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Chapter 7
The ARCPATH Project: Assessing Risky 
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Abstract  The NordForsk Centre of Excellence-funded project Arctic Climate 
Predictions: Pathways to Resilient, Sustainable Societies has as its acronym 
“ARCPATH” which reflects its focus on the Arctic region and the NordForsk focus 
on “pathways to sustainability”. ARCPATH is a ground-breaking project designed 
specifically to synthesize results derived from a variety of traditionally very differ-
ent and separate academic disciplines. In this spirit, the project seeks to address the 
complex and interlinked issues of climate and socio-economic change occurring in 
the Arctic by focusing on near-term changes, with the overarching goal of fostering 
responsible and sustainable development. This requires the reconciliation of envi-
ronmental, social, and economic demands. These aspects are central to the project’s 
three main goals: (1) To predict regional changes in Arctic climate over the coming 
decades using innovative methods to capture both anthropogenic and natural fac-
tors 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 mea-
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sures; (3) To combine improved regional climate predictions with enhanced under-
standing of environmental, societal, and economic interactions in order to supply 
new knowledge on potential “pathways to action”.

Keywords  Adaptation · ARCPATH · Climate change · Coastal communities · 
Sustainability

7.1  �Introduction

The NordForsk Centre of Excellence-funded project Arctic Climate Predictions: 
Pathways to Resilient, Sustainable Societies has as its acronym “ARCPATH” which 
reflects its focus on the Arctic region and the NordForsk focus on “pathways to 
sustainability”. The project’s home and leadership are shared by the Nansen 
Environmental and Remote Sensing Centre (NERSC) in Bergen, Norway (Dr 
Yongqi Gao as lead) and the Stefansson Arctic Institute in Akureyri, Iceland (Dr 
Astrid Ogilvie as co-lead). The project websites are: http://www.ncoe-arcpath.org/ 
and http://www.svs.is/en/projects/arcpath. ARCPATH is a ground-breaking project 
designed specifically to synthesize results derived from a variety of traditionally 
very different and separate academic disciplines. In this spirit, the project seeks to 
address the complex and interlinked issues of climate and socio-economic change 
occurring in the Arctic by focusing on near-term changes, with the overarching goal 
of fostering responsible and sustainable development. This requires the reconcilia-
tion of environmental, social, and economic demands. These aspects are central to 
the project’s three main goals: (1) To predict regional changes in Arctic climate over 
the coming decades 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 combine improved regional climate predictions with 
enhanced understanding of environmental, societal, and economic interactions in 
order to supply new knowledge on potential “pathways to action”.

ARCPATH methods involve extensive cross-disciplinary collaboration including 
contributions from: climatology (global modelling; dynamic downscaling; histori-
cal climatology); environmental science; economics; oceanography and cryosphere 
research; marine and fisheries biology; fisheries management; anthropology; gover-
nance systems; human eco-dynamics; and traditional ecological and local knowl-
edge. Drawing on these separate but interlinking disciplines is enabling ARCPATH 
to form a truly synergistic Centre of Excellence. The project is collecting, assem-
bling, and analysing a wide variety of different data sets and information with a 
focus on local communities in Iceland, Greenland and northern Norway. ARCPATH 
methods include the use of: (1) Earth System Models  – the Norwegian Climate 
Prediction Model (NorCPM) and the European ESM (EC-Earth) Model with 
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assimilation of data from oceans and sea ice in order to perform global climate pre-
dictions; (2) Regional Arctic Climate Models to perform Arctic climate predictions; 
(3) Quantitative economic modelling, supported by qualitative interviews. The 
quantitative modelling follows the Economics of Ecosystems and Biodiversity 
(http://www.teebweb.org/) ecosystem services economic modelling framework. 
ARCPATH uses proven ethnographic research methods to solicit community 
insights concerning local changes, and to document how people are adapting/adjust-
ing to these changes and impacts. The main social science research methods involve: 
participant observation, semi-structured and specialist interviews, official docu-
ments and surveys (see e.g., Fowler and Mangione 1990; Cochrane et  al. 2008; 
Malinauskaite et al. 2019a). See also the chapter by Chambers and colleagues in this 
volume on community engagement. Evaluation of historical data follows estab-
lished methods of analysis (Ogilvie 2010).

