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Executive Summary

The poles are subject to multiple stressors, including environ-
mental, economic, political, cultural and societal changes, which 
have regional impacts but also affect the entire globe through 
multiple and complex connections. While the changes, especially 
climate change, are particularly evident at the poles compared to 
other regions of the globe, they are by many aspects poorly un-
derstood in terms of driving processes, interconnection between 
each other, actual impacts on the socio-ecological systems and 
their potential to shape or constrain the future of the society at 
local, regional and global scales.

Europe has a leading role to play in the development of the Polar 
Regions to ensure safe, sustainable and prosperous Polar Re-
gions. Europe’s efforts aim at defining strategies for adapting to 
climate change, protecting the environment and promoting the 
emergence of new knowledge through innovation, international 
scientific cooperation and integration of diverse knowledge sys-
tems on the Polar Regions (see e.g. the EU Arctic Policy1). In this 
respect, the EU-PolarNet project has played a key role by foster-
ing the coordination of polar research through networking be-
tween research institutions and organisations, by strengthening 
the link between the scientific community and the stakeholders 
to define their research needs and expectations and by propos-
ing ways forward to optimise the existing research infrastruc-
tures, including those in charge of data management.

A prerequisite for Europe to achieving its ambition in the Polar 
Regions is to promote research that will advance the under-
standing of the functioning of these regions and their influence 
on Europe and the global system. The European Polar Research 
Programme (EPRP) was therefore developed with the mission to 
identify research priorities which have direct relevance to the 
most pressing societal challenges that local and indigenous com-
munities, polar stakeholders and, more generally, all regions in-
cluding Europe are facing as a result of the changes in the Polar 
Regions.

The EPRP is the outcome of a five-year process of co-designing 
and co-developing a future research agenda for Europe which 
has been performed within the EU-PolarNet consortium. One of 
the challenges consisted in the careful collection of the high-
ly diverse polar stakeholder needs by implementing a series of 
engagement actions. Another key challenge was to translate 

these needs into prioritised research questions. This work was 
achieved by involving a wide range of polar experts and com-
bining their expertise. In addition, the EPRP was subject to a 
thorough review by different scientific and polar specialists in 
and outside the EU-PolarNet consortium.

The enormous amount of information on the current stakeholder 
needs was provided directly by the various stakeholders thanks 
to several dedicated surveys and communication events, a major 
one being a survey which was launched in 2017. This survey 
has been translated into eight different languages, and large-
ly contributed to the elaboration of the structure of the EPRP 
document. The EPRP structure indeed builds on the analysis 
of the large corpus of answers which has been received during 
this survey and could be categorised under a few major overar-
ching research areas, named Research Needs, corresponding to 
the main domains of polar stakeholder’s expectations. A group 
of international scientific experts was subsequently convened 
to a dedicated meeting to identify and discuss the appropriate 
research questions related to each chapter, the drafting of each 
chapter of the document being then entrusted to a subset of 
authors with particularly relevant expertise for this chapter.

The content of the EPRP is organised in six main chapters deal-
ing with overarching, cross-cutting research issues which should 
lead to major advances in the understanding of the Polar Re-
gions. In total, the chapters highlight a number of research is-
sues ranging from improved characterisation and understanding 
of the physical, environmental, societal, cultural and economic 
conditions, and the current changes and evolutions in the Polar 
Regions to better definition, prediction and projection of their 
future conditions, thus supporting adaptation and resilience to 
the changes. Major challenges identified in the EPRP relate to 
the actual implementation of research in terms of co-creation of 
knowledge, leveraging resources and enhanced international co-
operation for the benefit of society at large.  

While altogether the Research Needs of the EPRP identify a 
large variety of key research questions from different discipli-
nary perspectives, they all address several overarching research 
challenges in relation to: 

• Understanding the processes controlling the different polar 
systems, including the climate system, the socio-ecological 
system structure and functioning, and the different knowl-
edge systems and their multiple interactions,1 EC JOIN/2016/21: “An integrated European Union Policy for the Arctic”.
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• Identifying and characterising the connections between the 
Polar Regions and the global system, and their implications 
in terms of coupling and feedback across all scales and disci-
plines,

• Assessing the current changes, including defining the relevant 
indicators of these changes, predicting their evolution, antic-
ipating the future with regard to climate, environmental and 
socio-ecological conditions and designing a sustainable future 
for the society and community development in response to 
the socio-ecological changes,

• Evaluating the impact of human activities on the polar envi-
ronments and socio-ecological systems, addressing the future 
evolution of local and Indigenous communities under increas-
ing environmental, economic and cultural pressures, and defin-
ing the relevant governance system and policy frameworks for 
resilient socio-ecological systems facing just, safe operations 
in the Polar Regions,

• Enhancing the quality and quantity of information, through 
expanded observations, and knowledge on the Polar Regions 
by identifying the mechanisms for integration of different 
(scientific and non-scientific, Indigenous and western) knowl-
edge systems and knowledge co-production,

• Identifying the necessary steps to optimise the chain of infor-
mation linking research outcomes to decision-making through 
adequate brokering of scientific information, identification of 
relevant indicators of baseline states and changes, improved 
access to knowledge, including the FAIR data management 
requirements, and the design of relevant tools for the differ-
ent polar stake- and right-holders,

• Advancing the technology and enhancing the infrastructure 
capacity in support of more efficient research, more sustain-
able polar operations, and development of the local commu-
nities,

• Designing education and training systems for better informa-
tion of stake- and right-holders and increased awareness of 
the society on the value of the Polar Regions.

There is a general consensus across the different EPRP chapters 
that essential knowledge can be gained from contrasting the 
two poles and understanding their similarities and differences. 
While the two Polar Regions differ by their geographical char-
acteristics and their history of human presence and economic 
development, they do have many features in common, though 
responding differently to the current changes and posing differ-
ent scientific, geopolitical and logistical challenges.

As a natural result of the EPRP development strategy, the re-
search priorities which are proposed in this document should 
contribute significantly to answering some of the major societal 
expectations regarding the Polar Regions. The relevance of the 
EPRP to these expectations has indeed been validated though 
a review of the document by a stakeholder panel specially ap-
pointed by the project. While the societal relevance of the re-
search would differ depending on the different challenges that 
stake- or right-holder communities are facing, the research ques-
tions which are highlighted in the EPRP share common relevance 
to some major societal issues related to:

• Assessing and predicting the changes and the vulnerability of 
natural polar environments,

• Preserving the polar environments and the cultural vitality of 
Arctic communities,

• Identifying mechanisms that can sustain improved well-being 
and quality of life,

• Improving knowledge of environmental, technical, and soci-
etal factors controlling safe, sustainable, and just operations 
in the Polar Regions and evaluating the associated risks,

• Accessing environmental and socio-economic data, and 
improving interoperability, and

• Raising awareness on the value of Polar Regions.

The following chapters demonstrate how cross fertilisation be-
tween disciplines and knowledge systems and active coopera-
tion between the research and stake- and right-holder commu-
nities have the potential to create significant advances in the 
knowledge of the Polar Regions for the benefit of their sustain-
able future.
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I. Scope

The Polar Regions may seem remote, but the observed rapid 
changes currently affecting both the Arctic and Antarctic regions 
result in significant consequences in lower latitudes, including 
Europe (IPCC, 2019). Environmental, economic, and societal 
changes are now occurring at greater speed and scale than ever 
before and in increasingly interconnected ways. These environ-
mental changes, particularly in the Arctic, are a clear indication 
of the impending shifts that will increasingly affect the Europe-
an environment, society, and economy. 

Both Polar Regions are also experiencing significant develop-
ments and, in particular, unprecedented levels of human activity 
that include research, tourism and new forms of resource ex-
traction such as the expansion of oil and gas activities into the 
Arctic Ocean or the krill fishery in the Southern Ocean. Parts of 
Antarctica have been subject to transient human presence for 
almost 200 years but only in the past 65 years has this pres-
ence, mainly by researchers, become substantial. In comparison, 
the Arctic is home of a variety of human communities that exist 
under divergent economic and legal conditions. However, all of 
them share a common view that they are not simply onlookers 
and demand participation in the design of strategies for safe-
guarding the region’s future.

Changes in the Polar Regions are at the root of societal chal-
lenges, but also economic opportunities for Europe and the 
world. Science is a vital tool in understanding the observed rapid 
changes and their drivers at high latitudes. Research is also nec-
essary to make our climate models and forecasting tools more 
realistic by identifying and reducing important sources of uncer-
tainty that may impair reliable prediction and future scenarios.

The integrated European Polar Research Programme is the out-
come of a five-year process of co-designing and co-developing 
a future research agenda for Europe, which has been performed 
within the EU-PolarNet project. The integrated European Polar 
Research Programme represents a bottom-up community effort, 
which has been built on the challenges and needs raised by all 
stakeholders2 who are affected by the ongoing changes in the 
Polar Regions. It has been designed using a truly transdisciplinary 
approach and it aims to bridge the knowledge gaps in and be-
tween the natural and social sciences, the economy and society in 
the Polar Regions. The outcomes of the research needs, which are 
put forward here, shall support the European Commission, nation-
al decision makers and businesses in making evidence-based de-
cisions for the benefit of the Polar Regions and their inhabitants.

2 Stakeholders are those who are potentially affected by, concerned about, 
interested in, important to, or having any influence on the Polar research agenda 
or will be end-users of polar research outcomes. Stakeholders include a wide 
variety of public and private sectors including policy, business, governmental and 
non-governmental organisations (NGOs) and the wider society, including local and 
Indigenous Peoples (rightholders).

II. The need for an integrated 
European Polar Research 
Programme

European-funded research has made significant contributions 
to understanding the consequences of global change and the 
structure and functioning of ecosystems in both Polar Regions 
and their global interconnections. In the past 5 years, EU-Po-
larNet has investigated the research interests and operational 
capacities of the European polar research community, performed 
gap analyses for important research domains (e.g. data manage-
ment, monitoring and modelling) and also gave recommenda-
tions for improvement (see Appendix I. I). The results of these 
analyses show how European polar research contributed to the 
development of a strategic agenda on innovation, while propos-
ing solutions to mitigate and adapt to the ongoing changes in 
the Polar Regions. Formulating research questions in support 
of these actions is instrumental in achieving and demonstrat-
ing the EU’s contribution to the generation of knowledge with 
relevance for society, economy, environment, and policymaking.

Photo: Federico Dallo
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3 Canada, Kingdom of Denmark, Finland, Iceland, Norway, the Russian Federation, 
Sweden, and the United States.
4 Art. 1 of the Ottawa Declaration, 1996.
5 The 2008 Ilulissat Declaration was adopted at the Arctic Ocean Conference in 
Ilulissat, Greenland on 28 May 2008.
6  MEPC 68/21/Add.1 Annex 10, page 3: “International code for ships operating in 
polar waters (POLAR CODE)”.

THE ARCTIC: A JIGSAW OF MULTIPLE ACTORS 
A unique and precise physical, political, or juridical definition of 
the Arctic region does not exist. Eight Arctic states3 have sover-
eignty and sovereign rights but almost all of them have their po-
litical centres far to the south of the region. In this context, the 
Arctic Council plays a major role in fostering circumpolar coopera-
tion amongst Arctic states and other actors. The Arctic Council is 
not an international organisation based on a treaty but is rather 
an international political forum. It has been credited with play-
ing a role in peace and security in the Arctic, particularly as its 
mandate does not address military security issues4. Today, thir-
teen non-Arctic States are observers in the Council. With more 
observers wishing to join, and the growing economic presence 
of those engaging with the Arctic economically, the definition 
of an Arctic state is being re-examined in terms of identity build-
ing and practical circumpolar diplomacy. Thus, Arctic politics and 
security thinking have expanded well beyond the Arctic states 
themselves. It is therefore important to understand whether and 
how the growing array of security questions will result in new 
forms of state and sub-state dialogue, including how the Arctic 
Council would cope with security issues between its members. 
There is a risk that current developments in diplomatic relations 
across the Arctic may threaten security in the Arctic as a whole, 
but also marginalise considerable security concerns on other 
issues, especially in regard to Indigenous Peoples, the environ-
ment, economic development, and socio-economic questions. 

Regional politics, since the Arctic sea ice recorded a remarkable 
low in 2007, have been marked by an increasing trend to assert-
ing the primacy of the states (i.e. The Ilulissat Declaration5) and 
intensified state military investments in the region. Some of the 
Arctic states are also questioning how the changes in the Arc-
tic will affect their politics and finances. In addition, numerous 
non-Arctic States have also formulated their Arctic policies using 
different methods, with some pointing to their scientific and ex-
ploration prowess, others towards their maritime expertise, and 
others focusing on the enormous economic and policymaking 
weight that the region will likely have in the future. Such initia-
tives reflect the large variety of political interests in the Arctic 
and demonstrate that, beyond the regional perspective, the Arc-
tic is shaped significantly by global governance developments, 
and economic and environmental challenges. Regarding environ-
mental issues, this vision is supported by the research activities 
within the Council working groups, which offer the opportunity 
for non-Arctic states and observers to contribute to and take up 
new challenges for future research actions.

The possibility of an scramble for Arctic resources was the sub-
ject of much of the speculation when the region began to be 
seen as a potential economic powerhouse. However, it faded 
due to dropping commodity prices and the logistical challenges 
that many nascent extractive industries in the region are still 
facing in their efforts to operate in the extreme environment. At 
the same time, regional agreements including the Polar Code6, 
prohibitions on fishing in the Central Arctic Ocean and the moves 
towards an agreement to forbid heavy fuel oil in the Arctic, 
demonstrate further progress towards multilateral solutions to 
current, and a precautionary approach to emerging, governance, 
and socio-ecological challenges. 

THE ANTARCTIC: A PROTECTED REGION UNDER 
INTERNATIONAL GOVERNANCE.
The Antarctic is a continent under international governance 
through the Antarctic Treaty System (ATS), which is a unique ex-
ample of international governance. The ATS provides the legal 
framework for cooperation in Antarctica. It has maintained peace 
within the continent for almost 60 years and concluding a period 
of territorial claims in the first half of the 20th century. Eleven 
EU Member States are among the 29 Consultative Parties that 
take decisions on the governance of the Antarctic at the annu-

II.1. Two Polar Regions, two different governance and security systems
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al Antarctic Treaty Consultative Meetings (ATCMs). The Parties 
have agreed to protect the natural and scientific values of the 
Antarctic Treaty area (the Antarctic continent and the Southern 
Ocean south of 60°S). 

Once the Treaty entered into force in 1961, various traditional 
security interests were mitigated: military activity was prohib-
ited along with the testing of nuclear weapons and disposing 
of nuclear waste. The Treaty sets aside the continent for peace 
and science. Article IV of the Treaty is the very cornerstone of 
international collaboration under the Antarctic Treaty. This pro-
vision preserves the status quo of the territorial claims asserted 
by states regarding their right of sovereignty. No party may be 
considered to have renounced any claim, nor may any new claims 
be asserted based on activities carried out while the Treaty is 
in force. 

Spurred on by the 1973 OPEC oil crisis and assuming the miner-
al wealth of Antarctica, a Convention on the Regulation of Ant-
arctic Mineral Resource Activities (CRAMRA) was established in 
1988, which would have allowed for mining and oil extraction 
in Antarctica. However, this Convention has never been ratified 
and never entered into force. Instead, in an unprecedented 180° 
turn, the Antarctic Treaty members established in 1991 the Pro-
tocol on Environmental Protection to the Antarctic Treaty (The 
Madrid Protocol), which entered into force in 1998. This Protocol 
declares the Antarctic south of parallel 60°S a natural reserve, 
devoted to peace and science, and prohibits any activities re-
lating to mineral resources. The Protocol makes provisions for 
enabling a review not sooner than 50 years after its coming into 
force (2048), but until such a process is initiated, the prohibition 
on Antarctic mineral resource activities continues indefinitely.

As a response to increasing commercial interest in Antarctic krill 
resources and a history of over-exploitation of several other ma-
rine resources in the Southern Ocean, the Commission for the 
Conservation of Antarctic Marine Living Resources (CCAMLR) 
was established by international convention in 1982. Nine EU 
Member States and the EU itself are members of CCAMLR.

THE WAY FORWARD: SHAPING THE FUTURE OF POLAR 
REGIONS IN A RAPIDLY CHANGING WORLD
Perspectives of security in both Polar Regions call for a vision 
beyond state-centric configurations. Today’s security threats, 
such as climate change, transcend states and economies, and 
are becoming relevant beyond the Polar Regions and reach na-

tional and global settings. A comprehensive security assess-
ment is necessary to better grasp the ways in which different 
perceptions of security interact, and perhaps conflict, between 
states, human, societal, and international security perspectives, 
in addition to better understand how security issues are ad-
dressed and which policies are designed to that effect. 

An improved understanding of the evolving and increasingly glo-
balised nature of Arctic and Antarctic peace and security is need-
ed. It shall focus on the interaction between the poles and the 
rest of the world and its continuously evolving contexts, both 
outside as well as within the Polar Regions.

Both the Arctic and Antarctic are rich in natural resources and 
the focus of increasing economic interest as access to these re-
gions increases. An assessment of the economic relevance of 
the Polar Regions at local, national, regional, and global levels, 
and of the tension between economic, environmental and hu-
man security interests, would be needed.

In the Arctic, the Arctic Council must be able to adequately re-
spond to existing and emerging challenges, most of these being 
shared with non-Arctic states and actors. The Council must focus 
on finding ways for further inclusion of those actors in the sci-
entific research of its working groups, which serve as the main 
generators of ideas and projects for further actions.

The Antarctic Treaty itself is facing important challenges. The 
discussions at the ATCMs over the last decades have shown that 
countries involved in Antarctic governance, as well as stakehold-
ers (e.g., environmental conservation groups, tourism operators, 
etc.), have different ideas about what precisely ATS agreements 
shall achieve with respect to regulating and managing human 
activities in the Antarctic. Consequently, these stakeholders 
may have different perspectives and economic considerations 
when asked the questions, to what extent are changes to the 
ATS desirable, and what governance actions, if any, are needed? 
To be able to engage in this discussion and to give whole Europe 
a voice, the EU should be more involved in the ATS and encour-
age all its Member States to become Parties to the Antarctic 
Treaty.

The need for an integrated European Polar Research Programme  9



The integrated European Polar Research Programme (EPRP) 
aims to identify knowledge gaps, which need to be addressed to 
provide a better understanding of polar changes and to answer 
the current pressing needs and expectations of European soci-
eties regarding the Polar Regions. The methodology developed 
for this programme aimed to organise the EPRP around a limit-
ed set of overarching, cross-cutting themes, each of them being 
identified based on a comprehensive review of polar stakeholder 
needs.

Polar Regions are vulnerable and critical realms in the climate 
system and are currently facing the most rapid changes on the 
Earth. Climate change and increased human activities, occurring 
locally and across the world, are altogether responsible for this 
rapid evolution. Among others, there are some critical examples 
of the rapid environmental changes:

• The drastic decrease in Arctic seasonal sea ice and snow cover, 
• Possible instabilities of the Antarctic and Greenland ice sheets 

in response to enhanced surface melting, ice-shelf collapse, 
and marine-terminating glacier retreat,

• The warming and increased thawing of the permafrost,
• The higher concentration levels of atmospheric and oceanic

pollutants, and
• The changes in biodiversity and species distribution.

Despite these strong signals, knowledge of the environmental 
system in the Polar Regions is still too incomplete to allow an-
ticipation of the scales and pace of the changes and their con-
sequences and to facilitate the creation of a holistic theoretical 
and observational framework in support of future scenarios.

At the same time, climate change at the Poles is appropriate-
ly seen as a global issue. Polar Regions play a particular role in 
the global equilibrium and budgets of the Earth’s climate and, as 
such, maintain strong connection to it through a wide variety of 
interaction and feedback mechanisms, which are rooted in the 
specificities of the natural polar environment. Examples of such 

Photo: Ronald JW Visser
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linkages are the declining extent of the marine and terrestrial 
polar cryosphere, which is contributing to polar amplification of 
surface warming, acceleration of sea level rise and modifications 
of marine and terrestrial ecosystems, and associated fluxes of 
carbon dioxide and methane. Several of these processes exhibit 
tipping points and may imply irreversible changes with dramatic 
consequences on the global climate. Yet, knowledge about the 
potential impacts of such processes is still extremely poor. 

Rapid changes in the environmental conditions, increasing glob-
al demand on polar natural resources and transportation routes, 
and growing geopolitical interests in the Polar Regions threaten 
these regional ecosystems. These changes may have tremen-
dous consequences on individual livelihoods and the well-being 
of communities across the circumpolar North. Associated with 
these impacts are pressing needs to better understand inter-
linkage between ecosystems and society at different levels 
through the inclusive concept of socio-ecological systems. This 
will allow a better understanding of the valuation of ecosystem 
services for the residents and enable the society taking up the 
challenges of vulnerability, conservation, adaptation, and resil-
ience. A full account of these aspects should contribute to im-
proving baseline knowledge of broad scale variations of drivers 
and responses of species and biological communities, thereby 
contributing to better assessment of changes and appropriate 
environmental monitoring. Valuable insight can be gained from 
contrasting the Arctic and Antarctic regions on many issues. 
These are related to, e.g., the connectivity of their ecosystems 
to mid-latitudes, the history of colonial settlements, the current 
political power relations, their societal and economic develop-
ment as well as more generally, how differences between the 
two poles modulate the impacts of global changes and human 
activities on these regions.

Indigenous Peoples, local communities and circumpolar govern-
ments are affected in a variety of ways by the changes brought 
about by a warming climate, increasing economic activities and 
urbanisation and potentially intensified migration from the 
South into the Arctic. To understand how population diversity, 
demographic factors and traditional livelihoods modulate the 
impact of changes, better knowledge is needed about the com-
plex nature of the couplings between Arctic socio-ecological, 
political, cultural and economic systems. New methods are to 
be developed and applied together with the polar communities 
to understand and envision their future. In particular, mecha-
nisms of transition to sustainability in these regions where the 

resource-based economy, durable infrastructures and cultural 
vitality are at risk need to be understood. This knowledge will 
form the necessary baseline on which to build governance sce-
narios for adaptation and resilience to the changes addressing 
both plausible and desired futures at local, regional, and global 
levels.

Increasing human activities pose challenges not only to local 
communities but also to business operators who need to be-
come aware of the impact of their activities. To ensure safe, 
sustainable and just operations in the Polar Regions, enhanced 
knowledge of the factors influencing operating costs in the 
long-term are needed. The impacts of new commercial activi-
ties in the Polar Regions should be rigorously evaluated against 
pressures on the environment. In the Arctic interests of local and 
Indigenous communities and in Antarctica scientific, historical, 
aesthetic and wilderness values need to be taken in account as 
well. Research should aim at concrete knowledge of the societal 
value of ecosystem goods and services and help promoting tech-
nological and methodology developments in support of sustain-
able operations. 

Polar Regions are still sparsely covered by observation networks 
although sustained observations are essential for predicting the 
evolution of changes in the Polar Regions and their impacts at 
local to global scales. The remote location and harsh conditions 
make operations in polar areas both expensive and complicat-
ed. Cross-cutting research to develop new methodologies and 
practices for data acquisition and interoperability is required 
for supporting and ensuring the most inclusive, cost-effective, 
and efficient data collection. Access and sharing of knowledge 
imply enhanced research cooperation, equal consideration and 
improved understanding of differences between Western and In-
digenous knowledge systems, better use of the existing obser-
vational capacity, better connection with stake- and right-hold-
ers, including development of new methods of knowledge 
brokering, and innovative education and training methodologies 
for developing new skills. 

