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ABSTRACT

This paper celebrates Professor Yongqi GAO’s significant achievement in the field of interdisciplinary studies within
the context of his final research project Arctic Climate Predictions: Pathways to Resilient Sustainable Societies -
ARCPATH (https://www.svs.is/en/projects/finished-projects/arcpath). The disciplines represented in the project are related
to climatology, anthropology, marine biology, economics, and the broad spectrum of social-ecological studies. Team
members were drawn from the Nordic countries, Russia, China, the United States, and Canada. The project was
transdisciplinary as well as interdisciplinary as it included collaboration with local knowledge holders. ARCPATH made
significant contributions to Arctic research through an improved understanding of the mechanisms that drive climate
variability in the Arctic. In tandem with this research, a combination of historical investigations and social, economic, and
marine biological fieldwork was carried out for the project study areas of Iceland, Greenland, Norway, and the surrounding
seas, with a focus on the joint use of ocean and sea-ice data as well as social-ecological drivers. ARCPATH was able to
provide an improved framework for predicting the near-term variation of Arctic climate on spatial scales relevant to
society, as well as evaluating possible related changes in socioeconomic realms. In summary, through the integration of
information from several different disciplines and research approaches, ARCPATH served to create new and valuable
knowledge on crucial issues, thus providing new pathways to action for Arctic communities.
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The Concept of interdisciplinarity

This offering to a journal issue to commemorate Professor Yongqi GAO’s key contributions to his field focuses on the
interdisciplinary nature of his final research project, “Arctic Climate Predictions: Pathways to Resilient Sustainable
Societies” with the short title ARCPATH (https://www.svs.is/en/projects/finished-projects/arcpath). The project ran for six
years (1 January 2016 to 31 December 2021). Various academic minds and researchers have suggested independent, albeit
similar, definitions of the term interdisciplinarity. One example is: “Interdisciplinarity is the inherent ability to use knowledge
from many different realms and augment that knowledge to open new inquiry and new ways of understanding for successive
progression throughout learning, life, and society” (Babich, 2020). Interpreting the concept in its broadest sense it may be
traced back to the writers and philosophers of ancient times and their discourses on the disparate qualities of body and soul,
mind and matter, and heaven and earth (Kenny, 2010). As later thinkers continued the quest to explain the workings of the
natural world, emphasis was placed on the separation rather than the fusion of different disciplines. Scholars in medieval
and early modern Europe emphasized what came to be called “natural philosophy” which sought to understand the world
through physical inquiry. With the advent of the “scientific method” in seventeenth-century Europe, came the focus on repro-
ducible and factual evidence through observations, and the accompanying development and testing of hypotheses. Put sim-
ply, this excluded systems of knowledge that did not rely on “hard data” and laid the foundation for the schism between the
natural and social sciences. Part of the value of an interdisciplinary approach is to recognize that there are many different
ways of perceiving and understanding the world, and these can be complementary, with one system not necessarily having
more value than another.

In recent times it has become clear that interdisciplinary research is crucial to address the urgent challenges of climate
change, and in this respect, climate science is a post-normal science (Bray and von Storch, 1999). The level of the required
interdisciplinary research goes far beyond conventional cooperation between oceanographers and meteorologists, or among
physicists, mathematicians, and climatologists. One step further into integrative research is “transdisciplinarity ”. This term
refers to the inclusion of different knowledge systems, information from stakeholders, and other local and traditional knowledge
holders, as well as the co-designing of research and co-production of knowledge (Berkes, 1993, 2017; Newman, 2021). The
term “‘cross-disciplinarity ” suggests seeing one discipline from the perspective of another (Chambers et al., 2021). Integrated
research drawing on these concepts is even more crucial when it comes to research in Arctic regions (ARCUS, 1997;
AHDR, 2004; ACIA, 2005) This is because the Arctic is of fundamental importance in the climate system, encompassing
key atmospheric and oceanic processes. Furthermore, global warming has caused intense changes in Arctic climate, with a
rise in temperatures during recent decades that is close to twice that of other regions (NOAA, 2022). Related to this, the loss
of sea ice is critical, with a direct and immediate effect on Arctic communities and ecosystems (Bravo and Rees, 2006; Malin-
auskaite et al., 2022a). These rapid changes are a challenge to human welfare that is already at risk from socioeconomic, as
well as climatic drivers (IPCC, 2022). Together they bring manifold challenges to planning responsible development in the
Arctic. This has been a key focus of the ARCPATH project.

The ARCPATH project

Professor Yongqi GAO recognized the need for interdisciplinary research to address the challenges of the High North.
Thus, in his final project, he led an endeavour that took him away from his traditional arena of expertise as a climatologist
with a particular interest in understanding the variations in large-scale ocean circulations in the North Atlantic. His specific
contributions to the project were primarily related to this latter research. ARCPATH was very much in line with the recent
focus on interdisciplinary and transdisciplinary research, recognizing that climate change is only one of many societal
drivers. ARCPATH resulted from a successful application to form a Nordic Centre of Excellence. Mindful of the fact that
addressing global challenges requires a global perspective, the international project team was made up of colleagues, not
only from the Nordic countries but also from Russia, China, the United States, and Canada. The importance of an interdisci-
plinary focus was made clear in the original call from the funding body NordForsk with its emphasis on “Responsible Devel-
opment of the Arctic: Opportunities and Challenges” with the corollary “Pathways to Action” (https://www.nordforsk.org/pro-
grams/responsible-development-arctic-opportunities-and-challenges-pathways-action). Professor GAO’s co-lead was Astrid
Ogilvie, an experienced proponent of an interdisciplinary approach with a focus on climate history, and current Arctic
issues. In addition, the core project team included expertise in the social sciences (Einarsson, McGoodwin), interdisciplinary
studies in sustainability and the environment (Davidsdéttir and King), marine biology (Rasmussen), as well as in climatology
(Counillon, Gulev, Keenlyside, Fan, Koenigk, Yang). A further novel and highly interdisciplinary aspect of the project was
its collaboration with a well-known Scottish environmental artist, Elizabeth Ogilvie, who facilitated project outreach
through her books and films on sea ice (https://www.elizabethogilvie.org/). The contributions of numerous other colleagues
involved in this very large project are highlighted in a description of the completed project (https://www.svs.is/en/projects/fin-
ished-projects/arcpath). For a general overview of the project see Ogilvie et al. (2021a). Results and insights from the
project were disseminated at numerous conferences and outreach presentations during its six-year duration and came to the
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attention of policymakers as well as academics and stakeholders, e.g., the published Nordic Council summary
https://curis.ku.dk/ws/files/240333312/FULLTEXTO1_2_.pdf, pp. 8-9, Ogilvie (2019), and Keenlyside et al. (2023).