7.2  �ARCPATH’s Work Packages

The ARCPATH project is structured in such a way that there are seven discrete but 
interlinked work packages. The main goal of Work Package 1, Arctic Linkages: 
Climate, Environmental Change, and Human Eco-Dynamics, is to form an histori-
cal context for the project as a whole in that it is exploring and establishing linkages 
among changes in climate, social-ecological systems, and marine systems. The 
main objective of Work Package 2, Improved Global Climate Prediction by 
Initialization of Arctic Sea Ice and Sea-Surface Temperatures, is to improve our 
capability for decadal climate predictions by starting the predictions from realistic 
ocean and sea-ice conditions. The climate modelling and prediction aspects are 
described in more detail in the chapter in this volume by Shuting Yang and other 
ARCPATH colleagues. The main goal of Work Package 3, Arctic Climate Predictions 
and Regional Downscaling, is to improve climate predictions for the Arctic/Nordic 
Seas to the year 2030 by using high-resolution global-coupled simulations and 
regional downscalings. The main focus of Work Package 4, Climate, Social-
Ecological Systems, Cetaceans and Tourism is to analyse to what extent climate 
change, tourism, and industrial development puts cetaceans (and human societies 
dependent on their use) under increasing and unsustainable pressure. Thus there is 
an integrative focus on marine changes in the Arctic, with particular regard to link-
ages among environmental changes and changes in cetacean populations, and the 
growth of whale-watching tourism. The emphasis in Work Package 5 is on Marine 
Governance, Security and Rapid Social and Environmental Change has consider-
able overlap with Work Package 4. Recent work has concentrated on field research 
on fisheries governance issues, including investigating social and economic impacts 
of Individual Transferable Quota (ITQ) systems in coastal communities. ARCPATH 
places much emphasis on interdisciplinary synthesis and Work Package 6, Synthesis, 
focuses entirely on efforts at synthesis among the individual work packages of the 
project. As this is the topic of Chap. 18 of this volume, its undertakings will not 
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discussed here except to note that this work package is designed to: (1) Harvest the 
principal scientific findings of ARCPATH and to generate new cross-cutting insights 
and concepts; (2) Explore the policy and action relevance of these findings; (3) 
Mobilize the generated knowledge in order share it with the academic community, 
policy-makers, practitioners, NGOs, the media and the general public; and (4) 
Identify gaps in knowledge and directions for future research. Furthermore, although 
researchers are now recognizing the importance of synthesis of research findings in 
order to facilitate knowledge mobilization and project legacy, many of these proj-
ects attempt to conduct synthesis at the very end of the research. ARCPATH is 
unique in that it is developing methods of building synthesis into the research pro-
cess at all phases of research from design to application and legacy. Finally, Work 
Package 7 encompasses Project Management and Dissemination. The project is 
managed by the project leaders, Yongqi Gao and Astrid Ogilvie, with assistance 
from Project Manager, Kjetil Lygre. In addition to this, ARCPATH has an executive 
committee drawn from the work package leaders and an advisory board drawn from 
colleagues who are leaders in their fields and who have extensive experience in the 
fields of ARCPATH research. The following section describes the context for 
ARCPATH research efforts.

7.3  �Arctic and Subarctic Change

Evidence of striking changes in global and Arctic climate over recent decades has 
increased dramatically and a large body of literature has ensued. The Arctic Human 
Development Report (AHDR, Einarsson et al. 2004) and the Arctic Climate Impacts 
Assessment (ACIA 2005) are examples of major studies that have focused on the 
rapid warming of the Arctic and its potential impacts on both Arctic and global com-
munities. Their findings, even more compelling now than a decade ago, continue to 
be corroborated by other inquiries (Forbes 2011; IPCC 2014; IPCC SR 15 2018; 
AHDR 2014; Stroeve et  al. 2014; Kahn 2016; Overland et  al. 2018a, b; Arctic 
Report Card 2019; Box et al. 2019; Bravo 2019).

Rapid changes in the Arctic and globally may also include regime shifts that 
interact with one another to cause cascading effects (Rocha et al. 2018). The IPCC 
Fifth Assessment report (2014) concluded: “Effective decision-making to limit cli-
mate change and its effects can be informed by a wide range of analytical approaches 
for evaluating expected risks and benefits, recognizing the importance of gover-
nance, ethical dimensions, equity, value judgments, economic assessments and 
diverse perceptions and responses to risk and uncertainty” (Summary for 
Policymakers, 3.1.)

Focusing on specific locations for in-depth studies, ARCPATH considers these 
broad environmental and societal concerns in the context of developments also in 
the wider Arctic and Subarctic. Today, much research is being conducted in Alaska 
and on the north coast of British Columbia regarding the impacts of rapid environ-
mental and socio-economic changes, marine mammal health and human-whale 
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interactions and conflicts (Moore 2014; Neilson et al. 2012; Fraker 2013). In Alaska, 
whales and whaling communities are impacted significantly by climate change and 
biodiversity loss (Kishigami 2010). In particular, whaling communities are seeking 
new livelihood strategies and opportunities for economic development while trying 
to maintain their cultural connection to whales and whaling (Druckenmiller et al. 
2012). ARCPATH draws on this research and identifies implications for the wider 
Arctic and Subarctic world.

7.4  �Global and Local Climate Change in the Arctic

Figure 7.1, below, shows the annual-mean temperature variations over the North 
Atlantic Arctic compared with global-mean variations. Although far from synchro-
nous there are noticeable similarities between the two. Particularly striking is the 
early-twentieth-century global warming from 1920–1940. This warming has been 
attributed to a combination of anthropogenic (aerosols and greenhouse gas) factors 
as well as natural fluctuations within the climate system associated with the Pacific 
and Atlantic Oceans (Tokinaga et al. 2017). In particular the warming of the tropical 
Pacific and cooling of the northwestern Pacific during this period forced atmo-
spheric circulation changes that warmed the Arctic (Svendsen et al. 2018).

