwegian Climate Centre
between the major Norwegian research groups concerned with research in the climate system
or the Centre for Interdisciplinary Environmental and Social Research (CIENS), whichis
strategic research collaboration between independent research institutes and the University of
Oslo. Other collaborative models are the Norwegian Centres of Excellence, for example the
Bjerknes Centre for Climate Research (BCCR) and the Centre for Climate Dynamics. Such
collaborations can boost individual groups with excellent niche competences to provide first
class science results, such as for example the development of the Norwegian Earth System
Model (NorESM).

These important collaborations are typically supported by large research funds. In asmall
country too fierce national competition for funding may actually limit national research
collaboration. Therefore, RCN has followed a successful strategy of inviting potential
competitors to take part in research networks and applications. This reduces the number of
competitors and strengthens the national networks. Being part of alarger network isin some
cases the only way for small research groups to get a share of the research funding, in
particular if funding is announced in relatively large blocks.

RCN has undoubtedly been very successful in engaging a broad spectrum of research groups
in climate research. In some cases this has been achieved by preferring cooperation between
independent research ingtitutes in order to foster interdisciplinarity, rather than appreciating
interdisciplinary activities within the research institute. This may improve the scientific
quality of the programme in total, but maybe at the price of not taking full advantage of the
quality of individual interdisciplinary projects that happen to be located in a single institution.

The available infrastructure for climate research in Norway, in part supported by Norwegian
polar politics, is an important determining factor in the formation of research partnerships.
Facilitiesin Svalbard as well as the research station in Antarctica are obviously valuable
assets for climate research and for the establishments of research networks. Since the climate
in the Arctic and in Antarctica often develops quite differently it is certainly an advantage to
compare the two polar areas; that may contribute quite significantly to the understanding of
the complex climate processes.

The project collaboration in NORKLIMA projects can be used to analyse national
collaboration on climate research. The network diagram (Figure 4.1.1) is based on socid
network analysis of all projects funded by NORKLIMA with more than one project
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participant, including a so projects inherited from other RCN programmes. The analysis of
145 projects identified 75 Norwegian organisations. The earliest projects were started in 2000,
and the latest projects started in 2012. 27 projects are not included because they have not
more than one participant. The diagram is based on degree centrality measures.

The most central organisations in the national collaboration network are the University of
Oslo, which includes severa departments engaged in climate research, CICERO, the Bjerknes
Centre for Climate Research, the University of Bergen and the Norwegian M eteorol ogical
Institute. The diagram shows also a multitude of independent research institutes with only
limited activities. Some public agencies contribute to the collaboration network actively, most
importantly the Norwegian Water Resources and Energy Directorate (NVE). The business
enterprise sector has practically no participation in the network.

International Research Institute of Stavanger

ENOVA Powersim Software

Climate and Pollution Agency
\ \ fNorwegian Mapping Authority

Directorate of Fisheries, Gjensidige Insurance
@ National Institute for Consumer Research (SIFO)
@ SINTEF SINTEF Building and Infrastructure
o NORUT IT //
Norwegian Radiation Protectlo?\kxiﬁrl?grywa AS DNV Oslo & Akershus Univ College of Applied Sciences
R 9 ’\I ®/Uni Research AS

) yd
N %// / ¢ Norwegian Computing Centrel Bergen Municipality
\ Y4 SINTEF Fisheries and Aquacultu /‘
NH \' ’

7 \ N
S IR /,, A
QSINTEF Energ N ) \ ’ gfWestern Norway Research Institute
Biotrin 2 \ Aavey 7 .» 4 A r ’/i' \

P al/E Sy >q 4 /
. L P |~ / Y[ 7/ N\_——#® Instanes AS

GENORUT Finnmark \’04” ""&‘
<= ;‘vlloﬁ“""} q RN =
NoRUT AL l..‘ = vvvi" \\.\":‘ <N )
/ % Univ Cole Trom ‘ ‘\\m’/ ; "‘ l‘\w\
Univ College Hedrk \ A ‘ " / / '\" \\\§'\k\
i O KA R
HAUMBZ ’ ' AU

Eastern Norway Research Institute

=X ® Frisch Centre

IFE .,: P Norweglan water resources and energy directorate (NVE)
[ S s AN
'; Ziil . i g\ W v A;
Ay \ ‘\ D Statistics Norway
#ViaNova Systems AS //. W y ‘ '
= A ‘\
\:v 3 \.~ \ % Jembaneverket Synovate Norge
\ ‘l\ AN Econ Poyry AB
&Norwegian Institute of Public Health Norwegian Public Roads Admlnlstratlon
X fInstitute of Transport Economics

emaTec AS bde mrport " \ X NTNU Social Research

L anes mnichait . Fredrikstad Municipality Per Kristen Mydske Forskning Lmd
rondhelm Municipality
Norweglan Financial Services Association

Figure4.1.1. National collaboration on climate research. Based on project datafor NORKLIMA (N=145)
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The size of the circles indicates the number of projects, the thickness of the lines indicates the strength of
collaboration and the length of the lines indicates the relative importance of the collaboration for the network.
Created with Borgatti, S.P., Everett, M.G. and Freeman, L.C. 2002. Ucinet for Windows:. Software for Social
Network Analysis. Harvard, MA: Analytic Technologies, and Borgatti, S.P. 2002. NetDraw: Graph Visualization
Software. Harvard: Analytic Technologies.
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4.2 Nordic Research Partnerships

The Nordic Countries — Denmark (incl. the Faroe Islands and Greenland), Finland, Iceland,
Norway and Sweden — have along tradition of regional climate research cooperation. Thisis
because these countries have similar geographical orientation and thematically common
interests resulting in rather similar research priorities (e.g. emphases on polar research, boreal
and marine ecosystems). Also Nordic countries host several internationally leading research
groups in climate research and it is easy to operate with strong research groups that have
almost identical institutional frameworks and the collaboration is further enhanced by the
possibilities to use joint Nordic funding instruments. It has been also observed that Nordic
collaboration in science policy and research in general provides a stronger voice at the EU
level.

NordForsk, the Nordic research board under the Nordic Council of Ministers, isthe main
funding body to support Nordic research collaboration in addition to national research funding
bodies. NordForsk focuses on research areas in which the Nordic countries are internationally
recognized and promotes research and researcher training of high international quality.
Paleoclimatol ogy, climate modelling, atmospheric research and oceanography stand out as
particularly strong areas in the Nordic countries and in al these fields the Norwegian
contribution is significant. At the international level, Nordic climate research particularly
contributes to areas such as the Arctic region, the Baltic Sea, agriculture, forests, wetlands and
marine ecosystems.

A recent bibliometric study (Schneider and Larsen, 2009; NordForsk, 2009b) showed that
Sweden, Norway, Denmark and Finland are among the top 20 countries in terms of
production of publications related to climate change research (incl. energy research). When
the number of publications is compared to the number of inhabitants, Norway had the highest
number of scientific publications in climate change research in the world.

In terms of co-authorship of scientific articles the other Nordic countries are important
partners for Norwegian climate researchers (Table 4.2.1). Among Nordic countries
collaboration in climate research is strongest with Sweden (999 co-authorships in 2001-2010)
but also Denmark and Finland are prominent in terms of research collaboration with 619 and
476 co-authorships in 2001-2010, respectively. The Nordic collaboration is further
demonstrated when studying Norwegian international research collaboration at the
organisational level. The international co-authorship analysis at organisational level revealsa
dominating position of Nordic research organisations — eight of the ten foreign organisations
in the world who have published with Norwegian institutions are Nordic. The most prominent
publication collaboration is with Swedish universities (see Section 4.3). However, for co-
authorship of Norwegian climate research articles, the Nordic countries only account for 10%
(Table 4.3.2)
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Table4.2.1. Co-authorship of Norwegian climate researchers with Nordic countries. 2001-2010.

Fractionalised counts Total counts
Sweden 190 999
Denmark 116 619
Finland 83 476
Iceland 31 163
Greenland 4 21

Source: NCR 2010
Notes. Fractionalised counts are given for to avoid double counts because of co-authorship with more than one
country and organisation.

A long tradition of Nordic collaboration has a so resulted in many joint initiatives within
research funding and research policy. Climate change research has always been one of the
research areas relevant for joint Nordic initiatives. The most visible and important joint
initiatives are the Nordic Centres of Excellences (NCoE) funded by NordForsk. In 2003—
2007, under the NCoE programme on Climate Change, four NCoEs were established and
funded: BACCI — biosphere-aerosol-cloud-climate interactions’, coordinated by University of
Helsinki, EcoClim — the dynamics of ecological systems under the influence of climatic
variation, coordinated by University of Oslo, NECC — ecosystem carbon exchange and its
interactions with the climate system, coordinated by University of Lund and NcoE for
luminescence research, coordinated in Risg, Denmark. The Centres received basic funding
from their national sources and were further supported by joint Nordic funding at around 11.9
MNOK annually. The Nordic funding was to cover grants and salaries for visiting researchers
and PhD students. The NCoEs final evaluation (NordForsk, 2009a) revea ed that NCoEs were
very successful in binding national Centres of Excellence together and considering the low
budget, the results were remarkable and had a good input/output ratio. The Evaluation report
also acknowledges the NCoE programme’ s focus on scientific leadership, which created a
clear Nordic added value.

The EcoClim NCoE was important for the start of the Norwegian Centre of Excellence
‘Centre for Ecological and Evolutionary Synthesis (CEES)’ at the Department of Biology,
University of Oslo, in 2007. The Social Network Analysis of the collaboration patterns of the
four Centres (Figure 4.2.1a) reveals a central position of the University of Oslo together with
Risg National Laboratory (today merged into the Technical University of Denmark), the
University of Helsinki and Lund University.

During the first NCoE period, the network supported by the NCoE programme was still rather
small. It consisted of only 15 nodes. At that time, the University of Aarhus was more an
outsider, only connected with Risg National Laboratory. And there were only two Norwegian
research organisations included, the University of Oslo and the Norwegian Institute of Air
Research. The Bjerknes Centre, CICERO, the Norwegian Meteorological Institute, the
universitiesin Bergen and Tromsg, UNIS and many other important organisations were not a
part of this network. But the NCoEs helped to build up new connections, and in their sub-
projects they included also other research organisations, some outside the Nordic countries.

In the autumn of 2008, the Nordic countriesinitiated the largest joint Nordic research and
innovation initiative to date. The Top-level Research Initiative (TRI) involves a number of
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Nordic organisations and national institutions, and it has a budget of 410 MNOK over five
years. There are two sub-programmes under the TRI with relevance for climate research:
1. Effect Studies and Adaptation to Climate Change;
2. Interaction Between Climate Change and the Cryosphere.

The sub-programme «Effect Studies and Adaptation to Climate Change» has the aim “to
improve knowledge about the effects of climate change, about the adaptation capacities of
society, and about the risks and opportunities that the effects of climate change may bring to
the Nordic region”. The sub-programme gives funding to ten Nordic networks and each
network receives up to 300,000 NOK per year for three years. Norwegian research
organisations are represented in all but one of them.

The following Nordic networks have Norwegian project leaders:

e Nordic Network for Climate Change, Adaptation, and Multilevel Governance
(NORCAM), Project leader: CICERO Centre for International Climate and
Environmental Research, Norway

e Interdisciplinary research: theories and applications in urban climate change
adaptation, Project leader: Oslo University College, Norway

e Statistical Approachesto Regional Climate Models for Adaptation, Project |eader:
Norwegian Computing Centre, Norway.

The sub-programme gives also funding to three Nordic Centres of Excellence (NCoE), with a
total budget of 90 MNOK. Norwegian researchers participate in all three Nordic Centres of
Excellence and there is one with a Norwegian project |eader:

e NCoE NorMER (The Nordic Centre for Research on Marine Ecosystems and
Resources under Climate Change), Project |eader: CEES, Department of Biology,
University of Oslo, Norway, with a co-primary investigator at the Stockholm
Resilience Centre/Stockholm University, Sweden.
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Figure4.2.1. A) Nordic climate research collaboration in the Nordic Centre of Excellence Programme on
Climate change 2003-2007 (Note: Including the main nodes of the four centres, but not sub-projects).

B) Nordic climate research collaboration in the Top-level Research Initiative.

Both figures are based on degree centrality measures of project partnership. Data source: Top-level Research
Initiative. Created with Borgatti, S.P., Everett, M.G. and Freeman, L.C. 2002. Ucinet for Windows:. Software for
Social Network Analysis. Harvard, MA: Analytic Technologies, and Borgatti, S.P. 2002. NetDraw: Graph
Visualization Software. Harvard: Analytic Technologies

The most active Norwegian research institutions under this sub-programme are: NTNU, the
University of Tromsg, CICERO, University of Oslo, University of Bergen and the Norwegian
School of Economics and Business Administration. Their most important collaboration
partnersin these projects are Aarhus University (Denmark), University of Helsinki and the
Finnish Meteorological Institute (both Finland), University of Iceland, Lund University and
University of Umea (both Sweden).

The sub-programme «lInteraction between climate change and the cryosphere» has the
objective “to reinforce Arctic research cooperation in the Nordic region and internationally, to
improve modelling of the climate change interactions with the cryosphere, and provide results
for infrastructure risk assessments and possibilities’). The sub-programme has a budget of
about 100 MNOK.

The sub-programme a so gives funding to three Nordic Centres of Excellence and Norwegian
researchers participate in all three. There is one Nordic Centre of Excellence with a
Norwegian project |eader:
e NCoOE SVALI (Stability and Variations of Arctic Land Ice), Project leader: University
of Oslo.

90



The most active Norwegian organisations are the Norwegian Polar Institute, the University of
Oslo and the University Centrein Svalbard. Their most important collaboration partnersin
these projects are Aarhus University, the Danish Meteorological Institute and University of
Copenhagen (all Denmark), University of Helsinki and University of Eastern Finland (both
Finland), University of Iceland, Stockholm University, Lund University and Uppsala
University (all Sweden).

Figure 4.2.1b illustrates the project collaboration in both TRI sub-programmes based on
Social Network Analysis (SNA). Figure 4.2.1b shows the central position of Aarhus
University in Denmark, the University of Iceland and NTNU. Remarkable are the differences
compared with the original NCoE programme on climate change (Figure 4.2.1a). Now many
more research organisations are included: the network consists of 72 nodes and many other
Norwegian research organisations are now participating.

Figure 4.2.1b shows that other research organisations have an important role to keep different
parts of the network together, such as the Finnish Meteorological Institute and the University
of Tromsa.

In addition to TRI climate related sub-programmes, under NordForsk’ s Nordic Programme on
Impacts of Climate Change in Nordic Primary Industries, several new projects have been
started, extending over 3 to 4 years. Three out of six projects have a Norwegian coordinator,
but Norwegian research organisations are involved in al projects:

e Forest Soil C Sink Nordic Network, coordinated by the University of Copenhagen,
includes the Norwegian Forest and Landscape Institute;

e Sustainable Primary Production in a Changing Climate, coordinated by the Risg
National Laboratory (today merged into the Technical University of Denmark),
includes the Norwegian company, Graminor AS;

e Nordic network: Climate impacts on fish, fishery industry and management in the
Nordic Seas, coordinated by the Institute of Marine Research, includes the Fridtjof
Nansen Institute, the Bjerknes Centre for Climate Research, the Institute of Research
in Economics and Business Administration, the University of Tromsg and CICERO;

e Nordic Research Network on Animal Genetic Resources in the Adaptation to Climate
Change (AnGR-NordicNET), coordinated by the Norwegian University of Life
Sciences;

e Arctic char; A species under threat and with great potentials in the age of climate
change (NORDCHAR), coordinated by the Institute of Freshwater Fisheries, Iceland,
includes the Norwegian Institute for Nature Research (NINA);

e Nordic Forage Crops Genetic Resource Adaptation Network (NOFOCGRAN),
coordinated by the Norwegian University of Life Sciences, includes the Norwegian
Institute for Agricultural and Environmental Research (Bioforsk) and the Norwegian
company Graminor AS.

The research programme on Impacts of Climate Change in Nordic Primary Industries has a

total budget of 18 MNOK and a self-financing of minimum 60 per cent of the total project
budget is required for each network which means that national co-funding is needed.
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4.2.1 Summary of key findings

It is foreseen that the connections and joint activities anong NCoE partners will further
strengthen the Nordic climate change research and increase the international visibility of the
Nordic research in global arenas. Therefore, it is also beneficial to Norwegian climate change
researchers to participate in these Nordic activities. Because Nordic funding is often limited
and mainly directed to networking and research exchange schemes, it isimportant that the
research groups participating in TRI or other joint Nordic research activities are supported
with sufficient national co-funding to fulfil the requirements of the research collaboration.
Solid national funding also gives more freedom to seek and benefit from the new research
opportunities provided at the Nordic level. We recommend that RCN should develop a clear
vision and national strategy for coordinating Norwegian and Nordic funding. Special attention
should be given to the need for national co-financing of Nordic initiatives.

Although the research collaboration at the Nordic level is extensive, it is noteworthy that the
Nordic collaboration on research infrastructure developments, i.e. sharing the Nordic
Research Infrastructure (RI) facilities and data, and the distribution of RI work, isrelatively
poorly developed and could be promoted further at the Nordic level. This aso appliesto
computational intensive grid and cloud based research (e-Science), which is coming relevant
to the Earth and climate research. It istime to examine what possibilities and benefits Nordic
collaboration in Information and Communication Technology (ICT) based infrastructures
could offer for the Norwegian climate research community and how it could be enhanced at
the Nordic level. In the hearings it was mentioned that the climate modelling collaboration
should be further strengthened among Nordic countries. Norway holds a strong position in
climate modelling and could take the leading role in promoting and developing Nordic
collaboration in climate modelling. Leading Nordic modellers have proposed that a single and
substantial Nordic activity on Advanced Climate Modelling (ACM) should be established in
order to mobilize the entire intellectual capacity and operational capabilitiesin the Nordic
region. The Top Research Initiative or similar instruments could provide an excellent
opportunity to further advance these activities leading to improved Nordic collaboration on
the delivery of climate information and climate model development. Therefore, RCN should
promote Nordic collaboration on research infrastructures, especially on ICT-based
infrastructures.

Although the Nordic collaboration is generally strong, it was aso mentioned in CICERO’s
self-assessment report that the Nordic collaboration between natural science and social
scienceis rather weak. This can be an indication that the Nordic climate change research
collaboration between socia and natural sciences has probably not yet significantly devel oped
and needs further enhancement.
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4.3 European and International Research Partnerships
4.3.1 European research funding and network activities

Both this evauation and previous Earth Science and Biological Science evauations (RCN
20114, d) indicate that thereis ahigh level of European and international collaboration within
the Norwegian climate research community. Thisisreflected by a high contribution rate in the
European climate research projects, e.g., EC funded Framework Programmes are the third
most important source of external climate research funding reported by Norwegian research
organisations (FP 6 with 5 % and FP 7 with 2.6 % of all externa funding; Figure 2.3.3). The
activity in European projectsis also indicated by a good national success rate in EC funding
competition - in FP7 Environment (until March 19 2012) the national success rate was 26.6%,
being the second highest within EU countries. The University of Bergen (41.6 MNOK), NILU
(30.4 MNOK) and the Institute of Marine Research (29.6 MNOK) are the most successful
Norwegian research organisations in receiving EC funding from FP7 Environment. EC
funded projects have resulted in strong research networks and partnerships, particularly in
polar research, both within natural science and social science, atmospheric and marine
research. The most important EU FP 7 programme for Norwegian climate research isthe
programme ‘ Environment - including climate change’, but also the programmes ‘ Research
infrastructure’, * Space’ and ‘ Transport’ provide funding for large projects with Norwegian
participation or even leadership (see also Section 2.3). 19 FP 7 climate research projects (out
of 93 projects where Norwegian researchers are involved) have a Norwegian coordinator.
Here the Nansen Environmental and Remote Sensing Centre is especially successful, but also
other research organisations are taking the lead, such as the Norwegian M eteorol ogi cal
Institute, the Institute of Marine Research, the University of Tromsg, the Norwegian
Geotechnical Institute or Bioforsk. Examples of EU FP 7 projects with Norwegian
participation are the preparation of the Svalbard Integrated Arctic Earth Observing System,
studies on atmospheric pollution and on Arctic stratospheric ozone loss, a study of the impact
of sub-seabed CO; storage on marine ecosystems, and the European Carbon Dioxide Capture
and Storage Laboratory Infrastructure.

Almost all the research groups and organisations are (or have been in recent years) partnersin
the European level projects or networks. However, national co-funding is crucial for research
groups when participating in European and Nordic research projects and programmes. Many
of the EC research projects require at least 25% support from the host institution. In addition,
in many cases aso national research funding is needed to successfully carry out the European
level research collaboration. In general, research programmes such as NORKLIMA provide
good national support for research groups but the lack of national support can create maor
difficulties for participation in European efforts. This has been observed, for example, for
terrestrial system and greenhouse gas research with lower support from NORKLIMA. Thus,
for Norwegian researchers it has been difficult to participate in major European projects such
as CarboEurope (EU FP5), GHGEurope (EUFP7) and NordFlux (Nordic Council of
Ministers).

In addition to the EC Framework Programme, the European Research Council (ERC),
launched in 2007, supports individual world-class researchers of any nationality and age who
wish to pursue their frontier, curiosity driven research. None of the Norwegian climate
researchers hold a European Research Council’ s advanced researcher’ s grant and only three
currently funded ERC advanced grants can be considered to partly include a climate change
aspect (Department of Biology-UiB/Tron Frede Thingstad, NIV A/Merete Johannessen
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Ulstein, NTNU/Bernt-Erik Seether). The grant is an indication of world leading science
quality and the importance of the research group/leading scientist at the international level. In
general, Norwegian success in ERC grants has been moderate and knowing the high quality of
Norwegian climate researchers, they should be encouraged and trained to apply more often
for these highly competitive grants.

Those climate research groups that have been successful in gaining national long-term
funding for their climate research are also strong in European and international collaboration.
Thisis particularly shown by their capabilities to take part in other European activities than
typical EC funded research projects. Examples of this type of activities are e.g. involvement
in developing the European Research Area (ERA) via several initiatives such as the European
Strategy Forum on Research Infrastructures (ESFRI). Research organisations stated in their
self-assessments that they were active e.g. in SIOS — Svalbard Integrated Observation System,
EMBRC — European Marine Biological Resource Centre, ICOS — Integrated Carbon
Observation System, and Joint Programming Initiatives — JPI Oceans, JPI Climate and JPI
FACCE (on food security and climate change). In addition to research groups, RCN isalso a
very active and important player in devel oping climate change research relevant ESFRI and
JPI initiatives. Currently, RCN holds the vice-chair position in the JPI Climate Governing
Board, has representatives on the JPI FACCE Governing Board and the JPI Oceans
Management Board, and leads the JPI Oceans Secretariat. ESFRI SIOS is led by Norwegians
and SIOS coordination isin RCN. Some research groups also mentioned that they would take
part in the newly established European Climate Research Alliance (ECRA) collaboration.
ECRA aimsto deepen the collaboration anong European research institutions in the field of
climate research. For all above mentioned activities, Norwegian research organisations such
as Norwegian Meteorological Institute, Norwegian Institute for Air Research (NILU),
Bjerknes Centre for Climate Research, University of Bergen/Biology, Fridtjof Nansen
Institute (FNI), BioForsk and CICERO have been active.

Norwegian research organisations have also a prominent role in collecting data and
maintaining severa climate related databases, such as the European Monitoring and
Evaluation Programme (EMEP) database under the Convention on Long-range
Transboundary Air Pollution and many EC funded project databases, mainly hosted by NILU.
In addition, the Norwegian Meteorological Institute is a member of several operational
European observation and modelling networks and initiatives such as EUMETSAT,
EUMETNET, ECMWF Convention and GMES (through MACC and MyOcean).