ARCPATH focused on three main goals: (1) To improve Arctic climate prediction by using innovative methods to capture
both anthropogenic and natural factors in global and high-resolution regional models; (2) To increase understanding and
reduce uncertainties regarding how changes in climate interact with multiple societal factors including the development of
local and regional adaptation measures; (3) To supply this knowledge as potential “pathways to action” to the specific Arctic
regions singled out for special focus in the project. Thus, ARCPATH was a ground-breaking project that was designed specifi-
cally to synthesize results deriving from a variety of traditionally very different and separate academic disciplines (King
and Ogilvie, 2021). While focusing on the Arctic region in general, main emphasis was on the developments in specific
local communities in Iceland (e.g., Hisavik and surroundings), Greenland (e.g., Ittoqqortoormiit, formerly Scoresby and
Qegertarsuup Tunua, formerly Disko Island and Ilulissat, formerly Jakobshaven), and northern Norway (Skjervgy and
Tromsg), as shown in Fig. 1.

Interdisciplinarity and synthesis

Because of its interdisciplinary focus, the ARCPATH project was specifically designed to integrate results and achieve-
ments derived from very different and traditionally separate academic disciplines, as represented by its team members.
These included: climatology (global modeling; dynamical downscaling; historical climatology); environmental science
(marine and fisheries biology); socioeconomic sciences (fisheries management systems; anthropology; economics; governance
systems); and the broad compass of social-ecological systems theory. Thus, ARCPATH could provide a holistic analysis of
impacts related to climate change and other social and ecological drivers, encompassing key implications for society,econ-
omy, and human well-being. This goes beyond the approach used in the IPCC Assessment Reports (IPCC, 2022; The Core
Writing Team et al., 2023) which focused primarily on the detection, attribution, and mitigation of climate change, and adap-
tation to its consequences.

These various academic disciplines typically use different methods of analysis. Thus, bringing together and melding
such disciplines is a long-term process and requires clear communication and a strong willingness among researchers to
work together to seek solutions. One barrier is that sufficient observational data (e.g., from the social sciences) are not
always available in a form that is easily comparable to numerical meteorological variables. Conversely, climate time series
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Fig. 1. Geographical settings and locations of ARCPATH primary focus areas. Major temperate
warm (warm colours) and cold (cold colours) ocean currents are shown, including the East
Greenland Current (EGC), West Greenland Current (WGC), East Icelandic Current (EIC), Irminger
Current (IC), and the Norwegian Atlantic Current (NWAC). The Polar Front indicates the modern
mean limit of polar waters and sea ice of Arctic Ocean origin. The bathymetry was sourced from the
International Bathymetry Chart of the Arctic Ocean (IBCAO) see Jakobsson et al. (2012). This
figure is courtesy of Dr. Martin MILES, NORCE Norwegian Research Centre, and the University of
Colorado Boulder.
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cannot automatically be integrated with social and economic information. A further element in ARCPATH research was the
inclusion of local and Indigenous knowledge, with fruitful partnerships being forged with local partners in our study areas
(Chambers et al., 2021).

The processes, structures, and actions required to synthesize emerging findings throughout the lifetime of the project
were identified early on in the project. These included initiating synthesis by developing appropriate processes and structures
from the design phase of the project, regular communication among project partners, joint authorship, and project meetings
on topics that required input across the project. They also included means of harvesting and integrating findings, identifying
policy relevance, and co-creating and mobilizing findings to ensure their applicability to the problem addressed by the
research (King and Ogilvie, 2021).

Contributions to atmospheric sciences

Analyses of changes in both Arctic and global climate formed a significant and highly successful component of
ARCPATH. One major aspect was an improved understanding of the mechanisms that drive climate variability in the Arc-
tic. Historical observations and palaeoproxy records have shown that Arctic climate has varied on multi-decadal timescales
(Ogilvie, 2010, 2022; Miles et al., 2014; Docquier and Koenig, 2021; Ogilvie et al., 2021b; Svendsen et al., 2021). The analysis
of historical records of climate change, in particular the past sea-ice record for Iceland, in terms of a link to the North
Atlantic Oscillation (NAO) index and Atlantic and Pacific multi-decadal variability, is a significant example of collaboration
between climatologists and climate historians. Increasing knowledge of past climate beyond the period of systematic instru-
mental observations is extremely valuable, and is especially relevant to the study of low-frequency variability. In this
respect, one of the challenges for ARCPATH was to demonstrate that oceanic variations in both the Pacific and Atlantic con-
tributed to these variations through changes in the northward meridional heat transports—the major driving mechanism in
the Arctic climate system. In particular, it has been demonstrated that up to 50% of the Arctic surface temperature warming
during the 1940s may have been driven by changes in the Pacific Ocean (Svendsen et al., 2018). Furthermore, in contrast to
previous work by others, ARCPATH research has shown the importance of the role of natural climate variability in providing
additional contributions to greenhouse gas warming and aerosol cooling (Svendsen et al., 2021; Omrani et al., 2022). The
magnitude of such natural climate variations, with operating timescales of years to a few decades, can be even larger than
anthropogenic climate signals, thus forming the so-called “grey range” of climate predictability (Meehl et al., 2021). Further-
more, future socioeconomic planning requires information at this timescale (Street, 2016).