The natural forcing related to Atlantic Multidecadal variability, also commonly 
known as the Atlantic Multidecadal Oscillation (AMO), is reflected strongly in the 
North Atlantic temperature series shown in the Figure (see also Delworth and 
Greatbach 2000; Zhang et al. 2007; Semenov and Latif 2012; Wigley and Santer 
2013; Delworth et al. 2016). The subsequent cooling in the Arctic to the mid 1970s, 

Fig. 7.1  Annual-mean temperature variations over the Atlantic Arctic compared with global-mean 
variations from 1850–2018. The data have been filtered with a low-pass filter to highlight changes 
on decadal and longer time-scales. The data are from the gridded HadCRUT3v land-plus-marine 
dataset (Brohan et al. 2006). (Updated February 2019 courtesy of Professor Tim Osborn, Director, 
Climatic Research Unit, Norwich, UK)
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manifested as a levelling-off of the global trend, is largely the result of aerosol cool-
ing associated with increased emissions of SO2, a trend that ceased in the 1980s. 
Although the North Atlantic region is clearly more variable than the global record 
in terms of temperature, both show another strong warming trend over 1995–2005. 
While internally generated variability and decadal fluctuations (such as those related 
to ocean–atmosphere interactions) are important, longer multi-decadal time-scale 
changes are primarily attributable to anthropogenic forcing. There are indications of 
a downturn in the northern North Atlantic temperatures since about 2005. This may 
modulate the secular anthropogenic warming trend in the Atlantic sector of the 
Arctic and Subarctic in coming decades.

The climatic regimes of Iceland, Greenland and northern Norway are quite dif-
ferent from one another, but the climate systems that affect them are closely linked 
by virtue of geographic proximity. As a result of the warming effect of the Irminger 
Current (see Fig. 7.2) Iceland enjoys a relatively mild climate. Greenland has a true 
arctic climate with its surrounding waters dominated by the cold East Greenland 
Current. In the past, the region has experienced relatively severe ice conditions, with 
ports commonly closed for long periods due to winter ice and icebergs (Ogilvie 
2010; Miles et al. 2014). In the early part of the twenty-first century sea ice has only 

Fig. 7.2  Geographical settings and locations of ARCPATH primary focus areas. Major temperate 
(warm colours) and cold (cold colours) ocean currents are shown: East Greenland Current (EGC); 
West Greenland Current (WGC); East Icelandic Current (EIC); Irminger Current (IC); and 
Norwegian Atlantic Current (NwAC). The Polar front indicates the modern mean limit of polar 
waters and sea ice of Arctic Ocean origin. Bathymetry from the International Bathymetry Chart of 
the Arctic Ocean (IBCAO). (Figure courtesy of Dr Martin Miles, NORCE Norwegian Research 
Centre and University of Colorado-Boulder)
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been a rare visitor to the coasts of Iceland. In recent years, the climate of Greenland 
has been marked by record warm temperatures, reduced sea ice, significant ice loss 
by melting, and glacier-area loss (Box et al. 2019; Andersen et al. 2019). Iceland is 
greening, having experienced very warm years recently, and it is possible that the 
country’s glaciers that have always been such a dominant feature of the landscape 
will have disappeared within the next 200 years (Trausti Jónsson, pers. comm.). 
Both Iceland and Greenland are experiencing longer growing seasons for crops and 
vegetation in general, coupled with increased uncertainty concerning the move-
ments and locations of fish stocks. For northern Norway, the pronounced retreat of 
sea ice (e.g., Onarheim et al. 2014) and increasing influence of Atlantic Water has 
characterized climate shifts in the region in the Barents Sea (Lind et al. 2018) and 
around Svalbard (Polyakov et al. 2017) to the extent that the term “Atlantification” 
of the Arctic was recently coined. These oceanic changes are likely to have had a 
substantial and direct contribution to the recent climate warming across the region 
(Isaksen et al. 2016; Arctic Report Card 2019).

7.5  �ARCPATH Study Locations

The countries of Iceland, Greenland and Norway are linked both geographically and 
historically. The settlement of Iceland, primarily from Norway and the northern 
British Isles, began in the late-ninth century. Approximately 100 years later, small 
colonies of Norse people from Iceland established two settlements in southern 
Greenland. They also travelled annually to the Disko Bay area to hunt for prized 
walrus ivory. By the time Norwegian and Danish missionaries arrived in western 
Greenland in the early eighteenth century, the Greenland Norse had long disap-
peared, leaving a mystery that fascinates people to this day (Seaver 1996; Barlow 
et al. 1997; Ogilvie et al. 2009; Ogilvie 2016; Frei et al. 2015; Barrett et al. 2020).

