
Contents lists available at ScienceDirect

Marine Policy

journal homepage: www.elsevier.com/locate/marpol

Global connectivity and cross-scale interactions create uncertainty for Blue
Growth of Arctic fisheries

S. Niiranena,⁎, A. Richterb,c, T. Blencknera, L.C. Stigec, M. Valmana, A.-M. Eikesetc

a Stockholm Resilience Centre, Stockholm University, Kräftriket 2B, SE-10691, Sweden
b Environmental Economics and Natural Resources Group, Wageningen University, P.O. Box 8130, 6700 EW Wageningen, The Netherlands
c Centre for Ecological and Evolutionary Synthesis, University of Oslo, Blindernveien 31, 0371 Oslo, Norway

A B S T R A C T

The Arctic faces high expectations of Blue Growth due to future projections of easier access and increased
biological productivity. These expectations are, however, often based on global and regional climate change
projections and largely ignore the complexity of social-ecological interactions taking place across different
temporal and spatial scales. This paper illustrates how such cross-scale interactions at, and across, different
dimensions (e.g., ecological, socioeconomic and governance) can affect the development of Arctic fisheries; and
potentially create uncertainties for future Blue Growth projections. Two Arctic marine systems, The Barents Sea
and the Central Arctic Ocean (CAO), are used as focus areas. The former hosts productive fisheries and is mostly
covered by the EEZs of Norway and Russia, while the latter is still mainly covered by sea-ice and is a high seas
area with no multilevel governance system in place. The examples show that, both systems are affected by a
number of processes, beyond the environmental change, spanning a wide range of dimensions, as well as spatial
and temporal scales. To address the complexity of the Arctic marine systems calls for an increase in holistic
scientific understanding together with adaptive management practices. This is particularly important in the
CAO, where no robust regional management structures are in place. Recognizing how cross-scale dynamics can
cause uncertainties to the current fisheries projections and implementing well-functioning adaptive management
structures across different Arctic sub-systems can play a key role in whether the Blue Growth potential in Arctic
fisheries is realized or lost.

1. Introduction

Harsh climate conditions, and the long geographic distance from the
most populated regions of the world, have made the Arctic Ocean a
largely unexplored frontier when it comes to economic activity including
food and energy production, transportation and tourism. Global
warming, however, is rapidly changing Arctic ecosystems and enabling
an easier access to this region. During the past decades, the Arctic Ocean
seasonal ice extent has decreased at a rate of 10% per decade [1]. The
future model projections indicate continued decrease of Arctic sea-ice
resulting in increased biological productivity [2], opening of new ship-
ping routes [3] and possibly a seasonally ice-free Arctic Ocean by 2050
[4]. In other words the Arctic is opening up; and the world's attention is
turning towards this yet largely unexploited region [5]. Some industries
have already responded to the change. The Barents Sea cod fishery, for
example, has followed closely the Northwards movement of cod [6] and
discussions are ongoing about the use and distribution of Arctic energy
resources [7]. At the same time it is recognized that Arctic marine

systems may be especially vulnerable to external pressure due to the
relatively low number of species and the food web structure that is
“heavy” on top predators; as well as that only limited scientific in-
formation exist on local ecosystems [8–10]. Thus, “how to sustainably
use the natural resources in the Arctic” is a manifold question.

The Blue Growth concept aims to respond to the natural resource use
challenge in oceans by combining the aspects of economic growth and
environmental sustainability. The European Union (EU), for example,
promotes Blue Growth as the framework for sustainable economic
growth from its oceans, seas and coasts [11]. The United Nations (UN)
Food and Agriculture Organization (FAO), on the other hand, sees Blue
Growth more specifically as an opportunity to promote sustainable socio-
economic management of capture fisheries and aquaculture [12]. In this
paper, we define Blue Growth as using the oceans to create maximal
income to society in a way that is ecologically, socially and economically
sustainable, i.e., preserving the functioning of all ecosystem services
accrued from the oceans. This implies making better use of the oceans via
improved natural resource management across different sectors [13], as
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well as using the inputs coming from the oceans in a better way on shore.
Due to the frontier nature of the Arctic, the Arctic model for Blue Growth
is likely to differ from that in the more exploited systems, including many
European seas. While some Arctic resources may be in a near pristine
condition, challenges are created by the high exposure to climate change,
partially lacking governance structures, high economic expectations and
insufficient knowledge on the ecosystem function.

