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Abstract 
The Arctic states face a broad spectrum of specific regional security issues centred around 
two complementary aspects, defending humans from extremes of nature (climate) and 
protecting the natural environment against damage caused by human activities (pollu-
tion). The first group of challenges encompasses extreme weather patterns, melting sea 
ice and permafrost, and rising sea levels. The second group includes various pollutants, 
including persistent organic pollutants, heavy metals, plastics, a significant military and 
nuclear presence, industrial development, and shipping. In addition, hybrid threats, ille-
gal activities, and the interests of non-Arctic states represent a new and emerging cate-
gory of security challenges for the region. Most of these challenges are multiplying 
threats that do not respect borders or sectoral boundaries and require coordinated trans-
national action. Given the limited capacity of individual states to address security threats 
promptly and the trans-national nature of certain issues, regional cooperation is a pre-
requisite for achieving success. History shows us that during the Cold War, the most 
politically frozen time of all, the Arctic states, including the United States and the Soviet 
Union, were able to overcome their animosity and cooperate on environmental chal-
lenges. One of the outcomes of this cooperation was the establishment of the Arctic 
Council in 1996. Is it realistic to expect a similar development today? The Russian 
invasion of Ukraine has largely ended cooperation between Moscow and other Arctic 
countries. Can shared security challenges enhance cooperation in the region and beyond? 
How important are environmental issues for the states? Can Arctic science diplomacy be 
a useful approach to the improvement of relations? These are some of the research ques-
tions that this chapter addresses. The author also investigates mechanisms for coopera-
tion in times of conflict and the role of international scientific cooperation in the Arctic. 
The chapter concludes with an exploration of possible future scenarios in the region. 
 
 
Key words: Arctic security, cooperation, common security challenges, science diplo-
macy, hybrid threats   
 
 
DOI: 10.5817/CPR2025-S-1 
 
 



B. HALAŠKOVÁ 

2 

Introduction     
 
     The Arctic environment is mainly char-
acterized by cold weather, inaccessible ter-
rain, low population density, vast distances, 
and sea ice. These harsh conditions have 
prevented a greater level of activity in the 
region; however, dramatic changes in cli-
matic conditions have made the Arctic 
more accessible and thus more attractive 
for regional development and illegal ac-
tivities. The region is greatly affected by 
climate change–perhaps more so than any 
other. Hence, the Arctic region can be de-
scribed as the "canary in the coal mine". 
The impact of climate change on the re-
gion could help other vulnerable regions 
anticipate and prepare for such challenges. 
     The security of the region can be ana-
lyzed from numerous perspectives. Over 
recent decades, there has been a broaden-
ing of the concept of security in academic 
discussions. In particular, in the post-Cold 
War Arctic, it became clear that environ-
mental threats were as significant as mili-
tary ones (Huebert 2004). Although there 
is still no consensus on how the concept of 
security is understood, in this chapter, the 
author considers security in its widest pos-
sible sense except for military security 
which is addressed by Kříž (2025, this vol-
ume). 
     The Arctic states face a broad spectrum 
of regional-specific security issues recent-
ly. The majority of the new challenges are 
multiplying threats that do not respect 
borders or sectoral boundaries and require 
coordinated transnational action. In this 
chapter, the author divides the security 
challenges into three categories – i) climate 
(extreme weather patterns, Artic warming, 
melting sea ice and permafrost, and rising 
sea levels); ii) pollution (persistent or-
ganic pollutants, heavy metals, plastics, a 
significant military and nuclear presence, 
industrial development, and shipping); and 
iii) new trends (hybrid threats, illegal 
activities, and the interests of non-Arctic 
states in regional issues). The author sepa-