NORKLIMA supported actively the networking of Norwegian research organisations with
their international partners. 50 per cent of all projects had at least one international partner.
Besides the USA the main collaborating countries were the United Kingdom, Germany,
Sweden, Finland and the Netherlands. Also other countries outside Europe have gained
importance, such as China, Canada, Russiaand Australia. Collaboration with devel oping
countriesis only sporadic. At the organisational level appear many of the organisations which
are also visible in the bibliometric co-authorship analysis (see Section 4.3.2), such as the
Nordic research organisations. the University of Gothenburg, the Stockholm University, the
Uppsala University and the University of Helsinki. Among the organisations outside the
Nordic region there are several European research organisations but also organisations outside
Europe are prominent: the University of Cambridge in the United Kingdom, the Chinese
Academy of Science, the Alfred Wegener Institute for Polar and Marine Research in Germany
which is high up in the bibliometric study, the ETH Zurich in Switzerland, the NASA
Goddard Space Flight Centre in the USA and the University of Reading.
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4.3.2

The analysis of international co-authorships of Norwegian researchers further supports the
observation that Norwegian climate research is highly networked with the international
research community. About 63 per cent of all articles were internationally co-authored. The

International publishing collaboration

analysis was based on weighted shares of co-authorship research identified by keywords and

core journals (see Section 2.2).

The most important region of international co-authorship is the European Union. About two

thirds (2,880 of 4,028 articles) of all internationally co-authored articles are co-authored with
researchers from at least one EU27 country. When analysing single countries, the U.S. isthe
most important partner with 10.5 per cent (Table 4.3.1). The UK and Germany followed with

8.4 per cent and 5.2 per cent, respectively. The Nordic countries when combined were an

important research partner for the Norwegian researchers. About 10.5 per cent of all
international articles are co-authored with Nordic partners.

Table4.3.1.

co-authors from different countries in 2001-2010 (N=4,028). Only countries > 1% of share are shown.

International co-authorship of Norwegian climate research articles, in fractionalized counts of

Number of co-authored articles

Sl (fractionalized shares) Share of total
USA 424.5 10.5%
Nordic countries total 10.5%
UK 339.0 8.4 %
Germany 2104 52 %
Sweden 190.2 4.7 %
France 161.1 4.0%
Canada 124.1 3.1%
Denmark 115.7 2.9%
Netherlands 87.1 2.2%
Finland 82.6 2.0%
Peoples R China 75.8 19%
Russia 71.3 1.8%
Spain 58.4 1.4%
Switzerland 56.1 1.4%
Italy 49.4 1.2 %
Australia 47.1 1.2%

Source: 1SI WoS/ NCR Norway 2010/ NIFU.

When studying Norwegian publishing collaboration at the organisational level, the co-
authorship analysis revealed that there is a dominating position of Nordic research
organisations in European and international collaboration, only two of the top 10
organisations coming from other countries, namely from Germany and Russia (Table 4.3.2).
The most prominent publication collaboration is with Swedish universities.
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Table4.3.2. Most important international partner organisations measured by the number of co-authorships
(fractionalized counts were used to avoid double counts).

Number of co-authored articles,
Organisation Country fractionalized counts
Uppsala University Sweden 33.0
Alfred Wegener Inst Polar & Marine Res Germany 29.1
Stockholm University Sweden 27.7
University of Copenhagen Denmark 26.9
University of Gothenburg Sweden 26.9
Russian Academy of Sciences Russia 26.4
Lund University Sweden 22.7
University of Helsinki Finland 22.0
Aarhus University Denmark 21.3
Swedish University of Agricultural Sciences | Sweden 20.9

The Social Network Analysis of international co-authorship patterns shows that the European
co-authorship is central for Norwegian researchers. The United Kingdom, Germany, Sweden,
France, Denmark, the Netherlands and Finland are the most prominent countriesin this
anaysis (Figure 4.3.1). Among the new EU member countries Estoniais most central.

When analysing the betweenness centrality measures of the European co-authorship network
(see also Section 4.2) other countries are more central than the United Kingdom, such as
Sweden, the Netherlands, Germany, Denmark, France and Finland. They have an important
function to keep the network together. While the UK is the strongest collaboration partner of
the Norwegian researchers, they are less connected with the other parts of the network.

However, this analysis has to be interpreted with caution. Thisis a network centred on
Norwegian authors co-authoring with researchers from EU countries. It does not reflect the
co-authorship between the other parts independently from the Norwegian researchers. Thisis
the main difference from the Nordic collaboration networks in Section 4.2., where al Nordic
project collaborations on climate research have been covered, not only those with Norwegian
participation.
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Figure 4.3.1. Co-authorship of Norwegian researchers with EU27 countries on climate research, based on
degree centrality measures of co-authorship (N=2,880, total counts). 2001-2010.

Data source: NCR 2010, NIFU

Created with Borgatti, S.P., Everett, M.G. and Freeman, L.C. 2002. Ucinet for Windows: Software for Social
Network Analysis. Harvard, MA: Analytic Technologies, and Borgatti, S.P. 2002. NetDraw: Graph Visualization
Software. Harvard: Analytic Technologies’

4.3.3 International research programmes, committees and councils

Norwegian researchers contribute to awide range of international research under the
International Council for Science (ICSU) global climate related programmes, such as the
World Climate Research Programme (WCRP), the International Geosphere-Biosphere
Programme (IGBP), the International Human Dimensions Programme on Global Change
(IHDP), and the Earth System Science Partnership (ESSP) and their Core Projects™ by
holding committee memberships, chairmanships and coordinating specific task groups and/or
projects. In addition, the Polar Environmental Centre in Tromsg (supported by the Norwegian
Polar Ingtitute and the Norwegian Research Council) hosts the international office of the
Climate and Cryosphere (CliC) Core Project of WCRP and the Department of Sociology and

191GBP: IGAC — International global Atmospheric Chemistry, iLEAPS — Integrated Land Ecosystem—
Atmosphere Processes Study, PAGES — Past Global Changes, SOLAS — Surface Ocean — Lower Atmosphere
Study, AIMES — Analysis, Integration and Modelling of the Earth System, GLP — Global Land Project (with
IHDP), LOICZ — Land-Ocean Interaction in the Coastal Zone (with IHDP), IMBER — Integrated Marine
Biogeochemistry and Ecosystem Research. WCRP: CLIVAR — Climate Variability and Predictability, CliC —
Climate and Cryosphere, GEWEX — Global Energy and Water Cycle Experiment, SPARC — Stratospheric
Processes and their Role in Climate. IHDP; GECHS — Global Environmental Change and Human Security, ESG
— Earth System Governance, I TG — Integrated Risk Governance, I T — Industrial Transformation, UGEC —
Urbanization and Global Environmental Change. ESSP: GCP- Global Carbon Project, GECHH — Global
Environmental Change and Human Health, GWSP — Global Water System Project, START — Global Change
System for Analysis, Research and Training, MAIRS — Monsoon Asia Integrated Regional Study, CCAFS—
Climate Change Agriculture and Food Security (with CGIAR).
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Human Geography, University of Oslo (supported by RCN and the Norwegian Agency for
Development Cooperation) hosted the International Project Office of Global Environmental
Change and Human Security (GECHS) of IHDP for ten years until 2010. The International
Project Office for the Integrated M arine Biogeochemistry and Ecosystem Research (IMBER)
Core Project of IGBP islocated at the University of Bergen.

Currently the global change research programmes are undergoing a magjor change; a new ten-
year initiative “ Future Earth — research for global sustainability” on Earth system research for
global sustainability is being established through the partnership of ICSU, the International
Social Science Council (ISSC), UNESCO, UNEP and UNU, with WMO as an observer and
supported by funding agencies, including RCN. Norwegians have been active in planning and
establishing this new global initiative (ICSU, 2010). For example, Professor Karen O’ Brien
(UiO) isamember of the international transition team (17 members) that will guide this maor
changein the focus of international global change research.

Norwegians are also active contributors in many international Arctic, Ocean, Meteorol ogical
and United Nations committees and councils, e.g. in IASC (International Arctic Science
Committee), ICES (International Council for the Exploration of the Sea), OSPAR
Commission for protecting and conserving the North-East Atlantic and its resources, and
WMO - Global Atmosphere Watch, iCACGP (International Commission on Atmospheric
Chemistry and Global Pollution), UNECE/CLRTAP (United Nations Economic Commission
for Europe/Convention on Long-range Transboundary Air Pollution), UNESCO
Intergovernmental Oceanographic Commission (10C).

Norwegian scientists have played aleading role, under the leadership of Peter Schei, in the
establishment and functioning of the Convention on Biological Diversity (CBD) through their
Trondheim Conferences (the first was held in 1993) that have been hosted by the Norwegian
Ministry of the Environment in collaboration with the United Nations Environment
Programme (UNEP) and the Secretariat of the CBD and including the Norwegian ministries
of Foreign Affairs, Agriculture and Food, and Fisheries and Coastal Affairs.

These meetings were organised by the Norwegian Directorate for Nature Management (DN)
in collaboration with the Norwegian Institute for Nature Research (NINA) and the Norwegian
University for Science and Technology (NTNU). The results of these international meetings
have been very influential in initiating international work programmes and policies on the
many dimensions of global change on biological systems. NINA was important in the success
of these events through the local leadership of Odd Sandlund and others.

The scientists from NINA were also important in the establishment of the work programme of
the IGBP programme on Global Change and Terrestrial Ecosystems.

All the above mentioned activities give great visibility to Norwegian researchers. However,
some of the interviewees claimed that the incentives to interact in the international research
partnerships and networks (such as giving input to IPCC or international research programme)
come primarily from the researchers themselves and not from the institutional level, asthis
engagement is not really counted in the university or research institution system. We
recommend university departments and research institutions to take into account the important
and visible international activities of the researchers when reviewing the quality and the
efforts of the individual researchers and research groups.
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Several research institutions listed also direct bilateral collaboration with countries such as
Russia, China, India, US, Canada, Germany, South Africain their self-assessments.
Particularly, The Nansen Centre with its international Nansen Group research organisations
(e.g. in Russia, China, Indiaand South Africa) provides agood platform for bi-lateral
collaboration in the form of scientific exchange visits, affiliated positions, Nansen fellowships
for students and young scientists as well as sharing of creative ideas, research tools,
experiments and data. Generally Norwegian researchers seem to have strong ethical
motivation and willingness to contribute to global climate research and operate globally,
especialy in developing and emerging countries.

The Norwegian government launched Norway’s International Climate and Forest Initiativein
2007 to reduce greenhouse gas emissions from deforestation in developing countries. The aim
of the initiative was to contribute to the development of the REDD (Reducing Emissions from
Deforestation and Forest Degradation in Devel oping Countries) agenda through research and
the demonstration of possible solutions for REDD+ by allocating up to 3 billion NOK
annually to its activities. In thisway, Norway’s International Climate and Forest Initiative
supports the development of the international REDD+ agenda and international architecture
for REDD+. Much of the funding support has been channelled through Norad (Norwegian
Agency for Development Cooperation) and viaits Civil Society Support funding scheme.

The funding scheme supports REDD+ pilot activities and development of methodologies by
civil society organisations, in order to generate input to the climate change negotiations and
experiences from REDD+ activitiesin the field. For example, in 2009 36 different civil
society actors received atotal of 172.9 MNOK in support for REDD-related initiatives,
analysis, policy work and demonstrational projects via Norad. Allocations for 2010 have a
similar profile, although with additional emphasis on governance and rights aspects of
REDD+. Most of the funded organisations have been international research organisations and
only afew Norwegian research organisations have been supported by the Civil Society
Support funding scheme. Some of the research groups mentioned REDD-related activitiesin
their self-assessment reports, such as The Norwegian University of Life Sciences (UMB), the
Department of International Environment and Development Studies (NORAGRIC), UiB
Biology, but knowing the governmental level interest in on supporting REDD+ research
activities, it was surprisingly rarely mentioned by the research groups. Therefore, we
recommend stronger collaboration between RCN and Norad to support climate change related
studies in developing countries. RCN and Norad supported research should consider the nexus
between the environmental, economic and social pillars of sustainable development and
specia attention should be given to research that is necessary to underpin the devel opment of
REDD+.

4.3.4 Summary of key findings

Most of the research groups and institutions consider themselves as active European and
international partners and they listed many international projects, programmes, initiatives,
committees and commissions in which they participate. All these activities strengthen the
international research collaboration and research partnerships further.

Although, Norway is not an EU Member State, Norwegians are active in participating in

European level collaboration, particularly though EC projects and other ERA initiatives.
Solid, national long-term base funding and sensible national co-funding, e.g. for EC projects,
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are the essential tools for successful international research collaboration. To enhance therole
and the visibility of Norwegian climate research internationally, RCN should take into
account the needs of co-funding when planning future support for climate research.

Norwegian researchers have strong international publishing collaboration with many counties,
Nordic collaboration together with US, UK, Germany, the Netherland and France being the
strongest.

Participation in global research programmes, councils and committees is active and compared
to other counties of similar size and resources, e.g. to other Nordic countries, Norwegian
researchers have a high participation rate in IPCC.

There seems to be a strong sense of global responsibility among Norwegian climate
researchers and they show a strong desire and motivation to collaborate internationally,
including with developing countries and emerging countries. However, projects of the
NORKLIMA programme had only sporadic collaboration between developing countries. The
collaboration with developing and emerging countries was mainly supported by bilateral
projects. RCN and Norad should explore mechanisms for increased funding for climate
research collaboration with developing countries. We are not convinced that bilateral
programmes are the best mechanism. Collaboration with devel oping countries can have
several different aims. It can, for example, be part of efforts through development aid to
strengthen research capacity in developing countries to conduct climate research together with
Norwegian partners. It can aim at efforts to understand important aspects of the climate
system by addressing some essential components that are best researched in developing
countries with scientists from those countries, and it can help address issues such as the effect
of climate change on smallholder farmers or the risk of vulnerable populations to extreme
weather events. It isnot evident for what reason bilateral programmes with afew of the
major devel oping countries necessarily help with any of these issues. If bilateral programme
support isretained, it isimportant to clearly outline the scientific or political reason for doing
0.

4.4 Assessments

In the mid-1980 there were scientific committees and individua scientists identifying climate
change as a seriousissue. Thisled to governments, in 1988, creating the Intergovernmental
Panel on Climate Change (IPCC), jointly by the World Meteorological Organization (WMO)
and the United Nations Environment Programme (UNEP) (Bruce, 2001). The IPCC was
created to provide authoritative internationally written and reviewed assessments of the state
of knowledge of climate change science, its impacts and mitigation methods. These
assessment reports have contributed significantly to the development of international
agreements. The IPCC reports bring together, as authors and reviewers, a wide range of
experts chosen from around the world. Selection as an IPCC author is confirmation of
international recognition as a scientific expert in the topic area. The reports undergo an
extensive open and accessible peer and governmental review process. The Summaries for
Policy Makers, which are approved by governments, are extremely useful for moving forward
with the declarations of the need to take action. Based on the need for inputs to the Second
World Climate Conference (SWCC), the IPCC First Assessment Reports were prepared
quickly, in less than two years, and formed the basis for the SWCC, held in 1990. The
international negotiations that followed, after a UN resolution, led to the UN Framework
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Convention on Climate Change which was signed at the Earth Summit in 1992 and ratified in
1994. The Second Assessment Reports in 1995, fed into the Kyoto Protocol negotiations and
the Third and Fourth Assessments (2001, 2007), have continued to be the basis for
international and national climate change policy development. The IPCC has also prepared
special reports of interest to policy makers. One was the very recently completed IPCC
Specia Report on Managing the Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation (IPCC, 2012). The preparation of this report was requested by the United
Nations International Strategy for Disaster Reduction (UN ISDR) and the Government of
Norway.

Authors for the IPCC reports are chosen on the basis of their scientific excellence but also
based on geographical and disciplinary distribution. Since nominations are generally from
countries, selection also depends on being nominated by a country. It isinteresting to note the
involvement of Norwegian scientists in the IPCC reports since 1990. Since the number of
authors involved has generally grown since the first reports and noting that thereis a
likelihood that if alead author isfrom one country, then other authors from that country are
more likely to be chosen, a comparison is given with Sweden. There are four categories of
formal contributors. Convening Lead Author (usually 2-3 per chapter); Lead Authors (5-10
per chapter); Contributing Authors (many) and Review Editors (2-3 per chapter). The
terminology has changed through the sequence of reports so for ssimplicity here atotal is given
(Table 4.5.1) except for the now underway 5th Assessment Report, for which the contributing
authors are not yet identified.

Over thefive full IPCC assessments for WGI (science of climate system), the ratio of
Norwegian to Swedish scientists, which was initially less than parity, has been about two-to-
one for the last three assessments, indicating the growing recognition of the strength of
relevant Norwegian science (Table 4.5.1).

Overdl, in the IPCC reports there has been an increasing relative participation of scientists
from Norway, compared to Sweden, over the years. The relative participation by Norway has
been mainly in the sciences of climate change (WGI) and Mitigation (WGII1). This may
reflect the relative support for scientists in the impact and adaptation sciences.

In 2000, the Ministerial Meeting of the Arctic Council endorsed the establishment of the
Arctic Climate Impact Assessment (ACIA) to evaluate and synthesize knowledge of climate
variability and change and the impacts in the Arctic Region. The report was completed and
accepted by the Arctic Council in 2004. Norway, as one of the eight member countries of the
Arctic Council, played a mgjor rolein the preparation of the ACIA. The Vice-Chair of the
ACIA Assessment and Integration Team was from Norway as were two additional members.
The Lead Authorsfor three of the 17 scientific chapters were from Norway. In addition of the
scientists listed as contributors to the chapters 20 came from Norway (some were authors
contributing to more than one chapter). The numbers of authors from Sweden were about half
of the numbers from Norway.
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Table4.5.1. Number of Norwegian and Swedish Convening Lead Authors (CLA), Lead Authors (LA) and
Review Editors (RE) in the reports of the three IPCC Working Groups for Assessment Report 4 (2007) and 5 (to
be published in 2014). Data for the recent SREX report (IPCC, 2012) are also included.

Report |WGI WGl WGIII Total
Norway |Sweden |Norway [Sweden |Norway [Sweden |Norway |Sweden

FAR-

1990 2 5 2 0 4 5

SAR-

1995 3 4 6 8 2 2 11 14

TAR-

2001 16 8 3 1 6 1 25 10

AR4-

2007 15 7 3 6 5 0 23 13

AR5-

2014 6 2 8 6 5 2 19 10

Totals |42 26 22 21 18 5 82 52

SREX 4 4

ACIA 23 12

Note: SREX and ACIA were single reports and did not include separate working groups.

A scoping workshop was held in 2011 to prepare an Arctic Resilience Report (Arctic Council
2011). And at the subsequent Arctic Council meeting, the Senior Arctic Officias approved
the Arctic Resilience Report as an Arctic Council project. The participants in the scoping
workshop were from many countries including at least four from Norway.

4.4.1 Summary of key findings

The participation of Norwegian scientists in the international climate science assessments of
IPCC and the Arctic Climate Impact Assessments has been very strong, both in an absolute
sense and compared to Sweden, in arelative sense. This participation rate has also been
generdly increasing particularly related to the sciences of the climate system and emissions
reductions, but less so in the sciences related to impact, vulnerability and adaptation to
climate change and variability.
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5 Relevance of Norwegian Climate
Research

5.1 Stakeholder Relevance and Interaction
5.1.1  Observations and analysis

Climate changeislikely to have far-reaching impacts on natural, societal, and economic
systemsin Norway and elsewhere. Applying research effort toward understanding these
impacts and responding to climate change — by both mitigating and adapting to the risks —
will, ostensibly, be advantageous to society. Research funding bodies are increasingly
interested in assessing the societal relevance or benefit of research, whether thisisin the form
of improvementsin quality of life, management of risks, increases in sustainability,
identification of potential commercial opportunities or, in the case of curiosity-driven
research, enhancements to the scope and depth of knowledgein itself. Societal relevance and
benefit are assessed in order to justify funding from the public purse, and to identify strengths
and gaps and make recommendations for future directions in research. This section aimsto
give abrief, overall assessment of the societal relevance of climate research in Norway.

The Research Council of Norway strives to fund research of the highest scientific quality and
relevance. RCN’s guidelines on scoring relevance and benefit to society refer to the extent to
which a project or programme is able “ to contribute to knowledge/competence that would in
the short or long term be of significance to meeting major challenges in the public sector,
industry and the civil society, viewed in a regional, national or global context.” **

In addition, the Research Council’ s evaluation focuses on environmental perspectives, ethical
aspects, and gender issues when relevant.

There are several challengesin assessing the societal impact of the Norwegian Research
Council’ s climate research programme, or indeed any research programme. These are outlined
below (adapted from Sutherland et a., 2011).

e The problem of attribution, due to the complexity of the effect of research: It can be
very difficult to determine whether a particular programme or piece of research has
resulted in an increase in sustainability, for example, or areduction of risks. Often
these benefits are the compound or indirect effect of accrued research results. Despite
the difficulty of attributing direct results, some of the research groups we interviewed
were able to point to changes in management that occurred as a direct result of their
research. The Department of Biology at the Norwegian University of Science and
Technology, for example, has provided research results to government ministries and
other authorities that have resulted in changes in the management of protected natural
aress.

e Theinfluence of factors beyond research: Management decisions are made for many
different reasons (e.g. cost, political acceptability, etc.), making it difficult to ascribe

1 hitp://www.forskningsradet.no/en/Research _infrastructure INFRA/1195592883822, accessed 26.03.2012
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them solely to research. In some cases, a decision may appear to bein line with
research results, even though it was taken for entirely separate reasons. These
confounding factors challenge our ability to attach societal relevance to research,
although in some cases there is a clear cause and effect. The management of Norway’s
water and renewable energy resourcesis directly informed by applied research
undertaken by Norwegian Water Resources and Energy Directorate (NVE, within the
Ministry of Petroleum and Energy). Thisis a strong statement that the research is
important to stakeholders and that research outcomes are directly usable in
understanding and responding to a changing climate. Given the critical importance of
the hydropower sector to Norway’s economy, as well as the direct exposure of this
sector to changing climatic variables, NVE’s research must be considered highly
relevant.

e Timelag: The often considerable interval between research outcomes and societal
impact can be problematic for attributing benefit or relevance to particular pieces of
research. In the case of the Department of Sociology and Human Geography
(University of Oslo), however, cutting-edge research has been commissioned directly
by Norwegian government ministries to feed into current policy work on the climate
change dimensions of disaster risk reduction, human security, alleviation of poverty,
and globalization and national interests.

To ensure that research projects fulfil the criteria of societal relevance, it is critical that impact
pathways are addressed at the proposal stage. Many examples of impact and relevance
pathway frameworks exist. One of the most widely used is the Participatory Impact Pathways
Analysis (PIPA) (Douthwaite et a., 2008), which improves evaluation by alowing
proponents to formalize a project's impact pathways and to monitor progress, encouraging
reflection, learning and adjustment aong the way.

Communication with stakeholders is an important ingredient in bridging the gap between
researchers and societal actors, and in making research results known and useful to others.
According to the vision of RCN: “ Research generates greater insight, enhanced opportunity
and innovative solutions. Research is a driving force behind the advancement of Norwegian
society and is vital to promoting scientific and knowledge-related devel opment. Researchisin
and of itself enriching and comprises an important part of Norwegian culture. At the same
timeit prlgvi desdirect practical benefits and is a tool for satisfying society's need for concrete
results.”

The NORKLIMA plan 2008-2013 (revised Nov 2008; RCN 2008b) stated in its secondary
objectives that it “seeks to maintain close contact between researchers and society and achieve
effective dissemination of research results’ (p. 18). Thisis further exemplified: “ Active, two-
way dialogue between researchers and userswill be crucial when identifying relevant
research questions, especially those related to society’ s adaptation to climate change. Certain
projects should also maintain an ongoing dialogue with users to ensure that the research
activity remainsrelevant” (p.18).

This means that relevant stakeholders should be involved in the formulation of research
guestions, endorsement of research results and putting research into practice when
appropriate. In practice, however, some types of research findings are more easily
communicated, and other research results may need to be reformulated into conclusions for

12 hitp://www.forskningsradet.no/no/Vision og_mandat/1138785796497, accessed 21.02.2012
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practice. Thisresponsibility lies with three actors: (1) the RCN to facilitate such
communication; (2) the research institutions to provide sufficient support and guidance; and
(3) research groups and individuals to prioritise communication as part of the research
process. Though our evaluation did not explore research communication in depth, we asked
guestions in the survey and the interviews that indicate to what extent and how such
communication has taken place within Norwegian climate research, with particular emphasis
on therole of the research institutions.