In this paper we focus on Arctic capture fisheries and their future
development potential (see also [14]). Globally, fish and seafood are
amongst the most valuable renewable natural resources and most traded
food commodities [12], and one of the Blue Growth sectors where some
well-established management structures are readily in place. The fish and
seafood industry has expanded constantly since the 1950s, but after
1990s the growth has mainly originated from aquaculture [12] reflecting
the poor state of many of the world's fish stocks. Yet, recent studies show
that most marine capture fisheries have potential for economic growth
while preserving ecological sustainability [15,16]. This potential can be
realized by more efficient fisheries and fisheries management, en-
hancement of the recovery of overexploited fish stocks, proper product
pricing including added product value, as well as regulating the key
externalities, e.g., pollution or habitat destruction [14,15].

Capture fisheries are complex social-ecological systems (SES)
[17,18]. Fish stocks and fishers both move in space and time, and their
interaction with each other and their environment can result in non-
linear dynamics such as fisheries collapses or ecosystem reorganizations
[19,20]. The close relationship between fish and their environment also
make them vulnerable to development of other Blue Growth sectors
including energy production, transport and tourism. Importantly, cap-
ture fisheries are not closed, but subject to environmental and socio-
economic connectivity as well as cross-scale interactions, i.e., processes
that take place at one scale of a hierarchical system, e.g., space or time,
and interact with processes at another scale [21] (Box 1). The im-
portance of cross-scale interactions has been widely discussed in the
context of natural resource management [22,23]. Particularly the po-
tential emergence of new patterns and non-linear dynamics can be
highly problematic for the management system [21,24]. The different
scales can also evolve, emerge or disappear with time [23]. For man-
agement, the interactions between scales may cause mismatches be-
tween the scales where social-ecological drivers and processes, and the
institutions that govern them, operate. In some cases this can result in a
so called institutional misfit [22,25,26]. This misfit leads to that the
governing institutions risk beeing unable to adequately respond to
upcoming challenges, such as overexploitation of resources.

The Blue Growth of Arctic fisheries is a particularly interesting case,
as unlike most other regions, the global models project future increase
in fisheries catch potential due to increasing biological production [2]
and temperature-driven Northwards movement of fish [27–29]. These
state-of-the-art projections of the future development of global fisheries
have recently been referred to in different forums [30]. In public dis-
cussion, however, it is often neglected that such models, even if at the
forefront of research, are mainly fed by environmental data alone.
Consequently, social-ecological feedbacks are ignored and economic
and social properties are usually kept constant – if considered at all.
Using examples from the different seas of the Arctic Ocean, particularly
the Barents Sea and the Central Arctic Ocean (CAO), this paper studies
how the Arctic fisheries SES are connected to their surroundings, and
what can cross-scale interactions mean for the future expectations of
Arctic Blue Growth. The cross-scale aspect in particular is a SES study
field where no ready modeling methods, nor future projections, are
available [31]. Hence, in this study we use specific examples from the
Arctic to scope how environmental and socioeconomic cross-scale in-
teractions can together affect the development of regional fisheries.
Based on the findings this paper discusses the uncertainties that con-
nectivity and cross-scale interactions can pose on the Blue Growth ex-
pectations in Arctic fisheries, and how such uncertainties could po-
tentially be managed.

2. Barents Sea and Central Arctic Ocean

The Arctic Ocean consists of several sea basins that are connected to
each other via the exchange of water, nutrients and movement of living
natural resources including fish, but also political collaborations and
economies. The connections between the Arctic and the adjacent water-
bodies are important, as the in-situ productivity of Arctic marine sys-
tems is naturally low. In this paper the Barents Sea and CAO are mainly
used to illustrate different environmental and socio-economic processes
of Arctic marine fisheries. However, when seen necessary, examples
from other marine systems are also introduced.

The Barents Sea is a relatively shallow shelf sea (average depth
230 m) with one of the most productive fisheries in the world [36].
Currently the Barents Sea cod (Gadus morhua) stock is record high, as a
result of successful fisheries management and favorable climate condi-
tions, making it the world's largest cod fishery [37]. The pelagic fishery

Box 1
Cross-scale interactions.

In cross-scale interactions processes that take place at one
scale of a hierarchical system of, e.g., space (Fig. B1) or time,
interact with processes at another scale [18]. Such interac-
tions can take place across environmental or socioeconomic
dimensions, and result in unexpected events due to emergence
of thresholds and non-linear dynamics [32]. Cross-scale dy-
namics can take place from larger to smaller scale and vice
versa. In macrosystems ecology, term ”cross-scale emergence”
describes a particular event when local processes produce
larger-scale patterns at regional or global scales [33].

Cross-scale dynamics have traditionally been observed in
terrestrial systems, with distinct land-use patterns. For ex-
ample, in the Amazon the local level forest clearings shape the
vegetation cover and pattern at macroscale, and hence modify
regional climate [33]. Another example is the uncontrollable
spread of forest fires after a certain number of local fires take
place [18]. In aquatic systems, on the other hand, it has been
observed that the response of individual lakes to regional
land-use can differ depending on the proportion of local
wetlands [34].