Meeting this challenge, ARCPATH was also able to provide an improved framework for predicting the near-term variation
of Arctic climate, to include spatial scales more relevant to society (Yang et al., 2021). These advances focused on the joint
use of ocean and sea-ice data combined with advanced statistical schemes in the dynamical prediction system to enhance pre-
diction skill (Kimmritz et al., 2019; Dai et al., 2020; Tian et al., 2021). This led to better predictions of regional Arctic sea-
ice extent on seasonal-to-decadal timescales. The findings have indicated that an improved representation of oceanic processes
will facilitate predictions in this region, thus confirming that ocean—atmosphere interactions and teleconnections act to
shape Arctic regional climate change (Docquier and Koenigk, 2021). Research of this kind serves to meet the demands of
the societies and stakeholders in the ARCPATH focus region for a more nuanced picture of how rapidly their climate will
shift up to 2030 as a basis for community planning.

Marine changes and ecosystem services in the Arctic

The ARCPATH project had a specific and integrative focus on marine changes in the Arctic, in particular with regard
to the linkages among environmental changes, variations in cetacean populations and migrations, and the development of
whale-watching tourism. Over the life of the project, social, economic, and marine biological research and fieldwork were car-
ried out in Iceland, Greenland, Norway, and the surrounding seas. A combination of historical research and anthropological
fieldwork documented the use of marine resources, focusing on past and present activities, including whale hunting and the
contemporary emphasis on whale-watching activities (Kristjansson, 1980; Einarsson, 1987, 2009; Cook et al., 2022b).

A novel aspect relating to the interdisciplinarity of the project was the focus on ecosystem services (ES). The rich data
collected for the project allowed this to expand from ES identification and valuation to information on governance and co-pro-
duction. This work was greatly enhanced by engagement with different stakeholders, ES users, and co-producers that
revealed aspects of Arctic marine resource governance that would not otherwise have been known. While focusing initially
on whale ES, the concept was also applied to previously unexplored areas in this regard, such as glaciers and volcanic areas
(Cook et al., 2022a). This work went beyond just classifying and valuing ES monetarily but further investigated how these
important services may be formed, governed, and potentially affected by future climate change. The data collected for this
research extended beyond ES resources and also provided interesting information concerning the risks pertaining to, and the
resilience of, Arctic coastal communities and how they relate to their local marine ecosystems. Furthermore, it was established
that by considering different local cultural contexts, sophisticated ES assessments can be highly useful for evaluating multiple
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uses of marine mammals and provide informed policy advice (Cook et al., 2022a, b; Malinauskaite et al., 2022a, b; Win et
al., 2023).

In tandem with the ES work, ARCPATH investigated future projections of sea-surface temperature (SST) changes in
the Nordic Seas region using a large ensemble of climate-model simulations following different future emission scenarios.
The area of focus was on the region north of Husavik in Iceland, where SSTs are expected to increase by at least 2°C in all
emission scenarios up to 2050. This implies a critical impact of what is termed “Arctic Atlantification” (e.g., Polyakov
et al., 2023), not only on Arctic Ocean climatic regimes but also on marine organisms that tend to move northward. The
potential consequences of Arctic Ocean warming are significant for cetaceans. If whales leave these waters in search of
colder regions the impacts on both the local and national economy could be far-reaching. Malinauskaite et al. (2022b) docu-
mented a significant negative correlation between minke whales and SSTs for the years 1995-2018. The same relationship
was also documented by Lechwar et al. (2023). In close connection with such potential developments, it has been noted that
blue whales have increasingly been moving north. They currently come into Skjalfandi Bay, adjacent to Hasavik, every summer
in June. However, when a photo-identification catalog of 148 different individuals was compiled, it resulted in a match of
many of these whales in waters off Svalbard as well as Huasavik. This possible shift may be linked to warming Arctic
waters. Madsen et al. (2019) further describe these exciting findings and discuss future work. Although the “staple” of the
whale-watching industry is now the humpback whale, the novelty of the presence of blue whales is of great interest and the
loss of these magnificent creatures could negatively impact the Hisavik tourism industry.

Climate, fisheries, and marine governance past and present

ARCPATH had a major focus on fisheries and fisheries governance systems. As such, linkages between historical and
contemporary data have been a significant element in the project. Correlations were found between fisheries and temperature
changes in the North Atlantic back to ca. A.D. 1700. These data allowed for the occurrence of extreme weather events, such
as increased storminess, and human adaptation responses in our study areas in the past (Ogilvie, 2024; Ogilvie and
Sigurdardoéttir, 2024)2. Clearly, a correlation exists between ocean temperatures and marine stocks. Therefore, although
other factors were involved, it is highly likely that climate was of importance for the fisheries in several respects. If the
weather was particularly stormy, for example, many lives were lost at sea, and more fishermen drowned during unusually
cold and stormy periods (Ogilvie, 2024). The question as to whether current and future changes in climate will bring higher
wind speeds and increased storminess was investigated (Siihring et al., 2023). Model simulations of future climate do indicate
a slight increase in the number of days with greater wind speeds. Whether this could have a significant impact on fisheries
and whale-watching tourism in the future is currently unclear. However, ARCPATH findings suggest that storms are an
understudied climate-change factor for Icelandic fisheries that needs to be better understood in terms of their impact and con-
sequent adaptations at the local level (Siihring et al., 2023). Although the presence of sea ice off the coasts of Iceland in the
past had primarily negative effects (Ogilvie, 2010; Ogilvie et al., 2021b) some evidence suggests that ice fast to the coasts,
as well as ice at sea, can ameliorate the destructive effects of storms (Semenov et al., 2019; Niels Einarsson, pers.comm.).
These results are relevant for IPCC-related wave-modeling activities (Erikson et al., 2022; Morim et al., 2022) that focus on
better prediction and diagnosis of changes in marine storminess.