The need for an integrated European Polar Research Programme   11



III. Societal Relevance

The ambition of the EPRP is to identify those important knowl-
edge issues regarding the Polar Regions that are of high concern 
to polar communities and global societies. The high degree of 
connectivity of both Polar Regions with the rest of the world 
calls for improved understanding of the relative importance of 
local, regional, and global (both natural and social) factors that 
influence their evolution. Regionally, the challenges are vast: In-
digenous Peoples, local inhabitants and also polar ecosystems 
face environmental and economic pressure, as well as needs that 
are particularly difficult to satisfy in their extreme environment. 
Globally, the challenges are to fully understand the central role 
of the Polar Regions in the global climate system, while acknowl-
edging that these regions will increasingly be under pressure as 
providers of food and resources in a world with a fast-growing 
population.

While, by definition, the outcomes of the EPRP should contribute 
to a better understanding of the societal and environmental vul-
nerabilities in the Polar Regions, they should also support impor-
tant ongoing global initiatives such as:
• The UN 2030 Agenda for Sustainable Development by making

the Sustainable Development Goals (SDGs) and their indicators 
relevant for the Polar Regions and other areas, the people liv-
ing in the Arctic and all stakeholders with activities in the Polar 
Regions (Figure 1),

• The achievement of the Paris Conference (COP21) climate
change targets at the global level,

• The EU Green Deal, which commits the EU to implement both
the Paris Agreement and the United Nations 2030 Agenda for
Sustainable Development,

• Major international scientific assessments, including the IPCC
and Arctic Council reports, as well as EU and national adapta-
tion strategies and plans,

• The Sendai Framework for Disaster Risk Reduction 2015-
2030, and

• The UN binding agreement in preparation on Biodiversity of
Areas Beyond National Jurisdiction.

In addition, the Research Needs identified in the EPRP aim at 
answering a suite of cross-cutting societal needs related to:
• Closing knowledge gaps in the understanding of various Polar

processes. Advancing fundamental Polar research is essential
to close several critical knowledge gaps in the understanding
of the functioning of the Polar Regions and its effects on soci-
eties in the Polar areas and beyond. The EPRP recommends
observing and research efforts, which are suitable to meet the

demands for comprehensive and integrated information on 
polar environments and their role in influencing climatic and 
other process at lower latitudes. Increased assessments of 
polar processes are needed to increase confidence in models 
and predictions. Some of those research topics may not have 
a direct societal relevance now but are expected to generate 
knowledge that will indirectly contribute to inform major soci-
etal issues,

• Assessing and predicting changes in local and regional natu-
ral environments, and the vulnerability of the Polar Regions
to these changes. The aim is to anticipate the societal impli-
cations of physical changes like increased natural hazards,
increased accessibility to the region or modified local fresh-
water pathways, to prepare for adaptation procedures and
to support informed decision-making. Beyond these regional
impacts, there is a need to assess the value of the Polar
Regions for the global climate, including their role as potential 
hosts for mitigation pathways,

• Assessing baseline state, changes, and future threats con-
cerning polar ecosystems and their relation to the socio-eco-
logical systems and society. The aim is to strengthen future
predictions of environmental impacts, feedbacks, and trends
in Polar Regions to propose scenarios for mitigation and adap-
tation and to develop societal and environmental resilience
for these systems. This includes enhancing knowledge inte-
gration that can be incorporated into strengthened regula-
tory and management practices for ecosystem protection in
marine and terrestrial environments, resource conservation,
traditional food sourcing, water security, or guide responses
to health and related life quality issues within the One Health
concept,

• Identifying mechanisms that can sustain improved well-being
and quality of life in a context of rapid change and increased
self-determination and Indigenous participation in regional
and local governance. The aim is to enable the economic,
social, and cultural prosperity of Arctic communities and a
just transition to sustainability. This implies developing new
indicators for wellbeing and sustainable development in Polar
Regions, in complementarity with the UN-SDGs, and new
regional economic development models that ensure local sus-
tainable value creation and well-being,

• Improving knowledge of environmental, technical, and societal 
factors that control and shape the ability to develop and main-
tain safe, sustainable and just operations in the Polar Regions, 
and their integrated effects on natural and social environ-
ments. This includes developing more accurate methodologies 

12  Societal Relevance



Figure 1. Relation of the EPRP Research Needs to the UN-SDGs
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IV. Methodology

1. Identification of research Needs

The integrated European Polar Research Programme was de-
veloped as a commitment of the EU-PolarNet consortium to 
deliver a research programme to the European Commission, 
which should be co-designed with representatives from polar 
stakeholders. The objective was to ensure that future Europe-
an research outcomes would be directly relevant to society. The 
research programme is therefore structured according to over-
arching societal needs that could be identified through a regu-
lar dialogue with the polar stakeholder community including a 
range of dedicated events and online surveys. Engaging a large 
variety of stakeholders (including government policy-makers, 
business, NGOs, Arctic residents, Indigenous Peoples, research 
funders and scientists) in regular dialogue was instrumental to 
collecting their needs and views on the priority issues concern-
ing polar research. Yet, account or representation of all the rele-
vant stakeholder groups likely remained imperfect, e.g. because 
of the limited access to events and online material that some 
stakeholder groups might have faced. 

Concomitantly, several initiatives have been accomplished by 
the EU-PolarNet project to support the development of the 
EPRP. The major outcomes have been the subject of several de-
liverables, which are detailed in Appendix I. I. In particular, the 
necessity to build on existing experience of national and inter-
national polar-related bodies in establishing priorities of rele-
vance to Europe was taken into account through a desk analysis 
of available research strategy documents addressing priorities 
in polar science but also in polar infrastructures, observation 
and data facilities and, more generally, societal research needs 
(Appendix I. II). Another particularly relevant deliverable is the 
set of five EU-PolarNet White Papers, which were published in 
February 2019. This document, which was drafted by a group 
of more than 50 scientific experts and polar stakeholders, out-
lines the most pressing polar research priorities and related im-
plementation challenges. In addition to the review of existing 
polar research strategy documents, the input material, which 
was used to prepare the synthesis of the stakeholder research 
needs that form the basis of the EPRP structure, falls into two 
main categories: stakeholder on-line consultations, and dedicat-
ed workshops and/or side events during international assem-
blies. The full list of input material can be found in Appendix I. 
Even though the engagement was comprehensive, internation-
al, and ongoing, there are possible biases in the data caused 
by e.g. the selection of source materials for the desk studies, 

and procedures to define and manage environmental risks, 
and enhancing knowledge enabling Arctic communities and 
Antarctic commercial operators to participate in the develop-
ment of a sustainable, profitable green economy,

• Enhancing the searching and access to available environ-
mental and socio-economic data and improving their inter-
operability, designing methods that promote co-design and
co-production of new data and providing recommendations
for enhanced collection of new data and monitoring activities.
The aim is to enrich the amount of information that is needed
to assess systematic impacts upon polar environments and
societies and related human activities,

• Developing new methodologies to optimise the full processing 
chain from identification of information needs to transfer of
research results into relevant tools for stakeholders. Method-
ologies should integrate different knowledge systems, includ-
ing community-based knowledge, at policy-relevant spatial
and temporal scales. The aim is to improve the availability and
meaningfulness of information for societies at large to sup-
port the co-design of future scenarios and decision making,
and

• Developing innovative education and training systems that
integrate different knowledge sources and will contribute to
building the skills needed for sustainability, enhanced partici-
pation of society and strengthened public understanding and
awareness of the value of Polar Regions.

14  Societal Relevance



IV. Methodology

none-responses to surveys, and workshop design. However, as 
the responses to the surveys and participation to workshops in-
cluded at least one representative from all major groups of polar 
stakeholders broadly defined, we are confident that the results 
represent the shared European societal and industrial needs in 
the Polar Regions.

1.1. Stakeholder surveys
Three surveys were specifically dedicated to collecting stake-
holder research needs (Appendix I. III). 

The first survey was launched in winter 2016 and reached out 
to the research community, which was asked to express its 
views on the compilation of research priorities and related so-
cietal challenges originating from the desk study on European 
polar research priorities. Through this consultation, it has been 
possible to verify the completeness of the original compilation 
and to narrow the number of overarching topics down to ten.

The second survey reached out to several polar stakeholder com-
munities to investigate their possible engagement in polar re-
search. The questionnaire was initially distributed in association 
with stakeholder workshops (section 1.2) and then launched 
online in April 2017. The results of the questionnaire facilitat-
ed initial science-stakeholder dialogues with the perspective of 
managing expectations and identifying needs from the onset of 
future partnerships. 

The third survey, launched for two weeks in spring 2017, was 
designed to enable the polar community and stakeholders to 
identify priority areas for future polar research. The survey was 
conducted in eight different languages and distributed via var-
ious channels, including over a thousand individual emails that 

were sent to various countries. The results of this survey formed 
a fundamental basis for the set of five polar white papers, which 
in turn were an important step towards the integrated European 
Polar Research Programme.

Two other public surveys were launched in the context of the 
EU-PolarNet project with the aim to obtain overviews of the ex-
isting polar research data systems and infrastructures (targeted 
to data system managers), and polar commercial infrastructures 
(targeted to the business community). The information, which 
was collected through these surveys, provided valuable inputs 
to the EPRP to define urgent requirements in terms of informa-
tion and infrastructures.

1.2. Stakeholder events
The objectives of the stakeholder events were to inform recom-
mendations on how to conduct mutually beneficial stakeholder 
engagement for addressing the societal challenges in the Polar 
Regions7. More specific objectives were:

• To learn from stakeholders what their research needs and
knowledge gaps are, and to determine the needs and chal-
lenges that society is currently facing in the Polar Regions,

• To bring different research disciplines together to share
knowledge and to discuss the possibilities and benefits of
doing multidisciplinary research, and in particular transdisci-
plinary research with the local and Indigenous communities in
the Arctic, and

• To find the best strategies for communication and exchanges
with the different stakeholders.

7 A full list of stakeholder events can be found in the EU-PolarNet Public Deliver-
able 4.14.

Photo: Ronald JW Visser
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2. Integrated European Polar Research
Programme Structure

The next challenge in developing the EPRP was to translate 
stakeholder concerns and views into research questions. The 
first efforts focused on drafting a stakeholder needs document 
which represented a synthesis of the collected stakeholder in-
formation.

A preliminary categorisation was undertaken aiming at broad 
categories that would highlight issues that are recurring in the 
White Papers while being relevant to several stakeholder com-
munities, therefore offering potential for future interdisciplinary 
research.

The additional input from the stakeholder research priorities 
survey and the workshops and events was used to revise the 
preliminary categorisation and to cluster the issues into overar-
ching thematic areas, each of them containing several (6 to 11) 
topics with a wide range of underlying sub-topics. The full infor-
mation and structure were preserved in a mind map (Appendix II) 
and formed the basis of the future work.

The stakeholder needs that had been identified were based on 
the issues and research interests of a large variety of stake-
holders ranging from international researchers to policy-makers, 
Indigenous Peoples and local communities, business and NGO 
representatives and scientists who formed the majority of con-
tributors. For the sake of completeness, it was decided to re-
view the stakeholder document by a group of stakeholders via 
the EU-PolarNet Stakeholder Panel. The comments of the panel 
were then included in a revised version of the document.

The structure of the EPRP document was ultimately organised 
along six overarching Research Needs (Figure 2), each of them 
making a separate EPRP chapter. The underlying information, 
which had been identified under each of these research needs, 
was synthesised into key questions (Table 1). A template for 
each chapter of the research programme was then developed 
and proposed to the drafting team as the initial framework of 
the EPRP document.

The drafting of the EPRP chapters was delegated to a group of 
experts. Those experts were nominated and selected by the 
EU-PolarNet consortium and were invited to contribute to the 
EPRP in spring 2019. Each chapter was assigned to a list of ex-
perts led by two lead authors. The full EPRP draft was reviewed 
both internally and externally as explained in Appendix I. IV.

Photo: Andrea Spolaor
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Figure 2. The six Research Needs identified within the EPRP

Research Need 1
Better Understanding of Climate Change in the Polar Regions

Research Need 3
Resilient Socio-Ecological Systems

Research Need 5
Challenges and Opportunities for Polar Operations

Research Need 6
Inclusive Creation, Access and Usage of Knowledge

Research Need 4
Prospering communities in the Arctic

Research Need 2
Informed Weather and Climate Action
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V. Research Needs

Table 1. Final setup of the Research Needs and the Key Questions relevant for the EPRP.

RESEARCH NEEDS KEY QUESTIONS

1. 
Better understanding of climate change 
in the Polar Regions and its links to lower 
latitudes

1.1: Key processes in polar-specific components of the climate system.
1.2: Polar coupling and feedback processes at the regional and global scales.
1.3: Modelling and predicting the polar climate system.
1.4: Assessing the impact of human activities on polar climate.

2. 
Informed weather and climate action

2.1: Identifying relevant indicators of polar climate change.
2.2: Designing new approaches to test the chain of processes from climate indicators 
to decision making.
2.3: Supporting decision making through predictions and projections of polar climate 
and socio-ecological systems.
2.4: Assessing the added value of the Polar Regions in relation to climate change and 
human activity impacts.

3. 
Resilient socio-ecological systems

3.1: Understanding key issues of polar ecosystem structure, functioning, and change.
3.2: Designing a healthy socio-ecological system.
3.3: Expanding observation of socio-ecological systems.
3.4: Ecosystem-based management, governance and transformative solutions toward 
a sustainable future.

4. 
Prospering communities in the Arctic

4.1: An infrastructure plan in support of sustainable community development.
4.2: National and sub-national governance challenges in the Arctic Regions.
4.3: Economic innovations for sustainable development of Arctic communities.
4.4: Education as a tool to expand the capacity of Arctic residents to respond to 
changes.
4.5: Learning from the past for a socio-economically balanced and gender-equal 
development of the Polar Regions.
4.6: The demography of the future Arctic population.
4.7: Cultural vitality for prosperity in the Arctic.

5. 
Challenges and Opportunities for Polar 
Operations

5.1: Understanding the impacts of changing environmental conditions and operations 
on risk and vulnerability.
5.2: Minimising the environmental impacts of polar operations.
5.3: Understanding and promoting the concept of social license for polar operations.
5.4: Identifying policies, frameworks and governance which ensure safe, sustainable, 
and just operations.

6. Inclusive creation, access and usage of
knowledge

6.1: Developing new technologies and improved capacities in observation, modelling, 
and research in the Polar Regions.
6.2: Co-production of knowledge as a benefit to societal stakeholders.
6.3: FAIR data management principles for polar data collections.
6.4: Ensuring knowledge access and capacity building in Polar Regions.
6.5: Exploiting knowledge to inform decision making for the Polar Regions.
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1. Introduction

Polar Regions are both vulnerable and critical in the climate 
system. The Arctic is the fastest warming region in the world. 
Arctic seasonal sea ice, land ice and snow cover in spring are 
decreasing, and permafrost is warming with increased thawing 
and subsidence. The region is a receptor of atmospheric and oce-
anic pollution both of local origin and from lower latitudes. The 
declining sea ice extent and thickness and dramatically chang-
ing ecosystems are only two examples of Arctic features that 
are threatened under a changing climate, impacting local and 
Indigenous communities. Climate change also impacts regional 
populations through access to food and resources, vulnerable in-
frastructures and changes in lifestyles. At the same time, the re-
moteness of the Polar Regions causes them to be poorly covered 
by the observation networks that form the basis for scientific 
research on climate issues.

The interconnection between polar processes and the global 
climate is such that climate change at the Poles is a truly glob-
al issue. The Antarctic and Greenland ice sheets play a crucial 
role in global climate and are losing mass, causing sea level rise. 
These ice sheets may experience instabilities in response to en-
hanced surface melting and ice-shelf collapse and marine-termi-
nating glacier retreat. Large areas of ice shelves have collapsed 
in recent years (e.g. Pine Island and Thwaites Glaciers), allowing 
inland glaciers to flow faster into the ocean. Antarctic ice shelf 
collapse and glacier retreat are linked to ocean circulation, tem-
perature and heat transport. The circumpolar Southern Ocean, 
warming at depth, is an important driver in the carbon cycle and 
the redistribution of heat across the global oceans. The influ-
ence of the Atlantic water in the Arctic Ocean is currently in-
creasing with potentially important consequences for the sea 
ice, the climate, and the regional ecosystems.

The Arctic and Antarctic are connected to global climate through 
several feedback mechanisms, such as changes in the surface 
albedo and changing terrestrial ecosystems that lead to chang-
es in fluxes of carbon dioxide, methane, nutrients and contami-
nants. Melting glaciers and ice sheets cause additional freshwa-
ter input to the ocean with possible feedback through the global 
thermohaline circulation. Several of these processes exhibit tip-
ping points, which mean that once they are fully triggered, they 
can dramatically and irreversibly change the global climate on a 
human time-scale (e.g. methane hydrate release in a warming 
Arctic Ocean, permafrost thawing and release of carbon). The 

potential evolution and consequences of such processes are still 
under investigation. 

The research identified in this chapter also aims at increasing 
predictability and reducing the uncertainty associated with key 
processes that affect climate change and people. The scientific 
research needed involves a portfolio of disciplines targeting dif-
ferent environmental compartments and methods, ranging from 
satellite and in situ observations to coupled numerical model-
ling. Models dedicated to the Arctic and Antarctic require specific 
developments and validation with novel and enhanced observa-
tions and methods, including data science techniques. 

Research Need 1. 
Better understanding of climate change in the 
Polar Regions and its links to lower latitudes

Photo: Mario Hoppmann
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2. Societal Relevance

Inhabitants of the Polar Regions are among those most directly 
affected by climate change. However, natural physical process-
es occurring in the Polar Regions regulate environmental condi-
tions across the globe and directly impact Europe. Future chang-
es in climate mean that many of these processes may be altered 
in intensity and their effects may induce changes throughout 
the Planet with significant impact on lives and livelihoods. Un-
derstanding the polar processes and improving predictability 
through modelling will benefit people, environmental policy, 
ecosystem management, and businesses well beyond the Polar 
Regions. Thus, a better understanding of climate change in the 
Polar Regions and their links to lower latitudes is urgently need-
ed to better address the following societally relevant effects of 
climate change.

SOCIETAL RELEVANCE GLOBALLY:
• Global sea level rise,
• Ocean warming and global circulation changes,
• Changes in polar sea ice cover,
• Changes in the occurrence of extreme weather events,
• Changes in atmospheric composition,
• Changes in freshwater flows to the ocean,
• Changes in the ecosystems on land and in the ocean,
• Increasing resource extraction in the Arctic,
• New shipping lanes, and
• Changing international geopolitical arena.

SOCIETAL RELEVANCE AT THE REGIONAL/LOCAL SCALE:
• Traditional food sourcing issues, traditional lifestyles,
• Changes in landscape (coastal erosion, subsidence, mass

movements and thaw lake dynamics) due to permafrost deg-
radation,

• Threat to infrastructure from thawing permafrost and changes 
in the snow/ice season,

• Increase of natural hazards,
• Changes in freshwater flows in the local environment, and
• Increased accessibility that may impact economic activities

(e.g. shipping, extractive industries, tourism and fisheries).

To transfer physical model results into policy tools, new meth-
ods, such as hazard and risk assessment and mapping at region-
al and local scales, must be developed by integrating socio-eco-
nomic variables and community-based knowledge. It will thus 
be important to include local stakeholders and researchers from 
social sciences and humanities.

An integrated programme is needed that supports communi-
ty-based decision-making based on the best possible observa-
tions and understanding of the coupled climate system at all 
scales and for key communities. The impact of such a programme 
will be an improved ability of society to mitigate and adapt to 
polar climate change. 

Photo: Peter Prokosch
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3. Research Questions

Key Question 1.1. 
Key processes in polar-specific components 
of the climate system

While the development and continuous availability of high-qual-
ity data and modelling efforts have allowed critical observations 
of ongoing processes, many unresolved issues related to the be-
haviour, interaction, and feedback processes of the polar-specific 
components remain unanswered. To improve our understanding 
of the physical behaviour of the Polar Regions under transition, 
it is a key priority to provide an integrated focus on the mul-
ti-timescale variability in the cryosphere, atmospheric and ocean 
dynamics and the land-ocean and land-atmosphere interactions. 
In addition to present day observations, paleoclimate data are 
crucial to validate model simulations of the climate system 
over longer timescales and provide useful insights into current 
changes from enhanced assessment of past climates. The key 
components to study are:

Polar land ice
For polar land ice, there is a need to understand key processes 
related to surface mass balance and ice dynamics and to improve 
our understanding of the governing mechanisms such as gla-
cial hydrology, glacier calving and ice discharge, and marine ice 
sheet instability through in situ monitoring and remote sensing. 
While the ice sheets and glaciers play a major role in predicted 
contribution to sea level rise, assessment of changes in time and 
space of glaciers distinct from the polar ice sheets remains also 
a priority to gauge local and regional freshwater runoff and for 
evaluating the representation of their respective mountain rang-
es. This is an overarching key priority to assess ongoing changes 
in a long-term context through terrestrial and marine geological 
records and improved understanding of geomorphological pro-
cesses. This will also provide a linkage to accurately quantifying 
solid earth deformation, which is important as it directly feeds 
back to geodetic observations used to monitor the state of the 
polar land ice.

Permafrost
The increasing temperatures during recent decades have al-
ready had a direct impact on permafrost distribution and conse-
quently led to terrain deformation and erosion. Both terrestrial 
and sub-sea permafrost degradation impacts carbon dioxide and 

methane release into the atmosphere. With projected increas-
ing warming it is a key requirement to assess the thermal state 
and extent of the permafrost and to understand the feedback 
mechanisms influencing permafrost stability and the exchange 
of greenhouse gases with the atmosphere. 

Precipitation and terrestrial hydrological cycle
Changing precipitation patterns and increasing temperatures are 
influencing the snow cover in the northern hemisphere. Snow 
cover shows large declines in springtime while rain is increasing, 
impacting the length of snow melting season, river discharge 
and amount of freshwater input, especially to the Arctic Ocean. 
Also, the extent of lake and river ice formation have a direct im-
pact on freshwater runoff. It is a priority to document changes 
and improve understanding of the rapidly changing precipitation 
patterns. An enhanced hydrological cycle and river discharge 
will also increase freshwater fluxes from melting glaciers, while 
ice sheet dynamics have potentially severe impacts on coastal 
ocean patterns and marine and terrestrial ecosystems.

Atmosphere and clouds
As processes in the atmosphere, and their on-going changes, 
have a direct impact on large-scale global energy circulation, it is 
a key priority to provide a full understanding of the interactions 
and feedback processes between the components at play. An 
essential requirement is to resolve the physics and chemistry 
associated with polar cloud formation and boundary dynamics. 
Moreover, the impact of moisture and aerosols on direct and 
indirect radiative processes, including volcanism as a climatic 
forcing, remains among the largest research priorities in climate 
modelling.

Sea ice and ocean
With the changing sea ice cover observed during the past dec-
ades, it is a main priority to improve the understanding of the 
main processes related to sea ice formation and distribution, 
new sea ice dynamics, the linkage to riverine and ice sheet 
freshwater runoff, and the impacts on the ocean thermohaline 
circulation and thus the global energy budget. An improved un-
derstanding of the ocean circulation and physical structure is a 
key requirement as these also directly affect the distribution of 
ocean properties, the sea ice cover, and the marine glaciers and 
ice shelves as well as the carbon pump and oceanic uptake of 
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greenhouse gasses through biogeochemical air-sea interactions. 
These processes also influence the microbial primary production 
with cascading effects across the entire polar food web, includ-
ing key species such as Antarctic krill, and other ecosystem ser-
vices on which local and Indigenous Peoples rely (RN 3).