In governance systems, the different scales are addressed
as levels. Nested governance is a term for a governance system
that incorporates institutions of different governance levels
[35].

Fig. B1. Conceptual illustration of cross-scale interactions in a social-ecological system.
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of the region is composed mainly of capelin (Mallotus villosus), herring
(Clupea harengus) and polar cod (Boreogadus saida). Capelin, the bio-
mass of which is highly fluctuating is the main prey of many fishes, in-
cluding the Barents Sea cod [38]. The Barents Sea biological production,
across trophic levels, is highly dependent on the ecosystem processes of
the adjacent Norwegian Sea [39]. The inflowing zooplankton, for ex-
ample, may constitute about a third of the total zooplankton biomass in
the parts of the Barents Sea warmer than 0 °C [40], and is important for
the sustenance of Calanus finmarchicus populations, which are a major
prey item for fish including capelin, herring and young cod [41]. Several
Barents Sea fish species, including cod, also spend parts of their life in the
Norwegian Sea. The Norwegian spring spawning herring only spend their
first few years in the Barents Sea before moving into Norwegian Sea, but
as predators on capelin larvae may have a large impact in the Barents Sea
ecosystem [42]. In contrast to the shallow Barents Sea, the CAO is a deep
sea (average depth 2748 m) that is still mainly covered by sea ice, and
hence nearly unexploited by commercial fisheries. The productivity in
the CAO is low and currently largely fueled by plankton advected from
the Norwegian Sea [43].

The United Nations Convention on the Law of the Sea (UNCLOS)
[44] divides the global sea into Exclusive Economic Zones (EEZs),
which extend to 200 nautical miles from the coastline and are governed
by nation states, and high seas, i.e., international waters that fall out-
side the respective national jurisdictions. The Barents Sea is mainly
covered by the EEZs of Norway and Russia, while the CAO is a high seas
area. Recently, however, the five nations bordering the Arctic Ocean
(Canada, Denmark, Norway, Russia and USA; from now on referred as
the Arctic5 nations) signed the Declaration concerning the prevention
of unregulated high seas fishing in the central Arctic Ocean (from now
on referred as the Arctic5-Declaration). The Arctic5-Declaration bans
unregulated fishing within the 2.8 million km2 area of the CAO and is a
precautionary measure as no large scale commercial fishing is expected
in this region in the nearest future. In addition, the declaration has
implications for joint international scientific research [45,46].

3. Cross-scale interactions in Arctic fisheries

Identifying major cross-scale interactions that influence natural re-
source production is important to increase understanding on how and at
what spatial or temporal scale and organizational level a certain SES
should be managed [23]. Here, examples of cross-scale interactions
affecting the interlinked components of environment, society and
economy in the Arctic fisheries are provided (Box 1).

3.1. Ecosystem dynamics

Marine ecosystem dynamics can be patchy by nature [24,47], but
such heterogeneity may be underappreciated due to the often low
spatial and temporal resolution in environmental monitoring [48].
Local spatial patchiness can result in emergent, even non-linear, dy-
namics at sub-regional or regional scales [24]. Similarly, interaction
between processes that operate at different temporal scales can cause
unexpected ecosystem-wide effects [49]. Here, examples of interactions
in Arctic marine ecosystems are introduced that take place across dif-
ferent spatial or temporal scales, or organizational levels (e.g., in-
dividuals to populations), and can be important when analysing the
response of these systems to drivers, such as climate and fishing.

At the level of an individual, changes in oceanographic variables,
particularly temperature, can affect the physiology of marine organisms
via changes in, e.g., developmental and growth rates [50]. When sev-
eral individuals are simultaneously affected, the seasonal or spatial
dynamics can be altered at the population level. At the ecosystem level,
this may result in either temporal, or spatial, predator-prey match or
mismatch. In the Arctic, and other temperate ecosystems, the temporal
match/mismatch is a rather well-known phenomenon [51], and has
been studied in particular within the context of the timing of plankton

production in relation to the food requirements of fish larvae [52].
However, match-mismatch dynamics may also be relevant for zoo-
plankton grazing on phytoplankton blooms [53]. Both processes are
instrumental in translating the primary production into harvestable
higher trophic level biomass. In seasonally ice-covered parts of the
Barents Sea, for example, early ice break-up and onset of the phyto-
plankton bloom in warm years may lead to a mismatch between the
primary production and the reproductive cycle of Arctic grazers such as
Calanus glacialis, with negative consequences for predators such as
polar cod [54]. At the same time, the area that is completely ice-free in
winter extends northwards in warm years, resulting in a less stable
water column in this area, a later, less intense and longer bloom, and
potentially more efficient transfer of energy to zooplankton and har-
vested fish species compared to cold years [39,55]. Projections of
ecosystem effects of such physical changes are highly uncertain. In the
Bering Sea, for example, the positive effects of warmer springs on
feeding conditions for larval fish were counteracted by negative effects
of smaller size-composition of the zooplankton in summer [56].