Marine governance has had a focus on contemporary fisheries that included investigating the social and economic
impacts of Individual Transferable Quotas (ITQs) systems in coastal communities. ARCPATH research found serious flaws
in the design of this form of marine resource governance due to significant social, economic, and ecological externalities
that are not sufficiently dealt with in policy design, implementations, and assessments. A major publication in the Proceedings
of the National Academy of Science (Young et al., 2018) demonstrated that ITQs are panacea solutions to fisheries governance
that need to be reviewed and potentially revised due to a range of negative social equity issues as well as a lack of flexibility
and sophisticated ecosystem understanding. In fisheries management, or more generally, environmental governance, regula-
tory arrangements that are thought to be helpful in some contexts frequently become panaceas or simple formulaic policy pre-
scriptions. When this happens, negative side effects are common.

One of the key goals of ARCPATH was to produce empirically based knowledge that could be of use to society at
large, but in particular for stakeholders in fisheries and other marine-resource use sectors, as well as coastal communities
based on making their living from the sea. As noted above, regarding marine tourism, ARCPATH focused on the expanding
sector of whale watching. This is an enterprise that requires an interdisciplinary approach. It is highly sensitive to global pro-
cesses, both in terms of biophysical forces, such as climate change, as well as the social and economic processes of globalization
and cultural change. The project highlighted the need for a paradigm shift when it comes to valuing nature in terms of the
ecosystem services of whales, and this new understanding has significant policy and management implications for future
developments in the fisheries.

a QOgilvie, A. E. J., and R. Sigurdardéttir: Living with Ice, Fire, Sand and Floods: Responses to Natural Hazards in Early Modern Iceland.
The Oxford Handbook of Climate Resilience, Dagomar Degroot, J.R. McNeill, Amy Hessl, Eds, Submitted.
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Current and future interdisciplinary research

ARCPATH not only revealed the range of ecological, economic, and societal consequences caused by the rapid warming
of the Arctic but also developed knowledge and capabilities to address these challenges. We deepened understanding of intricate
social-ecological—climatic interactions and the need for interdisciplinary approaches. ARCPATH also improved the capability
to predict climate on relevant timescales—seasons to a decade ahead. All of these aspects help to provide a basis for operational
climate and ecosystem services to aid in climate adaptation and mitigation and achieve sustainable societies. Current
projects continuing the ARCPATH ethos include NORSEACC?, which is investigating the role of knowledge and governance
in promoting resilience and adaptation to rapid environmental and social change in northern coastal communities. The JUST-
NORTH project has considered how sustainable development can be met through the theories of justice and equity. The
film and documentary INTO THE OCEANIC contributed to outreach work on climate change by illustrating marine
changes in a novel way (https://www.intotheoceanic.org/outreach).

Continued progress requires an improved assessment of climate variability related to internal mechanisms and external
forcing. The PARCIM project at the Bjerknes Centre for Climate Research addresses this by extending climate reanalysis
back several centuries using palaeoclimatic proxy data. Historical archives can be used with these novel data to gain deeper
insights into climate-ecological and social relations. The ICEHIST project takes ARCPATH historical climate research one
step further in that, as well as focusing on historical data for Iceland and Greenland, the project will include auxiliary data,
such as instrumental oceanographic measurements from coastal and shelf regions on timescales of one hundred years or
more, e.g., in northern and eastern Iceland with the aim of testing the hypothesis that Great Sea-Ice Anomalies (GSIAs)
were recurring events. A related project is ICEWHALE which considers social-ecological linkages between the presence of
sea ice and whale strandings off the shores of Iceland in the past (https://www.svs.is/en/projects/ongoing-projects/
icewhale).

Of critical importance is the need to continue improving climate predictions. More advanced methods that include
machine learning are being developed to make better use of sea-ice data. Projects with this focus are based at the Danish
state-funded National Centre for Climate Research and through the bilateral China-Norway project (4ICE). Theoretical
approaches based on weather-climate interactions are being developed to advance the development and evaluation of climate
predictions, through a Russian Megagrant in collaboration between Noel Keenlyside and another ARCPATH colleague,
Vladimir Semenov. The use of large ensembles of predictions to provide information at regional scales using dynamical
downscaling and machine learning is another key area that is being investigated in a large EU project (Impetus4Change)
involving several ARCPATH partners.

When considering the legacy of ARCPATH and future directions in interdisciplinary research it will be crucial to continue
to develop climate-marine ecosystem models and to co-develop associated services. This requires combining numerical climate
predictions with marine ecosystem models, which is not only technically challenging but requires a more complete under-
standing of biophysical interactions. Such research has already begun in the Norges forskningsrad (Norwegian Research
Council - NFR)-funded Arven etter Nansen programme (the Nansen Legacy Project) and the EU-funded TRIATLAS
project. The development of useful services requires collaboration between natural and social scientists and interaction with
stakeholders from both the private and public sectors. Promising initiatives in this regard have also begun at several centres
around the world, including through the NFR-funded Climate Futures project and TMS-funded Bjerknes Climate Prediction
Unit.