HUMAN PRESSURE
Human pressure on the poles is generally both increasing and 
transitioning from long-range influence of mid-latitude forcing 
to increasingly local anthropogenic pressures. Exploitation of 
ores, oil and gas, land use, and fisheries are leading to increas-
ing population in the Arctic, whereas in the Antarctic, increased 
tourism and research station numbers also show potentially in-
creasing impacts on the environment. 

Key Question 1.2. 
Polar coupling and feedback processes at regional and 
global scales 

There will be a growing need for an improved understanding of 
polar systems at process level. It is essential to move forward 
with studies related to processes acting at the interfaces be-
tween the different media (e.g., air-sea-ice interactions) and a 
better grasp on the impacts of permafrost thawing on nutrient 
release from terrestrial to freshwater and marine ecosystems, 
the impact of the snow cover melting on carbon storage and re-
lease and light transmission through sea ice into the ocean, the 
impact of the marine biosphere on the biological carbon pump 
relating the atmosphere dynamics and chemical compounds 
along the biogeochemical cycles.

At the same time, processes specific to the Polar Regions play 
a key role in the global climate system. Deep-water formation 
occurring at high latitude modulates the ocean thermohaline 
circulation. Polar Regions contribute to global sea level rise 
through melting land ice and ice sheets, and also to carbon se-
questration. Furthermore, polar amplification of global warming 
is a large-scale feedback loop that impacts weather and climate 
and their extremes at all latitudes. For Europe, it is particularly 
important to better grasp the impact of decreasing sea ice on 
mid-latitude weather patterns.

Understanding the role of the Polar Regions in the global con-
text includes improving knowledge of the key processes linking 

the polar climate processes to the Earth climate system, espe-
cially those affecting atmospheric and oceanic long-range con-
nections, weather patterns and extremes, the transport of prop-
erties between the polar and mid-latitude areas, and the global 
carbon cycle. It is also important to have a clearer picture of the 
impact of changes in polar ecosystems and geomorphological 
processes on lower latitudes. In this regard, comparative studies 
of the Arctic and Antarctic regions should provide additional in-
formation about the sensitivity of the Polar Regions to specific 
climate components.

The expectation that polar environments will experience dra-
matic changes over the next decades to centuries in response 
to and coupled with global warming is a particular challenge to 
properly allocate research efforts and monitoring programmes. 
The representativeness of observations should be considered in 
this context, including the creation of an extensive and carefully 
designed fit-for-purpose in situ programme as well as satellite 
data. These will facilitate a better understanding of the coupling 
and feedback processes, and contribute with essential climate 
records from all spheres (ocean, atmosphere, cryosphere, and 
biosphere). It is of particular importance to target key climate 
and ecosystem services (e.g. greenhouse gas related), thereby 
integrating and advancing knowledge of thresholds (multiple 
stressors) and the possibility of cascading tipping elements, for 
example, in the food webs.

Key Question 1.3.  
Modelling and predicting the polar climate system 

Numerical models aggregate and test our understanding of 
the Earth system and its components. Models are widely used 
to explore the limits of predictability, carry out future change 
projections, and provide guidance for the optimal design of the 
observing system. Despite recent progress, major shortcomings 
remain as model biases may confound signals of interest.

Current climate models underestimate predictable state vari-
ables of the climate system and this is also true in the Polar 
Regions. In particular, the high predictability of the ocean in 
these systems does not transfer to atmospheric circulation to 
the expected extent, and predictability over continents appears 
too low. Improvements in understanding of key physical process-
es are necessary to reduce model biases and improve forecasts 

22  Better Understanding of Climate Change in the Polar Regions



and scenarios. Skill improvement may also be achieved through 
the development of methods to combine high-resolution and 
low-resolution ensembles and optimally use multi-model ensem-
bles, and approaches to blend dynamical and machine-learning 
ensembles. Regional models, such as MAR or RACMO, dedicated 
to Polar Regions and combined with global models offer a huge 
potential for an improved understanding of processes related 
to cryospheric compartments and processes. Results from such 
efforts may assist and target developments at process level in 
models and inform the design of laboratory and fieldwork stud-
ies, including polar-targeted satellite missions. 

Progress in modelling hinges on the improvement of parametri-
sations of critical subgrid-scale processes and increases in reso-
lution in Earth System Models (ESM). Examples of processes, for 
which advanced parameterisations are urgently needed, include 
boundary layer processes in the atmosphere and upper ocean. 
Increases in resolution will also open new windows in simulating 
important phenomena, such as ocean eddies and sea ice leads, 
thus reducing the need to rely on current parametrisations. The 
scalability of processes determines our capability to implement 
higher resolutions in models and hence defines our ability to 
generate seamless prediction, which is useful for policy and cli-
mate action. In fact, the strong coupled nature of the system 
calls for seamless coupled modelling systems that can be used 
from weather to climate time scales. 

Improving model’s interfaces between compartments will allow 
a fully coupled representation of the Earth system. Examples of 
coupled processes, which need to be urgently addressed, include 
air-sea ice-ocean interaction and atmosphere-ice shelf interac-
tion. It will also be critical to extend ESMs to allow capturing of 
major instabilities and tipping points. Furthermore, interaction 
between physical, chemical, and biogeochemical processes need 
consideration. Specific challenges at the interfaces currently in-
clude aerosol feedbacks, carbon feedbacks involving permafrost 
and wetlands, ocean primary production as well as ice sheet in-
stabilities.

Model evaluation and diagnostic capacity are a core requirement 
to identify modelling issues, determine the origin of model er-
rors and monitor progress in model development. This capaci-
ty need also includes easy access to all available observations 
while fostering new observational data collection and promotion 
of open-access databases. Models are validated against, or as-

similate, remote and in situ observations, which are generally of 
insufficient spatial and temporal coverage in the Polar Regions. 
Our ability to generate seamless predictions depends on the 
development of coupled data assimilation capacity to improve 
forecast initialisation, model error diagnosis and observing sys-
tems design. 

The development of fit-for-purpose regional models is a spe-
cific challenge for the Arctic and Antarctic. The application of 
mid-latitude models requires careful consideration for the poles 
themselves (e.g. the singularity in the mesh). All models need to 
consider the dynamics of the increasing anthropogenic pressure 
accounting for global and local influences and include polar-spe-
cific processes. 

Ensemble prediction is another area that will need to be ad-
dressed, given the central role that uncertainty quantification 
plays in decision making. Here, development of trustworthy rep-
resentation of underlying uncertainties in the initial conditions 
but also model formulation will be key.

The modelling community will urgently need to consider emerg-
ing technological challenges arising from the end of Moore’s law. 
The next-generation of high-performance computing systems – 
so called exascale systems – will provide unique opportunities 
to push the limits of resolution; yet these systems are so com-
plicated that we will not able to exploit them unless major tech-
nological investments are made in making ESMs and associated 
work flows (e.g. including data analysis) exascale-ready (RN 6).

Finally, it is important to recognise that the coupled nature of the 
Earth system in Polar Regions calls for improved collaboration to 
advance ESMs between different communities among the Earth 
system community and new partners to tackle further techno-
logical challenges. The development of climate-socio-economi-
cal models considering the specificities of stakeholders in a po-
lar context will further bring the climate research results closer 
to usage by authorities and communities.
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There is a need for a coordinated European and international 
platform for decadal scale observations across all scientific dis-
ciplines to understand better the processes of climate change in 
the Polar Regions at sub-decadal time scales and enhance our 
ability to predict their impacts from local to global scales. 

There is a lack of long-term records of glaciological, terrestrial, 
oceanic, and atmospheric parameters especially at the inter-
faces between cryosphere, land, biosphere and ocean – coast-
al areas, glacier outlets, permafrost areas where exchanges of 
heat, greenhouse gases, nutrients and freshwater are occurring 
and where Arctic communities live. An effort of intensifying the 
observation network during 10 years would allow a time-limit-
ed effort to collect observational data on a wide range of disci-
plines. These will enhance the development, validation and their 
assimilation in Earth System Models with a sufficient coverage 
of interannual variability to enable trend detections. There are 
many areas in the Antarctic, the Southern Ocean, the Arctic 
margin and the Central Arctic Ocean, which are still unexplored 
because they are too remote and too harsh to be accessed con-
sidering the financial, technical and logistical capacities of the 
national polar programmes.

A European polar observing decade building upon the existing 
national monitoring programmes, community-based observa-
tions, and European integrating activities from space agencies 
and research infrastructures should provide an enhanced and 
integrated data foundation. Here the modelling efforts fo-
cused on understanding how climate change in the Polar Re-
gions influence global climate and living conditions for both 
Arctic communities and the population at lower latitudes will 
improve understanding of the processes. This effort would 
also build upon and extend the Year of Polar Prediction ef-
fort, and would launch the collection of new observables on a 
systematic basis. Regarding the polar oceans, such a synoptic 
approach might also provide a valuable contribution to the up-
coming UN Ocean Decade initiative in which these oceans are 
recognised among the key regions where a dedicated action 
should be supported.

In parallel, an effort to collect new paleoclimate data for under-
standing the response of the Polar Regions to climate change 
on the longer time scale should be initiated.

Photo: Peter Prokosch
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Key Question 1.4. 
Assessing the impact of human activities on polar climate 

Besides climate change, the fragile polar environment is impact-
ed by local and remote human activities through harmful pol-
lutants and other anthropogenic pressures arising from various 
human activities such as, for example, tourism, waste manage-
ment, extractive industries and fishing (RN 5).

A wide range of human perturbation to the natural environment 
are affecting the Polar Regions. Short-lived climate forcers and 
greenhouse gases are impacting polar and global climate, but 
there is still a lack of understanding about past and current 
change, the relative roles of natural and anthropogenic compo-
nents and how their variability is perturbing the climate system. 
Local and remote sources of pollution to water, air, soils, and or-
ganisms are likely to increase as a result of combined socio-eco-
nomic drivers and climate change, especially in the Arctic. De-
velopment of sustainable adaptation and mitigation strategies 
to minimise risks requires a clearer picture of the sources, pro-
cessing and fate of different greenhouse gases and pollutants, 
in atmospheric, marine, and terrestrial compartments. Potential 
effects of emerging greenhouse gases and pollutant sources 
such as shipping, natural resource extraction, fishing, tourism, 
and associated urbanisation on air, water quality and the envi-
ronment require improved assessments.

A pressing challenge is to understand the magnitude and tra-
jectory of remote and local sources of long and short lived cli-
mate forcers and pollutants, as well as their impact on global 
and regional climate, and on the health, well-being, and food se-
curity of Arctic societies and on polar ecosystems at large. This 
challenge cannot be tackled without considering the complex 
interplay of anthropogenic pressure and natural processes. The 
predictability of changes in response to future climatic, envi-
ronmental, and socio-economic drivers remains also low. An im-
proved understanding of the interactions between the changing 
climate system and pollutant burdens is needed, which should 
include climate-driven ecosystem changes affecting natural 
emissions such as wildfires or pollutant deposition. Remote 
sources of pollution including contaminants such as mercury, 
disease vectors and persistent organic pollutants or microplas-
tics, transported to the Polar Regions via atmospheric, terrestri-
al, and marine pathways are known to be also harmful for human 
and ecosystem health through polar food webs. Improved quan-
tification of these effects, as well as emerging contaminants and 

re-emission of legacy contaminants due to melting cryosphere 
or thawing permafrost is compulsory to avoid new threats to 
human well-being. In addition, food security is a huge concern 
for Arctic residents with diets mostly relying on “country food” 
(RN 3 and 4).

Assessing and quantifying these drivers of change requires a 
synergistic approach working at interfaces and building on phys-
ical climate system knowledge and local and Indigenous knowl-
edge. Interactions between the physical climate system, living 
ecosystem components and the exposure and functioning of 
Arctic societies need to be considered as well. Exploration of po-
tential future pathways to minimise risks and impacts requires 
the development of climate change predictions coupled with so-
cio-economic models. It will also involve exploration of synergies 
between pollutants and greenhouse gases, as well as interac-
tions between the different environmental compartments.

Conversely, climate knowledge, which will be gained from re-
search interaction between climate-scientists, local and Indig-
enous communities as well as societal stakeholders, should be 
made available to local residents in support of their actions and 
decision-making.

Photo: Ronald JW Visser
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4. Resource Requirements

The research and development necessary to significantly ad-
vance the understanding of the coupled polar climate system 
will require (RN 6):

• Enhanced and integrated observing systems in the Polar 
Regions building upon existing and new environmental 
research infrastructures including near-real time data trans-
mission. Current environmental research infrastructures not 
dedicated to the polar areas should be encouraged to develop 
their activity and spatial coverage to the polar and subpolar 
environments,

• New advanced sensor and platform technologies to perform 
measurements compliant with relevant standards under 
harsh, cold, and remote conditions,

• Earth System Models development and sustained super-
computing facilities,

• An improved support of new data acquisition through future 
multi-year fieldwork programmes and observatories,

• The promotion of FAIR (Findable, Accessible, Interoperable 
and Re-usable) data management systems, and

• Interdisciplinary research on polar climate effects and feed-
backs based on stronger circumpolar and interdisciplinary col-
laboration within Europe and beyond, as well as an enhanced 
sharing of access to polar infrastructures (EU-PolarNet Deliv-
erable 3.7).

International and better coordinated initiatives need to be pro-
moted, especially those aiming at the Polar Regions. Europe 
should develop and reaffirm its leadership and further strength-
en excellence in these international initiatives as the capability 
becomes available. Expanded networks of young scientists need 
to be further developed through the European Research Area 
and through capacity building.

Photo: Anna Karin Landin
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Research Need 2.  
Informed weather and climate action

1. Introduction

Science has the duty and responsibility to inform society of the 
different trajectories of environmental changes in the Polar Re-
gions and their socio-cultural, economic, geopolitical, and envi-
ronmental implications. This information will contribute to iden-
tifying mediation and mitigation pathways in relation to climate 
change and its impacts on society. As such, informed weather 
and climate action underpins priorities of several major interna-
tional programmes and assessments such as, for example, the 
World Climate Research Program (WCRP) and Global Climate Ob-
servation System (GCOS) as well as the Essential Climate Varia-
bles (ECVs) identified therein. 

Relevant stake- and right-holders in the Arctic and Antarctic 
need to be included at an early stage of any research proposed 
to ensure alignment with societal needs and bilateral knowledge 
transfer. For regions with Indigenous and local communities 
there is much to be gained from exchanges of perspectives, mo-
tivations, and cultural values. It is also important to emphasise 
the conservation of the Polar Regions for humanity and future 
generations, both for their extrinsic and intrinsic values to local 
and global communities. 

The expected outcomes from research in this cluster should im-
prove ecosystem and societal impact assessments of change in 
the Polar Regions, contribute to environmental monitoring and 
strengthen the development and maintenance of long-term da-
tasets capturing the many dimensions of change in the Arctic 
and Antarctic.

2. Societal Relevance

Local and regional northern communities and economies are al-
ready affected by climate-change impacts, ranging from perma-
frost thawing and coastal erosion to changes in species abun-
dance and diversity, with direct effects on health and well-being 
– in a physiological, but also psychological and sociocultural
sense. In many ways, the Arctic and its communities, but also
the Antarctic environment, are “canaries in the coal mine” for so-
cieties at lower latitudes.

In order to better understand how changes in the Arctic and Ant-
arctic affect the rest of the globe, both at micro- and macro-lev-
els, the use of a broad array of scientific tools and observations 
are needed. These range from improved downscaled climate 
projections to better environmental monitoring and integrative 
research that draws on multiple elements within the complex 
socio-ecological system in order to better understand and an-
ticipate environmental changes and their societal implications 
(Figure 3).

Thus, the research needs are to:
• Understand the current status and predict future changes in

the Polar Regions to allow for near and far field societal adap-
tation,

• Engage constructively and iteratively with policy-makers at all 
stages of the research, with a focus on the existing and likely
future threats to polar ecosystems, stake- and right-holders,

• Identify available sources for environmental and socio-eco-
nomic data that are needed to assess systematic impacts
upon Arctic and Antarctic environments as well as related
human activities,

• Identify gaps in knowledge and initiate or enhance monitoring 
activities to strengthen future predictions of environmental
impacts, feedbacks, and trends in Polar Regions, and

• At policy-relevant spatial and temporal scales, integrate avail-
able environmental and societal knowledge to develop a suite
of future scenarios.
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3. Research Questions

Key Question 2.1.  
Identifying relevant indicators of polar climate change

Systematic monitoring of the Polar Regions is essential in order 
to develop informed weather and climate actions in the fight 
against climate change and to mitigate the consequences on 
local communities and ecosystems. Against this background, 
and following the concept of Essential Arctic Variables that is 
being promoted by SAON as broad observables in support of 
Arctic societal benefit, there is a need to identify a suite of Es-
sential Climate Variables (ECVs) and indicators that can be used 
to characterise changes in the Polar Regions and assess the im-
pact of climate change on the Earth system (e.g. atmosphere, 
cryosphere, ocean, biosphere, terrestrial environment), local 
communities, infrastructure, and ecosystems. 

Indicators tailored to the Polar Regions should generate infor-
mation about the changing regional climate across relevant 
multi-disciplinary Earth system domains and temporal-spatial 
scales. Candidate indicators (some of these are consistent with 
WMO/GCOS) include: temperature and energy, atmospheric com-
position, ocean and water, the cryosphere, terrestrial phenology, 
biosphere, and extremes, as suggested in Table 2. The indicators 
should be broadly communicated and tell stories about climate 
change in the Polar Regions in a clear and concise way that can 
be understood by non-experts. The number of indicators should 
preferably be limited and, as emphasised by WMO/GCOS, ensure 
compliance with the following factors:

• Relevance: Broad impact to user communities, from national 
via regional to global values,

• Representativeness: Manifest distinct changes in the Polar 
Regions,

• Traceability: Be estimated using an internationally agreed 
(and published) approach, and

• Timeliness: Be regularly updated, at least on an annual times-
cale.

These indicators could also be tailored to the three natural cy-
cles, namely energy, carbon (including biogeochemical cycles) 
and water as shown by the pink, green, blue colours, respec-
tively, in Table 2, as well as the light brown colour that implies 
relevance for both the water and carbon cycles. The listing of 
the ECVs (related to physical, biogeochemical and biological 
variables or a group of linked variables defined by WMO/GCOS) 
emphasises how these variables critically contribute to the char-
acterisation of Earth’s climate, and hence the cycles and the in-
dicators. Moreover, the observations of the ECVs are based on 
feasible technology and sound methods. 

Figure 3. The interconnected polar environment: The pictured example showing 
thermokarst erosion, caused by soil warming, developing in the foreground along 
the bank of the river leading out into the fjord and ultimately the open ocean 
(Zackenberg, NE Greenland). This is an avenue for transport of stored soil carbon 
in permafrost that through thawing is vulnerable to removal as dissolved material 
to the oceans. Both on land and along the way there are also important exchang-
es of greenhouse gases taking place with the atmosphere. Research concerning 
these elements of the natural carbon and water cycles in the Arctic, which see 
disruption by climate warming, is extremely important for understanding both 
local effects and global implications. Photo: Lars Holst Hansen.
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Table 2. List of tentative indicators (not exclusive) and their relationship to natural Earth system cycles (colours) and Essential Climate Variables (ECVs). 
Pink: energy cycle; green: biogeochemical cycles; blue: hydrological cycle; light brown: relevant to both Biogeochemical and Hydrological cycles; violet: 
relevant to both energy and hydrological cycle. Note that the variables listed under Parameters are also recognised as ECVs.

Temperature and 
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temperature
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Precipitation, 
Cloud Properties, 

Water Vapour 
Surface Temperature

Sea Surface & 
Subsurface Salinity, 

Sea Level, 
Sea Surface 
Temperature

Soil Moisture,
River Discharge,

Lakes,
Groundwater,
Cyrosphere,
Water use

Water

The core ECVs that spatially and temporally influence the wa-
ter cycle include: water vapor; clouds; wind; precipitation; snow 
cover; glacier and ice sheet growth and/or melting; permafrost; 
soil moisture; river discharges; ground water; vegetation cover 
and species composition; surface temperature; sea surface sa-
linity and sea level. Moreover, the water cycle involves the ex-
change of energy, which leads to changes in heat fluxes and 
temperature. When water evaporates, it takes up energy from 
its surroundings and cools the environment. When it condenses, 

it releases energy and warms the environment. The water cycle 
is linked to changes in sea level and the ocean circulation and is 
also coupled to the carbon cycle, with increasing atmospheric 
CO2, methane and temperatures that subsequently influence the 
cloud properties and strength and distribution in precipitation 
and evaporation. The direct interconnections between these 
overarching cycles are schematically illustrated in Figure 4.

Figure 4. The global cycles of water, carbon, and energy (courtesy of GCOS).
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Carbon

Carbon Dioxide,
Methane

Inorganic Carbon

Soil Carbon,
Above-ground Biomass,

Fire,
GHG Fluxus

Radiation Budgets,
Temperature 

Wind speed & direction

Ocean Surface
Heat Flux,

Sea Surface & 
Subsurface 

Temperature

Albedo,
Latent and Sensible 

Heat fluxus,
Land Surface 
Temperature

Energy
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Key Question 2.2.  
Designing new approaches to test the chain of processes 
from climate indicators to decision making

A balanced combination of explorative science and sustained 
long-term observations is required to improve our ability to un-
derstand and predict changes in Polar Regions and their subse-
quent global impact. Likewise, there are many examples where 
long-term measurements have led to the discovery of large-scale 
connectivity in natural systems. Both types of research serve to 
provide the necessary insight and data to improve model predic-
tions, which are ultimately used to provide society with a sound 
foundation for management, planning and adaptation. 

For policy-makers to make informed decisions on how to alter 
current practices or adapt to future changes it is necessary that 
a suite of climate indicators is derived (KQ 2.1). Ideally, these 
should be aligned across paleological, historical and modern ob-
servations. Moreover, they should be complemented with model 
extrapolations to ensure increased temporal and spatial cover-
age. This is, however, highly challenging due to the sparsity in 
observational networks, limitations of available paleo proxies 
and the complex and vast range of temporal- and spatial scales 
that characterise Earth system variability (Sørensen, et al. 2019).

European long-term polar observation networks (terrestrial field 
stations, repeat marine hydrography and ecology programmes, 
meteorological, permafrost and glacial sensor networks) are 
typically supported by national contributions and private foun-

dations. Hence, they are subject to fluctuating priorities with 
respect to funding, the measurement parameters encompassed 
and data availability. This hinders the full potential of these ac-
tivities from being realised. However, these networks provide vi-
tal data for climate indicators, feed the further development and 
validation of regional and Earth System Models, and represent 
an existing infrastructure investment from which much can be 
gained. Global Polar science would benefit greatly from a coordi-
nated European effort, which could be linked to established initi-
atives such as SAON and SOOS. A selection of EU long-term po-
lar research initiatives each collecting data for climate indicators 
across major polar environmental compartments (atmosphere, 
cryosphere, terrestrial, marine and geological) and contributing 
to explorative research would represent a major opportunity for 
European science, innovation, service development, policy regu-
lations and deliver societal benefit. Integration of the data and 
research findings to current Earth system modelling, as well as 
results from observing system simulation experiments, is also 
a vital component for these initiatives (Sørensen, et al. 2019). 