Conferences, seminars and workshops are part of communication activities, which may be
more or less directed towards audiences outside the research community itself. The same can
be said for professional education of non-specialists, and teaching within universities. Such
activities are a natural part of the research process for al institutions and projects that we
investigated. Former students who are employed by government or industry may also —
directly or indirectly — act as a bridge between their academic department and their employer.
Explicit outreach and information activities as part the research process are also mentioned by
almost all the climate research environments, but to varying degrees.**Some have special web
portals, dedicated user meetings, popular newsl etters and question-and-answer services, while
others limit their user interaction to occasional one-way information events such as keynote
speeches, popular articles and public media.

Interaction with international, national, regional and local environmental authorities takes
place in many, albeit seemingly not al, research institutions. Someisinitiated through
commissioned work for government bodies, and therefore of direct practical relevance. About
one-third of the research units mentioned that they carry out studies and reviews for
ministries, agencies and Norwegian municipalities. To give aflavour of what this entails,
NILU works primarily for the Ministry of the Environment, the Climate and Pollution Agency
and Norwegian municipalities; the Fridtjof Nansen Institute (FNI) and the Norwegian Polar
Institute (NPI) work with the Ministries of Environment or Foreign Affairs; the Frisch Centre
and the Statistics Norway (SSB) have frequent contact with, and undertake commissioned
research for, the Ministry of Finance; and Bioforsk serves the Ministry of Food and
Agriculture and farmers' unions. The regionally-based institutes tend to have more interaction
with societal actorsin their surrounding region than with those based in Oslo and Bergen.

There isless evidence of substantial collaboration with the private sector, though notable
exceptions include commodity institutes with links to the private sector in the food and fibre
industries, and connections between researchers within the Ministry of Petroleum and Energy
and private sector customers. The Norwegian government has placed specia emphasis on the
possibilities offered by Northern and Arctic regions for Norwegian trade and industry and
national welfare (Norwegian Government, 2011). RCN (2011c) has developed a plan for
collaboration between science and industry in relation to the new possibilities and the
geopolitical dimensions of polar areas. The report emphasi ses that economic development in
the area must be based on appropriate scientific knowledge with specia emphasis on oil and
gas exploration, maritime transport and fisheries. The report states that a targeted polar
research initiative is essential and has an important strategic dimension to underpin and
strengthen Norway’ s geopolitical importance in the region. In particular, research should be
central for the development of Svalbard and the surrounding ocean waters as a basis for
industrial development. The report documents industrial research in the region, current

3 Out of the 36 investigated research groups, 11 had a thorough description of a variety of communication
activities, 20 had some mentioning of such activities (notably on dissemination), while 6 said nothing about
communication or outreach in their self-assessment despite our explicit question.
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collaboration between research institutions and industry, and industrial needs for R&D in a
20-year perspective.

In research projects that involve interdisciplinary approaches and/or assessments, developing
a common understanding of the project goals and finding coherent solutions requires
increased communication efforts among researchers as well as other stakeholders.
Experiences gained from EU framework programme projectsin particular point towards
increased communication demands which require professionalism and well-devel oped
communication strategies. On the one hand, our review noted a tendency for the institute
sector to be more involved with outreach and interaction with arange of societal actors as
compared with the universities. This difference can be explained by the different funding
situations, where some of the institutes claim that they are more dependent on attracting
external research projects, or are directly funded by particular ministries and agencies to serve
their knowledge needs. On the other hand, universities have teaching as a core activity which
isclosealy related to their research, and teaching also implies interaction with students that
come from different backgrounds. Some students are professionals in further training, which
exposes the university researchers to practice.

We may take CICERO as a prime example of an institute where communication is highly
prioritised: 10-15 per cent of its staff is dedicated fulltime to these activities, which include
regular events like “Klimaforum”, production of the popular bimonthly magazine Klima and
the newsdletter “ Climate News’, comprehensive web-pages, a “ Climate Forum” seminar
series, and numerous presentations and live public interactions in avery wide variety of
settings. It should be said, though, that thisimplies costs: the budget for communication
activitiesin CICERO has risen from 1 MNOK in 2005 to 5 MNOK in 2010 (p. 12-13in
CICERO' s self-assessment). In addition, CICERO uses communication channels in the social
media: Facebook, Twitter and Origo for the general public. Their communication staffs works
with researchers on large research projects from an early stage. CICERO asserts that
involving communications experts in research projects from the proposal writing phase
onwards gives the best results, both in terms of generating useful research outputs and
communicating them effectively. They have aso produced books, films and awide variety of
communication products in conjunction with the ACIA, the IPCC’ s Fourth Assessment
Report and the International Polar Y ear (IPY). The Bjerknes Centre for Climate Research also
employs dedicated communications professionals.

Another example of research where stakeholders form an integrated part is from IPY EALAT
implemented by S&mi University College and the International Centre for Reindeer
Husbandry. They report from the IPY EALAT-Network Study, which ran 21 community-
based workshopsin local reindeer herding communities across the circumpolar Arctic with
the purpose of being “engaged in a process of knowledge devel opment, deliberation and
outreach, leading to better knowledge foundations for developing local adaptation strategies
to climate change”, i.e. acknowledging the need for two-way interaction. Similarly, the
Department of Sociology at UiO emphasised the importance of co-production of innovative,
reflexive responses to climate change, where communication with stakeholders forms part of
research and outreach on climate change, while engaging with a wide range of stakeholders,
including policymakers, NGOs, the arts community, the genera public (and youth in
particular). The PLAN project' (Potentials of and Limits to Adaptation in Norway), Tipping
Point Norway™ (with the participation of artists) and the Climate Festival are mentioned as

14 See http://www.sv.uio.noliss/'english/research/projects/plan/
1% See http://www.sv.uio.noliss/english/research/proj ects/pl an/events/2008/ti pping-poi nt-norway/index.html
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innovative examples. In all those instances, communication activities have thus been
prioritised in the budgets, as part of research.

There are many other examples of university departments that also devote much effort to
communication activities, even though some of them place more emphasis on dissemination
than interaction, and they seem to be quite dependent on individual researchers’ priorities. In
Bergen, for instance, climate researchers at the Earth Science Department who are affiliated
with Bjerknes Centre for Climate Research deliver fact sheets and data to local authorities and
others to inform climate adaptation actions. Similarly, the Western Norway Research Institute
has produced greenhouse gas (GHG) emission calculators as well as an online climate change
adaptation teaching tool. The Biology Department at UiO gives many examples of
contributing to government commissions and often interacts with politicians and decision
makers in meetings. Some of the natural science climate change research units a'so mention
links with the private sector, such as the Norwegian University of Life Sciences (UMB)

Forest and Landscape group with forestry and bioenergy companies and the UMB Nitrogen
group’s collaboration with the fertilizer industry, a mechatronics company for GHG emissions
measures, and a sewage company to reduce water emissions.

As many of the research groups note, interdisciplinary research requires better communication
among the different disciplinary researchers, and the focus on collaborative problem-solving
can aso help support internal as well as external communication. We hear from severd
sources that the creation of the Oslo Centre for Interdisciplinary Environmental and Social
Research (CIENS) has spurred affiliated university departments to increase their
communication activities. Therefore, it seems asif university researchers can be motivated to
rai se expectations on outreach and stakeholder interaction through the establishment of
interdisciplinary units of research for climate (and other) knowledge needs. At least such units
may help both in providing an arenafor interaction and an incentive for those kinds of
activities. In the best case, they may also provide professional expertise in communication.

Another pattern that we see from our analysis is that communicative efforts often rely heavily
upon individual researchers, of whom many make substantive and well-acknowledged efforts,
rather than being systematically pursued by their research units. With few exceptions, the
universities and institutes lack professional communication expertise, and communication
activities are still often seen as voluntary even if they are part of the mandate. Climate
researchers often have little communication experience or training, however, because of their
expertise and knowledge of a politically important issue that features heavily in the media,
they are called upon to act as spokespeople. The main responsibility here should lie with
research ingtitutions to support and give more credit to those researchers who engage in
stakeholder dialogues. But the RCN could aso help improve their communication skills and
capacities through arranging training and giving support to dedicated seminars. Model
programmes have been devel oped elsewhere (e.g. Stanford’ s Leopold Leadership Program)
that give researchers the tools to effectively communicate with the media and policy
community.

Overdl, we gather that thereis a growing need for communication of scientific results,
adapted to the audience in question. However, since such work is scarcely funded in project
budgets, it is generally not given the deserved attention. Good communication requires an
appropriate level of resources and forethought. Dedicated funding of communication activities
by the RCN should be seen as part of achieving research outcomes, rather than as a separate
activity. Good communication will serve to disseminate scientific results to awide range of
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stakeholders in the public and private sectors. In addition, we see an important role for the
RCN itself to instigate stakeholder dialogues, like the series of meetings in January 2012 that
took place in Tromsg, Trondheim, Bergen and Oslo, and to arrange and /or provide further
funding for conferences and seminars on climate change issues that bridge science and policy.

As outlined in the Norwegian government’ s wide-ranging report on the country’s
vulnerability and capacity to adapt, climate change is likely to affect every aspect of society
(NOU, 2010). It presents risks for local communities, the built environment, cultural assets, as
well as natural systems. Given that climate change is a challenge to which society must
respond, it is clear that research related to climate change has high validity.

Our evaluation covered a broad range of research units which are addressing research topics
that are highly relevant for practitioners, programme planners, and policy-makers. Monitoring
and assessment of climate change impactsin natural systems are particularly well covered, as
is economic analysis of mitigation policy. Other issues, which would seem to be highly
relevant in terms of importance to Norwegian society in the context of climate change, are not
aswell covered. These include:

e Assessment of climate change impacts on spatial planning, built infrastructure and
fixed assets, particularly transport, communications and other vital infrastructure;

e Vulnerability and adaptive capacity of economically important industrial sectors
(excluding hydroel ectric power generation, transmission and distribution, which
appears to be well addressed);

e Conflicts and synergies between adaptation and mitigation responses,

e Assessing the weight of evidence for adaptation options in practice situations (e.g.
how to adjust management practices?);

e Integration of climate change adaptation into regular planning and decision-making
(e.g. taking climate changes into account during Environmental Impact Assessments,
decommissioning of assets);

e How climate change affects priority-setting and handling of conflictsin the
management of natural resources and ecosystems,

e Handling propagation of uncertainty — from uncertainties related to climate science
through to uncertainties in socio-economic impacts and the efficacy of adaptation
and/or mitigation responses -in decision-making (in contrast to efforts to reduce
uncertainty, which are addressed in Section 5.2, Climate Services);

e Global climate change impacts and knock-on consequences for Norway (e.g. industry
sectors or markets with long supply chains); and

e Organisation of economies in achanging climate — exploring institutional change that
can drive technological change.

Even if research topic areas are of interest to decision-makers, research results themselves
cannot have societal relevance without effective communication. This could entail adjustment
of modelling results (both climate modelling and impact modelling) to enable them to be on
scales that are relevant to society’s problems. The approach to climate change research and
interaction with policy often assumes alinear relationship, namely that research results are
produced and then, if applicable, readily used for decision-making. In practice, however, for
research results to be utilised in this respect, scientists must be proactive and seize
opportunities at critical junctures when the streams of problems, policies and politics are
joined (Owens & Rayner, 1999). Through such important feedback processes, society’s needs
may reshape the priority setting in both basic and applied research. We have discussed
communication with stakeholders in more detail in Section 5.2, where we highlight
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CICERQO' s approach to involving stakeholders from the start of aresearch programme, in
order to optimise the utility of research outputs. If there is effective engagement between
researchers and practitioners or policy makers at key stages in the research process, it should
increase the likelihood of research results achieving potential impact and relevance to society.

5.1.1 Summary of key findings

Establishing the relevance of research is crucial to deriving a societal benefit, particularly
with respect to climate change, which islikely to have far-reaching impacts on a broad range
of systems both in Norway and globally. Although relevance is very difficult to measurein
isolation, severa guidelines and tools exist to aid in the evaluation of societal relevance or
impact. Our evaluation has established that, on the whole, research units are addressing
research topics that are highly relevant for practitioners, programme planners, and policy-
makers.

The RCN places a high emphasis on communication and two-way dialogue between
researchers and users. This responsibility lies with the RCN to facilitate such communication,
the research institutions to provide sufficient support and guidance, and research groups and
individuals to prioritise communication as part of the research process.

Explicit outreach and information activities form part the research process within amost al of
the research units, but to varying degrees. Interaction with international, national, regional and
local environmental authorities takes place in many research institutions, though with few
exceptions the universities and institutes lack professional communication expertise, and
communication activities are still often seen as voluntary even if they are part of the mandate.

Interdisciplinary research requires better communication among the different disciplinary
researchers, and the focus on collaborative problem-solving can also help support internal as
well as external communication. Thereis a growing need for communication of scientific
results, adapted to the audience in question. Good communication requires an appropriate
level of resources and forethought. Dedicated funding of communication activities by the
RCN should be seen as part of achieving research outcomes, rather than as a separate activity.
Good communication will serve to disseminate scientific results to awide range of
stakeholders in the public and private sectors.

5.2 Climate Services
5.2.1 Background

‘Climate services isaterm that has evolved and was a principa focus of World Climate
Conference 3 held in 2009. Since then, the World Meteorological Organization (WMO) and
its members, the national weather services of all countries, have been moving towards
implementation of the Global Framework for Climate Services (GFCS) which has asits main
goal to ‘enable better management of the risks of climate variability and change and
adaptation to climate change, through the devel opment and incorporation of science-based
climate information and prediction into planning, policy and practice on the global, regional
and national scale’ (Figure5.2.1).
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Figure 5.2.1. A schematic of the components of the Global Framework for Climate Services with capacity
building occurring within and between all other components. (WMO, 2011, p. 9).

A Climate Services Partnership (CSP) has now been formed (October 2011) to advance
climate services around the world, and after GFCS and CSP have thought-through a range of
case studies that document experiences in the provision, development and application of
climate services, the GFCS Implementation Plan, including these case studies, will be
presented before an Extraordinary Congress of WMO in October 2012. The global provision
of climate services seems well underway. Climate services pertain to very broad provision of
information to a nation’s citizens with respect to al aspects of climate variability and change,
their possible impacts, adaptation strategies and opportunities and other aspects. The full
implementation of climate services will require the integration of socio-economic,
engineering and natural sciences and these present challenges and opportunities for
Norwegian and global integrated climate sciences.

The provision of climate services will depend, in part, on the ability to provide reliable
predictions of information on finer time and space scales than istypically done at present. The
moves to shift down-scale in climate science and in the provision of climate services are both
logical extensions of recent advances in observing and modelling the climate system. Through
both, we have come to realise that although we cannot understand global change in the ocean-
atmosphere-cryosphere-terrestrial system except on the largest space and time scales
accessible to us (pan-Arctic; years to decades) we cannot do much that is useful with that
understanding unless and until we find some way of downscaling the science to the local and
regional scalesthat make senseto people. Thereistherefore great need for integrated
development of the climate services approach across the natural climate science community,
the biospheric communities of impacts and responses and the socio-economic communities.
The consensus is that although progress has been slow (e.g. Kerr, 2011), the task of
downscaling is achievable (Shuklaet al., 2009). The questions for the present evaluation

110



were: are such plans on track in Norway? And are they appropriate and optimal from a
national and international perspective?

5.2.2 The submissions

Though the Evaluation Committee has not yet received official confirmation of its acceptance
let dloneits funding, the setting-up of a Norwegian Climate Service Centre is arecurrent
theme throughout these self-evaluations and interviews. The ideain its present formis
attributed in the submission of the Norwegian Meteorological Institute (met.no) to Working
Group 1 ‘Natural variability and man-made forcing’ of the Klima21 Committee, which
recommended as a priority for research the topic of * Regionalisation using both dynamical
and empirical-statistical downscaling based on models as well as observations....adding
sufficient detail to cover specific user needsin a given region or locality’ and proposed the
establishment of a Norwegian Climate Service Centre for itsimplementation. This
recommendation and proposal of Klimal are strongly endorsed in the met.no submission,
which described in some detail the progress already made over 15 yearsto build up astrong
research group in both dynamical downscaling using nested Regional Climate Models
(RCMs), and in empirical-statistical downscaling. The downscaling /RCM group is how one
of the four main divisions of met.no, and comparing and combining results from both
approaches, met.no report making alarge ensemble of climate projections of temperature and
precipitation for the different regions of Norway to 2100, together with estimates of their
uncertainties. But there too, the first problems seem to have been identified. Both for model
validation and improvement and in their ability to maintain the complex of curiosity-driven
science that underpins their understanding of the physical processes being modelled, met.no
and others complain of too little funding for curiosity-driven science and too much
competition in modelling. As they point out, the business of improving the utility and
relevance of their predictions through downscaling is not simply a case of dividing down
scales mathematically but is critically dependent on observing, assimilating and understanding
the key processes at finer resolution in space and time.

One reason for the strong met.no endorsement of a Norwegian Climate Service Centre must
stem in part from the fact that it would replace the current system with atruly long term
nationally-funded climate modelling system, coupled of course with the fact that, following
the direction set by WM O, such centres have a so been established in other EU countries.
Discussions with met.no, the Bjerknes Centre for Climate Research (BCCR) and others
appeared to confirm our impressions that such a centre has been proposed and is apparently
under consideration for a Government White Paper on climate adaptation due in 2012 so that
funding may be present in the Budget for 2014; the met.no group confirmed that
collaborations between met.no and its main collaborators on the issue, the Bergen Group,
seem to involve little that was contentious and subsequent discussions with the component
institutes of the Bergen Group appeared to agree. According to the perspective of the BCCR,
the Climate Service Centreislikely to be adistributed one with *ownership’ going to met.no,
and with BCCR and others such as the Water Directorate acting as contractors for lesser
amounts of the budget. Others, such as the Institute of Marine Research (IMR), would act as
users and also, importantly, as originators of data. Thisissue of data provision is akey point
so far as the Evaluation Committee was concerned and it is even one that may help to redress
any perceived ‘imbalance’ on thisissue in the present landscape of Norwegian climate
research.
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5.2.3 The evaluation

Though the Evaluation Committee does not have expertise in downscaling or regiona climate
modelling, certain issues of the ‘shift downscale' are within its compass. The first concerns
the important questions of whether downscaling in climate prediction implies that the scales
of observation must move to higher resolution as well, and if so, by whom and at what cost.
Sinceit is now argued (and even demonstrable) that internal variability contributes
increasingly to uncertainty as the space-scales of climate prediction decrease (e.g. Hawkins &
Sutton, 2009 in the case of temperature; or Hawkins and Sutton, 2010 in the case of
precipitation), the potential to narrow uncertainty in regional climate predictions would seem
to depend critically on observing the system and assimilating its changes on afiner scale at
least for critical regions for test and evaluation of model simulations. The met.no self-
evauation notes that ‘ dynamical downscaling by atmospheric Regional Climate Models
forced with low-resolution data should produce fine-scale climate details with skill’. It is
expected that IPCC AR5 [Chapter 9 "Evauation of Climate Models' in WG1], will provide
further guidance. In the interim, it is noted that Rummukainen (2010) has been clear on the
issue of observations:

‘Typical RCM resolution over the past years has increased from around 100 km to around
25-50 km. Regional climate modelling is now starting to explore using higher resolutions of
around 10 km and even higher, approaching true local scales. Initial results indicate further
improvements in the representation of spatial detail and extremes [though] increased
resolution carries a penalty in computational cost. Another complication isthe limited spatial
availability of suitable observational data on such high resolution. Increasing resolution also
warrants changes in the representation of the dynamical and physical processesin the
models. Nevertheless, the prospects are promising, in terms of both research on local climate
processes (and their impact on larger scales) and provision of impact and adaptation
applications .

The same dependence of predictive skill on fine-resolution datais most recently implicit in
Matei et a. (2012), where multiyear prediction of the climatically important Atlantic
Meridional Overturning Circulation is stated to be restricted to 26.5N, the only location where
a high enough data density exists. Quite simply, without observations for verification you
have no prediction.

Since the capacity to deliver appropriate climate services will depend on the high-quality and
verifiable small scale predictions on climate time scales, the concerns of met.no, the likely
‘owner’ of the proposed Norwegian Climate Service Centre, about having ‘alimited
capability in research driven by in situ experimental observations or by new in situ
observational techniques which are in adevelopment phase’ are important. Thusin their
stated aims of achieving further expansion of their R& D effort in ‘the better coverage of the
Arctic, the further regionalisation based on both dynamica and empirical downscaling based
on models, and an improved push to quantify uncertainties of climate projections’, three of
the four areas where met.no proposes expansion, the met.no group suggested that they would
look to IMR, NPI and others with core funding and skills in observing the high North to
provide these sorts of data; they would not plan to tackle it themselves. This makes sense;
with its research vessels performing 1600 sea days a year, IMR is aready responsible for
most of the marine climate monitoring in Norway and the Norwegian Polar Institute (NPI) is
already the strongest Norwegian performer in ice-covered seas. Devising an effective
framework for using the ocean-atmosphere-cryosphere-terrestrial research teams of the
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Norwegian Polar Institute's Centre for Ice, Climate and Ecosystems (ICE) to provide the high
resolution data sets that the Climate Service Centre will need seems one way of strengthening
the North-South bond in the Norwegian climate ‘landscape’.

5.2.4 Discussion

5.24.1 Substantiating the need for improved National Climate Services

Apart from the potential future need for longer-term changes to the observing systemin
support of Climate Services, the submissions to the Evaluation Committee raised a number of
grounds for improvement in the present system. Often, these reflect cases where a research
ingtitution collects and maintains its own long-term high-resolution data-series (e.g. habitat
datain the case of the Norwegian Institute for Nature Research (NINA), or urban water
infrastructure datain the case of the Department of Mathematical Science and Technology of
the Norwegian University of Life Sciences (IMT/UMB), but they lack climate data (observed
and projected) on a comparable scale with which to do the impacts research they wish to or
are asked to carry out. The following are examples only, not intended as a comprehensive list.
These examples also demonstrate some areas where climate services could be implemented.
Thiswill require not only the provision of downscaled climate information but also the
knowledge and techniques upon which to base services for the communities of interest.

e |IMT/UMB questioned the adequacy of the met.no observing network for its urban
storm drainage focus, suggesting that Norway has far too few precipitation stations to
capture intensive rain events, causing large uncertaintiesin their analyses. If true, this
lack of gauging is likely to be a growing issue for met.no as it downscalesits
precipitation projections.

e NINA would like better climate predictions at an ecologically-relevant scale, because
management and policy-oriented research questions demand more spatially- and
temporally-precise modelling.

e The Norwegian Water Resources and Energy Directorate recommended more
regionalisation (i.e. downscaling) of climate data, aswell as afocus on climatic
extremes — intense precipitation events, winds, floods, droughts, and the effect of
sediment transport in rivers—all of which require analysis at higher temporal
resolution.