The local oceanographic processes are driven by large-scale atmo-
spheric circulation patterns. In the North Atlantic, for example, the
regional climate pattern, North Atlantic Oscillation (NAO), affects the
local winter weather variables such as wind, air temperature and ice-
extent [57]. The NAO signal has also been observed in the variation of
North Atlantic cod larvae [58] and stocks [59]. The effects of NAO
differ between the different cod stocks illustrating the variability in how
local processes respond to large-scale climate patterns. The northern
stocks, including the Barents Sea cod, tend to show good recruitment in
years when the NAO is in a positive phase and the winter air and sea-
surface temperatures are high in Western Europe. The recruitment of
the more southern North Atlantic stocks, on the other hand, is com-
monly favored by the negative phase of NAO and cold temperatures
[59,60]. The results indicate that the relative importance of different
fish subpopulations may vary in response to decadal large-scale climate
variation and climate warming [59].

Temperature driven northwards movement of fish can also affect
Arctic fisheries production and is related to global climate patterns, in
particular climate warming. The northwards movement of fish species
has already been observed in some Arctic systems [61], and fisheries
models project an increase in the relative importance of the Arctic for the
global fisheries production [28,29]. Many of these models, however,
ignore smaller than global or regional scale ecological processes that will
eventually define whether a certain fish stock is able to expand or shift
northwards. These include habitat or prey preference, but also individual
physiological processes, or population level processes, such as population
size [62]. Relatedly, generalists, i.e., species that can survive under a
wide range of environmental conditions and are relatively unselective
with their prey, are most likely to adapt to shifting environmental con-
ditions [63]. These individual species may even become keystone spe-
cies, i.e., important links, in the novel ecosystems and possibly increase
their vulnerability to external pressure due to their central food web
position [63,64]. Moreover, strong local species interactions, as ob-
served, e.g., in the Barents Sea, can lead to delayed trophic effects, i.e.
time-lags, or feedbacks [65] that can either stabilize the system (e.g., in
case of Barents Sea capelin and cod [66]), increase variability [67], and
even result in system collapse [68]. Thus, the way the local food webs are
organized and linked to other areas may define how the Arctic marine
ecosystems respond to future environmental conditions.

A rising research field is the role of evolutionary changes in life-
history traits and how ecological processes that occur on shorter time-
scales interact with genetic changes through life-history evolution (also
referred to as eco-evolutionary dynamics [69]). For example, high har-
vesting pressure affects population dynamics through size-specific sur-
vival and can cause evolution of life-history traits with impact on the
population growth rate and recovery potential [70,71]. The evolutionary
effects of fishing, particularly on age and size at maturation, have been
studied in the northern cod stocks of the Baltic Sea, Norwegian Sea and
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Icelandic shelf [72–74], and also in the Norwegian Spring-spawning
herring stocks [75]. Harvest-induced evolution can affect the fishery's
yield and therefore have economic repercussions for society as shown for
the Barents Sea cod [76]. Perhaps counter intuitively evolutionary
change may be mostly beneficial for the stock productivity and economic
yield of the stock, as long as the fishing mortality is low because in this
case, the adaptive capacity of the fish stock is maintained [76]. However,
if fishing mortality is particularly high, productivity is actually lower if
the fishery is catching all fish above a certain minimum size, which is
currently the case for the Barents Sea cod. The reason for this reduced
productivity is that fish are younger and largely immature when ending
up in the nets of trawlers. In general, biological complexity may interact
with not only fisher behavior, but also other factors, such as impact of
climate change, and thus result in unintended consequences, including
unanticipated cost [77,78].

3.2. Fisheries dynamics

Fisheries activities are highly diverse when it comes to spatial and
temporal scale, but also gear and the size of vessels. Consequently, the
future changes in the Arctic are not likely to affect all resource users in
the same way. The Barents Sea fisheries, for example, comprise both
smaller-sized coastal vessels and large vessels capable of on-board fish
processing and long-distance travel [79].

Large vessels and transnational fishing corporations are often less
location dependent, which has advantages and disadvantages. On the
one hand, it means that the fisheries can adapt easily to changes in fish
population dynamics, such as migration, even though this usually im-
plies large fuel consumption [80]. On the other hand, “footloose” ves-
sels may move from regulated waters into waters where regulations are
absent or poorly enforced [81,82]. In a worst-case scenario, “roving
bandits” can deplete one fish stock after another, while location-de-
pendent vessels would simply be forced to stop fishing upon local stock
depletions [83]. If left unregulated, the CAO could become subject to
such fisheries dynamics. At the same time there is also considerable
variation to what extent individual vessels or companies diversify in
terms of their catch portfolio. The tradeoff for this diversification is that
a more specialized vessel (or company) generally can operate more
efficiently, generating higher returns on average, but they are also ex-
posed to substantially higher risk and vulnerability to ecosystem and
economic change [84]. The Box 2 illustrates further the close con-
nectedness between economic and ecological systems in fisheries.