Such initiatives would also provide a sustained coordinated Eu-
ropean contribution that aligns well with existing North Ameri-
can and Asian polar programmes as well as internationally coor-
dinated efforts under SCAR and IASC. The location and focus of 
these initiatives are best developed using a bottom-up consor-
tium creation process. There are several existing national pro-
grammes examining specific biomes where the first initiatives 
can be expanded easily to host broader European involvement. 

Photo: Peter Prokosch
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Sustained long-term observational data series are pivotal for 
improved understanding of polar environmental responses to 
climate change. These are, however, often restricted spatially 
to local sites and leave questions relating to representative-
ness for larger areas/regions. This problem can be solved by a 
combined effort, with transect measurements during short time 
periods (one-three years) filling in geographical gaps between 
long-term autonomous (or semi-autonomous) observational 
platforms. These should be supported with repeated visits (an-
nually or biannually) by campaign-based mobile infrastructure 
that, in turn, have the capability to conduct measurements and 
analysis along gradients with shorter time windows needed at 
individual locations. 

Such coordinated efforts may cover transects that can serve 
the purpose of studying scientific questions adopting, e.g., the 
“space for time” approach in which spatial gradients are used to 
explore temporal changes, in particular future trends or shifts 

Figure 5. Possible transects in the high latitude seas and Arctic Ocean and along 
the Antarctic Peninsula.

linked to climate change. Geographically, in the case of the high 
latitude seas and Arctic Ocean (as shown in Figure 5) valuable 
information could be gained from documenting the north-south 
gradient along the east coast of Greenland, the east-west gradi-
ent across the Nordic Seas and from the central part of the Arctic 
Ocean towards northernmost Greenland and Svalbard. As indi-
cated in Figure 5, similar transects could be envisioned following 
gradients e.g. along the Antarctic Peninsula to South Georgia, 
or to explore the land-sea continuum from the ice sheet to the 
deep Southern Ocean across the Antarctic continental shelf.

Coordinated research efforts along such gradients in the Arctic 
and Antarctic will benefit from coordinated and shared logis-
tics with ships, airborne and autonomous platforms and remote 
sensing-based sensors (More information on polar infrastruc-
tures can be found in the EU-PolarNet Deliverable: D3.2 Europe-
an Polar Infrastructure Catalogue and its database).

Research Need 2.1. Long term observations combined with a transect approach
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Key Question 2.3. 
Supporting decision making through predictions and 
projections of polar climate and socio-ecological systems 

Anticipated increases in ship traffic, resource exploitation, tour-
ism, and other activities call for accurate and reliable weather 
and climate analysis, predictions, and projections for safe and 
efficient operations in the Arctic and Antarctic. Polar predic-
tions will be improved when new observation-based knowledge 
is transformed into better informed decision-making for users. 
Despite improvements in Arctic and Antarctic forecasting skills 
in recent decades, existing numerical weather prediction (NWP) 
and coupled global climate model projections do not fully meet 
existing user requirements (KQ 1.3). 

Interactions and collaborations between research and operation-
al departments is crucial for reaching the common goal of pro-
viding high quality services to end-users. Organisational (infra)
structures should be built which allow an efficient and effective 
transitioning of new technologies and observations into opera-
tional systems. A strong research-to-operations (R2O) interac-
tion is essential to implement newly developed (pilot) products 
that have been co-produced through an iterative and interactive 
process with users, and to embed short-term (project-based) 
collaborations into long-term strategic relationships aiming to 
increase the users' capacity to responsibly use tailored servic-
es and actionable information. Observation and field campaigns 
should also benefit the operational real-time services without 
compromising the observation-based research. The EU funded 
Copernicus Earth Observation Programme8 builds on this ration-

ale and approach, and provides information services freely and 
openly accessible to its users. Its further development should 
continue to be user driven. 

NOVEL DISSEMINATION AND VISUALISATION SERVICES 
FOR ARCTIC AND ANTARCTIC USERS 

The increasing number of polar maritime operators, the hazard-
ous sea ice and weather conditions, and the sparse telecommu-
nication infrastructure put great demands on the provision of 
environmental monitoring and forecasting services. Up-to-date 
weather, sea state, icing, iceberg, and sea ice information is es-
sential to maintain safe navigation in ice infested waters. More-
over, adequate iceberg and sea ice information for all activities 
in the high latitude seas and Arctic Ocean is a mandatory re-
quirement for safe operations, enforced by the Polar Code, which 
was introduced on 1 January 2017. Large amounts of satellite 
observations and model forecasts are available from Copernicus 
and governmental services in real-time. The Antarctic has no 
coordinated ice/weather agencies and significantly fewer SAR 
capabilities than the Arctic. In any case, the uptake by users of 
satellite data is limited by the expertise to handle and interpret 
the data and information products and by the low bandwidth 
limitations of satellite communication in the high latitudes. Nov-
el approaches to adapt to the limited communication capacity in 
the Polar Regions will be needed jointly with visualisation sys-
tems to provide the multitude of information from satellites and 
forecasting systems in real-time to polar operators. 

8 https://www.copernicus.eu/

Photo: Ronald JW Visser
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Key Question 2.4. 
Assessing the added value of the Polar Regions in 
relation to climate change and human activity impacts 

When discussing the value of the Polar Regions we should be 
aware that this umbrella term comprises both extrinsic (or in-
strumental) values – those that are means to an end and include 
economic and resource values – and intrinsic values, which de-
scribe aspects of the regions that are valued in and of them-
selves, such as wilderness or aesthetic beauty. In the Antarctic 
region, a range of intrinsic values, including aesthetic and wil-
derness values, as well as extrinsic values such as the value of 
the region for scientific research, are explicitly recognised as 
worthy of protection through the Protocol on Environmental Pro-
tection to the Antarctic Treaty.

In a climate-change context, the significance of both Polar Re-
gions as barometers of global change as well as significant mod-
erating forces, e.g. drivers of thermohaline circulation through 
the production of cold, dense bottom water and the Earth’s larg-
est frozen freshwater stores, cannot be overemphasised. At the 
same time, global temperature change is amplified in the Polar 
Regions, especially in the Arctic, where the impact of climate 
change has consequences not only upon local environments and 
populations but also on the lower latitudes through global tele-
connections.

Increased human activities in both Polar Regions are generat-
ing local and global impacts. In the Arctic, these come from in-
creased tourism, transport and activities aimed at securing both 
finite and renewable natural resources. In the Antarctic, these 
impacts arise from increased human presence through expand-
ing tourism, fisheries, and research activities, including the es-
tablishment of additional research stations and infrastructure. In 
the Arctic, reductions in sea ice promise to open new sea routes 
that must be managed to ensure that networks of marine pro-
tected areas are preserved and protected. In all instances, both 
the lack and the construction of infrastructure for long-term and 
transient human presence present challenges.

4. Resource Requirements

In order to investigate the major element cycles with the pur-
pose of improving the knowledge base for decision making in 
relation to better informed weather and climate action, the fol-
lowing set of international efforts are needed:

• Transect based coordinated large-scale targeted programmes. 
These should take advantage of shared logistics and organisa-
tion for answering key scientific questions,

• New technologies should be deployed that will ensure that 
proper information can be collected. These should be in the 
form of autonomous platform carried sensors, automated dis-
tributed sampling hubs, increased use of emerging remote 
sensing capabilities, and advances in bandwidth capacity (RN 
6),

• Existing long time-series of ecosystem monitoring data. 
These should be utilised to their maximum and expanded with 
greater spatial coverage using mobile comparative and compli-
mentary measurement platforms (RN 3),

• Novel model development and innovative approaches. At a 
variety of scales, from processes to regional climate predic-
tion, models, data assimilation, Machine Learning and Artificial 
Intelligence should be applied and developed in close conjunc-
tion with the improved measurement capabilities as well as 
through use of emerging long-term observational datasets for 
validation (RN 1 and 6),

• Educational aspects. These need to be included at all levels, 
both in the form of internal exchange between researchers 
and technicians involved, and beyond the projects with educa-
tional and training programs for schools and the wider public 
to be developed in consort with the research efforts (RN 4), 
and

• Commercial, industrial, and social developments. There is a 
need for collaboration between academia, Indigenous organ-
isations, local communities, governments and industries to 
enhance technology developments, new jobs, safer opera-
tions, better sustainable economies (transport, fisheries and 
industry), and capacity building in Polar Regions (RN 4 and 6).
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Research Need 3. 
Resilient socio-ecological systems

1. Introduction

Understanding the changes in structure, functioning, and bio-
diversity of polar ecosystems in the Arctic and Antarctic poses 
some common challenges. Both Polar Regions are hard to access 
and difficult to study because of their remoteness and scant 
infrastructure. Long-term observational systems, necessary for 
better future predictions, are mainly operated within the more 
accessible geographical sites, sectors, and ecoregions, such as 
the Bering and Barents Sea in the Arctic and the West Antarctic 
Peninsula Region in Antarctica. Lack of baseline knowledge of 
broad scale variations of drivers and the dynamic responses of 
species and biological communities (i.e., spatial ecology) poses 
significant constraints on detecting and evaluating climate-in-
duced ecosystem changes, or assessing the cumulative impacts 
of multiple drivers.

In the Arctic, the permanent residents are directly affected and 
need to adapt to the consequences of a changing climate. Al-
though the majority of Arctic residents in northern Europe in-
habit modern cities, they strongly rely on services provided by 
ecosystems and are culturally deeply rooted in their local envi-
ronment. Studying climate change impacts in a socio-ecological 
context is therefore pivotal. Integrating science with local and 
traditional knowledge and observation systems, and including a 
diversity of perceptions and values to set priorities for monitor-
ing socio-ecological changes, can provide a better understand-
ing of the complex interlinkages between ecosystems and soci-
ety at different levels. 

Antarctica, although now exclusively dedicated to science and 
environmentally protected, has received major human impacts 
from sealing, whaling industries, and, to a lesser degree, from 
the fishing industry, all powered by industrialisation in the nine-
teenth and early twentieth century. Especially the impact of 
fishing on the highly specialised and unique Southern Ocean 
marine ecosystems and Antarctic food webs continues today, 
and continued monitoring is essential to assess ecological con-
sequences. These impacts on the marine and coastal Antarctic 
ecosystems are regulated by the Convention for the Conserva-
tion of Antarctic Seals (CCAS), the International Whaling Com-
mission (IWC), and the Commission for the Conservation of Ant-
arctic Marine Living Resources (CCAMLR). In addition, coastal 
Antarctic ecosystems are under the jurisdiction of the Antarctic 
Treaty Consultative Meeting´s Committee for Environmental 
Protection (CEP). 

Ultimately, past, and present human interferences shape eco-
system structure and functioning in both Polar Regions and 
need to be accounted for in past, present and future biodiversity 
assessments and analyses of spatial ecology to guide conserva-
tion measures.

The concept of socio-ecological systems (SES) conveys that 
human societies cannot be understood as separate from polar 
ecosystems, but are active agents of ecosystem change, which 
feeds back directly or indirectly to the people depending on 
these ecosystems. Global connectedness also increasingly influ-
ences polar systems and changes the local socio-ecological dy-
namics. Resilience, i.e. the ability of the systems to absorb and 
cope with these changes, the vulnerability of social groups or 
communities exposed to “surprising” changes, extreme events, 
and unexpected stressors (Pershing, et al. 2019), and their adap-
tive capacity to respond to such changes, are inherent to the 
SES concept. Rapidly changing climate and weather conditions 
and increasing regional and global impacts necessitate more 
than projections and predictions of trends in polar areas, and 
instead call for scenario models that can envision both plausi-
ble and desired futures. Ecosystem-based management of SES 
also needs to consider the multiple values, diverse knowledge 
systems and complex interactions between local and global in-
terests as the Arctic is changing. In the Antarctic, the grade of 
accomplishment of existing conservation measures needs to be 
revised and updated in the face of climate change and increas-
ing human pressure on marine and terrestrial ecosystems, and of 
the changed global geopolitics.
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Figure 6. Resilience and vulnerability of socio-ecological systems (SES).
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From an ecological perspective, the major differences between 
both Polar Regions relate to the long-lasting biogeographical 
isolation of Antarctica and its extremely cold climate. Whilst 
Antarctic terrestrial biotas are highly endemic and predom-
inantly consist of a few dominant groups of lower plants and 
invertebrate fauna, a higher marine biodiversity is attributed to 
the genetic isolation of the Southern Ocean marine communi-
ties. Long-term isolation of both marine and terrestrial biotas in 
an extreme cold environment has fostered adaptive changes of 
molecular, structural and physiological capacities, leading to the 
evolution of highly specialised organisms that form large popu-
lations in the Antarctic (e.g. krill), but are also highly sensitive 
to the vagaries of environmental variability and change. With 
several important groups not well represented (e.g. fish) or en-
tirely missing in freshwater bodies, Antarctic marine ecosystems 
and food webs are highly specialised to meet the environmental 
conditions and constraints caused by permanent or seasonal ice 
cover. Their response to climate change needs further investi-
gation, from organismal to community and to ecosystem level, 
and with respect to connected ecosystem services. The large 
Antarctic krill swarms, and the seabirds, whales and seals de-
pending on them, are good examples that show the response to 
change of sea ice dependent communities. Under pressure from 
climate change and the target of a major Antarctic fishery, krill 

accelerates carbon draw down to the deep ocean, sustains large 
populations of charismatic top-predators and, hence, provide 
provisional, regulatory, and cultural ecosystem services. These 
are massively at stake if climate warming continues unabated 
(Further reading: Bennett, et al. 2015; Rogers, et al. 2019).

On the contrary, the stronger connectivity between the Arctic 
and boreal regions combined with a much younger ecosystem 
means that there are generally fewer endemic species in the 
Arctic compared to the Antarctic. The connectivity to lower 
latitudes also enables poleward migrations and range shifts of 
temperate species and lowers physical barriers for dispersal of 
non-native species (NNS), including pathogens. The ecosystems 
in the Arctic have also been exposed to multiple waves of re-
source exploitation in the past that have impacted the commu-
nities. Extended ice and snow free periods alter light availability 
that lead to substantial shifts in productivity and phenology and 
alter ecosystem structure and food webs. For example, the loss 
of sea ice has been estimated to increase ocean productivity in 
some regions, and expansion of Atlantic water into the Arctic 
has driven range expansion of several temperate commercial 
fish stocks. 

Research Need 3.1. Consequences of climate change: Arctic vs. Antarctic

Photo: Ronald JW VisserPhoto: Ronald JW Visser
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A major difference between both Polar Regions is linked to the 
historical human colonisation and the accelerating societal de-
velopment and urbanisation of the Arctic. 

Humans have relied on living resources in the Arctic for thou-
sands of years, and substantial impacts upon the ecosystem 
started at least 400 years ago when European whalers dec-
imated populations of several Arctic marine mammals, which 
have never recovered. Commercial fisheries in the Arctic are 
substantial. They contribute about 10% to the global catch and 
are concentrated in the Bering Sea, Norwegian Sea, Barents Sea, 
and the West Greenland shelf. Examples of local overfishing of 
commercial stocks started in the 1970s, and extensive trawl-
ing has undoubtedly resulted in expansive changes, especially 
in benthic biodiversity. In recent decades, an increasing number 
of studies have documented how temperate flora and fauna are 
expanding north. Similarly, melting of sea ice provides access 
to new areas for fisheries. The Central Arctic Ocean Fisheries 
agreement has been promoted as an example of precautionary 
ecosystem-based management. It prevents the signatory Par-
ties to engage in unregulated commercial fishing in the high 
seas of the Central Arctic Ocean for a specified duration of time. 
In addition, the increased fishing activity further north of the 
EEZ and the pressures of multiple human activities impacting 

the coastal socio-ecological systems have been studied only to 
a limited degree. The terrestrial ecosystems also lack general 
baseline data due to lack of monitoring in these areas.

In contrast, the remoteness and the absence of native human 
populations in Antarctica has until recently minimised direct hu-
man impact on the continent. However, human presence in form 
of the Antarctic fishing industry, tourism industry, and nation-
al scientific and logistic activities is increasing with potentially 
negative consequence for Antarctic ecosystems. For example, 
ship traffic has increased by 5-10 times since the 1960s, com-
mercial visitor numbers having increased to ca. 60,000 tourists 
annually, and the continent now supports over 100 research sta-
tions, camps, and runways. These activities may increase local 
pollution, disturbance of wildlife and the risk of non-native spe-
cies (NNS) introductions to marine and terrestrial environments. 
At present, the great majority of Antarctic human footprint, in 
the form of tourist visitor sites and research stations, is concen-
trated on ca. 6,000 km2 of ice-free land near the coast, and in 
particular around the Antarctic Peninsula, as this affords ready 
access by ship. However, this same area supports much of Ant-
arctica’s terrestrial vegetation, as well as seabird colonies and 
seal haul out sites, which have in some cases been destroyed 
or displaced in locations where human activities have taken pri-
ority. Contrary, although krill (Euphausia superba) and the Ant-
arctic toothfish (Dissostichus mawsoni) are the largest ongoing 
fishery in the Antarctic, their catch limits are strictly controlled 
by CCAMLR. 

One of the greatest threats to Antarctic marine and terrestri-
al environments is in the introduction of NNS (McCarthy, et al. 
2019; Hughes, et al. 2020). Within short reach from South Amer-
ica, the West Antarctic Peninsula (WAP) is receiving 99% of the 
Antarctic tourism and the major part of logistic support travel 
for the land stations operated here. In addition to trampling and 
littering the environment, humans visiting Antarctic coastal 
areas facilitate introduction of NNS. Most of the introduced or-
ganisms are still not able to survive under Antarctic environmen-
tal conditions. However, as terrestrial and ocean temperatures 
warm, migration of organisms and exchange of larvae and algal 
propagules between South America and the WAP becomes more 
likely. In the Arctic region 34 non-native marine species have 
been introduced since 1960 (Chan, et al. 2019), a low number 
compared to other regions in the world, but high compared to 
the Antarctic.

Research Need 3.2. Human footprint in the Arctic and Antarctic 

Photo: Ronald JW Visser
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2. Societal Relevance

The research proposed here addresses knowledge gaps in the 
understanding of ecosystems and the services they provide, 
and illustrates their importance for human health, well-being, 
community identity and culture, quality of life, and subsistence 
economies. The polar ecosystems are an important element in 
the cultural heritage of Indigenous as well as non-Indigenous 
Arctic communities. Their well-being strongly relies on the eco-
system for subsistence hunting and for food and water security, 
especially in rural regions. The strong interlinkage between eco-
systems and human communities creates specific demands with 
respect to ecosystem conservation and management that sets 
the baseline to support Arctic societies in finding their ways to 
cope with climate change and globalisation in the Polar Regions 
(Figure 6). 

The term “One Health” (OH, see also KQ 3.2) describes a multi-
disciplinary approach to health risks in humans, animals, plants, 
and the environment. It considers traditional and local knowl-
edge and uses the experience to identify and respond to health 
issues. 

In order to understand how changes in the terrestrial and marine 
ecosystems in the Arctic and the Antarctic are influencing the 
socio-ecological system at local, regional and global scale, we 
need to understand the structure and functioning of the polar 
ecosystems, more clearly identify the hierarchy of drivers and 
stressors, and determine how they influence the ecosystems. In 
doing so we can better understand the relations between eco-
systems on the one hand and human health and well-being on 
the other, and infer how ecosystem change impinges on the so-
cio-ecological system. 

With this knowledge, we can address societal challenges like:
• Protecting the fragile marine and terrestrial polar ecosystems

by developing proper management tools.
• Assessing the main health risks for human and animal popula-

tions in the changing polar environment.
• Improving the quality of life in rural and urban Arctic communi-

ties and including its multidisciplinary integration into the OH
concept to address changing polar socio-ecological systems.

3. Research Questions

Key Question 3.1. 
Understanding key issues of polar ecosystem structure, 
functioning, and change

Climate change and increasing human pressure at a global scale 
cause rapid and irreversible changes of ecosystem structure and 
functioning in both Polar Regions. Warming of the Arctic and 
Antarctic results in melting of their ice sheets, thawing of per-
mafrost layers, loss of sea ice, and glacier retreat. This leads to 
shifts or loss of habitat for polar species and complex impacts 
on biogeochemical cycles, biodiversity, ecosystem structure, as 
well as productivity and carbon cycling (ecosystem function). In 
addition, pollutants from local and distant sources are taken up 
by organisms and incorporated into polar food webs, with the 
highest concentrations building up in the apex predators. Warm-
ing allows temperate species to move and expand their dispersal 
ranges toward the poles, where they compete with native polar 
biotas. Furthermore, human shipping and visiting activities on 
land increase the risk of introducing invasive non-native species 
(NNS) and disease vectors. Thus, polar ecosystems are exposed 
to a multitude of forcing factors, from general large-scale drivers 
that affect entire Polar Regions, to more specific processes act-
ing at local scale, including changes in the physical environment, 
ocean acidification, changing coastal matter fluxes, reduced ox-
ygen availability, extraction of living and non-living resources, 
and arrival of new pathogens that may threaten the wildlife, hu-
man beings and livestock. Combined, these drivers create a mo-
saic of multiple and mutually reinforcing anthropogenic stressors 

Photo: Doris Abele
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acting on the unique and highly vulnerable polar ecosystems. To 
improve our capability to quantify and predict changes in polar 
ecosystem structure and functioning in response to macro-scale 
and local drivers, and to allow timely adaptation to, and mitiga-
tion of disturbances, we must improve our capacities to analyse 
and quantify changes in polar ecosystems, and further our un-
derstanding of the combination of stressors that drive these 
changes. Goals should include:

• To develop standardised biological baselines for the biodiver-
sity and ecosystem structure of polar ecosystems and develop 
suitable indicators and observing programmes to monitor
health and rates of ecosystem change, and

• To obtain better understanding of major drivers across geo-
graphic regions/sectors and improved process understanding
of the resulting changes in polar ecosystems and across dif-
ferent habitats, including the cumulative effects of multiple
drivers.

Development of coordinated circumpolar observation systems 
combined with other initiatives such as the Distributed Biologi-
cal Observatory9 or the Synoptic Arctic Survey10, including data 
on both environmental drivers and ecosystem responses, is 
essential to support this research. Ecosystem change research 
must include knowledge derived from biogeochemical and bio-
logical archives and take into account the evolutionary history 

9 https://www.pmel.noaa.gov/dbo/ 
10 https://synopticarcticsurvey.w.uib.no/ 
11 Essential habitats: important feeding or fishing/hunting grounds or other 
habitats of specific importance.

and adaptive capacities of polar species to allow projections into 
the future, and facilitate the development of standardised in-
dicators and methods for Arctic and Antarctic ecosystem anal-
ysis. Importantly, we also need to improve methods for ranking 
stressor impacts and determine their combined impact across 
different ecological subsystems (habitats). Further knowledge 
gaps exist with respect to the regional hotspots and essential 
habitats11 targeted by the anticipated impact. Hence, indicators 
need to be tested at different hierarchical levels and for differ-
ent levels of complexity: from individual performance traits and 
markers for stress sensitivity/resilience, to community com-
position and structure, including migrating and introduced or-
ganisms, and demographic/ evolutionary traits of key species. 
Definition of desired ecosystem states and the development of 
management tools for impact mitigation and conservation in the 
future requires further advances in our understanding of how 
societies interact and respond to ecosystem changes. Partici-
patory approaches require the inclusion of local and traditional 
knowledge in terms of provision of datasets and of an alterna-
tive understanding of the causality chain.