5.2.4.2 Thepan-Arctic provision of Climate Services, combining science with local
knowledge
In their submission to this Evaluation, the experience and recommendations of the Sami
University College (SUC) and the International Centre for Reindeer Husbandry (ICR) appear
to reflect arather different requirement for ‘ climate services'. From their largest project in
the field of climate research [the EALAT Project (‘ something to live on’)], they suggest that
for them, ‘ Adaptation to climate change is about building competence locally. One of the
challenges for Norwegian climate research isto make a bridge over the gap between
researchers at the universities and people outside of the universities' . Between 2007-2011 the
EALAT project has made major strides towards this goal through the organising of 21
community-based workshops in local reindeer herding communities across the circumpolar
Arctic, including Norway, Sweden, Finland, NW Russia, Western Siberia, Eastern Siberia,
Southern Siberia, the Russian far-east, as well as the far-north of Canada, spanning the major
reindeer herding regions of the world and eight different Arctic reindeer herding peoples.
While climate data were collected by partnersin Russia and Scandinavia, statistical
downscaling was donein IPY EALAT by the Norwegian Meteorological Institute. Land-use

113



change scenarios were donein IPY EALAT by ICR, UNEP/Grid-Arendal, NASA Goddard
Space Flight Centre and St. Petersburg State University. And the twin keys to the eventual
success of this approach will liein the facts that scientists aswell aslocal reindeer herding
peoples have taken part, formal climate science and traditional knowledge will both have been
used in the critical discussions on climate change, land use change, adaptation and resilience,
and the ‘downscaled’ climate advice achieved will have been the parameters that are actually
of interest to the indigenous people themselves, based on, but differing in significant ways
from, the standard output of RCMs [for examples see the Sami submission: ‘ Selected key
findings of the EALAT Project’]. While the Sémi University College is convinced that the
adaptation strategies evolved at these workshops can reduce vulnerability to climate changein
reindeer husbandry in Finnmark and elsewhere, the rea challengeis achieving long-term
funding of Sami/indigenous research teams or units on climate change. ‘ The research council
of Norway can help in this situation’. The S&mi experience appears to have much in common
with attempts currently underway to downscale science to inform policy at the local level in
the Canadian North. There also, Carmack and Holling (2009) suggest that ‘ practical
downscaling’ might be achieved by coupling the large-scale and long-term methods of
Western science with a community-based watch at regional scale carried out by community
residents and drawing on indigenous knowledge.

In either case, the issue under test is whether the science of change can, in any practical sense,
be downscaled to the point where it begins to make real and practical connections with a
whole web of local needs (Dickson, 2011a). If it can, as Carmack and Holling (2009) point
out, we stand areal chance of linking communities across the full subarctic/panarctic domain
and of bridging the needs for climate services. Three ground rules are offered in support: (1)
that the suites of measurements must be fully comparable (e.g. simple measurements made
with robust, off-the-shelf instruments); (2) the data must flow two ways (e.g. from the
communities to a central data processing centre and then back again to the communities); and
(3) the project must live on the world wide web.

5.2.5 Summary of key findings

Following the World Climate Conference-3 in 2009, a Global Framework for Climate
Services (GFCS) and a Climate Services Partnership (CSP) have been formed to advance
climate services around the world. A GFCS Implementation Plan including case studies
relevant to the provision, development and application of climate services will be submitted to
WMO in October 2012. The Klima21 Committee recommended dynamical and empirical-
statistical downscaling based on models as well as observations as a priority for research in
Norway and proposed the establishment of a National Climate Service Centre (NCSC) for its
implementation.

Though the Evaluation Committee had no knowledge of whether this Klima21l
recommendation has been accepted by Government, discussions with met.no, BCCR and
othersin the course of this evaluation conveyed the strong impression that such acentreis
currently under active consideration for a Government White Paper on climate adaptation.
From these discussions, the National Climate Service Centre seems likely to be a distributed
one with ‘ownership’ going to met.no, and with BCCR and others such as the Norwegian
Water Resources and Energy Directorate acting as contractors for lesser amounts of the
budget. Others such as IMR would act as users and a so, importantly, as originators of data.
While an NCSC would bein line with other nationa initiatives el sewhere, the finer-scale
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resolution in the representation of dynamical and physical processes would carry a penalty in
terms of computational cost aswell asin the cost of providing observational data at
sufficiently high resolution (model input and verification).

With the broad range, unusual nature and high societal importance of climate issuesin
Norway, the Norwegian experience in the provision, development and application of climate
servicesislikely to be sufficiently out of the ordinary to recommend that specific Norwegian
case studies be developed and submitted in support of the GFCS Implementation Plan to
WMO in October 2012.

The Sami University College and the International Centre for Reindeer Husbandry suggest
that a different path to the provision of climate services would be more appropriate in the case
of the indigenous peoples of the circum-Arctic. In their experience, formal climate science
and traditional knowledge are both required in their critical discussions on climate change,
land use change, adaptation and resilience if the ‘downscaled’ climate advice achieved isto
concern the parameters of interest to the indigenous people themselves, not simply the
standard output of RCMs. Given continuity of funding, they would rely on the continued
spread of community-based workshops across the circumpolar Arctic to put thisinto effect.
This example stresses the need for integrated interdisciplinary science that relates climate
variables to ecosystems and to human concerns and needs and devel ops the climate services
in this modality. The funding approach of RCN will need to reflect these issues and the needs
of al communities.
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6 Future Developments and Major
Challenges

Norway is an important oil producing country (No. 15 in the world with major new areas
recently opened up for exploration). The country is highly dependent on the petroleum sector,
which accounts for nearly half of exports and over 30% of state revenue. The Ministry of
Petroleum and Energy is the fourth largest financial contributor to RCN in 2011 with 722
MNOK (RCN, 2011h). Furthermore, Norway will voluntarily strengthen its Kyoto
commitment by 10%. One could thus argue that Norway and RCN have a moral obligation to
strongly support climate research and that it is important that the recommendations of
Klima21 for increased funding of climate research be implemented, so that in 2015 it might
rise to 1bn NOK above the amount in 2010.

There has been much scientific progress in understanding the climate system, the impacts of
climate change and strategies for adapting to such changes. IPCC has played, and will
continue to play, an important role not only in describing the scientific basis for climate
change but also in identifying areas in which our scientific knowledgeis still so incomplete
that assessments can only give indications of changes to come, possible interventions to
reduce human impact on the climate system and how societies can adapt to such changes.

We believe that Norway must continue to have a strong climate research agenda building on
past achievements and especially the results from NORKLIMA and IPY . Such research must
be based on the best science in relevant disciplines. Norway isarelatively small country, but
even though it ranks No. 16 in the global ranking of research and development spending per
GDP (1.7%), it has specific areas of scientific research whereit isin the forefront
internationally. Norway should focus on areas where it has competitive advantages and build
on the strengths outlined in Sections 2.1-2.3. For Theme 1, thereis a strong track record in
relation to modelling the climate system based on oceanic and atmospheric observations. A
major challenge will be the development of the Norwegian Earth System Model (NorESM).
Such modelling must be done in an international context, with model intercomparisons
essential to test robustness and quantify model uncertainties. Model devel opment must be
based on excellent basic research and dedicated long-term monitoring systems.

It will be important to continue funding research on the effects of climate variability and
change on plant and animal populations, where there are several strong research groups
working in both terrestrial and marine environments. Norway offers an excellent opportunity
to further explore the influence of factors such as permafrost and ice cover extent and their
effects on populations. However, it is also important to strengthen areas where scientific
understanding is essential for society and the development of Norway. In relation to Theme 1,
an increased effort in understanding the basic natural climate processes could be
advantageous for Norwegian climate research. Furthermore, there seems to be alack of
research on the importance of land surface characteristics, such as albedo and the influence of
land-cover change on the hydrological cycle. Parameterization of such characteristics will be
important for the continued development of Earth System Models and realistic downscaling
of climate models.
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For Theme 2, we have identified alack of research on adaptation of biological systems at all
organisational levelsto a changing climate. Thereisalso relatively little research on
mitigation. Therole of ecosystem services merits additional research emphasis. Thereis aso
aneed for research on strategies for how Norway should further develop the utilization of
biological resourcesin agriculture, forestry and fisheriesin relation to climate variability and
change. Such research could address the resilience of ecological and social systems and the
economic valuation of various ecosystem services and the trade-offs between different
societal goals.

In general, natural science disciplines are stronger than social sciences when it comesto
climate research despite the fact of the importance of socia systems and individualsin
causing climate change and the need to understand options for both mitigation and adaptation.
The social science research is rather fragmented and there are only afew areas, wherethereis
sufficient critical mass to build a strong disciplinary environment. Issues that are in need of
further research support include the architecture of global governance; basic questions of how
we organise economies and societies in a changing climate; a greater understanding of how
definitions of development and growth need to be modified; risk management in relation to
natural resources, infrastructure and societal planning; relationships between global politics
and equity and devel opment; the role of indigenous peoples and traditional knowledge; what
shapes consumer and producer behaviour; the role of public opinion; and finally, an identified
lack of systems perspectives and analyses of coupled socia and ecological systems. Such
research should include fundamental research that enriches the social science understanding
of global to local governance on an issue such as climate change. Thereis agenera
disconnect in the mind of many that basic social scienceis not related to climate change
because it is not so labelled. However, there is considerable scope to engage many social
science disciplines in basic research of relevance to environmental issuesin general and
climate research questionsin particular.

However, it is necessary to advance climate research also in new directions and into uncharted
territories. Climate variability and change are not the only global change factors that put
pressure on ecosystems and social systems. Biodiversity loss will affect ecosystem function
and in turn determine how systems affect the climate system and are affected by it. Changes
in biogeochemical cycles will in turn affect the climate system and there are many
socioeconomic changes that directly or indirectly affect the climate system. A challenge for
the future is to expand studies of climate to other important global change factors. This can be
guided by the fact that global change research currently is being reformulated at the
international level through “Future Earth — Research for global sustainability” by the
International Council for Science (ICSU) and its partners (ICSU, 2010). Thisinitiative seeks
to meet this challenge of the threats of climate change and other global change processes
through new alliances of researchers, scientific organisations and research users, who will join
to co-design an integrated research agenda, foster new research programmes, coordinate
research funding, and deliver knowledge for solutions to the global community.

To address major climate policy issues, the need for interdisciplinary research engaging both
natural and social scientists has become increasingly recognized. In addressing the climate
change challenges, humans are the drivers and we need a proper understanding of the
behaviour of companies and individuals, production and consumption patterns, economic and
political structural conditions, and the role of institutions and policy instruments for the
implementation of international agreements.
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Climate and climate change issues all need an understanding of the links between the climate
system and social system. Thus, afuture RCN initiative should properly reflect this changing
landscape and provide opportunities for both disciplinary science of the highest quality as
well asinterdisciplinary science bridging the gap between understanding the physical climate
system, biogeochemical cycles and the role that humans have in forcing the climate system
well enough to foreshadow its changes, as well as research addressing both climate change
mitigation and adaptation in response (Figure 6.1.2).
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Figure 6.1.2. Schematic framework of anthropogenic drivers, impacts of and responses to climate change,
and their linkages (IPCC, 2007a)

It is clear that the unitsinterviewed for this evaluation had very different perceptions of
interdisciplinarity. Some considered collaboration between meteorology and hydrology to be
interdisciplinary, whereas others clearly underlined the importance of bridging the gap
between social and natural sciencesin any future Norwegian climate research programme.
However, universities consist of faculties and departments for specific disciplines within the
natural and social sciences and this often hinders the development of research on the
integrated Earth system as it relates to climate and its change. However, there are important
new initiatives, such as MILEN, the University of Oslo’ sinter-faculty research areaon
environmental change and sustainable energy or the new Nordic Centre of Excellence
NorMER (Nordic Centre for Research on Marine Ecosystems and Resources under Climate
Change) to be administered by the Department of Biology at the University of Oslo but
funded from 2011 as a cross-Nordic collaborative project combining the expertise of
internationally recognized research teams from all of the Nordic countries to implement a
broad international and multidisciplinary research strategy to explore the biological,
economic, and societal consequences of global climate change on fisheries resourcesin the
Nordic region. The Oslo Centre for Interdisciplinary Environmental and Social Research
(CIENS) is another example, where the University of Osglo hasitself invested in linking some
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of the most relevant research institutes together in aresearch network with high relevance to
climate change research. This has resulted in further strengthening of interdisciplinary
cooperation, for example in the newly funded Strategic Challengesin International Climate
and Energy Policy (CICEP), with CICERO and the Fridtjof Nansen Institute (FNI) as research
partners.

To foster such new collaboration is amajor challenge for RCN. Within any new programme
structure, it isimportant to devel op platforms for the exchange of ideas and the devel opment
of research proposals involving relevant disciplines. Thus, new mechanisms should be put in
place to build on the excellent disciplinary research to address new scientific challenges of
linked Earth and human systems.

In advancing climate science, it is aso necessary to have strong monitoring programmes and
long time-series of observations of key variables. Research and monitoring provide the two
essential backbones for assessments, such as the IPCC and Arctic Climate Impact
Assessment. Many of the units we interviewed were engaged in various monitoring activities
but expressed concerns about the ability to collect long time-series. Overall responsibility for
monitoring of the environment rests with the Climate and Pollution Agency (KIif), which
publishes State of the Environment Norway, though most of the marine climate monitoring
has historically been undertaken by the Institute of Marine Research, governed by a Ministry-
appointed Board until 2011 but since then by a professional council with international
participation.

Monitoring should have dedicated financing that is sustainable over the long term. Too much
of the necessary monitoring is financed through research grants with limited life-time, by
individual scientists without much hope for continuation after their retirement, and without
adequate data centre support that make the collected data openly and freely available.
International initiatives, such as the Globa Climate Observing System (GCOS) or the Global
Ocean Observing System (GOOS), have been fairly successful and well linked to both
research (through WCRP) and assessment (through IPCC). There is no such stability when it
comes to monitoring of terrestrial systems, although the GEO BON (Biodiversity Observation
Network of the Group on Earth Observations) provides one element of the international
strategy. To become sustainable, this must be supported by national monitoring programmes
with stable funding.

Since climate change will affect al aspects of society, it isimportant to ensure that climate
information is available in forms that can be used by various stakeholders (see Section 5.2 —
Climate Services). In order to truly engage both the public and private sectors, participatory
approaches could be used to engage relevant stakeholders in defining the problem, becoming
partnersin the research and co-owners of the results. In order to advance the sciences,
involving also relevant decision makers and stakeholders at various levels, transdisciplinary
research approaches might be useful. One characteristic of transdisciplinary research isthe
inclusion of stakeholders in defining research objectives and strategies in order to better
incorporate lay knowledge and provide for mutual learning between scientists and
practitioners in the research process, as well as helping towards the diffusion of knowledge
produced by the research. Collaboration between stakeholders is deemed essential — not
merely at an academic or disciplinary collaboration level, but through active collaboration
with people affected by the research and community-based stakeholders (Wickson et al.,
2006). Transdisciplinary research istaking hold in academic institutions and some believe that
thiswill offer anew paradigm that will be akey factor in the advancement of sciencein the
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coming years. Norway could take the lead in aso devel oping the possibilities for such
approaches within its climate research portfolio. However, it is also essential that such
approaches build on high quality disciplinary research.

Ever since the publication of the Brundtland Report (WCED, 1987), Norway has been among
the world leaders in promoting sustainable development, also through research. For the future,
the nexus between climate change and development is paramount. This should include
research relevant for a sustainable devel opment in the context of climate change in Norway as
well as Norwegian support for addressing the role of climate change and its threat to
sustainable development in the least developed countries. RCN could further develop joint
programming with Norad to provide financing for Norwegian research in and for the least
developed countries. The strengthening of Norwegian devel opment research is consistent with
recommendations from the RCN review of Norwegian development research (RCN, 2007b)
and the Norad evaluation of Norwegian development assistance work (Norad, 2011). Climate
variability and change will affect the poorest countries most severely and research on climate
as it affects the poorest nations should be an important component of the Norwegian research
portfolio. As pointed out by the Norad evaluation, “greater output of independent research is
required to ensure that policy-makers have access to impartial, evidence-based anaysis of the
impact of different aid modalitiesin different countries and contexts’. The climate dimension
should certainly be part of the evidence base that policy makers need.

One example, where Norway could take the lead is research on REDD+ (United Nations
Collaborative Programme on Reducing Emissions from Deforestation and Forest Degradation
in Developing Countries). Prime Minister Jens Stoltenberg promised substantial Norwegian
funding for REDD during the climate change negotiationsin Bali in December 2007. The
initiative seeks to achieve cost-effective and verifiable reductions in greenhouse gas emissions
from deforestation and forest degradation in devel oping countries, and applies to all types of
tropical forests. However, there are no allocated research funds linked specifically to the
Norwegian investment in REDD+. Despite this, there isimportant Norwegian research and a
Norwegian REDD Research Network was established on the initiative of the University of
Oslo Centre for Development and the Environment (SUM) and the Fridtjof Nansen Institute
(FNI) in collaboration with CICERO and the Norwegian Institute for Nature Research
(NINA), with financial support from Norad’s Climate and Forest Initiative. Additional
research on REDD would guide its implementation and could become a future key areafor
Norwegian climate research.

Another example, where Norway could focus is on the expected directions that may be taken
at the UN Summit on Sustainable Development in June 2012 that have direct or indirect
relevance for the climate issue. At global level, there will be increasing demand for research
on the green economy and institution building to promote the green economy. These are the
two key themes for discussion during the UN Summit which will try to integrate climate
change and other environmental concerns within the context of the devel opment paradigm to
be discussed and promoted al over the world. Within these two broad themes, there are a
wide variety of specific issues that need to be dealt with. Policy ideas to implement a green
economy include reinventing economies; getting the prices right (e.g. internalization of
environmental externalities, green taxes, linking social goals with economic goals);
promoting science-based sustainable product chains; the dematerialization and
decarbonisation of society; multiple land use and sustainable agriculture, better water use and
the protection of ecosystem services. Although these elements are all critical and useful idess,
actually implementing these ideas through instruments that can take the systemic character of
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these ideas into account is very difficult. For example, decarbonisation as part of the green
economy is easier said than executed. A second challenge is devel oping a green governance
programme from local to global levels. Thistakes into consideration the organisation of social
structures from local (local self-governance, community based management) through to
global levels (the organisation of governance at global level). A good quality socia science
programme can be devel oped to cover these issues which systematically integrate climate
change issues into the system of production, consumption, development and governance
patterns.

Norway should make use of its unique geographic location, with Svalbard as a national and
international research platform. As outlined in the RCN strategy for the Arctic and Northern
Areas 2011-2016 (RCN, 2011b), Norway has much to offer in terms of expertise and
advanced infrastructure, as well as the unique research opportunities available on Svalbard.
This provides a unique research platform for studying avariety of phenomena, not only by
virtue of itslocation far north, but also because of the extensive research infrastructures
available for investigating the marine environment, vegetation and permafrost, glaciers, and
the atmosphere. The European Strategy Forum on Research Infrastructures (ESFRI) project
“Svalbard Integrated Arctic Earth Observation System”), which is currently in its preparatory
phase, is crucial for establishing an effective framework for international cooperation and
sustainable utilisation of the research potential on Svalbard (RCN, 2011b). International
collaboration in the Arctic was strengthened during IPY and it is amajor opportunity to
continue building on the IPY legacy.

Norwegian scientists have played major rolesin IPCC assessments and are thus well
positioned to also help fill the gapsin scientific knowledge. The fact that the Bergen Climate
Model (BCM) was one of four European models used in IPCC AR4 indicates the high quality
of Norwegian research inthisarea. The development of The Norwegian Earth System Model
- NorESM, building on BCM with additional components from Oslo on aerosols, clouds, and
atmospheric chemistry will provide important input to IPCC ARS. This provides amajor
opportunity for Norwegian science to play an internationally leading role, if sufficient and
stable long-term funding is provided in support of the Earth system modelling efforts.

The future offers exciting opportunities to build on current strengths of Norwegian climate
research, expand its scope and augment its funding. In the following section we make six
recommendations and outline steps necessary to plan and implement a bold and visionary new
Norwegian climate research programme based on a strong governmental strategy to address
the opportunities and challenges over the coming decade.
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7 Conclusions and Recommendations

Climate research in Norway isimpressive and provides a solid basis on which to build a
major expanded effort. The dynamic development of global change research internationally
offers exciting new possibilities for the Norwegian research community. Based on our review,
we have formulated six key recommendations and identified a number of steps that would be
necessary for their implementation.

Recommendation 1: Establish a clear and coherent national strategy for climate
resear ch and itsfunding

Norway has a strong history of excellence in climate change research and many individuals
and groups are highly recognized internationally. In particular NORKLIMA and IPY have
provided excellent opportunities for national collaboration and international partnerships. The
Research Council of Norway (RCN) has played aleading rolein providing funding for this
research, but other funding mechanisms have also been important and the overall pictureis
rather fragmented.

The government has published a number of policy documents of relevance for climate
research, but the various conclusions and recommendations have in many cases not been
implemented. For that reason, it is essential to develop along-term national strategy building
on the many existing policy documents.

e The Government should establish an overall strategy for climate research funding
building on the recommendations of Klima21 taking into account the importance of
both natural climate variations and human-induced change and their full impacts on,
and response to, natural and human systems, in afully interdisciplinary, coordinated
approach.

e Theresearch strategy should address the importance of understanding the integrated
climate system including the natural and human forcing of the climate system as well
as the response of ecosystems and social systems.

e Options for mitigation and adaptation approaches and their socio-economic costs and
benefits should be considered a crucial part of the strategy in order to provide the
evidence and understanding for the devel opment of responses by public and private
sectors to climate variability and change.

e Funding for climate research should be a high priority. Anincreasein total funding
level in 2015 as recommended in Klima2l seems highly justified.

e The currently complex national funding landscape should be simplified to provide
stronger coherence of the research effort with the Research Council of Norway (RCN)
given primary responsibility for funding climate research so that it is based on open
and competitive application processes, while addressing national needs and strategic
goals.
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Recommendation 2: The Research Council of Norway should develop a new integrated
long-term climate resear ch programme

RCN has played amajor role in stimulating Norwegian climate research and climate issues
have been funded by many RCN programmes. NORKLIMA and IPY have been especially
important in funding dedicated climate research covering awide range of scientific
disciplines. However, NORKLIMA has been afunding programme rather than aresearch
programme due to the relative lack of overall strategy and synthesis products. IPY, being an
important component of a major international effort on polar research, has, on the other hand,
been aresearch programme with both national and international synthesis efforts. Energy and
climate issues are very closely connected and it isimportant that RCN provides mechanisms
to enable energy and climate research to be mutually supportive, if financed through different
RCN programmes.

e NORKLIMA and IPY should be followed by one overarching integrated and strategic
long-term research programme building on scientific unknowns identified by
NORKLIMA, IPY and other processes as well as on relevance for society.

e Anoverdl scientific framework should be established and synthesis activities built
into the programme to ensure that the whole becomes more than the sum of its funded
projects.

e Asanimportant component of the new programme, an unrestricted ‘ FRIKLIM’
component should enable funding of the best natural and social science research
projects based on disciplinary and innovative quality and open, non-restricted calls.

e Cadlswithin the new programme should be fewer and considerably |ess specific as
compared to NORKLIMA.

¢ RCN should ensure better coordination between programmes for funding climate and
energy research to stimulate synergies and avoid duplication.

e Funding should be based on criteriafor quality and innovation as well as relevance. It
isimportant that RCN clearly communicates which relevance criteriawill be applied
for the evaluation of proposals.

e Further development of Norwegian Earth System modelling (NorESM) should
continue to play an important role. Global modelling should include contributions to
the future IPCC modelling activities and be complemented by the development of
methodol ogies to provide and validate higher space and time resolution (down-
scaling) in order to address the needs of studies of ecosystems and socia systems and
contribute to making relevant * climate services available to the private and public
sectors.

e Socia science research, including economic analyses, should be an important
component of a new programme and attempts should be made to also include
humanities research as relevant.

¢ RCN should strengthen its dialogue with the social sciences community in order to
frame issues that are of disciplinary socia science interest and can attract interest in
climate research from awide variety of disciplineswithin the socia sciences and
humanities. Qualitative social sciences (critical and non-instrumental research) should
also receive attention.
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Recommendation 3: Build on strengths and develop capacities where Norway currently
lacks sufficient scientific expertise

Norway has a strong tradition in many areas of climate research, but we have also noted areas
where relatively little research is done and there is a weak and fragmented research
community. Thus, the national climate research strategy should consider the needs of various
stakeholders for climate research information. For the science community, it isimportant to
build strategic partnerships with researchers and institutions in other countries having
complementary and necessary skills, since arelatively small nation cannot have world class
research in all disciplines.

e Itisimportant to strengthen research on both adaptation to climate variability and
change and mitigation of change. For adaptation, a much improved understanding of
regiona climate variability is needed with seasonal to decadal predictions. For
mitigation, the involvement of the engineering research community is relevant.

e Adaptation research could address the resilience of natural and social systemsin the
context of climate change.

e Theroleof terrestrial systemsin regulating the climate system through albedo and
influence on the biogeochemical and hydrological cycles also merit special emphasis.

e RCN should, through dialogue with Norad, ensure that research on climate change as
affecting the least developed countries receives specia attention. Such research
should consider the nexus between the environmental, economic and socia pillars of
sustainable development.