Greenlanders have traditionally subsisted on marine mammals (Born et al. 2017; 
Nuttall 2019). This form of subsistence has also been important in Iceland, but on a 
far smaller scale, although the practice is clearly as old as the first settlement 
(Kristjánsson 1980; Perdikaris and McGovern 2008; Frei et  al. 2015). Although 
foreign fleets have pursued large-scale whaling in Greenlandic waters in past centu-
ries, native Greenlanders have hunted whales only for domestic use. This practice 
continues today, including in ARCPATH study areas.

Whaling has been significant in Norway where minke whales are still hunted 
under an “objection” to the International Whaling Commissions’s global ban on 
commercial whaling, which came into effect in 1986. Commercial whaling has 
been conducted intermittently in Iceland for more than a century. Initially, large 
Norwegian whaling stations were operated from the mid-1880s until World War I, 
first on the Vestfirðir peninsula (northwest Iceland) and later on the east coast. By 
about 1912, stocks had become depleted to the extent that whaling was no longer 
profitable, and, in 1916, the Icelandic Parliament passed an act prohibiting all whal-
ing. In the following decades, whale stocks gradually recovered. Whaling was 
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resumed on a relatively small scale in 1948 and has continued with intervals. In 
2009, Icelandic authorities allowed controversial commercial whaling for a period 
of 5 years, with an annual quota of up to 150 fin whales and 100 minke whales. In 
early 2019 the Icelandic authorities decided to step up commercial whaling by allot-
ting increased quotas for 5 years, 2019–2023, allowing the taking of 209 fin whales 
and 217 minke whales. However, adapting to changed conditions, Icelanders now 
also focus on promoting whale-watching as part of a rapidly growing tourist indus-
try (Einarsson 2009; Huijbens and Einarsson 2018).

For the specific locations of all project components see Fig. 7.2. ARCPATH’s 
Iceland component is primarily focused on the municipality of Norðurthing, com-
prising the towns of Húsavík (population 2307) and the settlements of Kópasker 
(population 122) and Raufarhöfn (population 186). Particular emphasis is given to 
Húsavík as this is where whale watching has become a major industry over the past 
25 years (Einarsson 2009; Huijbens and Einarsson 2018). The surrounding area of 
Skjálfandi Bay is visited by several whale species including minke whales and blue 
whales (Rasmussen 2014). The adjacent island of Grímsey (population 86) was 
once an important fishing centre, but is now suffering from depopulation. In Húsavík 
there has been significant emphasis on alternative economic enterprises with con-
siderable success. With a major focus on whale watching it has come to be called 
the “Whale watching capital of Europe”. This can be interpreted as a sign of con-
structive adaptability and cultural flexibility on the part of its residents (Einarsson 
2009, 2011a, b; Huijbens and Einarsson 2018).

A rival for this title is the region around the island of Andøya in northern Norway 
situated 138 km south of Tromsø by ferry. There sperm whales (Physeter macro-
cephalus) have been observed for several years. The main village on the island is 
Andenes (population 2694). ARCPATH has focused on this as well as the island of 
Skjervøya that is situated 87 km north of Tromsø by ferry. The island’s main town 
is Skjervøy (population 2881). Both of these locations have been chosen for special 
study because of their similarity to Húsavík in terms of being small towns focusing 
on whale watching and also experiencing a growth in marine traffic with possible 
impacts on the marine mammals. The whales most frequently seen around Skjervøya 
are humpback and killer whales. This is because the herring shoals that they feed on 
are currently to be found there. When the herring leave and move elsewhere, as they 
frequently do, the whales will follow them and also leave. If this should occur in the 
future, it would mean an end to the current large ongoing whale-watching opera-
tions. As well as being a tourist destination, Skjervøya is dependent on the fishing 
industry. These study areas are of particular interest due to changes in fishing prac-
tices and a boom in marine and other forms of tourism, which may become the new 
economic backbone for the coastal communities involved as long as the whales and 
their food sources remain. These ARCPATH locations share a common denomina-
tor regarding general human ecology. They are small resource-dependent communi-
ties, in particular, with regard to access to fish stocks. They are potentially vulnerable 
in terms of the health of the environment they exploit, so issues of pollution and 
overexploitation are key.
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The Greenland component has focused primarily on coastal communities in east-
ern Greenland. They include Ittoqqortoormiit (formerly named Scoresby) with a 
population of 470 as well as Tasillaq (formerly known as Ammassalik or 
Angmagssalik) with a current population of 2062. Ittoqqortoormiit is a small com-
munity, established in 1924 when the Danish government decided to relocate some 
70 Inuit from the more southerly community of Ammassalik along with 10 Inuit 
from the west coast of Greenland to this location. This was part of a plan to empha-
size Danish sovereignty in East Greenland.

As of 2019 ARCPATH has also focused its research efforts on the Disko Bay (in 
Greenlandic Qeqertarsuup tunua) area of western Greenland, in particular, on the 
towns of Ilulissat (population 4905), the island of Qeqertarsuaq (population 845) 
and the community of Aasiaat (population 3112). These communities all share the 
common twentieth-century Greenlandic experience of a rapid transformation from 
scattered settlements based on hunting to an urbanizing post-industrial economy 
(Nuttall 2019). Shared characteristics include both economic and cultural reliance 
on marine resources for subsistence, along with the receipt of transfer payments 
from the Greenlandic government. Seal and other marine-mammal hunting remain 
an important part of mixed-economy subsistence activities, along with a growing 
tourism industry which includes whale watching. In Ilulissat, there are also pros-
pects for increased infrastructure and economic development in connection with oil 
and gas exploration off the west coast. In all these communities, ARCPATH is 
studying the effects of marine-resource governance and marine-mammal hunting 
practices on community viability and resilience.