The interdisciplinary approach used in ARCPATH could be extended to a variety of linkages among human popula-
tions, climate change, and Arctic environments; for example, those associated with suggested social indicators such as:
Health and Population; Material Well-being; Education; Cultural Well-being; Contact with Nature; and Fate Control (ASI,
2015). An example of this approach is the international Belmont Forum-funded RACE project, which focused on the
impacts of rapid climate and environmental changes in the Arctic on infrastructure and pan-Arctic and regional population
dynamics. RACE highlighted the need to understand the feedback between climate and environmental factors, infrastruc-
ture, and social indicators (such as the “climate—poverty-development (CPD) nexus” (Charles et al., 2019). This is vital for
developing adaptation strategies and for the alleviation of major climatic and socioeconomic impacts on Arctic communi-
ties.

Summary

In summary, the combined expertise of ARCPATH team members (Fig. 2) created new knowledge on crucial Arctic
issues by integrating information from several traditionally different disciplines. In seeking to synthesize results from such
separate disciplines encompassing very different research methods, ARCPATH emphasized the need to go beyond the multi-

> The new and current projects mentioned here are referenced in the Acknowledgements.
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Fig. 2. ARCPATH team members at the ARCPATH annual meeting held in Reykjavik, Iceland in October 2017.
Yongqi GAO is in the front on the far left. Photograph courtesy of the Nordic House, Reykjavik.

disciplinary approach in which different aspects of a project are conducted separately, focusing instead on interdisciplinar-
ity, where different research elements are integrated to provide greater insight into research questions and results where the
whole is greater than the sum of the parts. Transdisciplinarity was also ensured through the inclusion of local partners and
stakeholders. From the very start of the project, synthesis was an important goal of the research (King and Ogilvie, 2021).
Communication was not always easy, but through perseverance and a willingness to listen and learn, by all members of the
research team, the project resulted in an extremely successful example of the value of interdisciplinary research. In short,
the highly successful ARCPATH project forms a testimony to Professor GAO’s enthusiasm for embracing the spirit of inter-
disciplinarity. Although he was a natural scientist, in his final project, he found himself working not just with colleagues
from his own field, but with new colleagues from many different disciplines along with research topics that were also
novel. This willingness to accept new challenges may be seen as a measure of the man. Professor GAO’s legacy will con-
tinue, not least through the numerous new and exciting interdisciplinary and transdisciplinary research endeavours inspired
by ARCPATH.

Acknowledgements We thank all our ARCPATH colleagues, students, post-doctoral fellows, international partners, members of our
Advisory Board, and, last but not least, our colleagues in our research communities who willingly shared their local knowledge, with special
thanks to Pavidrak JAKOBSEN and Ruth and Johan AAQQII{. We gratefully acknowledge the support for all the projects mentioned
here, first and foremost, the NordForsk-funded Nordic Centre of Excellence project (Award 766654) Arctic Climate Predictions: Pathways
to Resilient, Sustainable Societies (ARCPATH); National Science Foundation Award 212786 Synthesizing Historical Sea-Ice Records to
Constrain and Understand Great Sea-Ice Anomalies (ICEHIST) P1 Martin MILES, Co-PI Astrid OGILVIE; American-Scandinavian Foun-
dation Award Whales and Ice: Marine-mammal subsistence use in times of famine in Iceland ca. A.D. 1600-1900 (ICEWHALE), PI
Astrid OGILVIE; Social Sciences and Humanities Research Council of Canada Award 435-2018-0194 Northern Knowledge for
Resilience, Sustainable Environments and Adaptation in Coastal Communities (NORSEACC), PI Leslie KING, Co-PI, Astrid OGILVIE;
Toward Just, Ethical and Sustainable Arctic Economies, Environments and Societies (JUSTNORTH). EU H2020 (https://www.svs.is/en/
projects/ongoing-projects/justnorth-2020-2023); INTO THE OCEANIC by Elizabeth OGILVIE and Robert PAGE (https://www.intotheo
ceanic.org/introduction); Proxy Assimilation for Reconstructing Climate and Improving Model (PARCIM) funded by the Bjerknes Centre
for Climate Research, led by Francois COUNILLON, PI Noel KEENLYSIDE; Accelerated Arctic and Tibetan Plateau Warming: Processes
and Combined Impact on Eurasian Climate (COMBINED), Research Council of Norway (Grant No. 328935), Led by Noel KEENLYSIDE;


https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.svs.is/en/projects/ongoing-projects/justnorth-2020-2023
https://www.intotheoceanic.org/introduction
https://www.intotheoceanic.org/introduction

1566 THE ARCPATH PROJECT VOLUME 41

Arven etter Nansen programme (the Nansen Legacy Project), Research Council of Norway (Grant No. 276730), PI Noel KEENLYSIDE;
Bjerknes Climate Prediction Unit, funded by Trond Mohn Foundation (Grant BES2018TMTO1) Centre for Research-based Innovation Cli-
mate Futures, Research Council of Norway (Grant No. 309562), PIs Noel KEENLYSIDE, Frangois COUNILLON; Developing and
Advancing Seasonal Predictability of Arctic Sea Ice (4ICE), Research Council of Norway (Grant No. 254765), PI Francois COUNILLON;
Tropical and South Atlantic Climate-Based Marine Ecosystem Prediction for Sustainable Management (TRIATLAS) European Union Hori-
zon 2020 (Grant No. 817578), led by Noel KEENLYSIDE, PI Francois COUNILLON; Impetus4Change, European Union Horizon
Europe (Grant No. 101081555), PIs Noel KEENLYSIDE, Frangois COUNILLON; Laboratory for Climate Predictability, Russian Mega-
grant funded by Ministry of Science and Higher Education of the Russian Federation (Agreement No. 075-15-2021-577), led by Noel
KEENLYSIDE, PI Segey GULEV; Rapid Arctic Environmental Changes: Implications for Well-Being, Resilience and Evolution of Arctic
Communities (RACE), Belmont Forum (RCN Grant No. 312017), PIs Sergey GULEV and Noel KEENLYSIDE. We also thank the anony-
mous reviewers of this paper for their constructive suggestions for improvements.