rately elaborates each category and pro-
vides specific examples of the challenges. 
     Category i) focuses on climate change 
and its impact on the Arctic. New weath- 
er patterns are observed combining both 
more extreme and more frequent events 
than previously e.g., heavy rain, storms, 
floods, snowfalls, heat waves, etc. Elevat-
ed temperature alters the natural environ-
ment and leads to huge changes in living 
conditions for humans in the Arctic and 
beyond. The Arctic has warmed almost 
four times as fast as the global average 
over the past four decades (Ingólfsdóttir 
2014, Rantanen et al. 2022).  
     As a consequence of ongoing warming 
in the Arctic, the region is experiencing a 
rapid decline in sea ice and an accelerated 
thaw of permafrost. The extent of Arctic 
sea ice, for instance, has diminished by an 
estimated half over the past fifty years, 
leading to profound implications for the 
environment and populations throughout 
the Circumpolar North (Bergman Rosa-
mond 2011). The accelerating thaw of per-
mafrost creates significant problems for 
infrastructure built upon it, including 
roads, railway lines, oil rigs, and even en-
tire towns. In addition, it also leads to the 
release of trapped methane gas, which is   
a notorious "climate forcer," likely to fur-
ther boost the rise in Arctic temperatures 
(Bailes 2015).  
     Another layer of challenges is associ-
ated with rising sea levels, mainly caused 
by melting ice sheets and glaciers (further 
accelerated by the speed of warming). The 
consequences of melting ice range from 
the immediate threat of coastal erosion, 
which already endangers Indigenous vil-
lages in the Arctic (WWF Arctic 2023b[20], 
Tanguy et al. 2024), to a worst-case glob-
al scenario where rising sea levels could 
cause entire nations like Guyana, Belize, 
Bangladesh, or Singapore to cease to exist 
(Huebert 2004, Ingólfsdóttir 2014). 
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     In category ii), the author takes a close 
look at pollution, the second biggest threat 
to the region. The most prevalent pollu-
tants found in the Arctic environment are 
persistent organic pollutants (POPs), heavy 
metals, plastics, a significant military and 
nuclear presence, industrial development, 
and shipping. Over the last three decades, 
human-landscape interactions have accel-
erated, primarily through the construction 
of residences and infrastructure for natural 
resource extraction. The building of new 
harbours, airports, roads, pipelines, and 
fences has dramatically modified the pris-
tine ecosystem. In addition, increased traf-
fic and electricity generation has inten-
sified the local production of pollution 
(Halašková 2025a). On top of that, an in-
creased intensity in the extraction of natu-
ral resources increases the risk of environ-
mental disasters such as oil spills or soil 
contamination.  
     Unlike the local industrial pollution, 
POPs do not originate in the region. Some 
transboundary pollutants found in the Arc-
tic were mainly used as insecticides and 
fertilizers and are not native to the north.  
It has become apparent that the pollu-  
tants had travelled a long way before    
they reached the Arctic through a series of 
geophysical factors (Huebert 2004). Heavy 
metals such as mercury or lead are also 
seen as a threat to humans living in the 
Arctic. Mercury is being released into the 
environment as the permafrost thaws. Re-
cent studies have also included plastics in 
the list of threats to the Arctic. Plastic litter 
is building up and can have devastating 
effects on wildlife. In addition, researchers 
have become increasingly concerned about 
the concentration of microplastics in the 
Arctic, particularly in sea ice, several bird 
species, and fish. For a comprehensive 
analysis of POPs and heavy metals in Arc-
tic ecosystems, see Hájek et al. (2025, this 
volume). 
     The significant military and nuclear 
presence in the region has added another 
burdensome layer to the environment. The 