ARCPATH fieldwork has been undertaken in each of the study areas in all years 
of the project. Although project study sites have much in common, they are also 
different in several ways in terms of language, history, culture. They also can vary 
from one another in social-ecological as well as socio-economic factors. For this 
reason, research approaches are slightly different for the different regions. Thus, for 
example, there is more emphasis on Indigenous knowledge and traditional hunting 
practices in the Greenland sites. Also, whale watching tourism is less developed 
there than for Iceland and Norway.

7.6  �Areas for Investigation

As noted above, the ARCPATH project is divided into seven specific focus areas 
that take the form of work packages. The following paragraphs discuss each of these 
with special attention given to current highlights and results. The main goal of Work 
Package 1, Arctic Linkages: Climate, Environmental Change, and Human Eco-
Dynamics, has been to form an historical context for the project as a whole, in that 
it is exploring and establishing linkages between changes in climate, social-
ecological systems, and marine systems. Work has continued on analyzing past cli-
mate variations, together with adaptations to climate impacts on economic activities 
such as fishing and multiple use of cetaceans. At the start of the project a main focus 
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was on analysis of the past sea-ice record for Iceland, in particular in terms of cor-
relations with the North Atlantic Oscillation (NAO) index and Atlantic and Pacific 
Ocean multi-decadal variability. As this is an example of project synthesis, the 
results of this work are also discussed in Chap. 19 of this volume.

The linkages between the historical and systematic instrumental data are a con-
tinuing focus of the project in Work Package 1. Emphasis has been given to tem-
perature variations for Iceland (which correlate well with the sea-ice index) plus 
analyses of storminess, ecosystem services of cetaceans and fisheries in the past, 
and perceived adaptations to climate impacts. In particular, there has been a focus 
on these specific tasks: To examine correlations between fisheries and temperature 
changes in the North Atlantic back to ca AD 1700; and to evaluate the incidence of 
extreme weather events, such as increased storminess, and human adaptation 
responses in our study areas in the past (Ogilvie 2020). It is clear that a correlation 
exists between ocean temperatures and marine stocks. Although other factors were 
involved, it is highly likely therefore that climate was of importance for the fisheries 
in several respects. If the weather was particularly stormy, for example, then many 
lives were lost at sea, and more fishermen were drowned during cold and stormy 
periods such as between 1698 and 1704. Until comparatively recent times, when 
many different fish species began to be caught in Iceland waters due to warmer 
ocean temperatures, the main species caught was cod. It is a fish that is highly 
dependent on water temperatures for survival with 4–7 °C being optimal. During the 
period from 1680 to 1760, for example, when many severe years occurred, fisheries 
were generally poor. It is possible therefore, that the waters around Iceland became 
less favourable for cod reproduction and survival. There is an interesting parallel 
here with research from Work Package 4 which shows that blue whales and white-
beaked dolphins appear to be changing their migration routes due to changing water 
temperatures.

The main objective of Work Package 2, Improved Global Climate Prediction by 
Initialization of Arctic Sea Ice and Sea-Surface Temperatures, has been to improve 
the capability for decadal climate predictions by starting the predictions from real-
istic ocean and sea-ice conditions. Prediction uncertainties are being partly reduced 
by using two different climate models EC-Earth3 and NorCPM. The ocean and sea 
ice have been initialized with a so-called anomaly initialization. This means that 
observed deviations from the mean climate are added to the mean climate of the 
model. This method is used because the climate that is simulated by a model differs 
somewhat from the observed climate, and starting a prediction from the pure raw 
observations leads to unwanted drifts in the model, which degrades the prediction. 
To clarify, initialisation refers to the method used to adjust the model to be close to 
the observed conditions in terms of ocean temperature and salinity, and sea-ice 
cover. In this way, the model is able to make a prediction of how the ocean, sea ice, 
and climatic conditions will evolve over the next months and years.

Regarding the sea-ice component of EC-Earth, ARCPATH uses a 5-category ice 
thickness module, which means that five different ice thicknesses can be repre-
sented in each grid box of the model instead of having the same ice thickness within 
each grid box as formerly in the project. A more advanced (non-linear) method to 
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link the observed to the modelled sea-ice conditions has been developed. To test the 
impact of the improved initialization, first test simulations with EC-Earth have been 
carried out. It has been found that the improved sea-ice initialization is important for 
the near-surface atmosphere in the first 2 years of prediction (Tian et al. 2020). The 
skill of decadal climate predictions based on already existing climate predictions 
from the CMIP5 data archive (six different models) and from the EC-Earth (v2.3) 
decadal experiments have been analysed (Koenigk et  al. 2018). In general, only 
weak prediction skill is found in surface air temperature for predictions going fur-
ther than 3 years into the future. The skill or accuracy of the system is estimated by 
performing prediction experiments for past conditions, and comparing the evolution 
of the predictions with what was observed. A common way to measure skill is cor-
relation, but many others exist.