¢ Inthe new programme, it isimportant to stimulate research on climate related issues
with perspectives from various disciplines in areas where there is strong disciplinary
expertise but less expertise in climate related work (e.g. anthropology, systems
ecology, sociology, history).

e Consideration should be given to smaller grants over longer periods of timeto allow
for the build-up of capacity in new areas of research.

e International collaboration should be emphasised in calls for the new programme,
especidly asit relates to strengthening Norwegian competencies in areas where the
science community is relatively weak.

Recommendation 4: Ensure societal relevance aswell asinter- and transdisciplinarity
in research

Research must be built on the best disciplinary knowledge and research. However, to solve
many of the crucial scientific issues necessitates a multidisciplinary approach. Also, to
address issues of societal relevance, it is often necessary to develop projects involving natural,
socioeconomic, engineering and health sciences. Norwegian climate research has aready
demonstrated the ability to build such bridges and devel op research of high relevance for both
the public and private sectors. However, much remains to be done. The new programme
should address issues of importance for Norway and provide insights and knowledge to assist
in both public and private decision making. It should thus stimulate research bridging natural
and social sciences.

e Thedevelopment of interdisciplinary project proposals, bringing together different
disciplines, needs a consolidated planning phase for which RCN should consider
giving planning grants based on pre-proposals. Requirements for interdisciplinarity
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should not penalise proposals from individual research institutions that are themselves
already highly interdisciplinary in nature.

e Composition of review committees should reflect inter- and transdisciplinary research
experience, as appropriate.

Recommendation 5: Emphasise collaboration and cooper ation asa basis for successful
climateresearch

Collaboration is anatural part of the scientific enterprise and past initiatives at both Nordic,
European and global levels have provided much stimulus. Norwegian climate research has
many international partners and foreign scientists conduct research in Norway, partly due to
the specia biogeographic conditions offered by, for example, Svalbard. The planning and
implementation of Norwegian climate research should be informed by developments at the
Nordic, European and global levels. RCN should, as appropriate, influence and strive to
engage in international planning and coordination of climate research and also take advantage
of the opportunities offered by international programmes.

e RCN should develop anational strategy for coordinating Norwegian and Nordic
funding. Special attention should be given to the need for national co-financing of
Nordic initiatives. Areas for Nordic collaboration should aso include research
infrastructure.

e Norway should continue to engage in the planning for European research funding with
the next Framework Programme of special importance. Norwegian scientists should be
encouraged to seek the role of coordinator of major programmes and if successful
offered the necessary administrative support.

e The planning for a new programme should take note of the developments as a follow-
up to IPY internationally and be informed by, and engage in, the new international
‘Future Earth — Research for Global Sustainability’ initiative.

Recommendation 6: Prioritise outreach and stakeholder interaction

In order to ensure societal relevance and resulting use of climate research, it is necessary to
develop and enhance dial ogue with relevant stakeholders, both from the public and private
sectors. We are not fully convinced that the importance of establishing platforms for such
dialoguesisfully recognized by the science community. Although some institutions that we
interviewed had ambitious outreach with dedicated and substantial funding, other groups had
not yet realized the importance of the societal dimensions of their climate research.

e The new programme should have outreach as an important component of each
funded project, which should clearly demonstrate how the research outputs are
leading to outcomes and impacts.

e RCN should consider an annual or biannual meeting, including a public event to
deliver information on the status of climate change research in Norway and a
second part for the scientific community to discuss priorities and stimulate new
collaborative partnerships.

e Theinvolvement of stakeholders should be considered, e.g., through
transdisciplinary action research on relevant climate topics. RCN should continue
to arrange dialogue meetings, both with the science community and stakehol ders.
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RCN should have a clear data policy to make sure that results are easily available
to the scientific and other user communities. There should be full and open access
to data.

A national strategy for monitoring of essential climate variables should be

devel oped, which should include the support of coordinated data bases. Svalbard is
akey sitefor the Integrated Arctic Earth Observing System, which will become a
fundamental basisfor aglobal Arctic observing system.

Norway should establish a strategy for making ' climate services' availableto the
public and private sectors, for example through the establishment of a Norwegian
Climate Service Centre, but should also consider complementary distributed
activities. A nationa initiative to address the needs for climate services should
focus on function, deliverables and user needs and these should factor in the
development of a national research strategy that would enable effective delivery
and use of climate information services.

Norway should continue to support the involvement of Norwegian scientistsin
IPCC, IPBES and similar international assessments and provide appropriate
incentives for such engagement.
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9 Appendices

Appendix 1.1 Mandate and framework for the evaluation

Mandate and framework for the evaluation of

Norwegian climate research
The Research Council of Norway, revised 13 October 2011

Background

The Research Council of Norway hasinitiated an evaluation of climate research in Norway.
The am of the evaluation isto provide a critical review of Norwegian climate research in an
international perspective, and to give recommendations on measures to enhance the quality,
efficiency and relevance of the future climate research. The Research Council’s strategy and
recommendations regarding the future focus of climate research must be based on sound
knowledge of the existing research framework. The evaluation outcome will provide a good
basis for determining how to allocate research funding, and for offering guidance on research-
related issues within the Research Council itself, to the research institutions, and to the
authorities.

Climate research extends across a wide range of subject areas — from meteorology and
biology to political science and psychology — and requires substantial multi- and
interdisciplinary focus. The evaluation of Norwegian climate research isto examine the
knowledge flow between disciplines and the synergies arising from this, and will thus
comprise more than the sum of evaluations of the individual disciplines. It is nonetheless
crucial that the evaluation builds on the knowledge devel oped in other evaluations and review
activities, and avoids unnecessary overlap and duplicated efforts.

Timetable

The evaluation will be launched after the appointment of the evaluation committee in spring
2011, and is expected to be concluded in May 2012. The progress plan for implementation
will be prepared by the evaluation committee and the secretariat in cooperation with the
Research Council of Norway.

Definitions and delimitations

The evaluation is to assess Norwegian climate research in relation to research quality and
capacity, strategic focus, communication and interaction, and relevance to society, and it is
to make recommendations regarding particular areas where Norway has special interests and
needs but lacks sufficient capacity or expertise.

Climate research may be defined as research that is relevant in the long and short term, and
at the global, regional and local levels, for predicting climate change and the impacts of these
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changes on the natural environment and society, and for identifying measures for adapting to
climate change and reducing greenhouse gas emissions.

For the purpose of this evaluation, climate research is defined with three thematic areas, as
follows:

e The climate system and climate change: Research into climate variability and changein
order to improve capability in understanding climate and in projecting climate change
for different time scales with reduced uncertainty and increased spatial detail.
Advances will provide climate information for decision making in a national and
international context. Focusison physical, chemical and biological processesin the
atmospheric, oceanic, terrestrial and cryospheric systems that are relevant for the
climate system.

e Impacts of, and adaptation to, climate change and variability: Insightsinto the
impacts of climate change and variability on the natural environment and society, i.e.
research into how species and ecosystems will be affected and how society will be
affected through changes in food production, water availability, heath, etc.

e Ingtitutions and instruments for response to climate change: Research on national
and international climate policy, institutions (norms, principles, organisations,
strategies, measures and instruments) for reducing greenhouse gases and adapting to
climate change. Analysis of how societal relations at multiple levels of governance
need to change in order to deal with climate change. Thisincludes issues related to
economic growth and poverty reduction, migration, changes in attitudes and
behaviour of the population etc.

Further delineation:

e Inall three of these areas, the evaluation should focus on those geographical and
thematic areas that are especially relevant for Norway, i.e. areas in which Norway has
particular expertise, along-standing tradition, favourable conditions, needs, the
potential for value creation or responsibility.

e Research groups and researchers at institutions (universities, university colleges,
independent research ingtitutes, centres, etc.) who have applied for funding from
the Research Council are of particular interest.

e The evaluation should focus on climate research conducted in the past 10 years,
with special emphasis on the last part of this period.

e Theevauation isnot to encompass the area of technological energy research.

Mandate

The evaluation is to compile an updated overview of the role that Norway playsin the
international climate research landscape, and make recommendations on how climate research
should be organised and which priorities should be set to move the field in a direction that
will meet the needs of tomorrow’ s society.

The thematic areas to be addressed are described in points 1-4 below.
The evaluation is to assess research quality, effectiveness, interaction, relevance and needs

related to these points, and make recommendations on future Norwegian climate research.
For all the relevant points, the evaluation must direct particular attention towards therole
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played by the Research Council, especially the contribution of the Large-scale Programme
for Climate Change and Impacts in Norway (NORKLIMA) and The International Polar Year
(IPY), and towards how the Research Council should organise and coordinate its activitiesin

this area to optimise its use of resources.

1. Resear ch quality and capacity

Norway’ s contribution to advancing the research front;

The quality of Norwegian research groupsin an international context;
Publication activity and scores on research quality indicators,

Basic and applied research, multi- and interdisciplinary research®;
Capacity related to recruitment, infrastructure, investment, etc.

O O O0OO0Oo

2. Strategic focus and interaction

o Distribution of tasks, interaction and coordination between national instruments
for climate research, both within and outside of the Research Council (large-scale
programmes, action-oriented programmes, support for independent projects,
infrastructure, independent research institutes, centres under the Centres of
Excellence (SFF), Centres for Environment-friendly Energy Research (FME) and
other schemes, other centres, etc.);

0 Interaction between Norwegian and international instruments for climate
research, e.g. in the Arctic Council countries, the Nordic countries and the EU.

3. Theplayersinvolved in climate resear ch — participation, communication and
cooper ation

o0 National researcher cooperation and Norwegian participation in
researcher cooperation in bilateral, Nordic, European and global arenas;

0 Interaction between national players, such as the Research Council, government
ministries, agencies, directorates and research groups. Relevant players that are
not mobilised;

o Dissemination of knowledge to the public administration, industry players
and participantsin society at large.

4. Relevance to the challenges to society
0 Relevance of research for Norwegian and international climate policy prioritiesin
light of what the evaluation committee views as key challengesin climate
research and knowledge needs of industry players and othersin society.

Data material

The data used in the eval uation may include:
0 Background data on the overall participation of playersinvolved in climate
research and the research groups under eval uation;
Bibliometric analysis of scientific production;
Anaysis of citation data;
Self-assessments by the research groups;
Selected scientific publications;
Interview data compiled from meetings between the research groups and members of
the evaluation committee.

O O O0OO0Oo

! For the purpose of this eval uation we understand the term interdisciplinary as collaboration and interactions
between natural and socia sciences.
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Composition of the evaluation committee

It is suggested that the committee be comprised in the following manner:

0 A chairperson with broad-based experience and expertise in the area of
climate research and research strategy, as well as good knowledge of the
international research system;

0 Threeor four members with expertise in natural science research on the
climate system and climate change, preferably with interdisciplinary
experience. Of these, one should have experience from a different field, i.e.
solar research, and thus have a different perspective on climate system
research.

o0 Two memberswith expertisein various fields of social science research.

o0 Two or three members with expertise in research on the impacts of climate change.
One member should have expertise on the impacts for ecosystems and natural
resources, and the other should have expertise related to other impacts of climate
change, such asin relation to physical planning and infrastructure.

0 One member with knowledge of management and user interests related to
climate research.

The evaluation committee must have an international membership. At least three members
should be affiliated with key international organisations for climate research, such asthe
World Meteorological Organization (WMO), the International Geosphere-Biosphere
Programme (IGBP) or the International Council for Science (ICSU), and all of the members
should have international experience and an international orientation.

Secretariat and external support

The Research Council will establish a secretariat with expertise related to the work involved
with subject-specific eval uations, Norwegian and international research policy, the
Norwegian research system, the playersinvolved in Norwegian climate research and climate
research in general. The committee' s working language will be English, although a number
of relevant documents will be in Norwegian. The staff of the secretariat will therefore have
good written and oral language skills in both Norwegian and English. The secretariat will
assist the evaluation committee with the following tasks:

1. Resear ch secretary
The secretary will provide assistance to the evaluation committee and facilitate its
activities as agreed on with the chairperson of the committee and the Research Council.
In cooperation with the committee, the secretary will e.g. draw up a progress plan for
the committee’ s activities; plan, prepare and summarise the meetings of the committee;
prepare the data collection, provide the data needed, and adapt the data for use by the
committee; draw up an outline for the evaluation report, write the first draft, incorporate
the contributions of the committee members, and finalise the report.

2. Background data on and overview of the structural framework for climate resear ch
In order to limit the scope of the evaluation, the evaluation committee needs an
overview of the subject areas included in Norwegian climate research. This overview
should take its point of departure in the mandate’ s definition of climate research and
data on the various players involved in Norwegian climate research, the researchers
educational qualifications and the publication channels used. The overview must
describe climate research on the basis of this data and discuss various aternatives for
[imiting the scope of the evaluation.
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The secretariat will gather and adapt information on the framework conditions for
climate research in Norway, i.e. describe the players involved in Norwegian climate
research, the national instruments for climate research both within and outside of the
Research Council, and the research groups economic and personnel-related parameters
and funding sources.

3. Bibliometric analysis
The secretariat will perform abibliometric analysis and a citation analysis of the
research groups included in the evaluation. This analysis will constitute part of the basic
data used by the evaluation committee. The purpose of thisanaysisisto provide an
overview of the scope and quality of Norwegian publications on climate research. The
anaysiswill be performed in line with the analysis that has been carried out previously
in connection with subject-specific evaluations at the Research Council and will be
based on publication lists submitted by the researchers and on data from the
International Statistical Institute (1SI).

Cooperation with the Research Council

The Research Council is responsible for the content of the mandate and the framework
conditions for the activities in connection with the evaluation, and may be consulted on an
ongoing basis by the committee and secretariat regarding the fundamenta and practical
aspects of the mandate, activities, limitations and other matters requiring clarification during
the process.

The Research Council will assist by providing relevant background material and helping to
organise meetings.

Travel must be planned in cooperation with the Research Council, and expenses will be
reimbursed according to established government rates.
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Appendix 1.2 Invitation letter from the Research Council of Norway

Invitation letter to participate in the Evaluation of Norwegian Climate Research and to deliver
fact sheet information.

Invitagion til evaluering av nor sk klimaforskning

Forskningsradet er i gang med en evaluering av norsk klimaforskning. Malet er afaen
systematisk gjennomgang og vurdering av norsk klimaforskning med anbefalinger om videre
innretting. Vi inviterer dere til & veare med & danne grunnlaget for evalueringen og a sette
agendaen for videre satsing paklimaforskning i Norge.

Bakgrunn

Forskningsprogrammet NORKLIMA er i avdutningsfasen og Det internasjonal e polararet
(IPY) er avviklet. Forskningsradet har derfor begynt & forberede strategien for viderefgring av
norsk klimaforskning. Det er 15 ar siden klimaforskningen i Norge sist ble evaluert, og for at
en ny innretting av klimaforskningen skal ha gode prioriteringer, er det viktig med et solid
kunnskapsgrunnlag. | denne sammenheng ser Forskningsradet behov for en ny evaluering.

Evalueringen skal gi et helhetlig bilde av norsk klimaforskning. Det vil si at fokuset vil vaae
mer pa helheten og samspillet enn pa hvert enkelt forskningsmilja. Likevel er det de enkelte
miljgene som til sammen utgjer helheten. Derfor blir det ngdvendig ogsaagainni de ulike
forskningsmilj@enes bidrag.

Evalueringen skal munne ut i anbefalinger for videre satsing som vil mete det
evalueringskomiteen ser som ngkkelutfordringene i norsk klimaforskning og samfunnets
framtidige behov for klimakunnskap.

Komite og mandat

Evalueringskomiteen bestar av ni medlemmer som til sammen dekker stor bredde av
fagomréder og internasjonale miljger innen klimaforskning. Mandat og
komiteesammensetning er vedtatt av Divisonsstyret for energi, ressurser og miljg, og
komiteen hadde sitt farste mgtei Oslo i august.

Thomas Rosswall leder komiteen. Rosswall er professor emeritusi vann og miljg med spesiell
kompetanse innen gkosystemer og landbruk, mikrogkologi og biokjemiske sykler. Han er
tidligere professor ved Universitetet i Stockholm og Linkdping og har veat rektor ved
Sveriges lantbruksuniversitet. Han har hatt flere lederposisoner i nagjonale og internasjonale
organisasjoner, bl.a. ICSU og IGBP, og er naleder for Steering Committee for the CGIAR
Challenge Programme on Climate Change, Agriculture and Food Security.

| mandatet heter det blant annet at evalueringen skal se pafaglig kvalitet og kapasitet,
strategisk innretting, kommunikasjon og samspill og samfunnsrelevans knyttet til norsk
klimaforskning. Pa alle omrader skal evalueringen rette spesiell oppmerksomhet mot
Forskningsradets rolle, inkludert NORKLIMAS og IPY s bidrag, og hvordan klimaforskningen
i Forskningsradet bar organiseres og koordineres for bedre utnyttelse av ressursene.
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Les mer om evalueringen pa

www.forskningsradet.no/no/Artikkel/Evaluering av norsk klimaforskning/1253966989776
og

http://www.forskningsradet.no/servlet/Satellite?c=Nyhet& cid=1253968843561& p=12269935
99893& pagename=norklima%2FHoveds demal

Faktaark og videre prosess

Vedlagt i denne e-posten er et faktaark og retningslinjer for utfyllelse av faktaarket.
Faktaarket vil gi oss en oversikt over blant annet starrelse, finansiering og tematisk
orientering hos de ulike miljgene, og danne grunnlag for asi noe om den totale starrelsen av
klimaforskning i Norge. Faktaarkene vil ogsa vaare utgangspunkt for utvelgelse av miljger
som blir med videre til en dybdeevaluering.

Vi ber dere vennligst om afylle ut faktaarket og returnere det til Forskningsradet ved Malin
Lemberget Lund (mlu@rcn.no) senest 19. september 2011.

Miljger som velges ut til dybdeevaluering vil hafrist i begynnelsen av november for utfylling
av en selvevaluering. Videre avholdes hgringsmgter med komiteen i desember. Selve
hovedrapporten ventes ferdigstilt i april/mai 2012.

Vi hdper dere ser dette som en anledning til & vise fram deres virksomhet, fa fram hva som
fungerer og hva som ikke fungerer i norsk klimaforskning, og ikke minst til & veare med pa a
stake ut kursen videre. Vi vet at flere har vaat gjennom andre evalueringer i det siste, og vi
jobber for a faminst mulig overlapp.
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Appendix 1.3 Fact sheet for Evaluation of Norwegian Climate Research

Deadline September 19, 2011
e-mail: mlu@rcn.no
Fact sheet for Evaluation of Norwegian Climate Research
(See attachment with guidelines for completing the fact sheet.)

Name of institution or administrative unit: ........cooeeveveeeeeeeeee...

1. Description of organisation

Please give abrief and concise description of the institute structure/where the department fits
into the university structure, and how the climate research is organised. If applicable, make a
simple organisation chart.

2. Number of personnd in full-time equivalents
Positions Univ/RI External
basic budget* grants**

Researcher (with PhD)

Professor

Associate professor

Adjunct professor

Adjunct associate professor

Post-doctoral research fellow

Doctora students

Administrative personnel

Technical personnel

Research assistants (without PhD)

Total

* "Univ"/"RI": financed by the university basic budget/research institute basic budget
** "External": financed by externa grants

Comments regarding external personnel: ............ccoeviiiiii e
3. Researchers, professors, associate professors, adjunct professors, adjunct associate

professor s, post-doctor al resear ch fellows, doctoral students
Thematic area**

The
Year Full time | climate
of equivalent system
birth  (in %) and
climate
change

I nstruments
I mpacts for
and response to
adaptation climate
change

Name and title Type of

position*

* Use the position categories in question 2 above.
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** Y ou may tick more than one box. See description of the thematic areas in the guidelines.

4. Number of graduated doctorial students per year, title of thesis and thematic area
| Thematic area* | Year of graduation
The
climate
system
and
climate
change

I nstruments
| mpacts for
and responseto 2006 2007 2008 2009 2010
adaptation climate
change

Name
andtitle Title of

of thesis
graduate

* Y ou may tick more than one box. See description of the thematic areas in the guidelines.

5. Master courses offered at theinstitution, thematic area and number of students per
ear
| Thematic area* | Number of students

The | nstruments
climate

Name of master | mpacts for

course and responseto 2006 2007 2008 2009 2010
adaptation climate
change

climate
change

* Y ou may tick more than one box. See description of the thematic areas in the guidelines.

6. R&D expenditure and main sources of funding (in 1,000 NOK)
Type of expenditure— Source of funding 2006 2007 2008 2009 2010
Labour costs

Instruments and equipment costs

Land and building costs

Other costs

Total expenditures

Basic grants

~—+

The Research Council of Norway (RCN) grants

NORKLIMA

IPY
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Type of expenditure— Source of funding 2007 2008 2009 2010

INFRASTRUKTUR

Centres of Excellence (SFF)

Centre for Environmental-friendly

Energy (FME)

Other RCN schemes or instruments
Other national grants (public or private)
International grants

Nordic programmes

Top-level Research Initiative

Nordic Energy Research

Other Nordic schemes

European research programmes

EU FP6
(Specify which programme(s), add
new rows if necessary)
EU FP7
(Specify which programme(s), add
new rows if necessary)

Other European programmes or

instruments

Other international grants
External funding, total
External funding as % of total
expenditures

7. Expenditureon research infrastructurerelated to climate research (in 1,000 NOK)
Investment costs
Operating costs
Costs related to the participation in
international research infrastructure projects

ContaCt person:
Phone number of contact person: .......ccccceceveevieeneene
E-mail address of contact person: .......ccccceccevvevernenne

Date of form completion: .

140



Appendix 1.4 Fact sheet guidelines

For the purpose of this evaluation, climate research is defined with three thematic areas as
follows:

The climate system and climate change: Research into climate variability and change to
develop capability in climate understanding and projections on time scales of seasonsto a
century that have less uncertainty and a greater spatial and temporal detail. Advances will
provide climate information for decision making in a national and international context. Focus
ison physical, chemical and biologica processes in the oceanic, atmospheric, terrestrial and
cryospheric systems that are relevant for understanding the climate system.

Impacts of, and adaptation to, climate change and variability: Insights into the impacts of
climate change and variability on the natural environment and society. Research on how
species and ecosystems will be affected and what are the impacts on society through food
production, water availability, health, etc.

Institutions and instruments for response to climate change: Research on national and
international climate policy institutions and instruments for reducing greenhouse gases and
adapting to climate change. Analysis of how societal relations at multiple levels of
governance need to change in order to deal with climate change. Thisincludes issues related
to economic growth and poverty reduction, migration, changes in attitudes and behaviour of
the popul ation etc.

1. Description of organisation

Universities, university colleges. Present a brief, concise description of where the department
fits into the university structure and how the climate research is organised. If applicable, make
asimple organisation chart in Word or Power Point, for example.

Research institutes: Present a brief, concise description of the institute’s structure. I
applicable, make a simple organisation chart in Word or Power Point, for example.

Only one fact sheet per university department/university college/research institute should be
filled in (there should not be separate fact sheets for the different research groups).

2. Number of personnel in full-time equivalents

Report the number of the different types of positions in the department (s)/institute (s). Please
report only personnel engaged in or supporting climate research. Include also personnel who
are affiliated to other departments or institutes, but at the same time take part in the
department’ ginstitute’ s climate research and/or the education of climate researchers. Please
give acomment regarding the number of such external personnel and to where (which
departments) their main positions belong.

The abbreviation “Univ” refersto positions funded by a university’ s basic budget, the
abbreviation “RI” refers to positions funded over aresearch institute’ s basic budget, while
"External” refersto personnel who are affiliated to other departments or institutes, but at the
same time take part in the department’ /institute’ s climate research and/or the education of
climate researchers.