In Norway, for example, both the number of people working in
fisheries and the number of vessels deployed have decreased and
ownership of fisheries has concentrated on fewer actors [90]. As fewer
resource users generally increase the chances for self-regulation, lower
concentration of fishing activity is not necessarily bad [91]. Also, a
company owning fishing rights may act more responsibly if their ac-
tions have a direct effect on the state of the fishery, and hence the value

of their fishing rights, compared to if that impact was negligible [92].
Large companies may also be exposed to higher public visibility, and
hence reputation effects [93], encouraging more responsible behavior
and voluntary codes of conducts, often referred to as soft law. Yet, a
large company operating globally in many different fisheries, may also
have less interest to care about one specific stock than a small-scale
fisher who is bound and attached, for cultural and identity reasons, to a
certain fishery [94]. Also, the local or regional effects of corporate
policies and decisions rarely directly affect the individual shareholders
of such corporations, and hence their behavior is often mainly driven
and steered by economic incentives. This has indeed happened in
aquaculture, where different safety standards for operations in home
countries and operations abroad are seen [95]. In the case of Arctic
fisheries this can mean that an increasing number of fishing vessels will
operate under the “flags of convenience”, i.e., of nations that are not
part of international agreements [96]. The presence of such fleets can
decrease the efficiency of traditional diplomatic channels in fisheries
management, as was observed in the case of cod fishing by third-parties
in the Barents Sea “loophole” High Seas area in mid 1990s [97].

3.3. International trade and politics

Globalisation has increased the economic connectivity between the
world's regions making them increasingly dependent on global market
dynamics. Recently, Crona et al. [98] analysed the effects of interna-
tional seafood trade on small-scale fisheries and concluded that robust
institutions are a requirement for a sustainable fishery in a globally
connected world. The theoretical predictions by Copeland and Taylor
[99] also show that trade can be beneficial if a country has the means to
enforce and monitor regulations. Consequently, countries that lack
these conditions will fail to develop adequate regulations and will most
likely be trapped in overexploitation. This would indicate that the well-
managed fisheries with stringent governance institutions, such as the
Barents Sea, should be less sensitive to changes in global markets, while
for example the high seas could be more vulnerable.

The possibility to export creates revenues, but also makes it neces-
sary to effectively regulate fisheries. This is especially true for the
Northeast Atlantic including the Barents Sea, where a significant com-
ponent of catches is exported. Norway, for example, is a globally im-
portant fish producer (Box 3; Norwegian cod export) that comes second
only to China. Whether the increasing aquaculture in China and else-
where in Asia is able to accommodate the growing global fish and
seafood demand can have significant market effects on demand of wild-
caught fish, as well as wide-spread ecological effects - particularly in
open-access fisheries. The sustainability of capture fisheries, also in the
Arctic, may be challenged if their catch is increasingly used as input in
aquaculture globally. If forage fish or Arctic krill (e.g., Thysanoessa
spp.), are used as fish feed they are no longer available as food for
predatory fish [100,101]. The global increase in aquaculture can also

Box 2
How do changes in biomass affect fisheries?.

The stock-output elasticity measures how a change in fish stock biomass translates into a change in catch. Therefore, it also indicates how
closely the ecological and economic systems of a fishery are coupled [85]. While the stock-output elasticity is in general positive, its
strength depends on the species targeted, but also on the gear and vessel in operation. Pelagic fisheries, where fishing vessels tend to target
one school of fish at a time tend to have much lower stock-output elasticity than demersal stocks, which are distributed much more random
in space [86].

When it comes to a demersal fishery, one would expect coastal vessels to have higher stock-output elasticity than their ocean-going
counterparts, since they use passive, rather than active gear. Surprisingly, empirical findings show the opposite [87,88], meaning that
coastal vessels are less vulnerable to fluctuations in resource conditions. This is illustrated in Fig. B2, which shows that the catch of trawlers
(stock-output elasticity of 0.6) depends stronger on biomass than the catch of coastal vessels (stock-output elasticity of 0.21). This dif-
ference may reflect different regulations for coastal vessels or different technology [89].
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result in decreases in seafood price, affecting the profitability of fishing
fleets [100,102].