Figure 7. Layers of dying krill beaching on King-George Island, West Antarctica. 
The krill has been exposed to glacial melting and dead animals had ingested  sed-
iments from subglacial in the coastal environment erosion (Fuentes, et al. 2016). 
Photo: Doris Abele.
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Key Question 3.2. 
Designing a healthy socio-ecological system

Without a healthy ecosystem that maintains its intrinsic biodi-
versity, there is no human health (Figure 8). One Health (OH) is a 
concept that incorporates all atmospheric, terrestrial, and marine 
ecosystems, and all the life forms that inhabit them, including 
humans. It is the essence of traditional knowledge and since 
the beginning of evolutionary biology in the midst of 1800s, 
it has been a concept receiving acceptance particularly when 
faced with complex challenges such as climate warming, global 
migrations, infectious disease spread, and worldwide dispersal 
of contaminants by atmospheric cold condensation or oceanic 
transport. The dynamic processes, characterising ecosystems in 
constant change, demand efficient monitoring and surveillance 
across borders. Species facing climate change may go locally ex-
tinct and move poleward, or shift distribution range to higher 
elevations or into the deep ocean regions, and bring with them 
zoonotic infections that endanger other susceptible species and 
humans. Food and water security are at risk. With the increasing 
risk of cultural ruptures due to ecosystem changes, psychologi-
cal stress and mental health problems are already affecting es-

Figure 8. One-health concept based on Center of One Health Research (University 
of Alaska Fairbanks), which shows the different disciplines used to define it.

pecially the Indigenous populations of the Arctic. The identity 
of Indigenous Peoples is strongly connected with well-being 
and good quality of life, turning culture into a proper tool to be 
used in health care to inspire mental wellness (RN 4). Increasing 
urbanisation, the importance of mass-media, especially social 
networks, the lack of wage-earning jobs, as well as intensified 
import of goods (including alcohol and drugs) exert additional 
pressures on local cultures, social structures and hierarchies 
adding to the stress for the inhabitants of human settlements 
and cities.

In the OH model the focus is on the link between healthy and 
productive ecosystems, biodiversity and human well-being and 
health, which is not so much used in all parts of the Arctic. The 
involvement of the local population in the monitoring, as an in-
tegrated part of ecosystems, is an essential element of the OH 
model. There is a growing need for education on different levels, 
from educational systems to the general public. Communication 
with decision makers as well as with the populations at large, 
including the business part of societies, is becoming increasingly 
important and necessary and should be emphasised in the ap-
proach, tasks, and deliverables of research consortia.
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Key Question 3.3. 
Expanding observation of socio-ecological systems

A primary challenge in polar systems consists in obtaining suf-
ficient spatial coverage of quality controlled environmental and 
ecological data and knowledge that allows for process analysis 
of the dynamic changes in socio-ecological systems. There is a 
particular need to create observation systems that can effec-
tively track changes of relevance to the sustainable develop-
ment goals for the Post 2020 Biodiversity framework, and for 
enhancing adaptive capacity and resilience, reducing vulnerabil-
ity, and contributing to sustainable development with respect to 
the Paris Agreement.

This requires improved and consistent sampling strategies of 
sufficient spatial coverage and temporal resolution, both in 
physical and biological parameters, in support of polar ecosys-
tem modelling. This is becoming more important, since Polar 
Regions as terminal areas for the deposition of many historical 
and emerging pollutants, lay the cornerstone for monitoring and 
for assessing the effectiveness of regulatory measures within 
and outside the Polar Regions. Integrated approaches for envi-
ronmental measurements and the analysis of the polar biota, 
the community structure, and species interactions need to be 
further developed. Advanced technological and analytical solu-

tions are required for automated observation and repeated sur-
veys of environmental and biological parameters in ice-covered 
and inaccessible environments. More generally, bio-logging and 
omic-based technologies are relevant tools to identify key habi-
tats and pollutant hotspots, evaluate impact of human activities 
(fisheries, shipping routes) on biodiversity, and set-up protected 
areas. Enhanced spatial coverage is also required in polar so-
cio-ecological system research for future predictions of human 
well-being, living conditions, and Polar community health (e.g., 
scattered data from field stations provide insufficient basis for 
terrestrial observation).

In addition, generic information systems are required for im-
proved data management and accessibility, including visual-
isation of data and statistical requests in space and time for 
prompt recognition of research gaps and trends (RN 6).

Integration of ecosystem change analysis with the economy, so-
cial sciences and humanities is still weak. An additional major 
challenge is, therefore, in understanding the connectivity be-
tween ecosystem and societal change, including feedback loops 
of human interventions on the dynamics of polar socio-ecologi-
cal systems at multiple levels. In this context, the collection and 
storage of human data also pose additional questions of ethics 
and security.

Photo: Anna Karin Landin

Research Need 3.  43



Key Question 3.4. 
Ecosystem-based management, governance and 
transformative solutions toward a sustainable future 

The widespread and accelerating changes taking place in polar 
ecosystems, their biodiversity and ecosystem services, embody 
fundamental challenges that ecosystem-based management 
and governance need to prepare for. In the search for ecosys-
tem-based approaches that can manage resources and ecosys-
tems sustainably, a diverse set of tools have been developed 
that can potentially address the complex interactions between 
ecosystems and society. 

There are significant advances in developing management tools 
that enable us to implement ecosystem-based management (cu-
mulative impact assessments, spatial planning, zoning, protect-
ed areas, etc.). The challenge is that these tools lack baseline 
data and constant observations. Furthermore, as the demand 
for ecosystem goods and services is increasing as polar ecosys-
tems become more accessible, ecosystems functioning may be 
adversely affected by expansion of human interventions and in-
teraction with the natural environment.

Managing the underlying drivers that are influencing the com-
plex dynamic systems, including the current mismatch between 
social systems and ecosystem dynamics on multiple scales, re-
quires coordinated governance regimes at the highest possible 
levels that can effectively respond to changes, despite uncer-
tainties, by using precautionary approaches and science diplo-
macy. 

Science can provide some support through innovative solutions 
for understanding the future sustainable pathways by drawing 
on information from the past, and by using scenario methodolo-
gies to predict, explore and to co-create desired sustainable fu-
tures with stakeholders holding diverse values and knowledge. 
However, enhancing resilience and creating sustainable futures 
is also more fundamentally about governance and collaboration 
between science, governments, civil societies, and markets to 
address future challenges. Implementing ecosystem-based gov-
ernance, irrespective of political and other borders, requires the 
current powerholders to value and support ecosystem-based 
governance, even if it creates debates and conflicts about the 
required trade-offs.

Photo: Henning Lorenz
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4. Resource Requirements

In order to investigate the changes of socio-ecological polar eco-
systems and the implications of these, there is an urgent need 
for:

• Improving the baseline knowledge of biodiversity and ecosys-
tem functioning in Polar Regions at all levels of complexity,
from microbes to plants and animals, to homogenise data
across time and space and achieve better connection between 
marine, terrestrial, biological and atmospheric ecosystem fac-
ets, and social sciences. This will strengthen participation of
communities and interest groups and their involvement in
study design of major research activities to secure existing
long-term biological surveys and demographic studies as well,
and

• Advances in modelling and molecular techniques need to link
broad-scale effects of drivers in socio-ecological systems to
predict consequences for society and the natural environment 
at multiple scales. This will advance interdisciplinary and col-
laborative analyses of marine and terrestrial systems. The
outcome will create plausible future trajectories of socio-eco-
logical systems that allow for effective adaptation and deci-
sion-making.

Photo: Diane Erceg

A key challenge in the coming decades will also be related to 
transforming to a currently unknown future state of ecosystems 
and socio-ecological systems in the Arctic and Antarctic. Scenar-
io approaches can help to build capacities to prepare for alterna-
tive plausible futures either by use of qualitative, story-telling 
approaches or through predictive modelling. The key to trans-
forming societies to embrace sustainable management path-
ways requires partnership between governments, civil society, 
and businesses. For the Arctic, a constructive way of working 
with Indigenous and local people through co-design and co-pro-
duction of knowledge can help building transformative solutions 
that are perceived as positive, constructive, and socially and 
culturally acceptable. Transformative changes also demand a 
multi-level perspective, including capacity building and recog-
nising these capacities as legitimate for Arctic communities to 
act as an active agent for changing their own future. Develop-
ing integrated, adaptive, informed, and inclusive approaches for 
responding to these future ecological and societal changes is 
a major challenge for the coming decades. The key question is 
therefore: how can we transform to create sustainable pathways 
for the future?
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Research Need 4.  
Prospering communities in the Arctic

2. Societal Relevance

The research proposed in this plan helps address knowledge 
gaps around how to enable the economic, social, and cultural 
prosperity of Arctic communities. Despite efforts to revive Indig-
enous cultures and languages, many are still under stress across 
the Arctic. More knowledge is needed to ensure that cultural vi-
tality is enhanced. The ability of governance institutions to pro-
vide for soft security (food, water, energy) for Arctic citizens in 
an age of rapid change is also a matter of concern (Arctic Council, 
2016).

The challenges many Arctic communities face in the transition 
to a less carbon dependent future is particularly acute compared 
to cities and settlements in the south, due to the long trans-
portation routes for goods, greater heating needs, etc. At the 
same time, it is necessary to understand how a fair share of the 
burden tied to this transition can be determined (Skjöld, et al. 
2019). There is thus a need for more innovations and knowl-
edge about solutions for a just transition to low carbon energy 
solutions. 

Additional examples of societal challenges this research need 
intends to address include:

• Developing stronger education systems that integrate west-
ern scientific knowledge and traditional knowledge,

• Understanding the relationship between improved well-being
and quality of life and increased self-determination and Indig-
enous participation in regional and local governance,

• Developing new indicators for well-being and sustainable
development in the Arctic to complement the UN-SDGs rele-
vant to this Research Need (Figure 1), and

• Creating new regional economic development models that
ensure local sustainable value creation and well-being from
any increased industrial activity.

1. Introduction

Ongoing and projected climate and environmental changes, in-
creased human activity, and growing geopolitical interest im-
pact communities, industries and livelihoods in Polar Regions in 
different ways, but the most profound impacts are yet to come. 
Other drivers of change are especially affecting inhabitants in 
Arctic communities, including the accelerating urbanisation and 
intensified in- and out-migration that rapidly are transforming 
the human geography of many regions in the Arctic. 

Research needs to consider the complexity of different A r ctic 
populations, regions, and communities, with different p o litical, 
cultural, religious, and economic systems. Men, women, youth, 
and elders are not equally affected by the changes brought 
about by globalisation, a warming climate, urbanisation, and mi-
gration. Thus, there is a need for better understandings of the 
gender and age dimensions of the impacts of change (Larsen, 
et al. 2010). The huge diversity of Arctic peoples calls for new 
and differentiated methods for understanding social and cultur-
al processes and future developments for aiding local leaders, 
planners and policy-makers. In some parts of the Arctic, there are 
moves toward greater self-determination and autonomy, espe-
cially in regions demographically dominated by Indigenous Peo-
ples, while other parts – such as the Russian Arctic – face central-
isation and the abolition of regional autonomies. Many local and 
regional economies in the Arctic are resource-based, and there 
has been great dependence on extractive resource industries, 
which come with exposure to global market forces. To achieve 
sustainable communities, residents must have the knowledge, 
skills, and resources to create and implement new and innova-
tive ways of addressing the challenges that researchers and Arc-
tic inhabitants identify. The question is how education systems 
can develop these capacities (Larsen, et al. 2010; 2014).

The opening of new seaways in the Arctic raises the necessi-
ty for innovative and sustainable infrastructure; similarly, the 
receding cryosphere incurs challenges on land-based transport 
and other infrastructure, e.g. thawing permafrost (Arctic Council, 
2009). As this chapter concerns social issues, it is mostly dealing 
with the Arctic. But when relevant, for instance when discussing 
industrial legacy, it also includes Antarctica. 
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3. Research Questions

Key Question 4.1. 
An infrastructure plan in support of sustainable 
community development

Infrastructures, in the context of this document, are the basic 
physical structures needed for the operation of a society, and in-
clude such structures as roads, airports, harbours (transportation 
infrastructure) as well as the power grid, water supply and sew-
er systems (supply infrastructure), buildings and housing, tele-
communication structures and navigational aids, as well as ser-
vice and health infrastructures. Arctic communities are isolated 
and require a high degree of independence in terms of operating 
and maintaining infrastructure (Schweitzer, et al. 2017). Outside 
the European Arctic there is typically no or a seasonally limited 
regional road network, and most communities rely heavily on air 
or sea transport, and thus depend on airstrips, helipads, and har-
bour infrastructure. In the Barents region the problem is rather 
the lack of horizontal intra-regional transportation networks12. 
There is typically no regional power grid and water supply infra-
structure. In addition, the pace of climate change in the Arctic 
creates significant threats:

• Thawing permafrost causes change in mechanical properties
of soils, which in turn deteriorates stability and service-life of
built infrastructure,

• In mountainous areas, slope destabilisation increases risk of
slides, and at sea level, coastal erosion is enhanced by both
more open water and thawing of coastal permafrost,

• The extent of Arctic sea ice is decreasing, the sea ice is
warmer, thinner, weaker, and there are larger areas of broken
ice than before, and

• Climate and environmental conditions are extreme and chang-
ing, and standard construction practices are typically not well
adapted even to current conditions.

Many Arctic settlements experience challenges due to lack of 
adequate freshwater resources, accessibility by modern freight 
ships, stable ground for airstrips, etc. Such deficiencies may in 
turn slow or hinder infrastructure development; for example, the 
lack of adequate freshwater supply, may be a reason not to in-
vest in piped water and sewer systems, as such infrastructures 

are known to increase household water consumption. At the 
same time, not every Arctic community wants infrastructure de-
velopment, such as road connections to other villages and towns 
(Schweitzer and Povoroznyuk, 2019).

On this basis, we recommend supporting the following infra-
structure research activities aimed at growing prosperity in Arc-
tic communities:
• Understanding the complex interaction of adaptation choices

in Arctic communities, where solutions to one problem may
cause recession with respect to others. This includes identify-
ing building types and construction methods better suited to
Arctic environments,

• Exploring how to combine use of the best available technol-
ogy with local involvement and capacity building to promote
local ownership of solutions and create a feeling of responsi-
bility for operation and maintenance, and

• Developing mechanisms for (i) mapping infrastructure barriers
for business opportunities; (ii) linking infrastructure develop-
ment to socioeconomic and physical well-being; and (iii) base
policy and governance decisions regarding infrastructure
development on community costs and benefits.

12 Barents Regional Transportation Plan

Photo: Peter Prokosch
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nary challenges for governance at all scales in the Arctic. While 
the expectations of economic growth in the Arctic driven by re-
source extractive industries (petroleum, etc.) has not been fully 
met, the tourism industry is increasing rapidly at the poles, with 
profound impacts on local communities (Stepien, et al. 2014).

Arctic communities are also affected by the UN-SDGs and the 
expected transition to sustainability and carbon neutrality. The 
geography of Arctic communities, and their climate and econom-
ic resource base pose a tremendous challenge in that respect. 
It is thus important to keep in mind that “the hallmark of just 
transition is that it recognises and accommodates the needs of 
local stakeholders (in the Arctic, importantly the local inhabit-
ants) and ecosystems” (Sköld, et al. 2019). 

 Based on the above-mentioned challenges, we recommend the 
following research priorities:

• Increased knowledge and institutional innovations to ensure
that governance systems foster greater participation and
engagement while growing self-determination and legal
empowerment (Larsen and Fondahl, 2014),

• More knowledge about how the economic benefits from
increased industrial activity can be combined with cultural
and environmental protection, and how this challenge can be
managed in a way that also ensures local participation, and

• More knowledge about how local and regional governance
systems can enable just transition, in particular, by how it can
engage local inhabitants and industries. (Sköld, et al. 2019).

Photo: Peter Prokosch

Key Question 4.2. 
National and sub-national governance challenges 
in the Arctic Regions

The Arctic is governed by numerous institutional arrangements 
at multiple scales, from local municipal councils to international 
treaties. Still, there are some general characteristics that dis-
tinguish them: the distances are vast, and the communities are 
small, and even the local level of government might cover areas 
vastly greater than nation-states in the south. In this section we 
understand governance as the political systems at the national, 
regional, and local level that undertake public decision-making. 
Many governance institutions in the Arctic are influenced or run 
by Indigenous Peoples with their own languages and cultures. 
But the relatively small size of most communities and a colonial 
history implies a marginal position of many Arctic authorities in 
relation to the national state. This creates power asymmetries 
and affects northern peoples' opportunities to be represented 
and get their interests on political agendas. There has been 
a trend in the last decades of increasing devolution of power 
and increased autonomy at a regional level (e.g., Greenland, 
Nunavut, Finnmark). The increased self-determination brought 
about by legal empowerment of Indigenous Peoples is altering 
governance institutions at all scales. The establishment of sep-
arate political institutions for Indigenous Peoples has also led to 
overlapping governance structures. This can strain the capaci-
ty of inhabitants to participate in political processes as well as 
their economic resources for engagement (Larsen and Fondahl, 
2014). 

The rapid changes brought about by climate change, increased 
industrial activities, migration and urbanisation pose 
extraordi-
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Key Question 4.3. 
Economic innovations for sustainable development 
of Arctic communities

Arctic local economies have until recently been based on a 
few industries only, often within natural resource extraction, 
particularly petroleum, mineral extraction, and fisheries. This 
exposes them and makes them vulnerable to global changes 
in demand, particularly anticipating a future circular economy, 
requesting less of these resources. At the same time new ser-
vice- and tech-based industries are of increasing importance for 
local economies. Tourism activities are growing rapidly in several 
Arctic regions, providing economic development opportunities, 
but also threatening fragile ecosystems and local cultures (e.g. 
Arctic Council, 2016). After a temporary drop in mineral prices 
after the financial crisis in 2008, the demand for minerals has 
again shot upwards, and there is yet again increasing extractive 
industry activity in the circumpolar North. Retreating sea ice is 
allowing for increased maritime traffic in the Arctic Ocean, with 
hitherto unknown consequences for local communities. The re-
treating sea ice is hampering traditional hunting practices, which 
again affect the availability of traditional foods in some com-
munities (Hovelsrud, et al. 2017; RN 3). Subsistence activities 
constitute an important part of local economies, even though 
the importance varies greatly between regions. Climate- and 
ecosystem change does also have impacts on the relationship 
between subsistence activities and local industrial activity (Sta-
tistics Norway, 2015). 

There is a lack of adequate indicators for measuring well-being 
and local economic development in the Arctic, taking their mul-
ti-level connectivity with global trends and changes into con-

sideration. The UN-SDGs do not recognise the mix of industrial 
and traditional economic activities found in many Arctic regions 
(Sköld, et al. 2019).

On this basis, we recommend supporting the following research 
activities aimed at growing prosperity in communities in the Arc-
tic: 

• More knowledge about how economic activity can be sus-
tained in peripheral Arctic communities and how it can con-
tribute to welfare and desired demographic development,

• A better understanding about how the need for increased
economic activity can be met while at the same time balanc-
ing the benefits of such development against its negative
impacts, and for new business models that ensures sustaina-
ble local value creation from the increased activity,

• More knowledge about how the increased maritime activity
affects local communities and how it can be utilised for sus-
tainable local value creation,

• A better understanding of the interdependency between tra-
ditional subsistence activities and industrial activity – particu-
larly with respect to the decline in food security caused by
diminishing availability of traditional food, and how climate
change affects this interdependency, and

• Develop a set of indicators that are representative of the Arc-
tic, in order to understand and monitor the socio-economic
developments.

Photo: Ronald JW Visser
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and dips of human capital associated with the boom-and-bust 
economic cycles) (Hirshberg and Petrov, 2015). We cannot as-
sume that, without intentional attention to building needed 
skills among community members, as defined by those commu-
nities and not by outsiders, there will be a cadre of people ready 
to take on critical roles, whether governance, research, subsist-
ence, social services or perhaps solving problems we cannot 
foresee yet.

The above-mentioned challenges and knowledge gaps call for 
the following research priorities:

• Increase knowledge about what kinds of human capacity
development can better enable Arctic residents to develop,
implement and operate economic, social and governance struc-
tures that move their communities toward greater well-being,

• Better understand why youth are dropping out from formal
schooling, especially Indigenous students, and better under-
stand why young people choose to leave northern communi-
ties and what encourages them to return,

• Better understand why Indigenous youth and young men are
not succeeding in our formal institutions, and how we can
transform the systems to better meet their needs, and

• Develop more effective education systems in the Arctic which
must be based on systemic integration of western science
knowledge and traditional (local and Indigenous) knowledge
as many scholars and local Indigenous leaders in the Arctic
argue.

Photo: Peter Prokosch

Key Question 4.4. 
Education as a tool to expand the capacity of Arctic 
residents to respond to changes

The role of education and knowledge transfer in supporting ad-
aptation and sustainability in the face of rapid social, ecological, 
economic, and environmental changes have not been well ex-
plored. This is as urgent in the Arctic as elsewhere. In its SDG 
No. 4, the United Nations calls education “the key that will al-
low many other SDGs to be achieved”. Moreover, many Arctic 
communities, especially the most rural and remote, are facing 
a loss of human capital, with the most educated youth leaving 
for southern or more urban areas (Hirshberg and Petrov, 2015). 
State-run education systems across the circumpolar north are 
not meeting the needs of many Arctic residents, especially Indig-
enous youth and those in the most remote and rural places. High 
dropout rates are a major concern in the Arctic both from sec-
ondary schools and higher education institutions, and especially 
among Indigenous students (Beaton, et al. 2019). There are per-
sistent gaps in education outcomes across the north, including 
between the Arctic and southern regions, urban/industrial Arctic 
territories and the rest of the Arctic, between Indigenous and 
non-Indigenous populations, and in terms of the growing gender 
gap. Across most of the Arctic, but especially in rural and remote 
communities, girls and women are outperforming boys and men 
on standardised measures of achievement and graduation from 
secondary and postsecondary institutions (Beaton, et al. 2019).

The high mobility of human capital in the Arctic is a considera-
ble challenge; across the North communities experience “brain 
drain” (loss of educated residents), “brain turnover” (intensive in- 
and out-migration of human capital), and “brain waves” (surges 
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Key Question 4.5. 
Learning from the past for a socio-economically balanced 
and gender-equal development of the Polar Regions

The task of governing the Polar Regions towards a socio-eco-
nomically balanced and gender-equal future, without re-gener-
ating problems associated with colonisation and boom and bust 
economies, requires consideration of experiences from history, 
the role of legacies from the past in the Polar Regions in the 
present and development of new methodological and theoretical 
tools that allow to capture Arctic processes across temporal and 
spatial scales. In order to deal with the challenge of attaining 
sustainability in the Arctic, there is a need to understand the 
linkages between the past, present and future, in memory and 
narrative as well as materially. A key requirement is interdisci-
plinary research on the long-term development of large-scale 
extractive and other industries in the Polar Regions, and their 
consequences for environments and communities (Avango, et al. 
2013). The Arctic and Antarctic bear the footprints of several 
boom and bust cycles of large-scale natural resource extraction, 
conducted by actors from outside. As an example, in the Arc-
tic, European companies hunted and processed whales from the 
early 17th century at Svalbard (Hacquebord and Avango, 2009) 
and in the open seas off Greenland. The 20th century has seen 
the growth of oil and gas extraction.