The terms “ Administrative personnel” and “Technical personnel” refer solely to non-scientific
positions that provide technical or administrative support services for the climate research.
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“Research assistants’ are defined as persons providing climate research support without
having a PhD.

All numbers are to be given in full-time equivalents in the form of percent.

3. Researchers, professors, associate professors, adjunct professors, adjunct
associate professors, post-doctoral research fellows, doctoral students

This table should list the name, title and year of birth of all the researchers, professors,
associate professors (farsteamanuensis), adjunct professors (professor 1), adjunct associate
professors, post-doctoral research fellows and doctoral students who participate in climate
research at the department/institute.

All numbers are to be given in full-time equivalents in the form of percent. Thematic research
areas. See the description of the three thematic areas under the definition of climate research
above.

Please indicate for each research personnel their main thematic area. It is possible to tick
(with an " X") more than one box. Please add new rows if necessary.

4. Number of graduated doctorial students per year, title of thesis and thematic
area

Please list the name of the doctoral candidates who completed their degree over the past five
years (2006 to 2010), the title of the thesis and the year of graduation, and indicate the
thematic areas to which they belong. Y ou may tick (with an “X”) more than one column.

Please add new rows if necessary.

5. Master courses offered at the institution, thematic area and number of
students per year

Please list the name of the climate courses (Masters) that the institution offers and the number
of participating students per year, and indicate the thematic areas to which they belong. You
may tick (with an “X”) more than one column. Please add new rows if necessary.

6. R&D expenditures and main sources of funding (NOK 1,000)

This table intends to give an overview of the department’s or research ingtitute’'s R&D
expenditures and the main sources of funding: basic grants and external funding over the past
five years (2006 to 2010). Overhead expenses financed by the university/research institute
should be listed under other costs.

The table requires more detailed information for specific funding schemes/instruments of the
Research Council of Norway, Nordic funding programmes, European funding programmes
and other international grants. Please add new rows where necessary.
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7. Expenditure on research infrastructure related to climate research (NOK
1,000)

This table intends to get a more detailed overview over costs related to large research
infrastructure for climate research. Please distinguish between investment costs and operating
costs.

The table requests information on costs related to the participation in international research
infrastructure projects. Examples of such infrastructures can be found at the homepage of the
European Strategy Forum on Research Infrastructures. Also other international research
infrastructure projects can be included here.

Contact person

Please indicate the name, tel ephone number and e-mail address of the contact person
responsible (faglig ansvarlig kontaktperson) for completing the sheet, and the date of form
completion.
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Appendix 1.5 List of research units which delivered fact sheets and

participated in the hearings

List of research units which delivered fact sheets for the evaluation and their thematic
speciaization (N=78), and the research units which participated in the hearings (N=39).

Name Participated | Assigned | Other
in hearings | main specialization
thematic
group
Bergen University College, Faculty of 2and 3
Engineering
Bl Norwegian Business School 3
Bioforsk X 2 All 3
Bjerknes Centre for Climate Research (BCCR) X 1 land 2
Centre for International Climate and X All 3
Environmental Research — Oslo (CICERO)
Fridtjof Nansen Institute X 3 2and 3
Frisch Centre X 3
Gendk — Centre for Biosafety 2
Geologica Survey Norway (NGU) X 1
Institute of Marine Research (IMR) X land 2
Institute of Transport Economics X 3
IRIS 2
M areforsking 3
Nansen Environmental and Remote Sensing X 1 land 2
Centre (NERSC)
Northern Research Institute (Norut) 2
Norwegian Computing Centre X 1 2and 3
Norwegian Forest and Landscape Institute X 2 2and 3
Norwegian Geotechnical Institute (NGI) 2and3 | All 3
Norwegian Institute for Air Research (NILU) X All 3
Norwegian Institute for Nature Research (NINA) | X 2 All 3
Norwegian Institute for Urban and Regional 2and 3
Research (NIBR)
Norwegian Institute for Water Research (NIVA) 2 All 3
Norwegian Institute of Wood Technology 2and 3
Norwegian Meteorological Institute X 1 land 2
Norwegian Polar Institute X land 2
Norwegian School of Veterinary Science (NVH), 2
Dept. of Food Safety and Infection Biology
Norwegian University of Life Sciences (UMB), X 2
Centre for plant research in controlled climate
Norwegian University of Life Sciences (UMB), All 3
Dept. of Animal- and Aqua-cultural Sciences
Norwegian University of Life Sciences (UMB), X 2and 3

Dept. of Ecology and Natural Resource
Management (INA)
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Norwegian University of Life Sciences (UMB),
Dept. of Economics and Resource Management

2and 3

Norwegian University of Life Sciences (UMB),
Dept. of International Environment and
Development Studies (NORAGRIC)

2and 3

All 3

Norwegian University of Life Sciences (UMB),
Dept. of landscape architecture and spatial
planning (ILP)

2and 3

Norwegian University of Life Sciences (UMB),
Dept. of Mathematical Sciences and Technology
(IMT), Section for geomatics

All 3

Norwegian University of Life Sciences (UMB),
Dept. of Mathematical Sciences and Technology
(IMT), Section for construction and
environmental technology, Flood and drain

All 3

Norwegian University of Life Sciences (UMB),
Dept. of Mathematical Sciences and Technology
(IMT), Section for construction and
environmental technology, Climate adaptation of
buildings

All 3

Norwegian University of Life Sciences (UMB),
Dept. of Mathematical Sciences and Technology
(IMT), Section for natural sciences, Flood in
cities

All 3

Norwegian University of Life Sciences (UMB),
Dept. of Plant and environmental sciences (IPM),
Geology section

land 2

All 3

Norwegian University of Life Sciences (UMB),
Dept. of Plant and Environmental Sciences (IPM),
Nitrogen Group

Norwegian University of Life Sciences (UMB),
Dept. of Plant and environmental sciences (IPM),
RENKLIMA

Norwegian University of Life Sciences (UMB),
Dept. of Plant and environmental sciences (IPM),
Plant genetics and biology

Norwegian University of Life Sciences (UMB),
Dept. of Plant and environmental sciences (IPM),
Soil science

2and 3

Norwegian Water Resources and Energy
Directorate (NVE)

land 2

NTNU Socia Research AS

w

NTNU, Dept. of Biology

N

2and 3

NTNU, Dept. of Civil and transport engineering,
Div. of geomatics

NTNU, Dept. of Geography

All 3

NTNU, Dept. of hydraulic and environmental
engineering

All 3

NTNU, Dept. of Industrial Economics and
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Technology Management

NTNU, Dept. of Interdisciplinary studies of 2and 3

culture

NTNU, Museum of Natural History and 1

Archaeology

PRIO 3

Sami University College X 2and 3

SINTEF Building and Infrastructure 2and 3

SINTEF Energy 2and3 |land?2
Statistics Norway (SSB) X 3

Uni Research AS, Uni Bjerknes Centre X 1 land 2
University Centrein Svalbard (UNIS), Dept. of X 2 land 2
Arctic Biology

University Centrein Svalbard (UNIS), Dept. of X land2 |2and3
Arctic Geology

University of Bergen, Dept. of Archaeology, 3

History, Cultura Studies and Religion

University of Bergen, Dept. of Biology X land2 | All3
University of Bergen, Dept. of Earth Science X land 2

University of Bergen, Dept. of Economics 2and 3

University of Bergen, Dept. of Foreign Languages 3

University of Bergen, Dept. of Geography All 3

University of Bergen, Dept. of Mathematics 3

University of Bergen, Dept. of Psychosocia 2and 3

Science

University of Bergen, Faculty of Law 3

University of Bergen, Geophysical Institute X 1

University of Oslo, Dep. of Sociology and Human | X 2and 3

Geography

University of Oslo, Dept. of Biology X 2 land 2
University of Odlo, Dept. of Chemistry, 2

Environmental analysis

University of Oslo, Dept. of Geosciences X land?2

University of Oslo, Physics of Geological All 3

Processes (PGP)

University of Oslo, Scandinavian Institute of X 3

Maritime Law, Natural Resources Law Group

University of Tromsg, Department of 1

Mathematics and statistics

University of Tromsg, Dept. of Arctic and Marine | X 2 All 3
Biology

University of Tromsg, Tromsg Museum 2 2and 3
Western Norway Research Institute X 3 2
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Appendix 1.6 Outline of the self-assessments

Sdlf-assessment

The self-assessments from the academic departments and research institutes will provide
essential information for the Evaluation Committee. In order to ensure quality, it is
important that a list of publications by the scientific staff is included. The self-assessments
are intended to give relevant information about the participating university departments
and research institutes focusing both on past strengths and future challenges.

The deadline for submitting the self-assessment is November 14th 2011.

Procedure

Each academic department/research institute should fill in a self-assessment at
department/institute level. Please submit the self-assessment electronically in one PDF-file.
Attachments should be submitted separately as Word-, Excel- or PDF-files. The content
should be organised according to the outline shown on the following pages and all text must
be searchable.

We recommend that you read the mandate for the Evaluation Committee before you fill in
the self-assessment. For the purpose of this evaluation, climate research is defined with
three thematic areas, as follows:*®

e The climate system and climate change: Research into climate variability and change in
order to improve capability in understanding climate and in projecting climate change for
different time scales with reduced uncertainty and increased spatial detail. Advances will
provide climate information for decision making in a national and international context.
Focus is on physical, chemical and biological processes in the atmospheric, oceanic,
terrestrial and cryospheric systems that are relevant for the climate system.

e Impacts of, and adaptation to, climate change and variability: Insights into the impacts of
climate change and variability on the natural environment and society, i.e. research into
how species and ecosystems will be affected and how society will be affected through
changes in food production, water availability, health, etc.

e Institutions and instruments for response to climate change: Research on national and
international climate policy, institutions (norms, principles, organisations, strategies,
measures and instruments) for reducing greenhouse gases and adapting to climate
change. Analysis of how societal relations at multiple levels of governance need to
change in order to deal with climate change. This includes issues related to economic
growth and poverty reduction, migration, changes in attitudes and behaviour of the
population etc.

All self-assessments will be reviewed by the Research Council before the material is
forwarded to the Evaluation Committee. Meetings between the Evaluation Committee and
the research units are scheduled to take place in the period December 12-16, 2011. Once
the Evaluation Committee has completed the draft report, the relevant sections will be sent

18 The wording of the three thematic areas is sightly different compared to the guidelines for the fact sheets.
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to each department for fact-checking before the final report is submitted to the Research
Council of Norway. The evaluation is limited to assessments and recommendations at the
department/research institute level, and individual researchers will not be mentioned.
Please note that this is not an evaluation of individual researchers but of the national
research landscape and its international context.

English is the working language for the evaluation. This means that the self-assessment and
attachments must all be written in English. Please make sure that the information given in
the self-assessment and in the fact sheet is consistent.

The self-assessment should be no more than 30 pages long. Supporting materials can be
submitted as attachments and are not included in this page limit. Please use 12 pt. Times
New Roman font.

Outline of the self-assessment

On the first page of the self-assessment, please name the unit being assessed.

You may also highlight specific research groups or parts of your unit, and their specific
thematic areas within climate research.

Please use the proposed structure below and give comments in relation to each topic (1-8).
There are keywords/suggestions for issues you may comment on under each topic.

You should discuss strengths, weaknesses and possible opportunities and threats (topics 7
and 8 in particular).

1. Quality of research

This section should explain the scientific quality of your climate research results. For this
purpose, the climate-related scientific publishing of your institute/department should be
discussed.

Please attach your unit’s list of publications within climate research, for the period 2001—-
2010 (see specification attachment 1 below).

Please describe and comment on your choice of publication channels, your national and
international co-authorship and the impact of your publications.

Please comment on your selection of the 5-10 most important climate research articles in
international peer reviewed scientific journals (2001-2010) (see specification attachment 2
below).

2. Capacity

This section is intended to discuss issues related to the research capacity of your
institute/department for climate research.

Please describe and comment on past experiences and present efforts regarding: the
number of climate researchers at your unit; funding of climate research; climate research
infrastructure; and, recruitment and mobility of your climate researchers. What are the
strengths of your research unit? Are there any bottlenecks that impact progress?

We suggest that you include the following issues (you can add others that you feel are
relevant here):
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e recruitment and development of a new generation of researchers;

e masters programmes (if relevant);

e involvement of PhDs and post-doctoral research fellows;

e core funding vs. external programme/project funding;

e short-term funding vs. long-term funding;

¢ main funding schemes/instruments, both national and international; and,

e participation in national and international research infrastructure (e.g. in climate
research related ESFRI research infrastructures).

3. Strategic focus
This section should explain/describe the strategic focus of your climate research in the past,
present and future, and how this is related to the three thematic climate research areas
specified in the mandate of this evaluation. Please explain how climate research fits into the
overall activities of your department/research institute. You may wish to address the
following issues:

e the thematic focus of your climate research;

e the disciplinary and methodological approaches used in your climate research;

e your experiences with, and need for, interdisciplinary climate research;

e your main contribution to addressing climate research policy priorities with regard to

the gaps defined by the IPCC; and,
e your contribution to strengthening the knowledge base that informs climate policy.

In this context the evaluation committee wants to explore also how the Research Council of
Norway and its different research programmes have contributed to the development of a
strategic focus in Norwegian climate research. You may wish to comment on the following
issues:

e the importance of NORKLIMA for your research;

e the importance of IPY for your research; and,

e the administration of climate research by the Research Council of Norway in general

and by NORKLIMA specifically.

4. Research partnerships — national & international

This section should explain/describe your national and international research collaboration
networks. Please discuss your role (leadership vs. participation) in national and international
research collaboration networks, your priorities for such collaboration and what these
collaborations have meant to the development of your climate research. You may wish to
comment on the following issues:

e your main national research partnerships;

e the impact of national competition for funding on national collaboration;

e your main international research partnerships in European, Nordic and international
climate change research initiatives, such as EU FP7, ERA-Nets, Nordic networks, Top
level research initiative, Joint Programming Initiatives, ESFRI Research
Infrastructures;
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e your participation in the international global change research programmes (i.e.,
WCRP, IGBP, IHDP, DIVERSITAS, IPY) and your view of the importance of such
initiatives;

e the engagement of researchers at your department/research institute in IPCC
assessments and other relevant international assessments; and,

e shaping future research priorities: involvement on planning of national, Nordic,
European and international science policies, research priorities, funding instruments,
etc. (e.g., participation in EC’s Horizon 2020 development).

5. Communication with stakeholders

This section should explain/describe your communication with stakeholders. Communication
with stakeholders can have different purposes, such as the discussion of a research agenda,
the formulation of research questions, the development of new knowledge, instruments or
techniques and the dissemination of research results. Communication can be interactive or
one-way. Please describe how these communications have evolved, what their purpose is
and assess their impact. You may wish to comment on the communication with:

e public agencies or policy makers at national, regional or local level;

e specific groups which might be highly exposed to climate change, or which might be
instrumental in implementing adaptation actions (e.g., land owners, farmer’s
associations, the Sdmi people);

e the private sector;

e non-governmental organisations, and,

e how such communication processes have been integrated within an interdisciplinary
research framework.

6. Relevance to society

This section should discuss the relevance of your climate research to society. You may
distinguish between specific target groups and the society as a whole. Issues you may wish
to address here include the following:

e relevance of your research for the international scientific community;

e interactions with target user groups;

e the application of your research results by your target user groups;

e the extent to which your research has contributed to (or resulted in) any changes to
policy, standards, plans, or regulations;

e your participation in national and international climate related policy processes; and,

e possible conflicts or synergies between relevance and scientific quality.

7. What next?
This section should discuss your future plans for addressing identified strengths and
weaknesses and possible opportunities and threats. Please describe your strategy or plan on
climate research. You may wish to discuss plans for changes regarding:

e strategic focus,

e capacity development,

e cooperation patterns, and,

e interaction with target user groups the coming 5-10 years.
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8. Recommendations

This final section gives you the opportunity to make recommendations for the further
development of Norwegian climate research. Please discuss the main challenges for
Norwegian climate research, the future needs for climate-related knowledge, and how
Norwegian climate research policy should address these challenges and knowledge needs.
You may wish to comment on the scope and focus of climate research funding instruments,
the support for climate research infrastructure, cooperation with stakeholders and the
international research community and relevance to society, among other issues.

Please give some recommendations on how the Research Council of Norway should
administer climate research in the future. In particular, describe any actions by the Research
Council of Norway that you think necessary to minimise threats to your plans or develop
opportunities for their success.

Attachment 1
Publication list for your university department/research institute (total reference list within

climate research for the last ten years: 2001-2010) as an Excel-file

Please distinguish between following categories: (1) articles in international peer reviewed
academic journals, (2) academic books and (3) chapters in academic books.

Attachment 2

List of the 5—-10 most important articles in international peer reviewed scientific journals for
the last ten years (2001-2010) including the abstracts and be prepared to make a PDF
version available if any of the panel wants to read further. Please also comment briefly on
your selection (see topic 1).
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Appendix 1.7 The Structure of the hearings

Future developments — SWOT analysis
Major challenges

Major opportunities

Future strategies

e o o

2. Strategic focus of Norwegian climate research (thisis covered by the self-assessment
reports, but will ask more about NORKLIMA, IPY and RCN)

e Importance of NORKLIMA and IPY in Norwegian climate research

e Administration of Norwegian climate research by the Research Council of Norway

3. Relevance and use of Norwegian climate research and communication with
stakeholders

e Relevance of climate research in the national context

e The concept of climate servicesin a Norwegian context

4. Open issues which are of specific interest for the research units
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Appendix 2.2.1  List of core journals by subject field

Number of articles, 2001—2010

Journal title

Climate
system and
climate
change

Climate
effects and
adaptations

I nstitutions and
instrumentsfor
responseto

climate change

AMBIO

60

AMERICAN NATURALIST

37

ANNALS OF THE ASSOCIATION OF
AMERICAN GEOGRAPHERS

ARCTIC

10

ARCTIC ANTARCTIC AND ALPINE
RESEARCH

31

ATMOSPHERIC CHEMISTRY AND PHYSICS

129

BIOLOGICAL CONSERVATION

49

CANADIAN JOURNAL OF FISHERIES AND
AQUATIC SCIENCES

99

CLIMATE DYNAMICS

20

CLIMATE POLICY

17

CLIMATE RESEARCH

12

CLIMATIC CHANGE

35

35

COLD REGIONS SCIENCE AND
TECHNOLOGY

45

CORAL REEFS

CRY OSPHERE

DEEP-SEA RESEARCH PART II-TOPICAL
STUDIES IN OCEANOGRAPHY

86

DEEP-SEA RESEARCH PART I-
OCEANOGRAPHIC RESEARCH PAPERS

37

EARTH SURFACE PROCESSES AND
LANDFORMS

10

ECOLOGICAL APPLICATIONS

19

19

ECOLOGICAL ECONOMICS

41

ECOLOGY

72

ECOLOGY LETTERS

26

ECOSY STEMS

12

ECOTOXICOLOGY

10

ENERGY POLICY

75

ENVIRONMENT AND PLANNING A

13

ENVIRONMENT AND PLANNING B-
PLANNING & DESIGN

ENVIRONMENT AND PLANNING C-
GOVERNMENT AND POLICY

10

ENVIRONMENTAL POLITICS

EVOLUTION

31

FISHERIES OCEANOGRAPHY

20

FISHERIES RESEARCH

105
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GEOFORUM

11

GEOGRAPHICAL JOURNAL

GEOMORPHOLOGY

17

GEOPHY SICAL RESEARCH LETTERS

213

GLOBAL BIOGEOCHEMICAL CYCLES

15

GLOBAL CHANGE BIOLOGY

31

GLOBAL ENVIRONMENTAL CHANGE-
HUMAN AND POLICY DIMENSIONS

20

GLOBAL ENVIRONMENTAL POLITICS

ICES JOURNAL OF MARINE SCIENCE

173

INTERNATIONAL ENVIRONMENTAL
AGREEMENTS-POLITICS LAW AND
ECONOMICS

INTERNATIONAL JOURNAL OF
CLIMATOLOGY

13

JOURNAL OF ANIMAL ECOLOGY

85

JOURNAL OF APPLIED ECOLOGY

30

JOURNAL OF CLIMATE

26

JOURNAL OF ECOLOGY

26

JOURNAL OF EVOLUTIONARY BIOLOGY

JOURNAL OF EXPERIMENTAL MARINE
BIOLOGY AND ECOLOGY

40

JOURNAL OF GEOPHY SICAL RESEARCH-
ATMOSPHERES

183

JOURNAL OF GEOPHY SICAL RESEARCH-
EARTH SURFACE

22

JOURNAL OF GEOPHY SICAL RESEARCH-
OCEANS

95

JOURNAL OF GLACIOLOGY

46

JOURNAL OF MARINE SYSTEMS

63

JOURNAL OF PHY SICAL OCEANOGRAPHY

34

JOURNAL OF SEA RESEARCH

20

JOURNAL OF SUSTAINABLE TOURISM

LIMNOLOGY AND OCEANOGRAPHY

59

MARINE AND FRESHWATER RESEARCH

MARINE BIOLOGY

69

MARINE ECOLOGY -PROGRESS SERIES

194

MARINE ENVIRONMENTAL RESEARCH

15

NATURE GEOSCIENCE

11

OECOLOGIA

77

OIKOS

86

PERMAFROST AND PERIGLACIAL
PROCESSES

25

POLAR RECORD

21

POLAR RESEARCH

84

PROCEEDINGS OF THE ROYAL SOCIETY OF
LONDON SERIES B-BIOLOGICAL SCIENCES

72

SUSTAINABLE DEVELOPMENT

Source: 1SI WoS/ NCR Norway 2010/ NIFU
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Appendix 2.2.2

Climate system

Biosphere

bi osphere climat*

biome* climat*

forests climat*

forest climat*

boreal forest*

biodiversity climat*

coral reef* climat*
ecosystem* climat*
biological species* climat*
phenology OR phenologic*
biological system* climat*
climat* AND (plankton* OR phytoplankton
OR zooplankton)
vegetation climat*

Hydrosphere

hydrosphere climat*

river* climat*

ponds climat*

swamps climat*

lake climat*

basin climat*

ocean* climat*

seas* climat*

(subterranean water OR underground water)
AND climat*

sealevel climat*

sealevel AND (change* OR rise)

(sea OR ocean) AND thermal expansion
Ocean acidification

Hydrology

"tide gauge*" AND climat*

(streamflow OR river discharge) AND climat*
"saltwater intrusion” AND "sea-level rist"
Meridional Overturning Circulation

"gulf stream”

"Hydrologica cycle" OR "hydrologica
system*"

Hydrography

aquifer AND climat*

arid region* AND climat*
wetland* AND climat*
desert* AND climat*
drought AND climat*
flooding AND climat*
erosion AND climat*
freshwarer lens AND climat*
groundwater AND climat*
hydrographic events AND climat*

List of keywords used for the national sample

isohyet AND climat*

landgide* AND climat*

mires AND climat*
ombrotrophic bog AND climat*
paudification AND climat*
polynya AND climat*
"saltwater intrusion” AND climat*
runoff AND climat*

semi-arid region* AND climat*
streamflow

tsunami AND climat*
upwelling region AND climat*

Cryosphere

cryosphere climat*

(glacier OR snow OR ice OR frozen ground
OR permafrost) AND climat*
“glacier” AND “flow”
“glacier dynamics’
Glaciology

“ice-discharge”

“ice-stream”

"Ice sheet"” AND climat*
“lce-sheet flow”

"Ice cap" AND climat*
"seaice" AND climat*

(ice shelf*) AND climat*

Atmosphere

atmospher* AND climat*

cloud* climat*

meteorological drought*
(Extreme weather event*) AND climat*
monsoon* AND climat*
"radiative forcing" AND climat*
weather AND climat*

storm* OR cyclon*) AND climat*
troposphere AND climat*
stratosphere AND climat*
tropopause AND climat*
meteorolog* AND climat*

Land surface temperature
land surface* AND climat*
borehole temperature* climat*
surface temperature* climat*
"soil temperature” climat*
global surface temperature