REFERENCES

ACIA (Arctic Climate Impacts Assessment), 2005: Impacts of a Warming Arctic: Arctic Climate Impact Assessment. Cambridge University
Press.

AHDR, 2004: The Arctic Human Development Report can be ordered through the Stefansson Arctic Institute, Borgir, Nordurslod, IS-
600 Akureyri, Iceland, www.svs.is.

ARCUS, 1997: People and the Arctic: A prospectus for research on the human dimensions of the Arctic system (HARC) for the
National Science Foundation Arctic System Science Program, The Arctic Consortium of the US (ARCUS), Fairbanks.

ASI, 2015: Arctic Social Indicators. Nordisk Ministerrad, Copenhagen.

Babich, C., 2020: The Interdisciplinarity Reformation. Available from https://ecampusontario.pressbooks.pub/interdisciplinarityreforma-
tion/back-matter/author-information/.

Berkes, F., 1993: Traditional ecological knowledge in perspective. Proc. Traditional Ecological Knowledge: Concepts and Cases, Mani-
toba, Canada, Winnepeg, 1-9.

Berkes, F., 2017: Environmental governance for the anthropocene? Social-ecological systems, resilience, and collaborative learning. Sus-
tainability, 9(7), 1232, https://doi.org/10.3390/su9071232.

Bravo, M. and G. Rees, 2006: Cryo-politics: Environmental security and the future of Arctic navigation. The Brown Journal of World
Affairs, 13, 205-215.

Bray, D., and H. von Storch, 1999: Climate science: An empirical example of postnormal science. Bull. Amer. Meteor. Soc., 80,
439-455, https://doi.org/10.1175/1520-0477(1999)080<0439:CSAEE0>2.0.CO;2.

Chambers, C., L. A. King, D. Cook, L. Malinauskaite, M. Willson, A. E. J. Ogilvie, and N. Einarsson, 2021: “Small science”: Community
engagement and local research in an era of big science agendas. Nordic Perspectives on the Responsible Development of the Arctic:
Pathways to Action, D. C. Nord, Ed., Springer, 203—-224, https://doi.org/10.1007/978-3-030-52324-4_10.

Charles, A., D. Kalikoski, and A. Macnaughton, 2019: Addressing the climate change and poverty nexus: A coordinated approach in the
context of the 2030 agenda and the Paris agreement. Food and Agriculture Organization of the United Nations, Rome.

Cook, D., L. Malinauskaite, and B. Davidsdéttir, 2022a: Peering into the fire — an exploration of volcanic ecosystem services. Ecosystem
Services, 55, 101435, https://doi.org/10.1016/j.ecoser.2022.101435.

Cook, D., L. Malinauskaite, B. Davidsdottir, and H. Ogmundard(’)ttir, 2022b: Capital assets underpinning economic well-being — the exam-
ple of whale ecosystem services in Arctic coastal communities. Ecosystem Services, 55, 101432, https://doi.org/10.1016/j.ecoser.
2022.101432.

Dai, P. X, Y. Q. Gao, F. Counillon, Y. G. Wang, M. Kimmritz, and H. R. Langehaug, 2020: Seasonal to decadal predictions of regional
Arctic sea ice by assimilating sea surface temperature in the Norwegian climate prediction model. Climate Dyn., 54, 3863-3878,
https://doi.org/10.1007/s00382-020-05196-4.

Docquier, D., and T. Koenigk, 2021: Observation-based selection of climate models projects Arctic ice-free summers around 2035. Com-
munications Earth & Environment, 2, 144, https://doi.org/10.1038/s43247-021-00214-7.

Einarsson, N., 2009: From good to eat to good to watch: Whale watching, adaptation and change in Icelandic fishing communities.
Polar Research, 28, 129—138, https://doi.org/10.1111/j.1751-8369.2008.00092.x.

Einarsson, T., 1987: Hvalveidar vid Island 1600—1939. MenningarsjGos.

Erikson, L., and Coauthors, 2022: Global ocean wave fields show consistent regional trends between 1980 and 2014 in a multi-product
ensemble. Communications Earth & Environment, 3, 320, https://doi.org/10.1038/s43247-022-00654-9.

IPCC, 2022: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, https://doi.org/10.1017/9781009325844.

Jakobsson, M., and Coauthors, 2012: The international bathymetric chart of the arctic ocean (IBCAO) version 3.0. Geophys. Res. Lett.,
39, 112609, https://doi.org/10.1029/2012GL052219.

Keenlyside, N., A. Ogilvie, Y. Shuting, T. Koenigk, and F. Counillon, 2023: Climate and Marine-Ecosystem Intelligence for a Green
and Competitive Nordic Region. Available from https://www.norden.org/en/publication/fast-track-vision-2030.

Kenny, A., 2010: A New History of Western Philosophy. Oxford University Press.

Kimmritz, M., F. Counillon, L. H. Smedsrud, I. Bethke, N. Keenlyside, F. Ogawa, and Y. Wang., 2019: Impact of ocean and sea-ice ini-
tialisation on seasonal prediction skill in the Arctic. Journal of Advances in Modeling Earth Systems, 11, 4147-4166, https://doi.


https://doi.org/https://doi.org/10.3390/su9071232
https://doi.org/10.1175/1520-0477(1999)080<0439:CSAEEO>2.0.CO;2
https://doi.org/10.1175/1520-0477(1999)080<0439:CSAEEO>2.0.CO;2
https://doi.org/10.1175/1520-0477(1999)080<0439:CSAEEO>2.0.CO;2
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_10
https://doi.org/10.1016/j.ecoser.2022.101435
https://doi.org/10.1016/j.ecoser.2022.101432
https://doi.org/10.1016/j.ecoser.2022.101432
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1007/s00382-020-05196-4
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1038/s43247-021-00214-7
https://doi.org/10.1111/j.1751-8369.2008.00092.x
https://doi.org/10.1111/j.1751-8369.2008.00092.x
https://doi.org/10.1111/j.1751-8369.2008.00092.x
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/10.1038/s43247-022-00654-9
https://doi.org/https://doi.org/10.1017/9781009325844
https://doi.org/10.1029/2012GL052219
https://doi.org/10.1029/2019MS001825

AUGUST 2024 OGILVIE ET AL. 1567

org/10.1029/2019MS001825.