The second prediction system used in ARCPATH is the Norwegian Climate 
Prediction Model (NorCPM) similar to EC-Earth (see e.g., Counillon et al. 2016). 
This uses a multi-category sea-ice model and an advanced method to merge (assimi-
late) observational data into the model (Ensemble Kalman filter, EnKF). The assim-
ilation of sea-ice concentration into the NorCPM has been implemented and tested 
(Kimmritz et al. 2018). It has been found that updating the multi-category sea-ice 
state is of great importance in reducing errors of sea-ice concentration and thick-
ness, near-surface temperature and salinity. Further, the NorCPM is the first system 
demonstrating the benefit of strongly-coupled data assimilation of ocean and sea ice 
in a fully-coupled system. This is a method that enables data in one model compo-
nent (the ocean) to correct another component of the model (sea ice). It has been 
found that, while assimilating only sea-surface temperatures (SSTs) already pro-
vides good skill for sea-ice extent in winter, assimilation of sea-ice concentration 
prolongs the skill into the summer by reducing the error of sea-ice thickness in the 
first year (as shown in Kimmritz et al. 2018). The added value of assimilating new 
observational estimates of sea-ice thickness from satellites into NorCPM has also 
been tested (Xie et al. 2018). It remains to be seen to what extent this improvement 
will lead to improved prediction skill. In tandem with Work Package 3, Work 
Package 2 offers a first case for performing high-resolution predictions with 
regional models.

The main goal of Work Package 3, Arctic Climate Predictions and Regional 
Downscaling, has been to improve climate predictions for the Arctic/Nordic Seas to 
the year 2030 by using high-resolution global-coupled simulations and regional 
downscalings. High resolution in climate models means that climate processes can 
be better resolved and variables can be provided at smaller spatial scales. This is 
especially important in regions where temperature or precipitation varies over small 
distances as in mountainous regions or along coastlines. The geographical locations 
that ARCPATH focuses on, the coastal communities of Iceland, Greenland and 
Norway, are exactly such regions, requiring a high spatial resolution. These regions 
are being affected by the complex interactions of socio-economic, biological and 
climatic changes. This work package aims to provide more reliable information 
concerning changes in the climatic variables that are relevant for livelihoods in 
coastal communities. In order to deliver relevant climate information on the local 

7  The ARCPATH Project: Assessing Risky Environments and Rapid Change…



148

scale to Work Packages 4 and 5 (see below) two strategies are being followed. The 
first is to perform high resolution global climate predictions (25 km resolution) and 
the second is to perform regional model simulations (around 10  km resolution) 
where predictions with ARCPATH global models standard resolution (around 
100 km resolution) from Work Package 2 are used as forcing data at the boundaries 
of the regional model.

The period 2002–2011 was chosen for a case study of regional downscaling of 
the global predictions for the Nordic regions. This period includes the large observed 
ocean temperature changes in 2003–2004 which are likely to be linked to the move-
ment of whales from southwestern parts to northern parts of Iceland in this year. A 
first ensemble member of the 2002–2011 period has been performed with NorCPM 
and provided for downscaling in the regional climate model called HARMONIE, 
known as  HCLIM.  The downscaling with HCLIM of this first prediction period 
has begun.

The main focus of Work Package 4, Climate, Social-Ecological Systems, 
Cetaceans and Tourism, has been to analyse to what extent climate change, tourism, 
and industrial development puts cetaceans (and human societies dependent on their 
use) under increasing and unsustainable pressure. Thus there is an integrative focus 
on marine changes in the Arctic, with particular regard to linkages between environ-
mental changes and changes in cetacean populations, and the growth of whale-
watching tourism. Over the life of the project, social, economic and marine 
biological research and fieldwork has taken place in Iceland, Greenland, the seas 
around Svalbard and northern Norway. This includes anthropological fieldwork in 
Húsavík documenting present and historical multiple marine resource use, for 
example fishing and whale-watching activities, as well as collaboration with local 
authorities in terms of developing a Marine Protected Area to better manage the 
multiple and growing use of the seaspace of Skjálfandi Bay (Cook et  al. 2020). 
Ethnographic fieldwork has focused on the seasonal use of marine mammals by 
vocational and recreational hunters in Ittoqqortoormiit in East Greenland. This 
involved mapping the annual hunting cycle, including the hunting of narwhal and 
polar bear. For northern Norway, the focus has been on the shifting relationships 
between migrating whales, fisheries, and tourism in Andøya and Skervøya and how 
research can contribute to new knowledge dialogues to develop responsible whale-
watching practices (Malinauskaite et al. 2019b).