arms race between the two major nucle-   
ar superpowers, the United States and the 
Soviet Union, throughout the Cold War 
was the cause of the most extensive pollu-
tion across the Arctic. The military's use of 
large areas of land and sea for constant 
testing and training led to significant en-
vironmental damage. In addition, nuclear 
(submarine) accidents and leaks, experi-
mental deployments, weapons testing, and 
the construction of radar stations (for ex-
ample the DEW Line) have led to an enor-
mous level of pollution in the region. 
Thousands of tons of rubbish, toxins, radi-
oactive waste (solid and liquid), and pollu-
tion were left behind (Heininen and Exner-
Pirot 2020). 
     The melting of Arctic sea ice is creat-
ing new, commercially attractive shipping 
routes. These routes not only offer signifi-
cantly shorter transit times compared to 
the Panama and Suez Canals but are also 
becoming accessible for longer periods 
each year due to warming temperatures. 
While the increasing interest in polar sea 
transportation brings economic opportuni-
ties, it also brings a greater risk of acci-
dents that may affect the Arctic marine eco-
systems and coastal communities (WWF 
Arctic 2023a[19]). 
     Challenges associated with "new trends" 
make up category iii). In this section, the 
author looks at recent developments cen-
tred around hybrid threats, illegal activi-
ties, and the role of new non-Arctic actors 
in the region. Hybrid threats in the Arc-  
tic include cyberattacks and the attempted 
sabotage of critical infrastructure, includ-
ing subsea infrastructure. If cybersecurity 
threats materialize in the Arctic, their im-
pact might be even more harmful than else-
where due to the harsh environmental con-
ditions and remoteness. The Arctic region 
hosts many data hubs, and significant en-
ergy resources depend on reliable comput-
er control. Most Arctic states are highly 
digitized economies, that are heavily re-
liant on information and communication 
technology (ICT), this makes them suscep-
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tible to cyber espionage, ransomware at-
tacks, and misinformation campaigns (Gri-
cius 2024, Heffernan and Parsons 2024). 
     Ice-free summers and an increase in  
the accessibility of Arctic waters have also 
attracted the interest of non-state actors 
involved in organized crime. The region      
is open to smuggling, illicit traffic, illegal 
fishing, and other illegal activities. In addi-
tion, the Arctic states need to deal with the 
increasing interest and activity in the re-
gion by non-Arctic actors, who may have 
economic or commercial interests. That in-
cludes shipping, fishing, or the extraction 
of previously unattainable resources such 
as oil or gas reserves (Gricius 2024). 
     This list of challenges and threats is not 
exhaustive, but the key focus here is on 
transnational threats that require coordi-
nated action by the states. Even though 
there are differences in the way that differ-
ent countries prioritize these challenges, 
cooperation on shared issues is key to suc-
cess (Gricius 2024). Arctic states aim to 
promote the Arctic as a zone of coop-
eration and joint problem-solving while 
recognizing the distinct geography, demo-

graphics, and economics of the Far North 
(Lanteigne 2019[12]).  
     Nevertheless, this changed for the first 
time in modern history when Russia in-
vaded Ukraine in February 2022. Russia's 
aggression in Ukraine (*footnote: still on-
going at the time of writing in July 2025) 
has largely ended cooperation at all levels 
between Moscow and the other Arctic coun-
tries. At the same time, Russia halted finan-
cial support for the Arctic Council (n.d.[3]). 
Hence, any scientific cooperation between 
Russia and the West has been frozen.  
     During the Cold War era, scientific co-
operation offered a path towards warming 
of US-Russia relations. Is a similar devel-
opment also realistic today? Can shared 
security challenges enhance cooperation in 
the region and beyond? Can Arctic science 
diplomacy be a useful approach to improv-
ing relations and mending strategic fenc-
es? These are some of the research ques-
tions to which this chapter provides an-
swers. The key variables that influence 
cooperative/competitive relationships be-
tween states and relevant regional stake-
holders are mentioned and discussed. 

  
 
Different approaches to security 
 
     The concept of regional security can   
be analyzed from multiple perspectives, a 
shift exemplified by the robust academic 
debate over the last few decades concern-
ing the link between climate change and 
security. The discussion has been character-
ized by a deep division between those that 
argue that the requirements for security  
are fixed and others that suggest climate 
change necessitates a transformation in  
the approach to security towards a more 
precautionary, global, and integrated ap-
proach. This division has its roots in the 
debate within the field of Security Studies 
over the normative and analytical appro-
priateness of broadening and deepening 
the security agenda to include non-state ac-