Another potential channel of cross-scale interactions on the fishing
sector is the political situation in general. Trade, for example, is highly
political and sudden political events, unrelated to the fishery at stake or
the region, can have tremendous effects on trade including the fishing
sector. In the past Russia was the main market for Norwegian fish
products [104]. However, political conflicts around the conflict in
Eastern Ukraine led to a Russian trade embargo on many European
goods, also affecting Norwegian fish exporters [105,106]. Similarly,
awarding of the Nobel peace prize to Liu Xiabo in 2010 resulted in a
partial trade embargo by China on Norwegian Salmon imports [107].

3.4. Fisheries management in a cross-scale world

Alike the socioeconomic and ecological processes that act across
different spatial and temporal scales, also the fisheries management
often spans multiple levels.

The management of the “global commons” [108–110] including
greenhouse gas emissions, use of oceans, and global trade cannot be

adequately addressed at the national level due to the cross-boundary
nature of climate, ocean ecosystems and economic transactions, but
intergovernmental coordination and cooperation is required, e.g., via
the UN Framework Convention on Climate Change (UNFCCC); UNCLOS
[44]; the World Trade Organization (WTO), respectively. The interna-
tional treaties are implemented in the national legislation of the con-
tracting parties. Here, however, tension can arise, as it is the local
ecosystems and communities that ultimately need to act and adapt to
external changes [111].

Current fisheries management differs significantly between the
Arctic marginal seas, which are mainly covered by the EEZs, and the
CAO. In, the Barents Sea, for example, the total fishing quotas are ad-
vised at the international level by the International Council for the
Exploration of the Sea (ICES), after which the regional intergovern-
mental Joint Norwegian-Russian Fisheries Commission (JointFish) sets
the national quotas for these two nation states. As such, the JointFish
successfully addresses the initial institutional misfit [25] between the
respective nation states and the spatial dynamics of Barents Sea fish-
eries. The national quotas are then divided between different fleet
segments, and ultimately vessels, while compliance is controlled by the
nation states. In the case of the Barents Sea fisheries, for example cod,
such nested governance model has proven as successful [37] (Fig. 1).
The natural resources of the CAO, in comparison to the Barents Sea, are
largely open access. Currently, no regional fisheries management plat-
form exists for most of the CAO, and unless property rights and re-
sponsibilities are resolved, it will be difficult to initiate one. It has been
suggested that the CAO could be included in an already existing RFMO,
e.g., the North-East Atlantic Fisheries Commission (NEAFC) or that new
“RFMO-type” collaboration could be developed [46] in case commer-
cial fishing moves to this region. The RFMOs host intergovernmental
dialogue around issues relevant to the UNCLOS Straddling Fish Stocks
Agreement and hence they are important structures for sustainable high
seas fisheries management. However, the lack of enforcement remains a
problem, which is indicated by the low performance of the RFMOs in
high seas [112] and alternative management solutions should also be
considered.

The newly signed Arctic5-Declaration that limits the unregulated
fishing in the CAO can be the first step towards more robust fisheries
governance in the CAO. This declaration follows the precautionary
principle by stating that no commercial fishing should take place in the
CAO before sufficient scientific knowledge and regional fisheries
management structures (e.g., RFMOs) are in place [46]. The Arctic5-
Declaration highlights the importance of knowledge-base for CAO
fisheries management and is largely seen as a platform to facilitate
international scientific collaboration of the region [46]. This can
eventually improve the future projections of the Arctic by increasing
understanding of currently less-known local and regional scale pro-
cesses, which in turn is a prerequisite for making accurate management
responses [113,114]. Noteworthy is that this declaration only includes
the litoral AO states, and hence excludes several large fishing nations

Box 3
Norwegian cod export.

The quantity of cod harvested and exported, as well as cod price, have changed during 1976–2013. Historically, dried cod, either salted
(klipfish), or unsalted (stockfish) have been the major export commodities. Over time, export of fresh and frozen cod has increased. The
upper panel in Fig. B3 illustrates this development with the examples of frozen cod and klipfish. While the export of klipfish has remained
stable over time, the export of frozen cod has been increasing since the late 1980s.

The total harvest and export price has been fluctuating over time. Fig. 3B (lower panel) shows the real export price of frozen cod and the
total Norwegian harvests. The harvests have steadily decreased until the “cod crisis” in 1989 [103], when low TACs were implemented.
Harvests have increased in the beginning of the 1990s, but decreased at the end of the decade staying low until 2009. Cod prices have been
volatile and have been largely mirroring total harvests, because demand could only meet such increase in supply at low prices. It has been
estimated that each 1% increase in cod harvests lower export prices by 0.5% [88]. This may result in the paradoxical situation that higher
quotas actually lower fishery profits [88].
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with a likely commercial interest in the area including, e.g., China,
Japan and also EU [46,115].