Biota

benthic communit* AND climat*
alpine* AND climat*

biota AND climat*
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calcareous AND climat*

coccolithophores AND climat*

Coral* AND climat* NOT Reef*
diadromous AND climat*

ecological communit* AND climat*
ecological corridor* AND climat*
ecophysiological process*

ecotone AND climat*

food chain* AND climat*

(forest limit OR forest line) AND climat*
extinction AND climat*

habitat AND climat*

"keystone species’

legume AND climat*

limnolog* AND climat*

(peat OR peatland) AND climat*

pelagic communit* AND climat*
(phytoplankton OR plankton) AND climat*
“Ultraoligotrophic Eastern Mediterranean”
("population system” OR "ecological system**"
pteropods AND climat*

succulent* AND climat*

sub-alpine* AND climat*

taiga AND climat*

tree line AND climat*

trophic AND climat*

tundra AND climat*

vernalisation AND climat*

Carbon sequestration
region AND climate
topograph* AND climate
land-use AND climate
carbon sequestration

Climate system patterns

"climate system"”

"climate feedback*"

Climate-carbon cycle coupling

"Climate sensitivity"

"Climate shift" OR "climate regime*" OR
(Patterns of climate variability)

"El Nino-Southern Oscillation”

Climat* variability

erosion climat*

Evapotranspiration OR "water evaporation"
OR transpiration

"North Atlantic Oscillation" OR "Pacific-North
American pattern” OR "Northern Annular
Mode" OR "Arctic Oscillation" OR "Southern
Annular Mode" OR "Antarctic Oscillation"

Albedo
albedo NOT Subject Areas=( ASTRONOMY
& ASTROPHY SICS)

albedo feedback*

Solar activity

"solar activity" AND climate
Energy balance

"energy balance" AND climate

Climate history

climate history

glaciolo*

pal aeoclimat*

paleoclimate

interglacial*

last glacial maximum

dendroclimatol og*

climat* AND (precambrian* OR phanerozoic*
OR quaternary* OR proterozoic* OR
holocene* OR "hockey stick*" OR
"temperature record*" OR "lithologic
indicators' OR "Dansgaard-Oeschger*" OR
"pollen analys*" OR pleistocene OR "warm
period*" OR eemian OR "tree ring)

"ice core*" OR "ice-core*" OR "icecore*"
ice AND (NGRIP OR NorthGRIP OR WAIS
OR NEEM OR GRIP OR GISP2)

Climate change
Climate change
Climate change*
Abrupt climate change*
Rapid climate change*
thermohaline circulation
deglaciation

melting of permafrost
soil respiration

carbon cycle

aerosol* climate
aerosol* AND cloud*
algal bloom
desertification

coral bleaching

Forest

deforestation climate

land-use change climate

forestry climate

human-induced degradation of forest*

Impact

impact* AND ("climate change*" OR "climate
shift*")

aggregate impacts AND "climate change*"
impact assessment AND ("climate change*"
OR "climate shift*")

integrated assessment AND ("climate
change*" OR "climate shift*")
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non-market impact* AND climate change*

Mar ket impact

market impact* AND climate change
market potential* AND climate change
net market benefit* AND climate change

Adaptation

resilience AND climat*

Vulnerability AND "climate change"
Vulnerability AND sustainability
acclimatisation AND "climate change*"
climate change* adaptation*

climate change* adaptive capacit*
adaptability AND climate change*

Coasts

coastal squeeze

Coastal ecosystem*

salt march* AND climate change*
mangrove* AND climate change*

mud AND sand flats AND climate change*

Diseases

disease* AND climate change*
"dengue fever" AND climate change*
cholera AND climate change*

virus AND climate change*
hantavirus AND climate change*
malaria AND climate change*
meningitis AND climate change*
morbidity AND climate change*
zoonoses AND climate change*

Global warming

("carbone dioxide" OR CO,) AND fertilisation
("food security” OR "food insecurity") AND
climat*

"global warming"

"greenhouse effect*"

Carbon cycle
Carbon cycle
carbon cycle
“North Atlantic Sink”

Emissions

Anthropogenic emission*
greenhouse gas*

Carbon dioxide emission*
Carbon dioxide equivalent*
CO;, equiva ent*

CO, emission*

methane emission*

nitrous oxide emission*

hydrofluorocarbon* emission*
perfluorocarbon* emission*
sulphur hexafluoride* emission*
CH, emission*

N,O emission*

PFCs emission*

SFs emisson*

Climate threshold
"carbon leakage"
"carbon intensity"
climate threshold

Climate models

Climate model*

Coupled Atmosphere-Ocean General
Circulation Model*

AOGCM*

climate prediction*

climate forecast*

climate projection*

climate scenario*

emission* scenario*

SRES scenario*

"dynamic global vegetation model"
Mitigation

Mitigation climate change

United Nations Framework Convention on
Climate Change

UNFCC

Activities Implemented Jointly climat*
AlJ climat*

Joint Implementation climat*

Kyoto Mechanism*

Kyaoto Protocol*

Clean Development M echanism*
CDM climat*

Certified Emission Reduction Unit* climat*
mitigation climate change

mitigation climate change potential*
mitigation climate change capacit*
mitigative climate change capacit*

Economic policy measures
emission* trading
tradable permit*

Taxes
carbon tax*
energy tax*
€co tax*

Palicy
climate policy
climate politic*
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energy policy

Actions

(technology transfer OR "technol ogical
change") AND climate

voluntary AND (action* OR agreement*)
AND climate

Forest

afforestation

reforestation

Renewable energy
"renewabl e energy”

(fuel cell*) OR hydrogen
methane recovery
retrofitting AND climat*
biofuel* AND climate
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Appendix 2.2.3

papers (2001-2010)

100 most frequent journals for Norwegian climate research

Journal title Number of
papers

1. GEOPHYSICAL RESEARCH LETTERS 212
2. MARINE ECOLOGY-PROGRESS SERIES 194
3. JOURNAL OF GEOPHY SICAL RESEARCH-ATMOSPHERES 183
4. [CESJOURNAL OF MARINE SCIENCE 172
5. ATMOSPHERIC CHEMISTRY AND PHY SICS 129
6. FISHERIES RESEARCH 104
7. QUATERNARY SCIENCE REVIEWS 101
8. CANADIAN JOURNAL OF FISHERIES AND AQUATIC SCIENCES 929
9. JOURNAL OF GEOPHY SICAL RESEARCH-OCEANS 95
10. OIKOS 87
11. JOURNAL OF ANIMAL ECOLOGY 85
12. DEEP-SEA RESEARCH PART II-TOPICAL STUDIESIN OCEANOGRAPHY 84
13. POLAR RESEARCH 81
14. OECOLOGIA 77
15. ENERGY POLICY 74
16. ECOLOGY 72
17. HOLOCENE 69
18. MARINE BIOLOGY 69
19. JOURNAL OF MARINE SYSTEMS 62
20. PROCEEDINGS OF THE ROYAL SOCIETY OF LONDON SERIES B- 62

BIOLOGICAL SCIENCES

21. AMBIO 59
22. LIMNOLOGY AND OCEANOGRAPHY 59
23. BOREAS 51
24. BIOLOGICAL CONSERVATION 49
25. JOURNAL OF GLACIOLOGY 46
26. AQUACULTURE 46
27. ENVIRONMENTAL SCIENCE & TECHNOLOGY 46
28. ATMOSPHERIC ENVIRONMENT 46
29. COLD REGIONS SCIENCE AND TECHNOLOGY 45
30. JOURNAL OF EVOLUTIONARY BIOLOGY 44
31. JOURNAL OF EXPERIMENTAL MARINE BIOLOGY AND ECOLOGY 41
32. ECOLOGICAL ECONOMICS 41
33. SCIENCE OF THE TOTAL ENVIRONMENT 40
34. MARINE GEOLOGY 37
35. DEEP-SEA RESEARCH PART I-OCEANOGRAPHIC RESEARCH PAPERS 37
36. AMERICAN NATURALIST 36
37. NORWEGIAN JOURNAL OF GEOLOGY 34
38. CLIMATIC CHANGE 34
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39. JOURNAL OF PHY SICAL OCEANOGRAPHY 34
40. POLAR BIOLOGY 33
41. GEOLOGY 32
42. FOREST ECOLOGY AND MANAGEMENT 32
43. PALEOCEANOGRAPHY 32
44. HYDROBIOLOGIA 31
45. JOURNAL OF PALEOLIMNOLOGY 31
46. EVOLUTION 31
47. PALAEOGEOGRAPHY PALAEOCLIMATOLOGY PALAEOECOLOGY 31
48. ARCTIC ANTARCTIC AND ALPINE RESEARCH 31
49. TELLUS SERIES A-DYNAMIC METEOROLOGY AND OCEANOGRAPHY 30
50. JOURNAL OF APPLIED ECOLOGY 30
51. GLOBAL CHANGE BIOLOGY 30
52. EARTH AND PLANETARY SCIENCE LETTERS 30
53. SCIENCE 29
54. PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 29
UNITED STATES OF AMERICA
55. GLOBAL AND PLANETARY CHANGE 28
56. JOURNAL OF ECOLOGY 26
57. PERMAFROST AND PERIGLACIAL PROCESSES 26
58. JOURNAL OF QUATERNARY SCIENCE 26
59. JOURNAL OF CLIMATE 26
60. JOURNAL OF BIOGEOGRAPHY 26
61. PROGRESS IN OCEANOGRAPHY 26
62. ECOLOGY LETTERS 25
63. JOURNAL OF HYDROLOGY 24
64. MARINE AND PETROLEUM GEOLOGY 23
65. HYDROLOGY AND EARTH SYSTEM SCIENCES 23
66. REMOTE SENSING OF ENVIRONMENT 23
67. JOURNAL OF GEOPHY SICAL RESEARCH-EARTH SURFACE 22
68. POLAR RECORD 21
69. BIOGEOSCIENCES 21
70. JOURNAL OF SEA RESEARCH 20
71. FISHERIES OCEANOGRAPHY 20
72. CLIMATE DYNAMICS 20
73. NATURE 19
74. JOURNAL OF VEGETATION SCIENCE 19
75. ANNALES GEOPHY SICAE 19
76. ECOLOGICAL APPLICATIONS 19
77. TELLUS SERIES B-CHEMICAL AND PHY SICAL METEOROLOGY 19
78. THEORETICAL AND APPLIED CLIMATOLOGY 19
79. GLOBAL ENVIRONMENTAL CHANGE-HUMAN AND POLICY DIMENSIONS 19

80.

MOLECULAR ECOLOGY

18

81.

ECOGRAPHY

17

82.

ENVIRONMENTAL & RESOURCE ECONOMICS

17
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83. BASIN RESEARCH 17
84. GEOMORPHOLOGY 17
85. CLIMATE POLICY 16
86. QUATERNARY RESEARCH 16
87. JOURNAL OF FISH BIOLOGY 16
88. CLIMATE RESEARCH 16
89. SCANDINAVIAN JOURNAL OF FOREST RESEARCH 16
90. SEDIMENTARY GEOLOGY 15
91. GEOGRAFISKA ANNALER SERIES A-PHY SICAL GEOGRAPHY 15
92. GLOBAL BIOGEOCHEMICAL CYCLES 15
93. GEOCHEMISTRY GEOPHY SICS GEOSY STEMS 15
94. MARINE ENVIRONMENTAL RESEARCH 15
95. WATER AIR AND SOIL POLLUTION 15
96. NEW PHYTOLOGIST 14
97. BIOGEOCHEMISTRY 14
98. CHEMOSPHERE 14
99. HYDROLOGICAL PROCESSES 14
100.RESOURCE AND ENERGY ECONOMICS 14
Appendix 2.2.4  Norwegian climate research papers by theme, 2001-2010
Norwegian climate research papers by theme, total and weighted counts, 2001-2010.
Total counts Weighted counts
Climate | Climate Institutions | Climate | Climate Institutions | Total
system effects & & system effects & &
& adaptations | instruments | & adaptations | instruments
climate climate
change change
2001 177 211 42 137 167 33 337
2002 228 270 36 178 216 29 423
2003 325 290 47 261 219 35 515
2004 366 327 51 279 236 36| 551
2005 379 366 49 291 274 37| 601
2006 420 386 60 323 282 45| 650
2007 422 438 73 307 318 53 678
2008 543 549 107 388 385 71| 843
2009 623 577 100 453 398 67 918
2010 608 611 126 430 417 85| 932
Total 4091 4,025 691 3,045 2912 490 | 6,448

Source: 1SI WoS/ NCR Norway 2010/ NIFU. N=6,448.
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Appendix 2.2.5 List of the ten most cited papers

Authors with Norwegian address are highlighted.

Y ear

Bibliographic description

Number of
citations

2004

Augustin, L., Barbante, C., Barnes, P. R. F., Barnola, J. M., Bigler, M.,
Castellano, E., Cattani, O., Chappellaz, J., DahlJensen, D., Delmonte, B.,
Dreyfus, G., Durand, G., Falourd, S., Fischer, H., Fluckiger, J., Hansson,
M. E., Huybrechts, P., Jugie, R., Johnsen, S. J., Jouzel, J., Kaufmann, P.,
Kipfstuhl, J., Lambert, F., Lipenkov, V. Y., Littot, G. V. C., Longinelli,
A, Lorrain, R., Maggi, V., Masson-Delmotte, V., Miller, H., Mulvaney,
R., Oerlemans, J., Oerter, H., Orombelli, G., Parrenin, F., Peel, D. A.,
Petit, J. R., Raynaud, D., Ritz, C., Ruth, U., Schwander, J., Siegenthaler,
U., Souchez, R., Stauffer, B., Steffensen, J. P., Stenni, B., Stocker, T. F.,
Tabacco, |. E., Udisti, R., van de Wal, R. S. W., van den Broeke, M.,
Weiss, J., Wilhelms, F., Winther, J. G., Woalff, E. W., Zucchédlli, M., &
Members, E. C. (2004). Eight glacial cyclesfrom an Antarctic ice core.
Nature, 429(6992), 623-628.

522

2005

Kanakidou, M., Seinfeld, J. H., Pandis, S. N., Barnes, |., Dentener, F. J.,
Facchini, M. C., Van Dingenen, R., Ervens, B., Nenes, A., Nielsen, C. J.,
Swietlicki, E., Putaud, J. P., Balkanski, Y., Fuzz, S., Horth, J., Moortgat,
G. K., Winterhalter, R., Myhre, C. E. L., Tsigaridis, K., Vignati, E.,
Stephanou, E. G., & Wilson, J. (2005). Organic aerosol and global climate
modelling: areview. Atmospheric Chemistry and Physics, 5, 1053-1123.

510

2002

Stenseth, N. C., Mysterud, A., Ottersen, G., Hurrell, J. W., Chan, K. S, &
Lima, M. (2002). Ecological effects of climate fluctuations. Science,
297(5585), 1292-1296.

493

2006

Leininger, S, Urich, T., Schloter, M., Schwark, L., Qi, J., Nicol, G. W.,
Prosser, J. I., Schuster, S. C., & Schleper, C. (2006). Archaea predominate
among ammonia-oxidizing prokaryotesin soils. Nature, 442(7104), 806-
8009.

307

2002

Lambin, E. F., Turner, B. L., Geigt, H. J., Agbola, S. B., Angelsen, A.,
Bruce, J. W., Coomes, O. T., Dirzo, R., Fischer, G., Folke, C., George, P.
S., Homewood, K., Imbernon, J., Leemans, R., Li, X. B., Moran, E. F,,
Mortimore, M., Ramakrishnan, P. S., Richards, J. F., Skanes, H., Steffen,
W., Stone, G. D., Svedin, U., Veldkamp, T. A., Vogd, C., & Xu, J. C.
(2001). The causes of land-use and land-cover change: moving beyond the
myths. Global Environmental Change-Human and Policy Dimensions,
11(4), 261-269.

287

2004

Svendsen, J. I., Alexanderson, H., Astakhov, V. |., Demidov, I.,
Dowdeswell, J. A., Funder, S., Gataullin, V., Henriksen, M., Hjort, C.,
Houmark-Nielsen, M., Hubberten, H. W., Ingolfsson, O., Jakobsson, M.,
Kjaer, K. H., Larsen, E., Lokrantz, H., Lunkka, J. P., Lysa, A., Mangerud,
J., Matiouchkov, A., Murray, A., Moller, P., Niessen, F., Nikolskaya, O.,
Polyak, L., Saarnisto, M., Siegert, C., Siegert, M. J,, Spielhagen, R. F., &
Stein, R. (2004). Late quaternary ice sheet history of northern Eurasia.
Quaternary Science Reviews, 23(11-13), 1229-1271.

273

2001

Ottersen, G., Planque, B., Belgrano, A., Post, E., Reid, P. C., & Stenseth
N. C. (2001). Ecological effects of the North Atlantic Oscillation.

273
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Oecologia, 128(1), 1-14.

2006

Barbante, C., Barnola, J. M., Becagdli, S., Beer, J,, Bigler, M., Boutron, C.,
Blunier, T., Castellano, E., Cattani, O., Chappellaz, J., Dahl-Jensen, D.,
Debret, M., Delmonte, B., Dick, D., Falourd, S., Faria, S., Federer, U.,
Fischer, H., Freitag, J., Frenzel, A., Fritzsche, D., Fundel, F., Gabridli, P.,
Gaspari, V., Gersonde, R., Graf, W., Grigoriev, D., Hamann, |., Hansson,
M., Hoffmann, G., Hutterli, M. A., Huybrechts, P., Isaksson, E., Johnsen,
S., Jouzel, J., Kaczmarska, M., Karlin, T., Kaufmann, P., Kipfstuhl, S.,
Kohno, M., Lambert, F., Lambrecht, A., Landais, A., Lawer, G.,
Leuenberger, M., Littot, G., Loulergue, L., Luthi, D., Maggi, V., Marino,
F., Masson-Delmotte, V., Meyer, H., Miller, H., Mulvaney, R., Narcis, B.,
Oerlemans, J., Oerter, H., Parrenin, F., Petit, J. R., Raisbeck, G., Raynaud,
D., Rothlisberger, R., Ruth, U., Rybak, O., Severi, M., Schmitt, J.,
Schwander, J., Siegenthaler, U., Siggaard-Andersen, M. L., Spahni, R.,
Steffensen, J. P., Stenni, B., Stocker, T. F., Tison, J. L., Travers, R.,
Udisti, R., Vaero-Delgado, F., van den Broeke, M. R., van deWad, R. S.
W., Wagenbach, D., Wegner, A., Weiler, K., Wilhelms, F., Winther, J. G.,
Wolff, E., & Members, E. C. (2006). One-to-one coupling of glacia
climate variability in Greenland and Antarctica. Nature, 444(7116), 195-
198.

207

2002

Tank, A., Wijngaard, J. B., Konnen, G. P., Bohm, R., Demaree, G.,
Gocheva, A., Mileta, M., Pashiardis, S., Hekrlik, L., Kern-Hansen, C.,
Heino, R., Bessemoulin, P., Muller-Westermeier, G., Tzanakou, M.,
Szdai, S., Palsdottir, T., Fitzgerald, D., Rubin, S., Capaldo, M., Maugeri,
M., Leitass, A., Bukantis, A., Aberfeld, R., Van Engelen, A. F. V.,
Forland, E., Mietus, M., Coelho, F., Mares, C., Razuvaev, V., Nieplova,
E., Cegnar, T., Lopez, J. A., Dahlstrom, B., Moberg, A., Kirchhofer, W.,
Ceylan, A., Pachaliuk, O., Alexander, L. V., & Petrovic, P. (2002). Daily
dataset of 20th-century surface air temperature and precipitation series for
the European Climate Assessment. International Journal of Climatol ogy,
22(12), 1441-1453.

206

2006

Menzel, A., Sparks, T. H., Estrella, N., Koch, E., Aasa, A., Ahas, R., Alm-
Kubler, K., Bissolli, P., Brasdavska, O., Briede, A., Chmielewski, F. M.,
Crepinsek, Z., Curnel, Y., Dahl, A., Defila, C., Donnelly, A., Filella, Y.,
Jatcza, K., Mage, F., Mestre, A., Nordli, @., Penuelas, J., Pirinen, P.,
Remisova, V., Scheifinger, H., Striz, M., Susnik, A., Van Vliet, A. J. H.,
Wielgolaski, F. E., Zach, S., & Zust, A. (2006). European phenological
response to climate change matches the warming pattern. Global Change
Biology, 12(10), 1969-1976.

205
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Appendix 2.2.6

Summary of citation indicators by theme

Climate system & climate changes

Number of Number of Average Average Impact

papersin total | received number of expected compared to

counts (P) citations (C) citations per citation rate XCR

paper (CPP) (XCR) (CPP/XCR)

2001 177 5,057 28.6 23.7 1.2
2002 228 5,982 26.2 21.2 1.2
2003 325 6,612 20.3 18.2 11
2004 366 7,485 20.5 18.2 11
2005 379 7,617 20.1 15.8 1.3
2006 420 7,012 16.7 13.6 1.2
2007 422 4,965 11.8 10.7 1.1
2008 543 3,519 6.5 59 1.1
2009 623 2,527 4.1 3.2 1.3
Total 3,483 50,776 14.6 12.4 1.2

Climate effects and adaptations

P C CPP XCR CPP/XCR
2001 211 6,197 29.4 27.6 11
2002 270 7,684 28.5 23.7 12
2003 290 6,736 23.2 22.6 1.0
2004 327 7,774 23.8 21.3 11
2005 366 7,285 199 17.6 11
2006 386 7,021 18.2 14.5 1.3
2007 438 5,223 11.9 10.8 11
2008 549 3,892 7.1 6.2 11
2009 577 2,526 4.4 3.4 1.3
Total 3,414 54,338 15.9 14.0 1.1

Institutions and instruments for responseto climate change

P C CPP XCR CPP/XCR
2001 42 579 13.8 18.3 0.8
2002 36 732 20.3 18.5 11
2003 47 703 15.0 18.7 0.8
2004 51 568 11.1 11.2 1.0
2005 49 726 14.8 13.2 11
2006 60 472 7.9 8.4 0.9
2007 73 489 6.7 6.8 1.0
2008 107 595 5.6 4.0 14
2009 100 279 2.8 2.0 14
Total 565 5,143 9.1 9.1 1.0

Source: 1Sl Web of Science/ NCR for Norway. N=5,516
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Appendix 2.2.7

The articles with the highest impact compared to the expected citation rate, sorted by theme (2001-2009).

Y ear

2005

2004

2008

2005

2004
2006

2007

2006

2004

2003

2001

2004

2006

1st Author

Sausen, R

Johannessen,
oM

Nese, A

Ottesen, D

Svendsen, Jl
Xu, CY

Stohl, A

Larsen, E
Foldvik, A
Hagen, JO

Orvik, KA

Myhre, G

Haddeland, |

Articles which have been selected by the research units participating in the hearings

Title

Aviation radiative forcing in 2000: An update on IPCC
(1999)

Arctic climate change: observed and modelled
temperature and sea-ice variability

Norwegian mountain glaciers in the past, present and
future

Submarine landforms and the reconstruction of fast-
flowing ice streams within alarge Quaternary ice shest:
The 2500-km-long Norwegian-Svalbard margin (57
degrees-80 degrees N)

Late quaternary ice sheet history of northern Eurasia

Analysis of spatial distribution and temporal trend of
reference evapotranspiration and pan evaporation in
Changjiang (Y angtze River) catchment

Arctic smoke - record high air pollution levelsin the
European Arctic due to agricultural firesin Eastern
Europe in spring 2006

Late Pleistocene glacial and lake history of northwestern
Russia

| ce shelf water overflow and bottom water formation in
the southern Weddell Sea

On the net mass balance of the glaciersand ice capsin
Svalbard, Norwegian Arctic

Atlantic inflow to the Nordic Seas: current structure and
volume fluxes from moored current meters, VM-ADCP
and SeaSoar-CTD observations, 1995-1999
Intercomparison of satellite retrieved aerosol optical
depth over the ocean

Effects of irrigation on the water and energy bal ances of
the Colorado and Mekong river basins

Journal

METEOROLOGISCHE ZEITSCHRIFT

TELLUS SERIES A-DYNAMIC
METEOROLOGY AND
OCEANOGRAPHY

GLOBAL AND PLANETARY
CHANGE

GEOLOGICAL SOCIETY OF
AMERICA BULLETIN

QUATERNARY SCIENCE REVIEWS
JOURNAL OF HYDROLOGY

ATMOSPHERIC CHEMISTRY AND
PHYSICS

BOREAS

JOURNAL OF GEOPHY SICAL
RESEARCH-OCEANS

ARCTIC ANTARCTIC AND ALPINE
RESEARCH

DEEP-SEA RESEARCH PART I-
OCEANOGRAPHIC RESEARCH
PAPERS

JOURNAL OF THE ATMOSPHERIC
SCIENCES

JOURNAL OF HY DROLOGY

Citations

89

169

41

87

273
45

63

33

40

a7

72

50

28

XCR

75

19.6

16

57.1
104

14.9

8.9

117

14.2

25.2

18.1

104

Impact

CCP/XCR

11.9

8.6

59

54

4.8
4.3

4.2

3.7

3.4

3.3

2.9

28

2.7

Theme
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2004

2009

2001

2008

2001

2006

2008

2008

2009

2008

2008

2007

2007

2007

2006
2007

Berglen, TF

Sejrup, HP

Hisdal, H
Solberg, S
Vinje, T
Morkved, PT

Beldring, S
Seland, O
Stohl, A
Yttri, KE
Fuglestvedt,
J

Nygard, A

Morkved, PT

Fagerli, H

Moran, K
Kaab, A

A globa model of the coupled sulfur/oxidant chemistry
in the troposphere: The sulfur cycle

Middle and Late Weichselian (Devensian) glaciation
history of south-western Norway, North Sea and eastern
UK

Have streamflow droughts in Europe become more
severe or frequent?