For Iceland, a key focus is on the blue whales that have have increasingly been 
moving north and currently come into Skjálfandi Bay every summer in June. 
ARCPATH has now produced a photo-identification catalogue of 148 different indi-
viduals (Madsen 2018; Madsen et al. 2019) and for the first time there are matches 
of the same blue whales sighted off Svalbard and from Húsavík. This possible shift 
might be due to warming Arctic waters and climate change. In line with ARCPATH 
findings it has been suggested earlier that blue whales are moving even further north 
for this reason (Iversen et al. 2009).

A key task in Work Package 4 has focused on social-ecological systems, ecosys-
tem services and cetaceans in the Arctic, where the research objective is to analyse 
trade-offs between different ecosystem services derived from multiple uses of 
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cetaceans. To address this task, five research questions have been posed: (1) What is 
available in terms of previous research on the topic?; (2) How do people benefit 
from and value the ecosystem services provided by marine mammals in the Arctic?; 
(3) What are the different social groups that co-produce and use the ES associated 
with marine mammals? How are the benefits distributed between social groups 
within communities?; (4) How have marine mammals in the Arctic been managed 
to date and what are the trajectories for their future management?; What are the 
actors and institutions involved?; (5) How can the valuation of whale ecosystem 
services be used to inform decision-making processes and the governance of marine 
protected areas? Recent work has addressed all five research questions with field-
work being conducted in our research locations, in particular in Húsavík and 
Andøya. A recent project development is the inclusion of locations in western 
Greenland as study areas. Fieldwork has now been undertaken in Ilullisat, Aasiaat 
and Disko Island.

The emphasis of Work Package 5 has been on Marine Governance, Security and 
Rapid Social and Environmental Change. Work has been concentrated on field 
research on fisheries governance issues, including investigating social and eco-
nomic impacts of Individual Transferable Quota (ITQ) systems in coastal communi-
ties. ARCPATH research is finding 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 assess-
ments. A major publication that team member Níels Einarsson has contributed to in 
the Proceedings of the National Academy of Science (Young et al. 2018) has shown 
that ITQs are panacea solutions to fisheries governance that need to be reviewed due 
a range of negative social equity concerns as well as their lack of flexibility and 
sophisticated ecosystem understanding. In fisheries management—as in environ-
mental governance more generally—regulatory arrangements that are thought to be 
helpful in some contexts frequently become panaceas or, in other words, simple 
formulaic policy prescriptions believed to solve a given problem in a wide range of 
contexts, regardless of their actual consequences. When this happens, management 
is likely to fail, and negative side effects are common. Several of the key case stud-
ies and arguments in this publication derive from ARCPATH research.

This research suggests that fisheries policy is a key driver of change in fisheries-
dependent coastal communities. Thus ARCPATH is focusing on the social, cultural, 
environmental and economic externalities related to the introduction of the ITQ 
system, concentrating on Icelandic fisheries (but also considering Norway) and how 
this management model continues to impact people’s livelihoods and human devel-
opment in fishing villages, especially in terms of opportunities of small-scale and 
local actors regarding fishing rights. One common outcome of ITQ systems is the 
consolidation of fishing rights or quotas in large companies and away from small 
communities. This can lead to decreased access for newcomers, reduced training 
opportunities for youth on the remaining vessels, and increased cost of quotas as a 
limited commodity. The lack of job opportunities in the fishing sector causes 
increased rates of outmigration by youth and women, which threatens the resilience 
of those communities.
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At the same time, ARCPATH research suggest that there continues to be an inter-
est from youth in partaking in fisheries livelihoods and local governments are look-
ing for options for the renewal of the fisheries workforce. ARCPATH research is 
leading to experimentation with programmes that increase access to fisheries for 
youth and newcomers such as recruitment and educational programmes, summer 
youth fisheries, and newcomer quotas. In the future, ARCPATH plans to undertake 
further research focusing on intergenerational and gender aspects and the current or 
future youth and newcomer cohort in Icelandic fisheries. ARCPATH is also devel-
oping several practical recommendations to enhance local and national policies 
towards a more sustainable fisheries management that includes options for newcom-
ers and women, and that protects workers rights, including immigrants. These 
would include important considerations for human well-being and job satisfaction, 
the right to work, gender equality, human rights, low environmental impacts, and 
equity in sustainable development.

Iceland, like many other fishing nations, has mostly focused on the ecological 
and the economic aspect of sustainable fisheries, overlooking other ecosystem ser-
vices of ocean environments such as heritage, cultural value of food items, recre-
ation, and education. ARCPATH research is leading towards a critical investigation 
of the definition of sustainable fisheries. Small-scale fisheries, in particular, can 
provide locally-sourced food with reduced food miles, fuel costs and greenhouse 
gas emissions. These fisheries offer not only flexible use of ecosystem services and 
diverse employment but also a sense of local fate control, belonging, cultural iden-
tity and pride in the community. These are all core aspects of Arctic human develop-
ment. Such environmental and social aspects of energy efficiency and quality of life 
are seldom considered in definitions of sustainable fisheries, but may in fact be 
some of the more important factors to be taken into account in future climate change 
mitigation. As noted above, Work Package 6 on Synthesis is not discussed here as 
this is the topic of Chap. 19 in this volume.