There is an inherent delay in the management responses to eco-
system changes. For example, as fish species distributions move pole-
ward as a result of climate change, the fisheries follow with a time-
delay partly due to management restrictions. Varjopuro et al. [116]
define three types of management delays: decision delay, im-
plementation delay and ecosystem delay. In the first two, the length of
the policy process hinders a fast management response to ecosystem
change [117,118]. For example, Myers et al. [119] found that as North
Atlantic cod populations collapsed, fishing mortality increased until the
populations were reduced to very low levels. The fishing mortality was
thus reduced too late, and the resulting collapses have generally been
very slow to reverse [120]. Recent studies suggest that species with fast
and highly variable population growth rates are particularly susceptible
to collapse under high fishing pressure, and require a fast management
response in order to avoid overfishing [121,122]. The last delay is due
to slow ecosystem response or recovery. It has been long known that
time-lagged feedbacks tend to make ecosystem dynamics unstable
[123]. Reducing such delays, or recognizing their effect, is an important
component in avoiding or adapting to unwanted fluctuations, or even
stock collapse, in harvested marine resources [124].

4. Adaptive management across scales to ensure Blue Growth

This study has shown how Arctic fisheries can be affected by a
combination of socioeconomic and ecological processes that are varied

Fig. 1. summarizes the types of cross-scale dynamics introduced in Section 3 and indicates estimated speed of processes at each scale/level (the black arrow)using the Barents Sea as an
example (NAO = North Atlantic Oscillation, AO = Arctic Oscillation, ICES = International Council for the Exploration of the Sea, WG = working group, T = temperature, sal =
salinity).
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by nature and can span several scales and levels. In the Barents Sea, for
example, the fisheries and fish stocks are affected by environmental
change driven by climate, but also the type of fishing activities that are
closely linked to economic profitability, trade and regional manage-
ment restrictions. The CAO, on the other hand, is currently mainly af-
fected by environmental change, but the high interest towards Arctic
natural resources is likely to make also this region more vulnerable to
social drivers. In the following the possible uncertainties caused by the
heterogeneity of Arctic SESs and cross-scale dynamics, and how they
could be accounted for in management, are discussed; something that is
necessary to realize the future Blue Growth potential of Arctic fisheries.

Adaptive management is a robust decision making process that
builds on interactive learning, and can decrease time lags in the man-
agement process itself and its response to environmental change.
Consequently, adaptive, and flexible, management is especially needed
in cases where uncertainties are large and fast changes can take place
[116,125,126]. For Northeast Arctic cod in the Barents Sea, the use of
harvest control rules have shown to be a good compromise between
stability and flexibility, by providing a pre-agreed mapping from bio-
mass levels to harvesting levels [127,128]. In general, however, little
information is still available on how the local level dynamics can
emerge into larger scale/level patterns in Arctic systems, and research
initiatives that recognize heterogeneity along several different dimen-
sions including, space, time and governance are scarce. One such in-
itiative is the Arctic Resilience Report that includes initial mapping of
the different characteristic of Arctic region using a cross-case analysis,
and briefly addresses the issue of cross-scale interactions [111]. Some
regional modeling efforts also exist that have potential to describe
spatial and temporal heterogeneity in environmental and socio-eco-
nomic elements of fisheries [129], but these efforts are largely confined
to data rich regions. In the case of CAO, for example, the lack of
monitoring data and its current “pristine condition”, make it difficult to
build mathematical models of potential fisheries systems of this region.
However, building expert knowledge networks [62](see also [130] for a
Baltic Sea example) can play a key role when attempting to understand
the future development of fisheries in the CAO, as well as other un-
derstudied regions of the Arctic Ocean. Expert knowledge can also be
used to locally/regionally identify the major drivers beyond the Arctic
regional scale that can cause uncertainties for the development of Arctic
fisheries.

Modeling the cross-scale interactions in the SESs has proven chal-
lenging due to the broad range of social and ecological processes and
the complexity of interactions to be included. Increasing the under-
standing on individual level processes and behavior, and how they link
to population and community dynamics [70,131,132] may, however,
enable a new generation of modeling tools to study the emergence of
cross-scale dynamics. Such models may take into account that under-
lying mechanisms may occur at different scales than observed patterns,
such as regime shifts and collapses [133]. For example, the con-
centration of fishing industry towards globally operating transnational
corporations [82] can decouple regional fisheries dynamics from eco-
logical dynamics. Increased knowledge of ecosystem interconnections
may also help to identify limitations of local or regional management
approaches. For example, the size and distribution of profits between
national fisheries can change in case climate warming continues to
drive the northwards movement of commercially important fish stocks,
so that they move outside or between the EEZ boundaries [134]. If such
connectivity is ignored, there is a risk that management units will be
too small to successfully control ecosystem function or managers are
not prepared to adapt to changes caused by external forces. However,
there may be certain trade-offs between coverage and management
efficiency that should be thought of.