King,L. A.,and A. E. J. Ogilvie, 2021: The challenge of synthesis: Lessons from arctic climate predictions: Pathways to resilient, sustainable
societies (ARCPATH). Nordic Perspectives on the Responsible Development of the Arctic: Pathways to Action, D. C. Nord, Ed.,
Springer, 393-412, https://doi.org/10.1007/978-3-030-52324-4_18.

Kristjansson, L., 1980: fslenzkir Sjdvarhettir I, Békatitgafa Menningarsjéds.

Lechwar, A., M. H. Rasmussen, C. Basran, and S. Collins, 2023: Habitat preference and trend in relative abundance of common Minke
whales (Balaenoptera acutorostrata) in Skjalfandi Bay, Iceland. Journal of Cetacean Research and Management, 24, 29-46,
https://doi.org/10.47536/jcrm.v24i1.388.

Madsen R., and Coauthors, 2019: The migratory movements of blue whales (Balaenoptera musculus) inhabiting Arctic and sub-Arctic
areas of the northeast Atlantic. Dansk Havpattedyr Symposium, Odense, Denmark.

Malinauskaite, L., D. Cook, B. Davidsdéttir, M. P. Karami, T. Koenigk, T. Kruschke, H. Ogmundardéttir, and M. Rasmussen, 2022a:
Connecting the dots: An interdisciplinary perspective on climate change effects on whales and whale watching in Skjilfandi Bay, Ice-
land. Ocean & Coastal Management, 226, 106274, https://doi.org/10.1016/j.ocecoaman.2022.106274.

Malinauskaite, L., D. Cook, E. Ariza, B. Davidsdéttir, and H. Ogmundardéttir, 2022b: Interactive governance of whale ecosystem ser-
vices: Governability assessment of three case studies in the Arctic. Ecology and Society, 27, 22, https://doi.org/10.5751/ES-13307-
270222.

Meehl, G. A., and Coauthors, 2021: Initialized earth system prediction from subseasonal to decadal timescales. Nature Reviews Earth &
Environment, 2(5), 340-357, https://doi.org/10.1038/s43017-021-00155-x.

Miles, M. W., D. V. Divine, T. Furevik, E. Jansen, M. Moros, and A. E. J. Ogilvie, 2014: A signal of persistent Atlantic multidecadal vari-
ability in Arctic sea ice. Geophysical Research Letters, 41, 463—469, https://doi.org/10.1002/2013GL058084.

Morim, J., and Coauthors, 2022: A global ensemble of ocean wave climate statistics from contemporary wave reanalysis and hindcasts.
Scientific Data, 9(1), 358, https://doi.org/10.1038/s41597-022-01459-3.

Newman, R., 2021: Human dimensions: Traditional ecological knowledge—finding a home in the ecological society of America. Bulletin
of the Ecological Society of America, 102, €01892, https://doi.org/10.1002/bes2.1892.

NOAA, 2022: Arctic Report Card. Available from https://arctic.noaa.gov/report-card/.

Ogilvie, A. E. J., 2010: Historical climatology, Climatic Change, and implications for climate science in the twenty-first century. Climatic
Change, 100, 33—47, https://doi.org/10.1007/s10584-010-9854-1.

Ogilvie, A. E. J., 2019: Opportunities and challenges for nordic arctic and subarctic regions: A case study approach. Proc. Nordic Working
Papers Opportunities and Challenges for Future Regional Development, Nordisk Ministerrad, Copenhagen.

Ogilvie, A. E. J., 2022: Writing on sea ice: Early modern Icelandic scholars. Ice Humanities: Living, Working, and Thinking in a Melting
World, K. Dodds, S. Sorlin, Eds., Manchester University Press, 37-56. https://doi.org/10.7765/9781526157782.

Ogilvie, A. E. J., 2024: Stormy weather: Climate and sea-ice variations in the north Atlantic (Iceland Sector). German Voyages to the
North Atlantic Islands (1400—1700), N. Mehler, Ed., Northern World Series, in press.

Ogilvie, A. E. J., Y. Gao, N. Einarsson, N. Keenlyside, and L. A. King, 2021a: The ARCPATH project: Assessing risky environments
and rapid change: Research on climate, adaptation and coastal communities in the North Atlantic Arctic. Nordic Perspectives on
the Responsible Development of the Arctic: Pathways to Action, D. C. Nord, Ed., Springer, 137-156, https://doi.org/10.1007/978-3-
030-52324-4_17.

Ogilvie, A. E. J., B. T. Hill, and G. R. Demarée, 2021b: A fleet of silver: Local Knowledge perceptions of sea ice from Iceland and
Labrador/Nunatsiavut. Biogeography in the Sub-Arctic: The Past and Future of North Atlantic Biota, E. Panagiotakopulu and J. P.
Sadler, Eds., John Wiley & Sons Ltd, 273-291, https://doi.org/10.1002/9781118561461.ch12.