Work Package 7 has focused on the challenges of Management and Dissemination. 
The management structure of ARCPATH was described earlier in this chapter and 
does not need to be discussed further here. However, more should be said regarding 
dissemination. In a project such as ARCPATH, dissemination is crucial. This is 
because ARCPATH is of great international relevance, both because of the global 
significance of the Arctic, and also because of its novel approach and focus that 
aims at providing policy relevant and robust knowledge that will directly benefit 
Arctic residents. Research results, thus, have clearly defined socio-economic rele-
vance to the national interest of Nordic countries. They should be disseminated to 
policy makers and stakeholder groups.

Through its research efforts, ARCPATH will facilitate planning adaptation strat-
egies and also encourage taking advantage of new opportunities to reduce environ-
mental and economic risks. ARCPATH brings together a strong team, experienced 
in collaborative studies, and situated at institutions in the forefront of Arctic 
research. The combined multi-disciplinary expertise of team members, covering 
climate and social sciences, and extending from marine biology to environmental 
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economics, is creating the synergistic environment needed to address the crucial 
issues facing northern societies.

Through the training of young scientists, ARCPATH is helping to secure the 
long-term capacity in this field within the Nordic region. A week-long summer 
school focusing specifically on ARCPATH research has already been held in 
Norway in July of 2018. Its focus was on Climate Teleconnections and Predictions: 
Past, Present and Future and enrolled some 30 graduate students. Lectures were 
provided by ARCPATH members and invited speakers. A further summer school is 
envisaged for 2020, in Iceland, focusing on Marine Protected Areas. As part of this 
course the students will travel to the Westman Islands and observe the Beluga sanc-
tuary that is being created there (see Beluga sanctuary (2020) in references). In 
addition to this, courses on marine mammals have been led annually by ARCPATH 
team member Marianne Rasmussen from the University of Iceland’s Research 
Centre in Húsavík.1 ARCPATH research findings are also being disseminated 
through the teaching and outreach programmes of the team. In addition to these 
standard ways of dissemination, ARCPATH is collaborating with photographers 
and artists in a novel way of disseminating information regarding arctic change to 
the general public (Ogilvie 2017a). See e.g., the video by Andrea Sparrow of the 
Arctic Arts Project (Sparrow 2020) and the film and book Out of Ice by environmen-
tal artist Elizabeth Ogilvie (Ogilvie 2017a, b).

7.7  �In Conclusion

As noted in the original ARCPATH grant application, the rapid and far-reaching 
changes in the Arctic will cause global effects but will first and foremost impact 
Arctic Nordic regions. It is thus essential that Nordic researchers combine their 
expertise in order to elucidate and understand these changes. ARCPATH has built a 
Nordic Centre of Excellence that builds on the long experience of established 
researchers, leading experts in their fields, as well as including many young scien-
tists who bring fresh insights and who will help to achieve long-term Nordic added 
value. These goals and achievements are well established for ARCPATH.

The strong, multi-disciplinary, and collaborative group that constitutes 
ARCPATH is generating knowledge of high importance for development in the 
Arctic Region, actively creating a critical mass for success and expertise. ARCPATH 
team members facilitate close collaboration between disciplines such as physical 
sciences focusing on climate predictions, natural sciences focusing on ecology and 
behaviour of cetaceans and social sciences such as anthropology and economics 
focusing on the societal importance of cetaceans and the implications of climate 
change. The project therefore not only acknowledges that multiple disciplines are 

1 For information on this see http://rannsoknasetur.hi.is/summer_course
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needed to identify responsible development paths for the Arctic region but is inte-
grating them in the research.

Combining the expertise from each participating institution is facilitating impor-
tant synergies in knowledge creation, and it is clear that the research conducted 
could not be done by each partner institution on its own. For example, by linking 
climatological data with the ecology and behaviour of marine mammals, ARCPATH 
is already drawing international talent to the Nordic region through international 
recruitment of senior scholars, post doctoral scholars and PhD students. The trans-
disciplinary approach of ARCPATH, which by definition relies on active collabora-
tion with stakeholders, is expected to deliver significant added value for those who 
live in our study communities. Stakeholders have participated in the research 
through qualitative interviews and quantitative surveys research methods and are 
expected to be able to rely on the results for better-informed decision-making. Thus, 
for example, the project aims to deliver tangible knowledge for decision-makers 
contemplating the establishment of a Marine Protected Area in Skjálfandi bay in 
northern Iceland. An exciting and unexpected ARCPATH development is the col-
laboration with the initiative at the Autonomous University of Barcelona, the CER-
ARCTIC Research Centre, on the two interconnected issues of Arctic 
social-ecological change that lend themselves well to cross-regional comparisons 
and knowledge transfer by the use of empirical cases. This Centre may be seen in 
part as a development issuing from ARCPATH. It is envisaged that, even after the 
end of the project, ARCPATH research goals and values will be continued through 
future projects.
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