European surface ozone in the extreme summer 2003

Fram strait ice fluxes and atmospheric circulation: 1950-
2000

N20 emissions and product ratios of nitrification and
denitrification as affected by freezing and thawing
Climate change impacts on hydrological processesin
Norway based on two methods for transferring regional
climate model results to meteorological station sites
Aerosol-climate interactions in the CAM-Oslo
atmospheric GCM and investigation of associated basic
shortcomings

An analytical inversion method for determining regional
and global emissions of greenhouse gases: Sensitivity
studies and application to halocarbons

Elemental and organic carbonin PM10: a one year
measurement campaign within the European Monitoring
and Evaluation Programme EMEP

Climate forcing from the transport sectors

Extreme sediment and ice discharge from marine-based
ice streams: New evidence from the North Sea

The N20 product ratio of nitrification and its dependence
on long-term changes in soil pH

Modeling historical long-term trends of sulfate,
ammonium, and elemental carbon over Europe: A
comparison with ice core records in the Alps

The Cenozoic palaeoenvironment of the Arctic Ocean

On the response of rockglacier creep to surface
temperature increase

JOURNAL OF GEOPHY SICAL
RESEARCH-ATMOSPHERES
QUATERNARY SCIENCE REVIEWS

INTERNATIONAL JOURNAL OF
CLIMATOLOGY

JOURNAL OF GEOPHY SICAL
RESEARCH-ATMOSPHERES
JOURNAL OF CLIMATE

SOIL BIOLOGY & BIOCHEMISTRY

TELLUS SERIES A-DYNAMIC
METEOROLOGY AND
OCEANOGRAPHY

TELLUS SERIES A-DYNAMIC
METEOROLOGY AND
OCEANOGRAPHY
ATMOSPHERIC CHEMISTRY AND
PHYSICS

ATMOSPHERIC CHEMISTRY AND
PHYSICS

PROCEEDINGS OF THE NATIONAL
ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA
GEOLOGY

SOIL BIOLOGY & BIOCHEMISTRY

JOURNAL OF GEOPHY SICAL
RESEARCH-ATMOSPHERES

NATURE

GLOBAL AND PLANETARY
CHANGE

52

15

52

17

87

28

11

17

33

21

12

14

134
13

20.1

5.8

22.3

7.3

38.7

12.8

41

41

54

9.8

20.7

13.6

8.7

111

111
10.6

2.6

2.6

2.3

23

2.2

2.2

1.7

16

15

14

13

12
12

166



2003

2004

2002

2003

2004

2003

2007

2009

2007

2006

2002

2006

2009

2001
2005

2007
2005

Furevik, T

Haugan, PM

Gascard, JC
Holtan-
Hartwig, L
Heinze, C

Stenseth, NC

Olli, K
Solberg, S
Wassmann,
P

Berge, J
Loison, A

Walker, MD

Nilsen, EB

Ottersen, G
Stenseth, NC

Tveraa, T
Pettorelli, N

Description and evaluation of the bergen climate model:
ARPEGE coupled with MICOM

Metrics to assess the mitigation of global warming by
carbon capture and storage in the ocean and in geological
reservoirs

Long-lived vortices as a mode of deep ventilation in the
Greenland Sea

Low temperature control of soil denitrifying
communities: kinetics of N20 production and reduction
Simulating oceanic CaCO3 export production in the
greenhouse

Studying climate effects on ecology through the use of
climate indices: the North Atlantic Oscillation, El Nino
Southern Oscillation and beyond

The fate of production in the central Arctic Ocean - Top-
down regulation by zooplankton expatriates?

Analyses of the impact of changes in atmospheric
deposition and climate on forest growth in European
monitoring plots: A stand growth approach

Food webs and carbon flux in the Barents Sea

Ocean temperature oscillations enable reappearance of
blue mussels Mytilus edulisin Svalbard after a 1000 year
absence

Disentangling the sources of variation in the survival of
the European dipper

Plant community responses to experimental warming
across the tundra biome

Climate, season, and social status modulate the functional
response of an efficient stalking predator: the Eurasian
lynx

Ecological effects of the North Atlantic Oscillation
Weather packages: finding the right scale and
composition of climate in ecology

What regulate and limit reindeer populationsin Norway?

Using the satellite-derived NDV| to assess ecological
responses to environmental change

CLIMATE DYNAMICS

GEOPHY SICAL RESEARCH
LETTERS

NATURE

SOIL BIOLOGY & BIOCHEMISTRY

GEOPHY SICAL RESEARCH
LETTERS

PROCEEDINGS OF THE ROYAL
SOCIETY OF LONDON SERIES B-
BIOLOGICAL SCIENCES
PROGRESS IN OCEANOGRAPHY

FOREST ECOLOGY AND
MANAGEMENT

PROGRESS IN OCEANOGRAPHY

MARINE ECOLOGY -PROGRESS
SERIES

JOURNAL OF APPLIED STATISTICS

PROCEEDINGS OF THE NATIONAL
ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA
JOURNAL OF ANIMAL ECOLOGY

OECOLOGIA
JOURNAL OF ANIMAL ECOLOGY

OIKOS

TRENDSIN ECOLOGY &
EVOLUTION

66

43

48

27

192

13

12

53

43

28

138

10

273
51

23
173

59.8

14.7

1759

253

14.7

111.7

115

18

115

11.6

8.6

42

3.6

114
22.6

10.5
87.1

11

0.4

0.2

19

18

1.7

11

6.9

4.6

3.7

3.3

3.3

2.7

24
2.3

land 2
land 2

land?2

land?2
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2008

2006

2001

2002
2006

2007

2008

2005

2005

2002

2003

2005

2001

2005

2009

2008

2003

LaPorta, N

Yom-Tov, Y
Solberg, EJ

Stenseth, NC
Sagether, BE

Jenssen, BM
Bergjord,
AK

Ims, RA
Klanderud,
K

Aanes, R

Sagether, BE

Grotan, V
Mysterud, A

OBrien, K

Eriksen, S

Eriksen, SH

Turner, BL

Forest pathogens with higher damage potential dueto
climate change in Europe

Recent changes in body weight and wing length among
some British passerine birds

Effects of density-dependence and climate on the
dynamics of a Svalbard reindeer population

Ecological effects of climate fluctuations

Climate and spatio-temporal variation in the population
dynamics of along distance migrant, the white stork
Endocrine-disrupting chemicals and climate change: A
worst-case combination for arctic marine mammals and
seabirds?

Modelling the course of frost tolerance in winter wheat I.

Model development

Trophic interaction cycles in tundra ecosystems and the
impact of climate change

Simulated climate change altered dominance hierarchies
and diversity of an alpine biodiversity hotspot

The Arctic Oscillation predicts effects of climate change
in two trophic levelsin a high-arctic ecosystem

Climate variation and regional gradientsin population
dynamics of two hole-nesting passerines

Climate causes large-scale spatial synchrony in
population fluctuations of atemperate herbivore
Nonlinear effects of large-scale climatic variability on
wild and domestic herbivores

Mapping vulnerability to multiple stressors: climate
change and globalization in India

The vulnerability context of asavannaareain
Mozambique: household drought coping strategies and
responses to economic change

Vulnerability, poverty and the need for sustainable
adaptation measures

I1lustrating the coupled human-environment system for
vulnerability analysis: Three case studies

CANADIAN JOURNAL OF PLANT

PATHOLOGY -REVUE CANADIENNE

DE PHYTOPATHOLOGIE
OIKOS

ECOGRAPHY

SCIENCE
JOURNAL OF ANIMAL ECOLOGY

ENVIRONMENTAL HEALTH
PERSPECTIVES

EUROPEAN JOURNAL OF
AGRONOMY
BIOSCIENCE

ECOLOGY

ECOLOGY LETTERS

PROCEEDINGS OF THE ROYAL
SOCIETY OF LONDON SERIES B-
BIOLOGICAL SCIENCES
ECOLOGY

NATURE

GLOBAL ENVIRONMENTAL
CHANGE-HUMAN AND POLICY
DIMENSIONS
ENVIRONMENTAL SCIENCE &
POLICY

CLIMATE POLICY

PROCEEDINGS OF THE NATIONAL

ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA

24

42

493
30

31

33

33

43

33

27

103

72

76

15

12.7

25

315.4
185

19.4

51

28.2

29.3

43.9

36.4

29.3

187.9

28.3

2.8

34

77

1.9

1.7

1.6
16

16

1.6

12

11

0.9

0.9

0.5

25

25

2.3

2and 3

2and 3

2and 3

2and 3
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2007

2009

2003
2005

2009

2008

2009

2009

2004

2009

2001

2003

2003

2005

2006

2003

2002

OBrien, K
Hertwich,

EG
Brekke, KA

Petersen, AK

Skjaerseth,
JB
Gosdling, S
Gerlagh, R
Gosdling, S
Denstadli,
M
Skodvin, T
Hoel, M
Bruvall, A

Bruvoll, A

Holden, E

Asheim, GB
Greaker, M

Andresen, S

Why different interpretations of vulnerability matter in
climate change discourses

Carbon Footprint of Nations: A Global, Trade-Linked
Anaysis

An economic model of moral motivation
Environmental and economic impacts of substitution
between wood products and alternative materials: a
review of micro-level analyses from Norway and Sweden
The Origin, Evolution and Consequences of the EU
Emissions Trading System

Consequences of climate policy for international tourist
arrivalsin developing countries

Optimal Timing of Climate Change Policy: Interaction
Between Carbon Taxes and Innovation Externalities
Carbon neutral destinations: a conceptual analysis

Impacts of videoconferencing on business travel: the
Norwegian experience

An agenda for change in US climate policies?
Presidential ambitions and congressional powers

Taxes and quotas for a stock pollutant with multiplicative
uncertainty

Greenhouse gas emissions in Norway: do carbon taxes
work?

Quantifying central hypotheses on Environmental
Kuznets Curves for arich economy: A computable
genera equilibrium study

The ecological footprints of fuels

Regional versus global cooperation for climate control

Strategic environmental policy; eco-dumping or agreen
strategy?

Leaders, pushers and laggards in the making of the
climate regime

CLIMATE POLICY

ENVIRONMENTAL SCIENCE &
TECHNOLOGY
JOURNAL OF PUBLIC ECONOMICS

FOREST POLICY AND ECONOMICS

GLOBAL ENVIRONMENTAL
POLITICS
THIRD WORLD QUARTERLY

ENVIRONMENTAL & RESOURCE
ECONOMICS

JOURNAL OF SUSTAINABLE
TOURISM

JOURNAL OF AIR TRANSPORT
MANAGEMENT

INTERNATIONAL
ENVIRONMENTAL AGREEMENTS-
POLITICSLAW AND ECONOMICS
JOURNAL OF PUBLIC ECONOMICS

ENERGY POLICY

SCOTTISH JOURNAL OF POLITICAL
ECONOMY

TRANSPORTATION RESEARCH
PART D-TRANSPORT AND
ENVIRONMENT

JOURNAL OF ENVIRONMENTAL
ECONOMICS AND MANAGEMENT
JOURNAL OF ENVIRONMENTAL
ECONOMICS AND MANAGEMENT
GLOBAL ENVIRONMENTAL
CHANGE-HUMAN AND POLICY
DIMENSIONS

19

23

46
23

10

35

16

14

10

15

12

34

4.2

10.8

14

13

11

0.8

4.2

17

14.9

10.3

4.6

104

7.7

17.2

29.3

5.5

55

4.3
3.8

3.6

28

2.7

24

2.4

2.3

16

15

13

13

0.9

04
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2002 Berg, E Oil exploration under climate treaties JOURNAL OF ENVIRONMENTAL 4 16.1 0.2

ECONOMICS AND MANAGEMENT
2002 Bye B Taxation, unemployment, and growth: Dynamic welfare  JOURNAL OF ENVIRONMENTAL 3 16.1 0.2

effects of "green” policies ECONOMICS AND MANAGEMENT
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Appendix 3.3.1

2011

Complete list of calls for proposals from NORKLIMA, 2004-

Provided in trandation for the Evaluation by RCN. The 6 *areas of research’ referred to in
column 4 are listed in the caption to Figure 3.3.2.

Closing date Available funding Subj ect Area of
for research
applications
Running (until Maximum NOK 100 Call for proposa s for funding of project | All
2006.10.12) 000 per project establishment —joint call between
NORKLIMA and RENERGI
2004.06.15 Tota of 40 MNOK Cadll for proposdsfor funding fromthe | All
distributed over 3-4 Fund for Research and Innovation for
years 2005
2004.06.15 6-7 MNOK per year Call for proposals for remaining 3
for 3-4 years research funds for 2005
2006.03.17 2 MNOK per year for | Climate effects on the transport 24
3 years infrastructure
2006.06.08 25 MNOK per year for | 1. Polar climate research All
3-4 years
2006.06.08 15 MNOK per year for | 2. Research to improve the 1
4 years understanding of the climate system and
improve climate scenarios
2006.06.08 12 MNOK per year for | 3. Social consequences of and adaptions | 4
3-4 years to climate changes
2006.06.08 2 MNOK per year for | 4. Free projectsfor younger scientists 1
3 years
2006.10.12 3 MNOK per year for | Consegquences of climate changesfor the | 1
4 years energy sector (RENKLIM)
2007.06.06 22 MNOK per year for | |. Research on consequences of climate | 3
3-4 years changes on ecosystems and
nourishments based on biological
resources
2007.06.06 25 MNOK per year for | I1. Nationally coordinated projects 4
3-4 years integrating research on and adaption to
climate changes
2007.06.06 13 MNOK per year for | 1. Research on climate feedback 1
3-4 years mechanisms in the climate system
2008.06.04 0,5 MNOK Personal Overseas Research Grants, All
Personal Visiting Researcher Grants and
Support for Events
2008.11.26 30 MNOK + 10 Climate change and society: Research 45
MNOK extrafrom KD | that provides abasis for adaptation
=40 MNOK
2008.11.26 20 MNOK Climate change - research cooperation All
with China
2009.06.04 0,5 MNOK Personal Overseas Research Grants, All
Personal Visiting Researcher Grants and
Support for Events
2009.10.14 10 MNOK distributed | Impacts of extreme weather events on 2
over 3years infrastructure
2009.10.14 11 MNOK distributed | Sector-oriented climate scenarios 1
over 3 years
2009.10.14 27 MNOK digtributed | Marine ecosystems: Climate change, 3

over 3years (18

CO2 concentration and fisheries

171




MNOK from technology
NORKLIMA)
2010.06.01 0,5 MNOK Personal Overseas Research Grants, All
Personal Visiting Researcher Grants and
Support for Events
2010.09.01 25 MNOK from Understanding the climate system 1
NORKLIMA + 30
MNOK from
Polarprogrammet
2010.09.01 34 MNOK digtributed | Instruments and policy to promote 4+5 + new
over 3years emission reductions subgoal (6)
NORKLIMA
2010.12.01 22 MNOK distributed | Research cooperation with China on 3
over 3years Climate Change and Environmental
(NORKLIMA) + 25 Pollution (NORKLIMAS part:
MNOK (Miljg 2015) Ecosystem functioning, adaptation and
climate-ecosystem interaction)
2011.08.06 0,5 MNOK Personal Overseas Research Grants, All
Personal Visiting Researcher Grants and
Support for Events
2011.31.08 30 MNOK digributed | Impacts of climate change on the 3,4
over 3years environment and communitiesin the
(Polarprogrammet) polar regions
2011.31.08 18 MNOK Research cooperation with India on 1,24

(Indiaprogrammet)

Climate Change, hydrological impacts
and adaptation
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10 List of abbreviations and acronyms

ACIA
ACM
ACSNet
AIMES

ANGR-NordicNET

AOSB
BAS-UK
BCCR
BCM
BIAC
C30
CAVIAR
CBD
CCAFS
CEER
CEES
CGIAR
CICEP
CICERO
CIENS
CliC
CLIVAR
CoE
COST
CPP
CSP
Dept.
EarthClim

ECMWF
EcoClim

ECRA

173

Arctic Climate Impact A ssessment

Advanced Climate Modelling

Arctic Climate System Network

Analysis, Integration and Modelling of the Earth System

Nordic Research Network on Animal Genetic Resourcesin the
Adaptation to Climate Change

Arctic Ocean Sciences Board

British Antarctic Survey

Bjerknes Centre for Climate Research

Bergen Climate Model

Bipolar Atlantic thermohaline circulation

Canada Three Oceans project

Community Adaptation and Vulnerability in the Arctic Regions
Convention on Biological Diversity

Climate Change Agriculture and Food Security

Centre for Environmental friendly Energy Research

Centre for Ecological and Evolutionary Synthesis

Consultative Group on International Agricultural Research
Strategic Challengesin International Climate and Energy Policy
Centre for International Climate and Environmental Research — Oslo
Centre for Interdisciplinary Environmental and Social Research
Climate and Cryosphere

Climate Variability and Predictability

Centre of Excellence

European Cooperation in Science and Technology

Citations per paper

Climate Services Partnership

Department

Integrated Earth System Approach to Explore Natural Variability and
Climate Sensitivity

European Centre for Medium-Range Weather Forecasts

The dynamics of ecological systems under the influence of climatic
variation

European Climate Research Alliance



EMBRC
EMEP

ERA

ESF

ESFRI

ESG

ESSP

EU
EUMETNET
EUMETSAT

FAR-1990
FME

FNI

FP
FRISAM
FRIMUF
FRISCH
GCOS
GCP
GDP
GEC
GECHH
GECHS
GEO BON
GEWEX
GFCS
GHG
GLP
GMES
GOO0S
GWSP
HAVKY ST
HDI
HELCOM
IASC
iCACGP
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European Marine Biological Resource Centre
European Monitoring and Evaluation Programme
European research area

European Science Foundation

European Strategy Forum on Research Infrastructures
Earth System Governance

Earth System Science Partnership

European Union

European National Meteorological Services network

European Organisation for the Exploitation of Meteorological
Satellites

IPCC First Assessment Report 1990

Centre for Environment-friendly Energy Research

Fridtjof Nansen Institute

Framework Programme

RCN Independent basic research projects — Socia sciences
RCN Free research on environment and devel opment
Ragnar Frisch Centre for Economic Research

Globa Climate Observing System

Global Carbon Project

Gross Domestic Product

Global environmental change

Globa Environmental Change and Human Health

Global Environmental Change and Human Security
Biodiversity Observation Network of the Group on Earth Observations
Global Energy and Water Cycle Experiment

Global Framework for Climate Services

Greenhouse gas

Global Land Project

Global Monitoring for Environment and Security

Globa Ocean Observing System

Global Water System Project

The Oceans and the Coastal Areas

Human Devel opment Index

Helsinki Commission for Baltic Marine Environment Protection
International Arctic Science Committee

International Commission on Atmospheric Chemistry and Global
Pollution



ICCS
ICE
ICOS
ICSU
ICR
IGAC
IGBP
IHDP
iLEAPS
IMBER
IMR

10C
IOC-UNESCO
IPCC AR4
IPCC AR5
IPCC
IPY

IS

ISSC

IT

ITG

JPI

Klif

LCA
LOICZ
MA
MACC
MAIRS
Met.no
MEURO
MILEN
MNOK
MyOcean
NCoE
NCR
NCSC
NER
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International Conference on Climate Services

Norwegian Polar Institute's Centre for Ice, Climate and Ecosystems
Integrated Carbon Observation System

International Council for Science

International Centre for Reindeer Husbandry

International global Atmospheric Chemistry

International Geosphere-Biosphere Programme
International Human Dimensions Programme on Global Change
Integrated Land Ecosystem — Atmosphere Processes Study
Integrated M arine Biogeochemistry and Ecosystem Research
Institute of Marine Research

Intergovernmental Oceanographic Commission
Intergovernmental Oceanographic Commission

IPCC Assessment Report 4

IPCC Assessment Report 5

Intergovernmental Panel on Climate Change

International Polar Y ear

Thomson Reuters, Institute for Scientific Information
International Socia Science Council

Industrial Transformation

Integrated Risk Governance

Joint Programming Initiative

Climate and Pollution Agency

Life-cycle assessment

Land-Ocean Interaction in the Coastal Zone

Millennium Ecosystem Assessment

Monitoring Atmospheric Composition and Climate
Monsoon Asia Integrated Regional Study

Norwegian Meteorological Institute

Million Euros

Environmental change and sustainable energy

Million Norwegian kroner

Ocean Monitoring and Forecasting

Nordic Centre of Excellence

National Citation Report

Nationa Climate Service Centre

Nordic Energy Research



NERSC
NGO
NGU
NIFU
NILU
NINA
NIVA

NOFOCGRAN

Norad
NORCAM

NorESM

NORKLIMA

NorMER

NOU
NP
NTNU
NVE
OSPAR
PAGES
PDO

Pl

R&D
RCM
RCN
REDD

RegClim
RESCUE

SAON
SAR-1995
SCAR
SIOS
SNA
SOLAS
SPARC
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Nansen Environmental and Remote Sensing Centre
Non-governmental organisation

Geologica Survey of Norway

Nordic Institute for Studies in Innovation, Research and Education
Norwegian Institute for Air Research

Norwegian institute for nature research

Norwegian Institute for Water Research

Nordic Forage Crops Genetic Resource Adaptation Network
Norwegian Agency for Development Cooperation

Nordic Network for Climate Change, Adaptation, and Multilevel
Governance

Norwegian Earth System Model
Climate change and impacts in Norway

Nordic Centre for Research on Marine Ecosystems and Resources
under Climate Change

Norges offentlige utredninger (Officia Norwegian Reports)
Norwegian Polar Institute

Norwegian University of Science and Technology
Norwegian Water Resources and Energy Directorate
Protecting and conserving the North-East Atlantic and its resources
Past Global Changes

Pacific Decadal Oscillation

Principle investigator

Research and development

Regional Climate Model

Research Council of Norway

Reducing Emissions from Deforestation and Forest Degradation in
Developing Countries

Regional Climate Development under Global Warming

Responses to Environmental and Societal Challenges for our Unstable

Earth

Sustained Arctic Observing Network

IPCC Second Assessment Report 1995

Scientific Committee on Antarctic Research
Svabard Integrated Observing System

Social Network Analysis

Surface Ocean — Lower Atmosphere Study
Stratospheric Processes and their Role in Climate



SREX Specia Report Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation

SSB Statistics Norway

START Global Change System for Analysis, Research and Training

SUC Sami University College

SVALI Stability and Variations of Arctic Land Ice
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