Omrani, N.-E., N. Keenlyside, K. Matthes, L. Boljka, D. Zanchettin, J. H. Jungclaus, and S. W.Lubis, 2022: Coupled stratosphere-tropo-
sphere-Atlantic multidecadal oscillation and its importance for near-future climate projection. npj Climate and Atmospheric Sci-
ence, 5, 59, https://doi.org/10.1038/s41612-022-00275-1.

Polyakov, I. V., R. B. Ingvaldsen, A. V. Pnyushkov, U. S. Bhatt, J. A. Francis, M. Janout, R. Kwok, and @. Skagseth, 2023: Fluctuating
Atlantic inflows modulate Arctic atlantification. Science, 381(6661), 972-979, https://doi.org/10.1126/science.adh5158.

Semenov, A., X. D., Zhang, A. Rinke, W. Dorn, and K. Dethlo, 2019: Arctic intense summer storms and their impacts on sea ice-a
regional climate modeling study. Atmosphere, 10(4), 218, https://doi.org/10.3390/atmos10040218.

Street, R. B., 2016: Towards a leading role on climate services in Europe: A research and innovation roadmap. Climate Services, 1, 2-5,
https://doi.org/10.1016/j.cliser.2015.12.001.

Siihring, N., C. Chambers, T. Koenigk, T. Kruschke, N. Einarsson, and A. E. J. Ogilvie, 2023: Effects of storms on fisheries and aquacul-
ture: An icelandic case study on climate change adaptation. Arctic, Antarctic, and Alpine Research, 55(1), 2269689
https://doi.org/10.1080/15230430.2023.2269689.

Svendsen, L., N. Keenlyside, I. Bethke, Y. Gao, and N.-E. Omrani, 2018: Pacific contribution to the early twentieth-century warming in
the Arctic. Nature Climate Change, 8, 793-797, https://doi.org/10.1038/s41558-018-0247-1.

Svendsen, L., N. Keenlyside, M. Muilwijk, I. Bethke, N.-E. Omrani, and Y. Q. Gao, 2021: Pacific contribution to decadal surface tempera-
ture trends in the Arctic during the twentieth century. Climate Dyn., 57(11), 3223-3243, https://doi.org/10.1007/s00382-021-058
68-9.

The Core Writing Team, H. Lee and J. Romero, 2023: Summary for policymakers. Climate Change 2023: Synthesis Report. Contribution
of Working Groups I, Il and Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, IPCC, Ed.,
IPCC, 1-34, https://doi.org/10.59327/IPCC/AR6-9789291691647.001.

Tian, T., S. T. Yang, M. P. Karami, F. Massonnet, T. Kruschke, and T. Koenigk, 2021: Benefits of sea ice initialization for the interan-
nual-to-decadal climate prediction skill in the Arctic in EC-Earth3. Geoscientific Model Development, 14, 4283—-4305, https://doi.


https://doi.org/10.1029/2019MS001825
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_18
https://doi.org/10.47536/jcrm.v24i1.388
https://doi.org/10.1016/j.ocecoaman.2022.106274
https://doi.org/10.5751/ES-13307-270222
https://doi.org/10.5751/ES-13307-270222
https://doi.org/10.5751/ES-13307-270222
https://doi.org/10.5751/ES-13307-270222
https://doi.org/10.5751/ES-13307-270222
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/10.1002/2013GL058084
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/https://doi.org/10.1038/s41597-022-01459-3
https://doi.org/10.1002/bes2.1892
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.1007/s10584-010-9854-1
https://doi.org/10.7765/9781526157782
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_7
https://doi.org/https://doi.org/10.1002/9781118561461.ch12
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/10.1038/s41612-022-00275-1
https://doi.org/https://doi.org/10.1126/science.adh5158
https://doi.org/https://doi.org/10.3390/atmos10040218
https://doi.org/10.1016/j.cliser.2015.12.001
https://doi.org/https://doi.org/10.1080/15230430.2023.2269689
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/10.1038/s41558-018-0247-1
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.1007/s00382-021-05868-9
https://doi.org/https://doi.org/10.59327/IPCC/AR6-9789291691647.001
https://doi.org/https://doi.org/10.59327/IPCC/AR6-9789291691647.001
https://doi.org/https://doi.org/10.59327/IPCC/AR6-9789291691647.001
https://doi.org/10.5194/gmd-14-4283-2021

1568 THE ARCPATH PROJECT VOLUME 41

org/10.5194/gmd-14-4283-2021.

Win, Z. M., D. Cook, and B. Davidsdottir, 2023: A comparison of the economic value of fuel externalities from whale watching vessels:
Electric and diesel fueled boats in Iceland. Ocean & Coastal Management, 239, 106588, https://doi.org/10.1016/j.ocecoaman.2023.
106588.

Yang,S.T., Y. Q. Gao, K. Torben, N. Keenlyside, and F. Counillon, 2021: The climate model: An ARCPATH tool to understand and predict
climate change. Nordic Perspectives on the Responsible Development of the Arctic: Pathways to Action, D. C. Nord, Ed., Springer,
157-180, https://doi.org/10.1007/978-3-030-52324-4_8.

Young, O. R., and Coauthors, 2018: Moving beyond panaceas in fisheries governance. Proceedings of the National Academy of Sciences
of the United States of America, 115(37) 9065-9073, https://doi.org/10.1073/pnas.1716545115.


https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.5194/gmd-14-4283-2021
https://doi.org/10.1016/j.ocecoaman.2023.106588
https://doi.org/10.1016/j.ocecoaman.2023.106588
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1007/978-3-030-52324-4_8
https://doi.org/https://doi.org/10.1073/pnas.1716545115

	The Concept of interdisciplinarity
	The ARCPATH project
	Interdisciplinarity and synthesis
	Contributions to atmospheric sciences
	Marine changes and ecosystem services in the Arctic
	Climate, fisheries, and marine governance past and present
	Current and future interdisciplinary research
	Summary
	Acknowledgements
	References