tors and non-military issues, such as the 
environment (Kalliojärvi 2020).  
     Particularly in the Arctic, with the end 
of the Cold War, it became clear that en-
vironmental threats were of equal impor-
tance to military threats (Huebert 2004). 
The so-called Copenhagen School was one 
of the first pioneers that broadened the 
security concept. Barry Buzan, an interna-
tional relations theorist, and his colleagues 
at the Copenhagen Peace Research Insti-
tute emphasized the non-military aspects 
of security, representing a shift away from 
traditional security studies. Besides the 
military sector, the school distinguishes be-
tween political, economic, environmental, 
and societal sectors. In addition, the state 
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is no longer seen as the only actor. Non-
state actors such as environmental organi-
zations, businesses, industry, etc., have 
started to play an important role (Padrtová 
2017).  
     The notion that security has (many) 
more dimensions than just "hard" military 
defence has become commonplace in the 
twenty-first-century. In 1994, the Human 
Development Report from the UN De-
velopment Programme (UNDP) identified 
that the economy, environment, food, and 
health are crucial for human survival and 
welfare. The focus shifted from warlike 
threats to a wider security spectrum, to 
softer issues such as cybersecurity, energy 
security, and climate change (Bailes 2015). 
There are two complementary aspects to 

environmental security; protecting and pre-
serving the natural environment from dam-
age by humans and defending people from 
violence and the extremes of nature. As a 
threat multiplier, climate change is today's 
single largest challenge under both head-
ings (Bailes 2015).  
     While the direct threats of climate 
change, such as sea-level rise and extreme 
weather events, have found their way into 
the national security strategies of many 
states, the security discussion is mainly fo-
cused on indirect threats (Kalliojärvi 2020). 
In this chapter, the author applies an 
understanding of security that is as broad 
as possible, including all sectors, except 
for military security which is covered in 
Kříž (2025, this volume). 

 
Common security challenges and threats in the Arctic 
 
     This analysis categorizes the region's 
common security challenges and threats in-
to three main areas: i) climate and its envi-

ronmental impacts, ii) pollution from vari-
ous sources, and iii) challenges posed by e-
merging geopolitical and economic trends. 

 
Category i) challenges – the climate  
 
     In this section, the author details the 
threats stemming from several key envi-
ronmental shifts: new weather patterns, di-

minishing ice cover, permafrost thaw, and 
sea-level rise. 

 

 
New weather patterns 
 
     The impacts of climate change are 
more dramatic and visible in the Arctic 
than in any other region on Earth. Over the 
past four decades, the frequency and in-
tensity of extreme weather events have 
markedly increased, altering the environ-
ment and challenging local populations. 
This includes more frequent heavy rains, 
powerful storms, unseasonal floods, and 
unprecedented heat waves. This instability 
is driven by the fact that the region has 
warmed almost four times faster than the 

global average since 1979 (Rantanen et al. 
2022).  
     The latest studies illustrate that these 
ecosystems have never witnessed the pace 
of warming we are currently experiencing. 
Although there are attempts to limit warm-
ing to 1.5°C, it is unlikely to be enough to 
reverse the retreat of Arctic sea ice. Never-
theless, every fraction of a degree helps 
and cooperation between states to prevent 
the complete decimation of Arctic ecosys-
tems is inevitable (WWF Arctic 2022a[17]).  
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Melting of ice cover and permafrost 
 
     The Arctic is experiencing a rapid de-
cline in sea ice cover, and with permafrost 
thawing at an extremely high rate, it is 
estimated that the extent of Arctic sea ice 
has been reduced by half over the past fifty 
years, which has important implications 
for the environment and those living in the 
Circumpolar North (Bergman Rosamond 
2011). In addition, scientists suggest that 
the thinning ice cover will make it easier 
for volcanoes to erupt, an issue that affects 
Alaska and Iceland and the transport re-
gions around them. There is also an in-
creased risk of transportation accidents or 
infrastructure breakdown, including pipe-
lines, cables, and supply chains (Bailes 
2015). 
     Climate models consistently project 
that the Arctic will experience its first ice-
free summer within the next few decades. 
Projections based on the latest generation 
of models (CMIP6) indicate a high like-
lihood of this occurring before 2050,   
even under low-emission pathways (IPCC 
2021[22], Notz and SIMIP Community 
2020, Kim et al. 2023). Since an ice-free 
ocean surface absorbs more solar heat 
rather than reflecting it, the Arctic Ocean 
will warm. This, in turn, will cause more 
melting and further amplify climate warm-
ing (WWF Arctic 2023a[19]).  
     The accelerating pace at which the 
ground thaws brings obvious problems for 
structures built on permafrost, e.g., roads, 
railway lines, oil rigs, and in some cases 
whole towns, but it also releases trapped 
methane gas, which is a notorious "climate 
forcer," likely to further boost the rise in 
Arctic temperatures (Bailes 2015). Thaw-
ing permafrost also leads to snow accumu-
lation, water damming, and flooding. At 
the same time, these effects permanently 
change terrain and drainage patterns and 
have a dramatic effect on vegetation (Ha-
lašková 2025b). 