The material and immaterial footprints of past resource extrac-
tion make up an important, yet poorly understood and therefore 
underestimated, component of cumulative impacts in resource 
rich regions in the Polar Areas. 

Thus, the following research needs should be addressed to fur-
ther community prosperity in the Polar Regions: 

• Understand and assess cumulative impacts of present indus-
trial activities and the role of material and immaterial legacies
from the past that linger on as imprints in the physical and
cultural landscape in both the Arctic and Antarctic,

• The industrial histories hold a great, yet largely untapped pos-
sibility for exploring the dynamics of resource booms in the
Arctic and Antarctic. Given their relatively short lifetime, there
is a need to get a better understanding of the extent to which 
extraction should be seen as a foundation for sustainable
community development in the Arctic in the future,

• A third field of inquiry with large potential for improving the
ability to govern new economic activities in the Arctic and
Antarctic, concerns the history of environmental and social
impacts of resource extraction. How did the different extrac-
tive industries change ecosystems and landscapes that make
up the baseline of today? What legacies from the past linger
on in the present, in terms of industrial debris, toxic waste,
transformed landscapes and ecosystems and of difficult mem-
ories? And

• A complete mapping and understanding of the legacies from
past extraction in the Arctic would greatly improve our ability
to build more holistic and inclusive assessments of cumulative 
environmental and social impacts of new economic activities.
This research requires multi- and interdisciplinary research
collaboration, bringing together archaeologists, historians,
anthropologists, geographers, and political scientists as well
as climate researchers, hydrologists and ecologists, to work in
close collaboration with stake- and right-holders.
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size is forecasted to continue increasing from the current total 
of 7.4 billion to 10 billion in 2055. The population of the Arctic, 
as defined above, is projected to support an increase of just 1 
percent. However, there will be considerable variation in growth 
rates among Arctic regions. Given the above-mentioned trends 
and issues, there is a need for the following research activities:

• Combine trends from natural and social science to better
understand the future size, composition, and spatial distribu-
tion of the population of the Arctic,

• The population projections referred to above are the product
of standard population projections. While these are useful
and often used for planning, we need methodologies that
take exogenous or non-demographic factors, such as climate
change, into account,

• As small communities are sensitive to population changes, we
need to better understand migration flows, including interna-
tional ones, from and to Arctic communities, and

• In the end, demographic data need to be combined with other
social, cultural, and economic factors, as well as with the aspi-
ration of young people, to better understand the attractive-
ness of Arctic communities.

13 We are using here a spatial definition of the Arctic as proposed in the Arctic 
Human Development Report (Larsen and Fondahl, 2014). 
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Key Question 4.6.  
The demography of the future Arctic population

All Arctic regions are in economically and demographically ad-
vanced countries but differ considerably in population size, 
growth rates, and settlements structure as well as in fertility, 
epidemiological, and migration patterns (Heleniak, 2015). Indig-
enous and non-Indigenous populations also differ significantly 
in terms of demographics. Arctic Indigenous populations tend to 
have higher birth and death rates, larger families, younger age 
structures, and reside more in rural areas.

The size of the Arctic population13 has stabilised but there are 
large regional disparities in growth rates with continued popu-
lation decline in the Russian Arctic and increases in Alaska, Ice-
land, and the Canadian Arctic (Heleniak, et al. 2020). The trend 
of urbanisation and faster growth in larger settlements contin-
ues among the highly mobile Arctic populations. Arctic regions 
typically have rather high male sex ratios compared to other 
populations. These high male sex ratios are more pronounced in 
smaller settlements as, in some areas, women tend to move to 
larger settlements or out of the Arctic in greater numbers than 
males.

Projections of the future size, composition, and distribution of 
the populations of the Arctic states and regions are useful for 
policy-makers in planning (Heleniak, 2020). Global 
population 
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Key Question 4.7.  
Cultural vitality14 for prosperity in the Arctic

One of the results of the first Arctic Human Development Report 
was that “resilient cultures” and “modernity” do not have to con-
tradict each other (AHDR, 2004). Contemporary Arctic residents 
have long known that the challenge is not to choose between 
“modernity” and “unchanging tradition,” but to find a liveable 
combination of the two (Csonka and Schweitzer, 2004). The sec-
ond AHDR found an ambiguous situation with, on the one hand, 
a trend toward revitalisation of Indigenous languages and cul-
tures and the strengthening of northern identities. On the other 
hand, there is the perception of a growing “threat” to circumpolar 
cultures and identities through modernisation, globalisation and 
(urban) migration (Schweitzer, et al. 2014).

Apart from the above-mentioned trend toward cultural and lin-
guistic revitalisation, there is increased Indigenous participation 
in academic discourses. Emerging northern identities and Arc-
tic regional perspectives are not limited to Indigenous Peoples, 
as “Arctic culture” has become a trademark from Greenland to 
Iceland and northern Fennoscandia. Still, enormous differences 
remain within the Arctic regarding the social prestige of north-
ern cultures and identities. Cultural and social marginalisation of 
Indigenous and mixed groups, as well as forms of racism remain 
a reality in some areas. If we talk about cultural vitality, cultural 
processes cannot be limited to the maintenance and retention of 
existing elements and characteristics of the culture. The notion 
of cultural autonomy – defined as “opportunities and resources 
necessary for a population with a distinct culture to pursue what 
it deems adequate for its cultural well-being and maintenance of 
its group identity” – entails not only that the wider society does 
not prevent a group from practicing culture but also that cultural 
innovation is a necessary prerequisite for cultural vitality.

Two dimensions of formal and informal northern economies 
seem to be particularly relevant in the context of culture. On the 
one hand, there is evidence that subsistence activities, which 
are never purely economic in scope, can contribute to cultural 
well-being and vitality. On the other hand, tourism, which is in-
creasing in many Arctic Regions, can be a showcase for northern 
cultures, while the accompanying commercialisation of cultural 
items and practices can have negative impacts on cultural vi-
tality.

Gender, age, and ethnicity are important aspects and parame-
ters of Arctic livelihoods. Of these, indigeneity, respectively 
non-indigeneity, have received most attention in the literature. 
Gender, however, has not been sufficiently investigated through 
the lens of Arctic cultures and identities. While we know that tra-
ditional circumpolar cultures were characterised by gender-spe-
cific realms of activities, we know too little about the gender 
dimensions of contemporary cultural practices. Thus, more gen-
der-sensitive research is needed. Likewise, the rapid changes of 
a globalised world are having and will have profound impacts on 
the younger generation (and future generations); thus, it is criti-
cal to understand the hopes and aspirations of the Arctic youth.

Thus, we recommend the following research activities:

• Understand the role of cultural revitalisation vs. cultural inno-
vation in enabling prosperity in the Arctic,

• Explore the intersectionality of Arctic identities and cultural
vitality to ensure that all groups and individuals have the
opportunity of cultural expression, and

• Develop indicators of cultural vitality and/or autonomy that
capture not only preservation but innovation as well, and
include commercial and non-commercial aspects of culture.

Photo: Diane Erceg

14 For a discussion of “cultural vitality” versus “cultural well-being” see the Arctic 

Social Indicators report (Larsen, et al. 2010).
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4. Resource Requirements

For all the above-mentioned research needs, a co-production 
of knowledge approach should be sought, to ensure salience, 
relevance and credibility of the results. This requires the in-
volvement of stake- and right-holders in the development and 
execution of research projects and application of relevant partic-
ipatory methods. In addition, in order to respond to the research 
needs identified above, international cooperation is needed for 
securing the following resources:

• Resolution mechanism for conflicting data management
regimes. The role of new technologies in Arctic research
deserves to be contemplated. The increased online connectiv-
ity of Arctic regions will enable new forms of “remote sensing” 
in the social sciences and humanities of the Arctic. Data own-
ership, data sharing, privacy issues, etc., will thereby become
even more prominent than they are now. International coop-
eration, which is an absolute necessity within Arctic science,
can mean that different data handling regimes collide. There
is an obvious role for European politics in making sure that
these conflicting regimes do not impede Arctic research, while 
at the same time ensuring privacy rights of inhabitants of the
Arctic, and

• Access to the Russian Arctic. Given that more than half of the
population of the Arctic (and half of the region’s land mass),
are within the Russian Federation, it is crucial to have research 
access to the Russian Arctic. Most coastal settlements within
the Russian Arctic are administratively located within the
so-called “border zone”, areas where Russian and foreign citi-
zens need special permission to enter, which makes research
access even more difficult than in other parts of the Russian
Federation. Reciprocal access is stated by the recent Arctic
Council agreement on scientific cooperation, but must become 
operational and open to scientists from non-Arctic Council
countries.

Photo: Ida Kinner
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Research Need 5.  
Challenges and opportunities for Polar operations

1. Introduction

The overarching objective of this Research Need is to provide 
the EU with a framework for research that aims to increase 
knowledge required to underpin safe, sustainable, and just oper-
ations15 in the Polar Regions in the long-term (Figure 9).

A major driver of this research is the influence that potential 
expansion of existing and new activities in the Polar Regions, 
whether as a consequence of climate change or simply from the 
ordinary development of such activities, may have on the natural 
environment as well as local societies.

Increased operations in the Polar Regions will pose both chal-
lenges and opportunities for local communities’ present in the 

Figure 9. Connecting the Key Questions (KQs) discussed below (purple circles) to 
the goals of achieving safe, sustainable, and just operations in the Polar Regions.

15 Operation refer to a broad range of activities in the Polar Regions, including 
commercial operations (oil and gas production facilities, mines, shipping, etc.), 
non-commercial operations, government operations (search and rescue opera-
tions, coast guard operations, etc.) and research operations (stations, vessels, 
research instruments, etc.).

regions as well as for the operators themselves. An in-depth un-
derstanding of the triggers for these challenges and opportuni-
ties is of the essence.

Operators in the Polar Regions are generally committed to sus-
tainable operations. Due to the high investment costs and high 
risks associated with failure, commercial operators engage in 
these areas with robust and long-term strategies (and not be-
cause of opportunistic choices). Many operators and companies 
invest millions of euros in research and development before com-
mencing operations. It is pertinent that operators understand all 
factors influencing the costs and challenges of operating in the 
region.

Governance
Framework

KQ 4

 Just KQ 3
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The Arctic is of growing interest for shipping and tourism, and 
potentially for resource exploitation. Ensuring that operations 
are developed and governed based on sound knowledge will en-
able responsible companies and operators to play a key role in 
the economic development of the Arctic region and beyond. Sus-
tainable economic growth can stimulate job creation, increase 
the use of environmentally efficient technologies, and provide 
innovative solutions to developmental challenges in the region. 
At the same time, it is important to understand that economic 
growth may lead to new pressures on society that can challenge 
the sustainability of these communities and societies.

Antarctica, in contrast to the Arctic, does not host any Indigenous 
or permanent populations and settlements. While the level of ac-
tivity in this region has been relatively low since the discovery 
of the continent 200 years ago, research and tourism activities 
have nevertheless grown in scope and extent over the past 70 
years. While conditions in Antarctica will continue to be a limiting 
factor, new technologies will enable operations to evolve and 
expand. Research and tourism operations have generally taken 
place in the most productive and vulnerable areas of Antarctica.

Our current lack of in-depth knowledge about the peculiarities 
of the Arctic and Antarctic environments, the unique ecosystems 
and services they provide, as well as a failure to distinguish 
their value, could pose serious social consequences and result 
in losses of biodiversity and ecosystem services. Sustainable 
management of ecosystem goods and services requires fore-
most concrete knowledge of their societal value. Without this 
information, we would not be able to determine the impact on 
the Polar Regions from our continual expansion of operations.

All in all, new and expanding operations in the Polar Regions 
need to be balanced against the need to maintain the health 
and integrity of the environment and societies (and existing ac-
tivities) in these regions, thus ensuring that activities are safe 
and just and do no harm to people and nature in any manner.

Further research and knowledge are needed to achieve such 
objectives. Our knowledge of the impact of economic activities 
and operations on both the environment and society is inade-
quate. Likewise, our understanding of cumulative and integrated 
impacts, and of resilience in natural and social systems, remains 
limited.

Research promoting technological developments underpinning 
sustainable Polar operations should be promoted. Research ef-
forts enabling the efficient use of renewable energies (hydro, 
solar, wind), better water and waste management (disposal, 
reuse, recycling), better construction technologies, implementa-
tion of circular economy models, etc., in polar operations should 
also be encouraged.

Research Need 5.1. Commercial growing interest 
of Polar Regions

Photo: Diane Erceg
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2. Societal Relevance

Ensuring safe, sustainable, and just operations in the Polar 
Region has both region-specific and global societal relevance. 
Regionally, the challenges are vast and require economic devel-
opment in a unique and changing environment, as well as the 
sustenance of existing activities and societies. In the Arctic 
there is a need to create more jobs and to develop a broader 
economic platform for the communities. 

Globally the Polar Regions are resource-rich and will increasingly 
be providers of food and resources in a world with a fast-grow-
ing population. In the Arctic, operations related to hydrocarbon 
extraction, tourism, shipping (both bulk and trans-shipment), 
fishing and aquaculture, farming and agriculture, mining and for-
estry and the energy industry are among the location-specific 
operations that are likely to expand and diversify in the near 
future. Such operations need to be carried out in a way that 
complies with community expectations, desires, and benefits, 
and should include necessary support initiatives for local and In-
digenous communities, while ensuring environmental integrity. 
Operations that may entail environmental and societal impacts 
need to be conducted in a manner that will have the least pos-
sible negative impacts. This is also true for Antarctic operations, 
although the type of operations in the southern Polar Regions 
are more limited and the societal context is also different to that 
of the populated northern Polar Regions.

There is a need to understand societal and environmental vul-
nerabilities in the Polar Regions to build societal and environ-
mental resilience and develop mitigation and adaptation mecha-
nisms and policies at the regional level. These matters will play 
an important role in achieving the UN-SDGs, several of which are 
directly relevant in the context of safe, sustainable and just Po-
lar operations (Figure 1). Increased efforts will also contribute 
to the achievement of Paris conference (COP21) climate change 
targets at the global level.

The research outcomes are expected to contribute to:

• Better knowledge of the effects of operations on natural
and social environments, with a focus on integrated effects,
involving different environmental and social factors. Exam-
ples include effects of ship emissions on the composition of
the atmosphere, impacting radiation and thereby climate, air
quality and environmental pollution issues arising from an

increase in operations or impact on marine ecosystems arising 
from an increase in fishing and aquaculture activities,

• Better understanding of the importance of local, regional, and
global factors (both natural and social) influencing operations
in the Polar Regions,

• Better grasp of environmental, technical, and societal factors
that control and shape the ability to develop and maintain
safe, sustainable, and just operations in the Polar Regions,

• Development of more accurate methodologies and procedures 
to prevent and recover from environmental damages caused
by accidents and failures in Polar operations, and

• Knowledge enabling Arctic communities and Antarctic oper-
ators to be frontrunners in developing a circular economy
achieving economic gains with sustainable solutions and ben-
efit commercially from a green economy.

Photo: Diane Erceg
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3. Research Questions 

Key Question 5.1. 
Understanding the impacts of changing environmental 
conditions and operations on risk and vulnerability

Climate change, as well as improved infrastructure and techno-
logical development, has made the Polar Regions more accessi-
ble and increased the potential for development of new activ-
ities with associated operations in these areas. However, both 
the societal structure and the environmental conditions in the 
Polar Regions are unique and need special attention in the con-
text of safe and sustainable operations. Existing and expected 
new risks specific to these regions need to be taken into ac-
count. 

An increased level of activity in more northern and southern wa-
ters will expose maritime operations to an increasing degree to 
cold climate, ice and icing, darkness, and atmospheric communi-
cation and navigation disturbances that have to be considered in 
order to ensure that safety is maintained at a high level, e.g. ac-
cording to international regulations such as the IMO Polar Code. 
Furthermore, as a consequence of climate change, there may be 
an increased calving and thereby presence of icebergs in polar 
waters, which also affects navigational and operational safety.

On land, climate related changes such as the increased thawing 
of permafrost is a threat to present infrastructures (e.g. oil and 
gas pipelines supporting key energy operations in the Arctic). 
Other changes, such as landslides and coastal erosion may also 
impact existing operations.

Research and an expanded understanding are required to:

• Appreciate how the changing polar conditions and changing 
operations impact the type and level of risk and vulnerability, 
as well as what and where these risks and vulnerability are,

• Underpin the development of technologies as well as institu-
tional mechanisms and operational competences to meet the 
challenges associated with increasing and changing risks and 
vulnerabilities,

• Develop appropriate responses in case of accidents to protect 
life, the environment and community values. There is a need 
to develop emergency response capacities to mitigate conse-
quences of accidents and natural disasters, and

• Promote broad scale technological developments to ensure 
that existing and new operations in the Polar Regions are con-
sidering the risks associated with ongoing changes in polar 
conditions and operations. This should include mitigating the 
risks, meeting the risks, and responding to the risks.

Photo: Ronald JW Visser
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Key Question 5.2. 
Minimising the environmental impacts of polar operations

KQ 5.1 addressed the issue of risk and risk management in the 
context of a rapidly changing polar environment. Our under-
standing of the Polar Regions’ environment and ecosystems 
need to be improved considerably in order to ensure realistic 
evaluations of impacts that existing as well as new operations 
can have on these environments and systems.

At the same time, it is fundamentally important to reduce uncer-
tainties in future climate scenarios to better constrain impacts 
realistically. Stresses caused by impacts from existing and new 
operations will interact with the impacts of climate change. 
Furthermore, the operations themselves may amplify climate 
change itself. We need to have good knowledge of both compo-
nents to be able to evaluate whether the polar environments are 
sufficiently resilient to sustain the combined impacts of chang-
es.

Polar operations are likely to expand and diversify in the Arctic 
in the near future. In the Antarctic, fishing, tourism and research 
may expect to continue and expand. Most of these operations 
already carry potential risks to the environment and may pose 
new and additional risks when they expand in scope and their 
technology use changes and particularly when they move into 
new uncharted areas with new/unknown environmental param-
eters. The risks may be particularly high in the near-term when 
conditions are unknown, changing, and unpredictable.

The main route to reducing the risk of polar operation impacting 
the environment is to ensure a comprehensive understanding 
of the potential impacts these operations may have on environ-
mental parameters and ecosystems. Understanding the impacts 
enable identification, development, and implementation of ac-
tions (technological, spatial, temporal, regulatory, etc.) that re-
duce these risks.

Understanding impacts on the environment requires an under-
standing of the environment itself, as considered under RN 3. 
The Polar Regions are still relatively poorly studied due to their 
extreme environment. Basic knowledge on most of the polar bi-
odiversity is limited. Comprehensive data are generally available 
only for species important in the context of (commercial) har-
vest. The food web structures of polar biological communities 

are poorly known at temporal and spatial scales suitable to al-
low predictions of their response to environmental changes. The 
large knowledge gaps relating to biodiversity, environment and 
ecosystems in the (changing) Polar Regions, particularly in those 
regions that until now have remained largely inaccessible to po-
lar operations, also indicate that there is a basic lack of knowl-
edge about how such operations can impact the environment as 
they expand in scope and approach.

Understanding impacts is fundamental if we are to reduce the 
risk of any impacts that trigger unsustainability. Fundamental to 
counteract any environmental ramifications of new and expand-
ing activities is a solid and robust understanding of the original 
and current state of the environment, and an understanding as 
to how various ongoing and potential impacts may affect the 
current state.

Natural variations in climate, anthropogenic climate change, 
long-range pollutants and ongoing activities impact the environ-
ment in the Polar Regions cumulatively and on multiple levels. 
An increase in polar operations will entail and add-on additional 
risks and impacts, some of which may be positive and some less 
so. Understanding the complexity of cumulative impacts and 
how new and expanding polar operations contribute to the risk 
of such cumulative impacts taking place is also of key impor-
tance.

Certain impacts/risks are considered to potentially have specif-
ic particularities in Polar Regions for which there still are large 
knowledge gaps that need to be filled:

• Invasive alien species and disease vectors enter and spread 
throughout the Polar Regions through several “pathways” 
(RN 3). Shipping (ballast water, hull biofouling) is an operation 
that is of particular concern in both the Arctic and Antarctic, 
while energy extraction and production installations and min-
eral exploration are operations that create additional risk of 
invasive species introductions in the Arctic. The Polar Regions 
are vulnerable to biological invasion due to a relatively low 
diversity of native species, the rapid warming and changing 
climate, and the expansion of human activity and operations 
into new areas of the regions (RN 3). Research and knowledge 
are required in a number of directions, including (i) risk assess-
ments, (ii) introduction, (iii) avoidance and limitation, (iv) 
non-native species (NNS) identification and their status, (v) 
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distribution and impact of NNS, and (vi) eradication methods,
• Evidence about how anthropogenic noise (caused by vessel 

operations, marine-based energy extraction and production 
operations, etc.) that can affect marine life accumulates. While 
there is improved knowledge of the effects of noise on some 
species that occur in the Polar Regions, there remains a lack of 
research and long – term monitoring on endemic polar species, 
including little knowledge of population level effects and vari-
ations in effects with life stage. Due to the lack of fundamental 
knowledge, the effectiveness to current approaches to mitiga-
tion and management remain largely unverified. Marine mam-
mals are to a larger degree than terrestrial animals dependent 
on their hearing for survival and are therefore particularly sus-
ceptible to noise disturbance. However, the impact of noise 
disturbance due to land - based operations on terrestrial biota 
is an area that also requires further knowledge, and

• Point sources of pollution in the Polar Regions vary. In Antarc-
tica they are principally associated with shipping and individ-
ual terrestrial operations such as running and maintenance of 
research bases. In the Arctic they originate from a wide range 
of societal and industrial operations. The distributions and 
lifetime of operational pollution is furthermore affected by the 
unusual polar conditions, as further discussed under KQ 1.4 
(e.g., long periods of darkness, cold, dry air, strong wind, ice 
cover, and permafrost), which affect the distributions and life-
times of such operational pollutants that in turn impact spe-
cies and ecosystem. Furthermore, point source pollution in the 

Polar Regions may also interact with climate processes and 
feed back into the climate system, for example soot falling out 
on the surface of snow and ice will decrease the ability of the 
originally white surface to reflect incoming solar radiation, in 
turn amplifying the melting of snow and ice cover, and by this 
contribute to accelerating climate change.

All in all, there is a large need to increase knowledge about the 
vulnerabilities in the environment to understand the resilience 
of the system through e.g. improved monitoring. Important is 
also to understand and assess the vulnerability of particular 
environmental values and of the polar ecosystems to new and 
increased operations. 

Finally, there is a need to increase research related to operation-
al technology that can contribute to reducing the impacts that 
may arise in the Polar Regions from the various types of oper-
ations. Best practice and available technologies developed for 
use in mid-latitudes need to be tailored for the particularities of 
the polar conditions.

Photo: Federico Dallo
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Key Question 5.3. 
Understanding and promoting the concept of social 
license for polar operations

Climate change, globalisation and the desire for industries that 
are more sustainable are the main drivers for changing opera-
tions in the Polar Regions. These changing and increasing opera-
tions involve and affect many different stakeholders in different 
ways. In the resource extraction industry, it is common practice 
to conduct an impact assessment (IA). Traditionally the impact 
assessment is carried out to assess the environmental conse-
quences of the operation, but nowadays the social aspects of 
the impact assessments are considered as well. In several Arctic 
countries conducting a social impact assessment is now manda-
tory or at least common practice. 