The pre-conditions for adaptive management, i.e., institutional ca-
pacity and commitment, are fulfilled very differently in different Arctic
Ocean sub-systems. In the Barents Sea, for example, the management
institutions are largely at place across different governance levels even

if fisheries management mainly takes place at levels higher than na-
tional. In the CAO, on the other hand, the institutional structures are
still largely lacking. The Arctic5-Declaration, with emphasis on the
international research collaboration and ecosystem monitoring [46],
can, however, contribute to learning, and hence strengthen the adaptive
capacity [135]. As the examples above highlight, this research effort
would optimally include ecological, evolutionary and socioeconomic
dimensions and their dynamic interaction.

Building governance structures where they do not yet exist, such as
the CAO, may take a long time. Typically, the development of formal
institutions, such as enforceable property rights and monitoring are
required. Further, a necessary approach for managing the tradeoffs
between different Blue Growth sectors, as well as for successful adap-
tive management, is the inclusion of relevant stakeholders [136–139].
Such participatory approaches are likely more difficult to achieve in the
CAO, an area with no immediate proximity to resource users or natural
platforms for stakeholder interaction. Presuming that the CAO keeps its
high sea status, an open question is whether the governance structure
will involve other nation states than the Arctic5 nations in decision-
making processes. It seems likely that other nations will also play a role
in fishing, as well as other economic actors in the region. In case the
current silo-structures of management (e.g., RFMOs for fisheries) aren’t
abandoned, different sectors need to pay special attention to cross-
sectoral collaboration. Depending on the specific case the costs of re-
vising old procedures might, however, outweigh the benefits of re-
aligning of the fit of institutions. The maximization of fit and flexibility
between the scale of jurisdiction and its management is discussed in
detail in [121]. Also, there may be a trade-off between having a man-
agement system that is simple enough to be adaptive and responsive but
complex enough to take into account many of the relevant ecological
and socioeconomic cross-scale interactions. For example, the efficiency
benefits of managing the Barents Sea as one isolated system rather than
formally linking it to the management of the adjacent seas may out-
weigh the costs of ignoring the interactions among the fisheries in
different seas.

Finally, for maintaining the Blue Growth potential of the Arctic it is
crucial that the management of the different Blue Growth sectors, in-
cluding fisheries, is adequate in the face of future challenges such as
climate change and introduction of multiple actors in the Arctic region.
Hence, the existing multidisciplinary information from different sub-
systems need to be used as bases for hypothesis building, experi-
mentation and for revising the existing management structures to allow
for flexibility and adaptation. In case the management of Arctic natural
resources, including fisheries, fails to address right processes at right
scales, the Blue Growth potential of the Arctic can be easily lost.

5. Conclusions

The examples introduced in this paper demonstrate that the Arctic
fisheries are complex social-ecological systems that are exposed to
several cross-scale interactions affecting important ecological and so-
cioeconomic processes, as well as their interaction. This means that
when the future Blue Growth potential in Arctic fisheries is discussed
one should be aware of which processes and at which scales, or levels,
are likely to drive change in fisheries. To achieve this multidisciplinary
research that incorporates the relevant scales and levels is called after.
Currently, the future fisheries catch potential is still largely estimated
based on projected change in environmental variables alone, which can
result in too high expectations for growth. The Arctic Ocean is also a
heterogeneous marine system that is comprised of several different, but
connected, sub-systems, which are exposed to different combinations of
drivers and have different governance systems. Consequently, beyond
the general trends, such as temperature increase, a joint Arctic future is
unlikely and the different Arctic SES may take several development
pathways. Eventually, the governance of the Arctic marine systems
defines whether the Blue Growth potential in fisheries, as well as in
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other sectors, can be realized. While multilevel nested governance is in
place in some Arctic marginal seas, for example the Barents Sea, there
are large uncertainties about the future governance of the CAO in
particular. In the worst case, if no nested governance structure is put in
place, the fish stocks moving out of the EEZs of Arctic marginal seas
may have negative effects not only on national fisheries, but also the
overall state of Arctic fish stocks. In this paper adaptive management
practices are called for to address the scientific uncertainties and ad-
dressing the possible mismatches between governance systems and the
scale at which the social-ecological processes take place. The recently
signed Arctic5-Declaration that encourages the importance of cross-
border scientific research of the Arctic, together with improved re-
search methods, including social-ecological modeling approaches, can
provide important stepping-stones towards increased holistic scientific
knowledge and adaptive governance. Such development is crucial for
the future of the Arctic, as in case the management of Arctic natural
resources fails to address right processes at right scales, the Blue
Growth potential of the Arctic can be easily lost.
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