The concept of Social License to Operate (SLO) is increasingly 
becoming a part of the IA process. SLO relates to the social risks 
of an activity, and it is usually defined in scholarly literature as 
the (ongoing) acceptance/approval of an activity or decision by 
the local communities, and other stakeholders that can affect 
its profitability. Trust building is regarded as central to obtain-
ing a social license to operate, something which is created and 
maintained slowly over time. Traditionally there is a rather in-
strumental focus of the social license to operate on the local 
project context and the relation between a company and its local 
stakeholders, but it is important to relate it to more elements of 
today’s increasingly interconnected and complex society. These 
elements include the roles of governments, regulatory frame-
works, social media, regional, national, and international commu-
nities, etc. Using this broader concept of a SLO and deepening 
the understanding of the SLO concept can generate the insights 
that are needed to adequately address societal concerns and 
contribute to the successful implementation of an internation-
ally debated activity.

SLO can be instrumental in dealing with some of the greatest 
challenges to sustainable development: the role of affected 
communities in shaping development trajectories, increasing 
expectations on industries from communities and governments, 
unequal power relations between key stakeholder groups, the 
complexity of building meaningful and lasting relationships be-
tween these groups based on mutual trust, and the challenge 
of finding a common language and approach among stakehold-
er groups to achieve deeper, more mutually acceptable ways of 

coexisting. SLO might also play a role in social justice considera-
tions, referring to, among others, the rights of Indigenous Peo-
ples, ethnic minorities, youth, and those marginalised on gender, 
sexual orientation or other grounds.

To answer this key question, it is important to obtain a better 
understanding of:

• Who are the stakeholders of the different operators and how
they are affected by the operations,

• How the concept of SLO relates to different types of opera-
tions,

• How the conditions that influences the SLO differ between
types of operations,

• What the desired futures of local communities and other
stakeholders are and (i) What the conflicting interests are,
(ii) What the beneficial interests are, (iii) How this relates to
the different operators that are of influence, and (iv) How this
relates to the social justice concept, and

• How the concept of SLO relates to social impact assessments
and capacity-building.

Due to the particularities of the Polar Regions, there is consid-
erable need to explore and understand the concept of SLO and 
social justice in the context of these regions, as well as loca-
tion-specific issues related to the implementation of these con-
cepts.

Photo: Peter Prokosch
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Key Question 5.4. 
Identifying policies, frameworks and governance which 
ensure safe, sustainable, and just operations

The Polar Regions are gaining increasing political and econom-
ic significance. At the same time, climate and environmental 
changes and increased economic activity can set established 
administrative regimes under pressure. The geopolitical envi-
ronment, the efficiency of established management regimes, as 
well as the conditions for international cooperation are there-
fore of importance. All stakeholders have a role in providing the 
framework for movement of goods, knowledge, and people, and 
understanding these factors are of importance.

There is a need for research-based understanding that can un-
derpin further development and discussions relating to the fol-
lowing policy and governance aspects relevant to operations in 
the Polar Regions:

• The political and commercial interests in different Polar 
Regions are changing, making it necessary, in a political 
context, to map the national, international, and commercial 
stakeholders in the different regions. One must look into the 
potential mismatch between emerging interests and activities 
and the international agreements, national laws and regula-
tions in the specific regions,

• There is room for expanding our understanding of existing 
international regimes in the context of internationally gov-
erned regions, in order to consider how potential new opera-
tions in new areas create new challenges, including those for 
environmental protection, emergency preparedness, search 
and rescue, principles for resource allocation and access,

• Increased interest in mineral and petroleum operations in the 

Arctic represents administrative challenges. There is a need 
for research-based knowledge of how States relate to estab-
lished and new collaborative regimes, and to what extent the 
regimes contribute to problem solving,

• There is a need to focus on the protection status of the regions 
and the limitations in operations related to different types of 
activity, including considerations for both the environment 
and the welfare of the local communities, and

• The operational demands of actors have to be met to coun-
ter the challenges of the region, including adequate safety 
precautions. An example is the IMO's International Code for 
Ships Operating in Polar Waters16. We need regulations both 
on land, air and sea covering areas such as design, construc-
tion, equipment, operational, training, search and rescue and 
environmental protection matters relevant to operators. This 
calls for R&D within both technology, business management, 
safety, security, and emergency response.

Many areas of the Arctic and Antarctic are data-sparse, and in 
some parts the paucity of observations is compounded by the 
lack of universal access to data. These shortfalls hinder the for-
mulation of innovative strategies for managing social and envi-
ronmental changes in the Arctic and beyond. Interoperability and 
exploitation of distributed data will provide useful information in 
a collective sense for science, society, industry, and operations 
in Polar Regions. Research and development within this field will 
greatly support the aim of safe, sustainable, and just polar oper-
ations in the long term.

16 IMO´s Polar Code
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4. Resource Requirements

In order to investigate the changes to and implications of exist-
ing and new operations in the Polar Regions, there is an urgent 
need for:

• A dedicated and comprehensive framework / platform for 
coordination and collation of research that will strengthen and 
make available the knowledge base required for society and 
governance to measure and regulate the “footprint” of opera-
tional activities in the Arctic and Antarctic, and to ensure that 
new operations take place within a responsible, safe and sus-
tainable framework,

• commercial, industrial and social developments. There is a 
need for collaboration between academia, Indigenous organ-
isations, communities, government, and industries to enhance 
technology developments, new jobs, safer operations, better 
sustainable economies (transport, fisheries and industry), and 
capacity building in Polar Regions,

• The deployment of new technologies such as autonomous 
platforms carrying sensors, automated distributed sampling 
hubs, increased use of emerging remote sensing capabilities, 
supporting not only safe and sustainable polar operations, but 
a wide range of research needs as also noted with regard to 
RNs 1, 2 and 6, and

• Engaging business operators in the collection of long time-se-
ries of ecosystem monitoring data. These should be utilised to 
their maximum and expanded with greater spatial coverage, 
engaging operators in using mobile, comparative, and compli-
mentary measurement platforms.

Photo: Ronald JW Visser
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Research Need 6. 
Inclusive creation, access, and usage of knowledge

1. Introduction

Polar research comprises fundamental and thematic research 
across a wide range of disciplines. The remote and harsh weath-
er and environmental conditions make operations in polar are-
as both expensive and complicated. Several crosscutting lines 
of research are therefore required for supporting and ensuring 
the most inclusive, cost-effective, and efficient data collection, 
dissemination and most widespread and meaningful use of re-
search results. 

In situ data collection in Polar Regions is expensive and complex, 
this prevents good spatial and temporal coverage and hampers 
the possibility of developing accurate models and ensuring ade-
quate and long-term monitoring.

There is a need for applied and technology-oriented research 
to support the technological challenges of data acquisition in 
extreme conditions in polar areas. In addition, new and more effi-
cient methodologies and practices for data acquisition, handling 
and analysis, and integration of different knowledge systems 
are imperative. Furthermore, with the expected increase in all 
types of human activities, it will be important to listen to and 
know more about all stake- and right-holders to find out how 
they will best cooperate. Appropriate consideration of different 
knowledge systems – the Indigenous knowledge and the scien-
tific knowledge – is epistemologically beneficial and relevant 
for understanding and facilitating societal changes in times of 
changing environment.

Not only the various research disciplines could profit significant-
ly from each other’s research results, but all actors would benefit 
from adequate and tailored dissemination of research results to 
boost awareness about the Polar Regions, ensure easy access to 
research results and guarantee that the results are put to good 
use for the benefit of all. In addition, research and application 
of innovative and modern education and training methodologies 
could build capacity within and beyond the Polar Regions regard-
ing the cultural and natural role of the Polar Regions and, at the 
same time, ensure that the demand for new skills and compe-
tences in a fast-changing world is met.

International research cooperation and coordination is, further-
more, a crucial tool to achieve the research needs. The interdis-
ciplinary nature of polar science, the common challenges faced 
and the sensitivities in polar areas, also call for excellent sci-
ence diplomacy to inform decision- and policy-makers in the best 
way. Connecting the international community and all stake- and 
right-holders is strongly required to ensure the optimal under-
standing and use of the different knowledge systems, existing 
expertise, infrastructure and human capacity around the world, 
and to operate in the most cost-effective way.

This chapter presents the technological and methodological 
crosscutting research needs and requirements for achieving op-
timal data, understanding and results, and facilitating their up-
take and sustained use.
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2. Societal Relevance

Data and knowledge from Polar Regions contribute to solving sci-
entific and societal questions but also to timely evaluation of the 
impacts of change on climate, environment and society not only 
within the Polar Regions but – because of the connections be-
tween the poles and lower latitudes – on the entire global society.

In addition, a lot of data are not available in a systematic way, 
preventing combination of data from different sources and 
across communities to connect activities and establish a higher 
understanding of scientific problems. Satellite data can partially 
overcome this limitation but not all parameters are measurable 
from space or are available with enough accuracy (e.g., spatial 
resolution, minimum/maximum detectable value) with respect 
to the user needs.

Addressing these data and data coverage challenges will con-
tribute to:

• More comprehensive understanding of the changes operating 
in the Polar Regions to support user needs,

• Improved accessibility to data and results, including improved 
interoperability. This will foster the usage of data and 
increase the societal relevance of research results by support-
ing knowledge-based management, sustainable development, 
and policy decisions, and

• Development of new technological solutions for generation, 
treatment, long-term preservation and sharing of scientific 
data. These will involve integration of information across dif-
ferent communities, countries, spheres, and disciplines. This 
will require a truly Big Data approach addressing volume, het-
erogeneity, and speed in data. The development of such tech-
niques and methodologies could be beneficial also for other 
disciplines outside polar research.

However, sustainable solutions and new knowledge for policy-
making cannot be found by scientific knowledge alone. In ad-
dition, in the Arctic impacts from global environmental change 
ultimately materialise at the “local” level – where local and In-
digenous knowledge practices are used and developed. Em-
bracing and enhancing cooperation between different scientific 
disciplines, as well as diverse stakeholders, and their different 
knowledge systems, including Indigenous knowledge, will ben-
efit both the research community, the Indigenous communities 
and other stakeholders, because it will contribute to:

• Support the protection of Indigenous Peoples´ rights and 
their cultural identity as well as socio-economic and political 
self-determination,

• Increase the effectiveness and efficiency in the development 
of scientific knowledge using a diversity of cultural, social, 
geographic, and disciplinary perspectives that can provide 
guidelines to researchers,

• Improve methodologies for co-design and co-production of 
data, which may also alter initial classic research questions 
and put them on a more innovative level, and

• Provide a holistic framing for assessing impacts of, and pos-
sible solutions for coping with environmental change and its 
socio-cultural consequences to (i) improve human well-being 
and resilience of communities anticipating that the rate of 
change may be faster than social systems adaptation capa-
bilities, (ii) support new economic activities and address new 
potential pressures, and (iii) enable sound, informed and effec-
tive decision-making by policy-makers. 

Good communication and learning and skill development are im-
portant contributors to society. Transformation of education and 
training is therefore essential and will contribute to:
• Build the knowledge and skills needed for sustainability and 

sustainable growth, employment, and participation of the 
communities and the society at large, and

• Strengthen the public understanding of the relevance of Polar 
Regions in the global weather and climate system, and for the 
development and preservation of biodiversity and (lived) cul-
tural heritage.

Research Need 6.  65



3. Research Questions 

Key Question 6.1. 
Developing new technologies and improved capacities in 
observation, modelling, and research in the Polar Regions

Currently, the Polar Regions are characterised – both spatially 
and temporally – by an inadequate density and uneven distri-
bution of observation data for many applications. This follows 
from the low density and poor coverage of the observation net-
works, the weak coordination of existing observing networks, 
and the limitations of data acquisition and transmission in re-
mote and extreme environments. Even if the extreme conditions 
of the Polar Regions and their vastness call for enhanced use 
of Earth observation satellites, many of them are not able to 
observe at high latitudes. Moreover, some key parameters can-
not be measured from space with required accuracy or cannot 
be measured at all because of a lack of adequate or dedicated 
sensors/satellites or in situ data, which are needed to validate 
them. In addition, while some satellites provide reliable products 
their long-time period availability is not yet secured by Space 
Agencies. Innovative experimental designs, new applications of 
existing technology, invention of next-generation technologies 
and development of novel air-, space- and animal-borne observ-
ing or logging technologies will be essential, not only to support 
ongoing science and operations, but to open the way to new 
investigations and scientific findings.

New innovative technologies are necessary to meet the special 
challenges (e.g., extreme environmental conditions, high de-

ployment and maintenance costs, limited energy supply, limited 
communication abilities, etc.) of reliable and sustainable meas-
urements (from micro- to macro- scale) but also to provide in situ 
and near-real time data to be used in modelling, forecasting and 
satellite calibration and validation activities. 

Besides the development of new sensors that can measure po-
lar-specific parameters there is a need to develop a new gener-
ation of observatory platforms capable of supporting different 
sensors that address multiple scientific objectives and allow for 
synoptic collection of data. This includes the development of a 
new generation of space-borne sensors specifically designed to 
observe Polar Regions.

At the same time, new observations capabilities must be devel-
oped and standardised in such a way that maximum synergy 
with existing observation networks and programmes (e.g. GCOS, 
Copernicus, SOOS, SAON) is achieved.

Overall, there is a clear need to:

• Support international efforts for measuring key indicators 
(RN 2) of the changing climate and related ECVs by autono-
mous, in situ data collection systems, new sensor technol-
ogies (including biosensors and omic-based technologies 
– RN 3) based on renewable energy solutions with low energy 
consumption (e.g. new generation of batteries) as well as com-
plex observational units (e.g. drilling rigs for paleo-reconstruc-
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tions) all suited for harsh environmental conditions, 
• Support international effort for implementing intensive obser-

vational surveys in both time and space (e.g. MOSAiC, YOPP,
SAS) to establish baselines of the current status of the Polar
Regions, to improve climate and forecast models and to con-
solidate satellite products,

• Enhance and pursue efforts to observe from space and ground-
truth the retrieved information,

• Improve the temporal and spatial coverage of key parameters
in atmosphere, terrestrial, cryosphere and ocean observa-
tional systems, including the measurement-capability during
the polar night and to make this data available and accessible
in a timely manner to relevant stakeholders and users,

• Introduce new technologies for modelling and data assim-
ilation (including data quality control) to increase the spa-
tial-temporal coverage of processes and to achieve a new
level of forecast and climate projections,

• Improve Earth System Models (ESM), for both weather and cli-
mate modelling thus predicting the behaviour of the climate
system and its components more accurately,

• Improve ecosystem models to test hypotheses, design experi-
ments and to inform conservation management,

• Enhance the use of ICT techniques (e.g. machine and deep
learning) that could significantly improve modelling efforts
and the processing and analysis of an increasing number of
data, and

• Develop the integration of observational systems into obser-
vational networks that operate at different levels of system

complexity and are able to homogenise data across areas of 
differing temporal and spatial variability (e.g. complex terres-
trial landscapes, highly structured coastal areas vs deep sea 
systems), and that incorporate marine, terrestrial, atmospheric 
and social science data.

Besides the acquisition of data other requirements are: 
• Real-time transmission and communication at fair costs as

a primary requirement for many applications in the Polar
Regions. It is essential to promote ICT research supporting
real time access to data and information from heterogeneous
sources, addressing current limitations in data collection, inte-
gration, processing and communication of information (e.g.,
new communication networks, data management approaches,
cloud-computing and information visualisation) (Siegert, et al.
2019), and

• Better and more integrated platforms for high-performance
computing (HPC) – so called exascale systems – to handle the
rapidly growing Big Data requirements that are needed. Such
computing capabilities underpin modelling (e.g. ESMs), exper-
imental designs, automated data and image analysis, and bio-
informatics. A coordinated effort is required to ensure these
HPC platforms are accessible and beneficial for the scientific
communities.
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Key Question 6.2. 
Co-production of knowledge as a benefit to societal 
stakeholders

Modern societies and economies are modifying due to climate 
and environmental change, globalisation and technological pro-
gress resulting in a focus on new economic activities, transpor-
tation routes and use of natural resources in the Polar Regions. 
In addition, northern communities might face unprecedented 
new challenges due to complex inter-linkages between cli-
mate-related hazards and societal factors. These perspectives 
increase the demand for science-based knowledge, gathered 
jointly with stakeholders, to find sustainable solutions for both 
new economic activities and traditional livelihoods for people 
who live in the region17. Research questions no longer emerge 
from science alone but in interaction with civil society, govern-
ments, and other stakeholders (Mauser, et al. 2013). This has 
been acknowledged already worldwide (Díaz, et al. 2015) but 
is currently implemented in European Polar research as well. In 
the Arctic, policymakers and the research community have high-
lighted the importance of including Indigenous knowledge and 
Peoples in the research conducted on, or affecting their culture 
and lands18.

INDIGENOUS AND LOCAL KNOWLEDGE SYSTEMS

Indigenous and local knowledge systems are defined as “a cu-
mulative body of knowledge, practice and belief, evolving by 
adaptive processes and handed down through generations by 
cultural transmission, about the relationship of living beings (in-
cluding humans) with one another and with their environment” 
(Díaz, et al. 2015). Like Western science, local and Indigenous 
knowledge is not static – it is dynamic and holistic. Western sci-
ence, Indigenous and local knowledge are separate but comple-
mentary knowledge systems. 

KNOWLEDGE CO-PRODUCTION

Knowledge co-production combines science with local and tra-
ditional knowledge to solve problems in which neither science 
nor local knowledge is sufficient by itself. It is “the collaborative 
process of bringing a plurality of knowledge sources and types 
together to address a defined problem and build an integrated 
or systems-oriented understanding of that problem” (Armitage, 
et al. 2011). 

Often though, efforts to include Indigenous and local knowledge 
only consider those aspects that can easily be integrated with 
Western thought; therefore, there is a need to shift away from 
focusing on integration and move towards knowledge co-pro-
duction (Nalau, et al. 2018).

17 White paper on status of stakeholder engagement in Polar research
18 See for example, statements published by Arctic Council and the Arctic Science 
Ministerial, 2018
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When designing research projects in the Polar Regions, it is in-
dispensable to:
• Raise awareness of researchers – especially within natu-

ral sciences – about the benefits of including stakeholders – 
and in the Arctic local and Indigenous knowledge-holders- in 
research projects,

• Involve stakeholders from the very beginning (co-design) to 
identify research objectives and methodologies that address 
the needs of both the stake- and right-holders and the project, 
and

• Get a better understanding of different methods for co-pro-
ducing, documenting, analysing, and sharing knowledge 
(Tengö, et al. 2014), as well as to share experiences using 
these methods.

Specific recommendations to Arctic research designers must in-
clude to:
• Use participatory methods in the co-designing of research 

objectives with local and Indigenous Peoples,
• Understand that the inclusion of Indigenous knowledge and 

traditional knowledge requires adequate resources and capac-
ity to address the unique needs and circumstances of the 
cultures, languages, communities, religions, governance pro-
cesses, and knowledge systems of the indigenous community,

• Accept that the legacy of research projects should benefit the 
local and Indigenous participants (in their diversity) – thus, the 
ownership and long-term outcome of the project should be 
enhanced through capacity building activities which address 
local needs (KQ 6.4), 

• Acknowledge that the co-production of knowledge requires 
creative and culturally appropriate methodologies and tech-
nologies19. Adequate ethical standards for mode of local par-
ticipation, ownership of data, and how data and results are 
shared and archived might differ from community to commu-
nity, depending on the local context. They should be agreed 
through a dialogue, while the principle of openness in data 
sharing has to be explained and shared, in particular for those 
obtained via public support. This must be considered in draft-
ing guidelines for making contextualised ethical research 
standards, and

• Develop research that can assist in the co-determination of 
desired futures envisioned by stake-and right-holders for both 
the Arctic and Antarctic (Sköld, et al. 2019).

Key Question 6.3. 
FAIR data management principles for polar data 
collections

Individual scientists, communities and disciplines have different 
mechanisms for documenting and sharing data and knowledge. 
Efforts are required to improve understanding of data and infor-
mation across communities, while acknowledging the nature and 
scientific content of different disciplines. This is an enormous 
task, but technology can help if data documentation and data-in-
terfaces are standardised and machine-readable. There is need 
to define a limited set of standards enabling efficient data and 
information sharing across different communities, stakeholders, 
regions/countries, and disciplines. Cost efficient approaches are 
required to establish a sustainable system.

For Antarctica, data must be open and public20, while in the Arc-
tic, the concept of ethically open data is important: not all data 
and information can be openly available for protection of privacy 
rights of individuals, endangered species, natural resources, etc., 
but the underlying principle is to ensure free and open access to 
data21. In particular, Indigenous knowledge and data from Indig-
enous communities are considered to belong to the knowledge 
holders and Indigenous informants, also due to the special con-
ditions of colonial history of data exploitation22 by researchers 
and governments. For this reason, special protocols for the use 
and storage of Indigenous data must be developed with the In-
digenous Peoples. (KQ 6.2). For such data, aggregation levels 
need to be identified at which analysed data can be made free 
and openly available as well as combined with other data.

19 Arctic Council Permanent Participants. (2015 [updated 2018]). Ottawa tradi-
tional knowledge principles.
20 Antarctic Treaty, 1959.
21 Statement of Principles and Practices for Arctic Data, IASC.
22 Exploitation can be defined as the use of results in research activities, in 
developing, creating, and marketing a product or process, in creating and providing 
a service, or in standardisation activities. Exploitation can be commercial, societal, 
political, or for improving public knowledge and action. European Commission 
H2020 Common Support Centre.
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From the Public Sector Information (PSI) Directive to the Open 
Data Directive: improving data availability by bringing new types 
of public data and publicly funded (including research) data into 
scope and improving access to data and in particular statistics, 
geospatial and dynamic data23.

The FAIR (Findable, Accessible, Interoperable, Reusable) guid-
ing principles are addressing the ability to access and use data 
across communities and disciplines24. Application of the FAIR 
principles puts data in context and enables information filtering 

Figure 10. Illustration is based on the publication by Ackoff (1989).

23 From the Public Sector Information (PSI) Directive to the Open Data 
Directive. EU Commission.
24 GO FAIR Initiative.
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and extraction. In general, polar data management should follow 
the principles “as open as possible, as closed as necessary” un-
der consideration of ethical principles and of decolonised Polar 
research contexts. While information ages rapidly, knowledge 
has a longer lifespan. The understanding may prevalence, but it 
is wisdom that is considered permanent in the true sense (Fig-
ure 10).

70  Inclusive Creation, Access and Usage of Knowledge

https://ec.europa.eu/digital-single-market/en/public-sector-information-psi-directive-open-data-directive
https://ec.europa.eu/digital-single-market/en/public-sector-information-psi-directive-open-data-directive


The nature of data that need to be handled and combined in a 
consistent manner include quantitative (numerical) and qualita-
tive (textual/non-numerical) data from natural and social scienc-
es. The different types of data pose different opportunities and 
challenges:
• Quantitative social and health data can be anonymised and 

contextualised on large and small spatial scales, thereby sim-
plifying integration with other data and re-use, and

• Qualitative social data, like interviews, oral history, and Indig-
enous knowledge, information from focus groups and obser-
vation protocols, are fully dependent on the context of data 
production: e.g. the researchers, the knowledge holders and 
the interaction of the two in the data production process.

Independently from the nature of data, the ability to link infor-
mation across domains, e.g. on instrumentation, observations 
protocols, observations facilities, data, software, all the way 
through to decisions, is vital for the interpretation and under-
standing of the data - in particular for activities focusing on 
monitoring changes. This requires:
• A consolidated effort on the identification of resources, trace-

ability of data, processes and decisions made based on scien-
tific data,

• Coordinated efforts to address semantic annotation of data 
and the web services providing these, documentation struc-
tures preserving features of the data (e.g. imagery, dynamic 
processes in the nature), how to document quality and prove-
nance, etc., and

• Improved dialogue within different communities and disci-
plines to establish a common understanding of data and infor-
mation content. This includes an improved ability to translate 
terminologies from different communities.

These issues are not only valid for Polar Regions but also need 
to be well connected with other activities being developed at 
the global scale.

Key Question 6.4. 
Ensuring knowledge access and capacity building in Polar 
Regions
Polar research has tremendously increased its output over the 
last decade, especially in the fields of understanding climate and 
social changes due to changing environments, industrialisation, 
or colonial legacies. 
To improve the access of knowledge:
• Polar knowledge needs to be provided through a variety of 

channels and knowledge brokers. Policy advice and educa-

tional information should be released at different levels of 
complexity – e.g. in local and/or non-scientific language – in 
order to address the society at large, including local residents 
and Indigenous Peoples (KQ 6.2), and to directly benefit from 
use of research results in decision-making, and

• Effective and interoperable data sharing in Polar research 
needs to be promoted as it is important to create synergies 
with education, capacity building and policy, as well as to aim 
at an improved international scientific collaborative commu-
nity (KQ 6.3). 

Access to knowledge and knowledge transfer should lead to 
awareness creation among industrial and other economic stake-
holders, as well as among policy-makers inside and outside the 
Polar Regions, about the social, economic, cultural, ethnic, eco-
logical and climate specifics in the Polar Regions, and about the 
fact that processes occurring in polar areas have a significant 
impact on the rest of the world, including Europe. 
More awareness can be created by the:
• Exploration and evaluation of new and known communication 

tools/channels to facilitate knowledge transfer. Gamification can 
also be useful for facilitating stakeholder uptake of knowledge. 
Improving education and capacity building through: (i) Sys-
tematic understanding of how to tap scientific and knowledge 
resources for societal benefit and to build capacity among indi-
viduals and stakeholders to facilitate adaptation, sustainable 
development, social equity, and justice, as well as mitigation 
of risks from environmental changes; (ii) enhanced cross-bor-
der cooperation for higher education to facilitate knowledge 
transfer.; and (iii) understanding and valuing the needs of the 
stakeholders (stakeholder engagement). A two-way learning 
regime can facilitate co-development processes with stake-
holders, knowledge holders and decision makers and enhance 
user uptake of scientific results (KQs 6.2 and 6.5),

• Development of the understanding of the natural and cultural 
roles of the Polar Regions to society which includes their 
global environmental significance and their differences and 
similarities. This could lead to more public awareness of their 
role in the global climate system and for the development and 
preservation of lived cultural heritage, and

• Improvement of education on all levels, including training and 
outreach to the wider public. This requires constant develop-
ment, utilising new and innovative technologies and interac-
tive platforms that can support the demand for new skills, 
such as collaborative scenario development, entrepreneur-
ship, and strategic planning. 
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Key Question 6.5. 
Exploiting knowledge to inform decision making for the 
Polar Regions

The interests in Polar Regions are multiplying quickly and the 
number of actors directly or indirectly participating in these ac-
tivities is also growing. To adapt to the present and future chal-
lenges of climate change in Polar Regions, these different stake-
holders can benefit from having access to the best up-to-date 
knowledge tailored to their needs (KQ 6.4).

The types of knowledge required by different stakeholders will 
depend on the purpose of the decision to be made and the way 
it will be incorporated into strategic planning and decision-mak-
ing. Whereas some stakeholders may be more interested in the 
dissemination of knowledge to contribute to developing their 
agendas (e.g. NGOs for preserving biodiversity), policy-makers 
may require access to relevant and evidence-based knowledge, 
ready to be integrated into actionable regulations and policies. 
On the other hand, industry and businesses are often looking 
for new products that, making use of the latest scientific knowl-
edge and innovations, target problem-solving and support deci-
sion-making. Indigenous and local communities could be more 
concerned about finding sustainable solutions to their day-to-
day challenges, due to increased global impacts on their liveli-
hoods (Figure 11). The conversation between Indigenous knowl-
edge and science is crucial in that respect (KQ 6.2).

The urgency implied by research findings related to climate 
change in Polar Regions seems to be disconnected sometimes 
from the political reaction. However, actual integration of knowl-
edge into polar decision-making has already been reported to 

benefit planning and decision-making in various socio-economic 
sectors, including but not limited to shipping, search and rescue, 
fishing, or the prediction of the risk of avalanches25. 

A more generalised and sustained exploitation of available 
knowledge to address challenges in Polar Regions would benefit 
from the: 
• Development of equitable platforms to help local and Indige-

nous communities to make informed decisions. Such platforms 
should integrate stories and knowledge assembled through 
community participatory mapping and knowledge sharing, and 
combine them with other existing cutting-edge services, such 
as satellite imagery, weather and climate information or tide 
reports (KQ 6.3),

• Use of participatory techniques such as scenario analysis 
(Carson, et al. 2019) to improve understanding and illustrate 
the added value of using evidence-based knowledge for deci-
sion-making,

• Development of prototypes or proofs of concept for user-rele-
vant products or services illustrating the potential of available 
knowledge. Such tools can incentivise the uptake of knowl-
edge by stakeholders and pave the way towards a possible 
operational use,

• Development of Decision Support Tools (DSTs). Key challenges 
for their implementation include, among others, the logistics 
of operating and maintaining the continuous delivery of infor-
mation in Polar Regions, and

• Establishment of effective methods to improve policy under-
standing (e.g. regular policy briefings).

25 Blog Polar Prediction Matters

Figure 11. Participatory mapping workshop between reindeer herders and re-
searchers to better understand the complexities of land use and land use change. 
Photo: Levi Westerveld.
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4. Resource Requirements

Inclusive creation, access and usage of knowledge require:
• Coordinated calls to improve the technological capabilities to 

operate in and observe inaccessible areas year round, to trans-
port, maintain and rapidly analyse samples, and to support the 
establishment of a sustained network of long-term observato-
ries (super-sites) and collaborative networks, devoted to per-
form a well-integrated multidisciplinary observing programme 
and to validate remote sensing products. This requires:
•  Improving technologies for data collection, including auton-

omous systems,
•  Development of autonomous platforms capable of enlarging 

the spatial coverage in air, ground, and water,
•  Improving High Performance Computing, and
•  Improving capabilities for exploration within the ocean, ice 

and solid earth.
• Low-cost, low-energy and clean communication systems for 

(near) real-time transmission of observational data from Polar 
Regions (e.g. in cooperation with EUMETSAT, Copernicus, ESA, 
WMO, SCAR). A scoping study on operational informatics for 
the Polar Regions, including communication systems and 
standards, improving links between observations and mod-
els and enabling interaction and interoperability of measure-
ments, could be a first step,

• Resources for the coordination and standardisation of obser-
vation protocols, especially for the design and implementation 
of standardised data management to ensure interoperability 
and to make the best use of existing and accumulating data 
sets,

• Research that addresses the identification of interdisciplinary 

observations (e.g. observations that are useful and necessary 
across domains/activities),

• Resources to better understand the added value of co-produc-
tion of knowledge and to develop guidelines on how this can 
be best done, in particular:
•  Investments to understand how co-production of knowl-

edge is best designed and practiced. It is important to 
understand what practices and processes should be used, 
and which knowledge producers play what roles and what 
kind of products (e.g. knowledge, people, and socio-ecolog-
ical arrangements) emerge as a result (Miller and Wyborn, 
2018).

•  Funding is required to increase the ways of meaningful 
interaction between research groups, local and Indige-
nous communities, and other stakeholders when designing 
research projects and management plans for future human 
activities. A mix of joint pilot and feasibility studies could be 
a way forward. However, it should be noted that long-term 
involvement, beyond the 3-5 years of the normal lifespan of 
research projects, is needed to ensure that there is a pos-
sibility to build trust amongst all the parties (EU-PolarNet 
Deliverable 4.15). 

• Research that uses participatory methods and tests possible 
future scenarios and could make an important contribution to 
developing and maintaining the capacity for effective and sus-
tainable management and informed decision-making in rapidly 
changing Polar Regions (Carson, et al. 2019). 

Photo: Andrea Spolaor
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AC Arctic Council
AHDR Arctic Human Development Report
ATCM Antarctic Treaty Consultative Meetings
ATS Antarctic Treaty System
CCAMLR Commission for the Conservation of Antarctic 

Marine Living Resources
CCAS Convention for the Conservation of Antarctic Seals
CEP Antarctic Treaty Consultative Meeting´s Committee 

for Environmental Protection
COP21 21st Conference of the Parties of the United 

Nations Framework Convention on Climate Change 
(UNFCCC)

CRAMRA Convention on the Regulation of Antarctic Mineral 
Resource Activities

DST Decision Support Tool 
ECV Essential Climate Variable
EEZ Exclusive Economic Zone
EPRP Integrated European Polar Research Programme
ESA European Space Agency
ESM Earth System Model
EU European Union
EUMETSAT European Organisation for the Exploitation of 

Meteorological Satellites
FAIR Findable, Accessible, Interoperable, Reusable
GCOS Global Climate Observing System
HPC High-Performance Computing
IA Impact Assessment
IASC International Arctic Science Committee
ICT Information and Communications Technology
IMO International Maritime Organization
IPBES Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services
IPCC Intergovernmental Panel for Climate Change
IPR Intellectual Property Rights
IWC International Whaling Commission
KQ Key Question
MOOC Massive Open Online Course
NGO Non-governmental organisation
NNMS Non-Native Marine Species
NNS Non-Native Species
NWP Numerical Weather Prediction
OH One Health
OPEC Organization of the Petroleum Exporting Countries
PSI Public Sector Information
R&D Research and Development

VII. Acronyms

R2O Research-to-Operations
RN Research Need
SAON Sustaining Arctic Observing Networks
SAR Search and Rescue
SAS Synoptic Arctic Survey
SCAR Scientific Committee on Antarctic Research
SDG Sustainable Development Goal
SES Socio-Ecological Systems
SLO Social License to Operate
SOOS Southern Ocean Observing System
UN United Nations
UN-SDGs United Nations Sustainable Development Goals
WAP West Antarctic Peninsula
WCRP World Climate Research Program 
WMO World Meteorological Organization

76  European Polar Research Programme



VIII. The EPRP Working Group

In alphabetical order:

ANDERSEN, Signe Bech. Geological Survey of Denmark and 
Greenland, Denmark

BADHE, Renuka. European Polar Board (EPB), The Netherlands

BÄR, Kristina C. Arctic Council Secretariat, formerly at Alfred 
Wegener Institute, Germany

BIEBOW, Nicole. Alfred Wegener Institute, Germany

CABRITA, Maria Teresa. IGOT - University of Lisbon, Portugal 

DAHL, Justiina. Swedish Polar Research Secretariat, Sweden

GARDFELDT, Katarina. Swedish Polar Research Secretariat, 
Sweden 

HOUSSAIS, Marie-Noëlle. Centre National de la Recherche Scien-
tifique (CNRS), France

LATOLA, Kirsi. Thule Institute - University of Oulu, Finland

MACELLONI, Giovanni. Consiglio Nazionale delle Ricerche (CNR), 
Italy

PAWLAK, Janet. Arctic Monitoring and Assessment Programme 
(AMAP), Norway

RYSGAARD, Søren. Aarhus University, Denmark

SAVELA, Hannele. University of Oulu, Finland

SCHEEPSTRA, Annette. University of Groningen, The Nether-
lands

VALENTIN, Christine. World Ocean Council, France 

VELÁZQUEZ, David. Alfred Wegener Institute, Germany

VIEIRA, Gonçalo. IGOT - University of Lisbon, Portugal

IX. EU-PolarNet  
Stakeholder Panel

In alphabetical order:

ARATA, Javier. Universidad Austral de Chile representing Antarc-
tic Krill Fisheries, Chile

CHRISTIAN, Claire. Antarctic and Southern Ocean Coalition 
(ASOC)

HOAG, Hannah. Freelance journalist, Canada

KLEIST, Mininnguaq. Greenland's Department of Foreign Affairs, 
Greenland

LARSSON-BLIND, Åsa. Saami Council, Norway

NATH, Chandrika. As individual, UK

POPE, Allen. International Arctic Science Committee (IASC)

RUTI, Paolo. World Meteorological Organization

VILLEGAS, Marina. Spanish Research Council (CSIC), Spain

European Polar Research Programme   77



X. Expert Reviewers of the integrated European Polar 
Research Programme

In alphabetical order: 

As individuals 

CHASTEL, Olivier. Centre National de la Recherche Scientifique, 
CEBC. France 

CHAUVAUD, Laurent. Centre National de la Recherche Scienti-
fique, IUEM. France 

COLLIGNON, Béatrice. Université Bordeaux-Montaigne, Passag-
es. France 

CONDE, Elena. Universidad Complutense de Madrid. Spain 

DAHL, Justiina. Swedish Polar Research Secretariat. Sweden 

ELDEVIK, Tor. Geophysical Institute, University of Bergen. 
Norway 

FORT, Jerôme. Centre National de la Recherche Scientifique, 
LIENSs. France 

FUREVIK, Tore. Bjerknes Centre for Climate Research, University 
of Bergen. Norway 

GOHL, Karsten. Alfred-Wegener-Institute. Germany 

HAIN, Stefan. Alfred Wegener Institute. Germany 

HERBAUT, Christophe. Centre National de la Recherche Scienti-
fique, LOCEAN. France 

HOLMLUND, Per. Stockholm University. Sweden 

HUGHES, Kevin. British Antarctic Survey. UK 

HUSKEY, Lee. University of Alaska Anchorage, USA 

KARLSSON, Ted. Swedish Polar Research Secretariat. Sweden 

LANDAIS, Amaelle. Centre National de la Recherche Scienti-
fique, LSCE. France 

LANTEIGNE, Marc. University of Tromsø, Norway 

LARSON, Keith. Umeå University. Sweden 

LATOLA, Kirsi. University of Oulu. Finland 

LIFERMAN, Anne. Centre National d’Etudes Spatiales (CNES). 
France 

LOUKACHEVA, Natalia. University of Northern British Columbia, 
Canada 

MEYSSIGNAC, Benoit. Centre National d’Etudes Spatiales, 
LEGOS. France 

MÜLLER, Dieter. Umeå University. Sweden 

NILSSON, Annika. KTH Royal Institute of Technology. Sweden 

NILSSON, Lena Maria. Umeå University. Sweden 

ØRBÆK, Jon Børre. Research Council of Norway. Norway 

ØSTBYE, Stein. University of Tromsø, Norway 

ØVREÅS, Lise. Department of Biological Sciences, University of 
Bergen. Norway 

PAWLAK, Janet. Arctic Monitoring and Assessment Programme. 
Norway 

PÉLAUDEIX, Cécile. Science Po Grenoble, France 

POHJOLA, Veijo. Uppsala University. Sweden 

RITZ, Catherine. Centre National de la Recherche Scientifique, 
IGE. France 

ROBERTS, Peder W. University of Stavanger, Norway 

RUMMUKAINEN, Markku. Lund University. Sweden 

SAUCÈDE, Thomas. Université Bourgogne Franche-Comté, 
Biogéosciences. France 

SCHLARB-RIDLEY, Beatrix. British Antarctic Survey. UK 

SMEDSRUD, Lars H. Polar Network, University of Bergen. Nor-
way 

THOR, Göran. Swedish University of Agricultural Sciences. 
Sweden 

TILCHE, Andrea. University of Tromsø. Norway 
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APPENDIX I. Input material to the 
EPRP and drafting process

I. EU-PolarNet Deliverables of relevance to 
the EPRP
WORK PACKAGE 1. International Integration and Policy 
Guidance:

D1.4: Minutes of workshop with international partners & stake-
holders, at IASC/SCAR Meeting.
D1.8. Minutes of a workshop with international partners and 
stakeholders at ASSW.
D1.9: Minutes of workshop with international partners & 
stakeholders at SCAR Open Science Conference, Kuala Lumpur, 
Malaysia, 24 August 2016.
D1.12: Minutes of workshop with international partners & 
stakeholders at a relevant Arctic Conference.
D1.15: Minutes of AMAP/EU-PolarNet Stakeholder Workshop 
on Research Needs on Climate-related Effects on the Arctic 
Cryosphere and Adaptation Options.
D1.19: Minutes of workshop with international partners & 
stakeholders, at a relevant Arctic Conference.

WORK PACKAGE 2. Polar Research for Science and 
Society:
D2.1: Report on prioritised objectives in Polar research.
D2.3: Inventory of existing monitoring and modelling pro-
grammes.
D2.4: First progress report on science -stakeholder Interaction.
D2.5: Strategic analysis of monitoring and modelling pro-
grammes.
D2.6: Roadmap for optimisation of monitoring and modelling 
programmes.
D2.7: Second progress report on science -stakeholder Interac-
tion.
D2.8: Set of white papers addressing priority questions in polar 
research and targeting funding agencies and policy makers.

WORK PACKAGE 3. Infrastructures, Facilities and Data:
D3.1: Survey of the existing Polar Research data systems and 
infrastructures, including their architectures, standard/good 
practice baselines, policies and scopes.
D3.2: European Polar Infrastructure Catalogue.
D3.3: Survey of existing use of space assets by European polar 
operators, including recommendations for improved coordina-
tion.
D3.4: Survey of polar commercial infrastructure.
D3.5: Data management recommendations for polar research 
data systems and infrastructures in Europe.

D3.6: Gap analysis highlighting the technical and operational 
requirements of the European Polar Research Programme for 
satellite applications.
D3.8: White paper on European polar data accessibility.

WORK PACKAGE 4. Interaction with Stakeholders:
D4.5: A stakeholder map.
D4.9: Minutes of stakeholder dialogue at an Arctic Conference.
D4.11: Minutes of stakeholder dialogue at Arctic Frontiers 
Conference.
D4.13: Minutes of stakeholder dialogue at Arctic Frontiers 
Conference.
D4.14: Completed stakeholder consultations: report on the 
needs, gaps and opportunities produced.
D4.15: White paper on status of stakeholder engagement in 
polar research. 

II. Desk study on European Polar research 
priorities: input documents
The desk study consisted of a comprehensive analysis which 
was conducted based on the information extracted from more 
than 150 national and international Polar research strategy 
documents (see the list). The information was further organised 
along twelve broad, overarching topics. Relevant societal chal-
lenges were connected to each of these overarching topics in or-
der to ensure that research priorities are fitted to societal needs. 
The results of the study contributed to a synthesis document: 
“Report on prioritised objectives in Polar research”; which was 
published as Deliverable 2.1 on the EU-PolarNet website. 

III. Public online consultations
The different EU-PolarNet surveys were published online on the 
EU-PolarNet website, but also announced through newsletters 
and targeted emails. These were sent out to a list of recipients 
established from a preliminary stakeholder mapping exercise.

III. 1. Consultation within the international scientific 
community (February 16 - March 9, 2016)
The survey reached out to the research community to collect its 
view on the previous desk study. The synthesis report, based 
on 236 replies from 23 countries, can be found in EU-PolarNet 
public Deliverable D2.1: Report on prioritised objectives in Polar 
Research.
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https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/D3_3_Survey_of_existing_use_of_space_assets.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/D3_4_Survey_of_polar_commercial_infrastructure.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3.5_Data_management_recommendations.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3.6_Gap_analysis_of_space_programmes_final.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3_8_White_paper_on_Polar_data_accessibility.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP4/EU-PolarNet_D4_5_A_stakeholder_map.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP4/D4_9_Minutes_of_stakeholder_dialogue_at_Arctic_Conference.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP4/D4-11_Minutes_of_stakeholder_dialogue_at_Arctic_Frontiers_Conference.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP4/D4_13_Minutes_of_Arctic_Frontiers_Workshop.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Files/D4_14_Completed_stakeholder_consultations.pdf
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Questions:
• Are your national priorities for Polar research reflected in our 

summary? 
•  (Well, Fair, Poor) 

• Do you feel there is a societal challenge that has not been 
addressed in our document? 
•  (Yes, No) If yes, please indicate, which societal challenge is 

missing.
• What are the most important topics for European Polar 

research that should be the subject of strategic discussions 
with stakeholders, in order to develop future funding priori-
ties? 
•  Sustainable and safe management of the Polar Regions 

with major concern to the Arctic Population well-being; 
•  Climatic connection between high and middle latitudes

• Have we missed looking at any important document?
•  (Yes, No) If yes, please indicate which document(s) is/are 

missing and the web link to access it/them or a full refer-
ence.

• Any further comments

III. 2. Stakeholder engagement questionnaire, published 
online (April - November, 2017)
The questionnaire aimed at determining which potential barri-
ers stakeholders have experienced or are expecting to encoun-
ter when engaging in Polar research projects. The specific ob-
jectives of the different questions were to identify individuals 
and organisations with an interest in engaging in Polar research 
projects, to find out what motivates stakeholders to engage in 
polar projects, and to learn about the way they would like to get 
involved. 

Questions:
• Which of the following stakeholder groups do you associate 

with? 
• On which level do you generally operate? (local, national, 

regional, international)
• Which polar topic(s) is/are of interest to you? 
• What would your motivation be to get engaged in research 

projects in the Polar Regions?
• At what stage of a research project would you be most inter-

ested to get involved?
• How would you best be involved in a research project?
• Which barriers do you think you might encounter if you 

engaged in a scientific project?

Results based on 302 replies were analysed in a research note: 
Tell us how to engage you! Asking polar stakeholders about their 
engagement preferences by Baer et al., 2019 and provided input 
to a White paper on status of stakeholder engagement in Polar 
research as EU-PolarNet public deliverable D4.15.

III. 3. Stakeholder consultation on research priorities 
(April 19 - June 2, 2017)
The survey featured one single key question: What are the most 
important topics in relation to your work and/or everyday life 
(either locally, nationally, or internationally) in the Polar Regions 
that should be solved by future research?

Respondents were asked to indicate up to three priorities and to 
categorise their topics under one of five predefined overarching 
themes: People and societal issues; Climate and cryosphere; Sus-
tainable resources and human impact; Polar biology, ecology and 
biodiversity; and New technology. These overarching themes 
were the result of the previous prioritisation exercise that was 
conducted together with the research community. The synthesis 
report, based on more than 500 replies from 36 countries, can be 
found on the EU-PolarNet website. 

IV. EPRP drafting and review process
Preliminary drafts of the EPRP chapters were produced by each 
chapter expert group during the summer 2019. These drafts 
were discussed together for overlaps and missing issues during 
an EPRP drafting workshop in September 2019 in Sandbjerg 
Manor (Denmark). Following this meeting, a first draft of the six 
chapters was crafted.

First-order chapter drafts were then reviewed by the EPRP Work-
ing Group and comments were sent to the lead/co-lead authors 
for chapter revision. At the same time, the general sections of 
the EPRP document were being drafted so that a full EPRP draft 
could be issued for external review together. Within the project, 
the EU-PolarNet consortium (list of members available on the 
EU-PolarNet website) and Executive Board have been involved 
in the review process. Outside the project, the review was un-
dertaken by the EU-PolarNet Stakeholder Panel, the EU-PolarNet 
External Expert Advisory Board and several external reviewers 
selected for their high-level expertise in Polar questions.
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