     In addition, thawing permafrost releas-
es some toxic chemicals. As organic mat-
ter decays carbon dioxide and/or methane 
is liberated into the atmosphere, adding as 
much greenhouse gas as a large country. 
Also, scientists have found new evidence 
that melting permafrost could unleash 
large amounts of mercury, a dangerous 
toxin buried in the frozen ground (Schuster 
et al. 2018). Studies using environmental 
archives have estimated that atmospheric 
mercury deposition has increased by five- 
to ten-fold compared to pre-industrial 
levels, primarily due to anthropogenic ac-
tivities such as burning coal. Scientists 
believe the Arctic permafrost may hold 
more mercury than the atmosphere, the 
oceans, and every living organism com-
bined (Engstrom and Swain 1997, Streets 
et al. 2011). 
     Another tranche of problems connected 
to melting sea ice is the impact on marine 
ecosystems and biodiversity (WWF Arctic 
2022a[17]). The loss of sea ice, among oth-
ers, endangers polar bear populations that 
rely on the ice to capture prey, such as 
seals. In turn the decline of many Arctic 
species is negatively impacting the Indige-
nous communities that depend on these 
animals to support their way of life; they 
rely on them for everything: from the food 
they eat to the clothes they wear (WWF 
Arctic 2023a[19]). 
     On the other hand, the northward mi-
gration of species may create opportunities 
for subsistence, fishing, and hunting. For 
instance, the appearance of fish species 
previously found only in lower latitudes 
could open avenues for local fisheries or 
aquaculture. However, this potential bene-
fit in the north could create an ecological 
imbalance in the southern regions from 
which these species are migrating (Halaš-
ková 2025a).  
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Sea level rise 
 
     Perhaps the most visible demonstration 
of climate change and the need for co-
operation is the rise in sea level. It is an 
integrated effect due to processes associ-
ated with global warming, which have 
changed the intensity and direction of 
atmospheric circulation, ice distribution, 
rates of sea ice melting and freezing, and 
temperature and salinity fields (Proshutin-
sky et al. 2001). The rising sea level is 
mainly caused by melting ice sheets and 
glaciers (44%) and the thermal expansion 
of water that takes up more volume as it 
warms (42%). The remainder is caused by 
melting land ice, which adds mass to the 
ocean and increases its volume (Scott 
2023[14]).  
     Together, the Antarctic and Greenland 
Ice Sheets hold enough water to raise sea 
levels by roughly 65 meters if they entirely 
melt, but this will not happen in the fore-
seeable future (Scott 2023[14]). However,  
it hardly takes the loss of an entire ice 
sheet to affect population centres world-
wide. So far, the increase in tempera-    
ture has caused the average sea level to 
rise by 15-25 cm (between 1901 and 2018) 
(WCRP Global Sea Level Budget Group 

2018[25]). Projections indicate that even if 
global warming is stabilized at 1.5°C, sea 
levels are still expected to rise by approxi-
mately 2-3 meters over the next 2000 years. 
The IPCC (2021[22]) indicates that not on- 
ly does the peak temperature determine      
the total long-term sea-level rise–projected 
at 19-22 meters for a 5°C peak–but the 
speed of warming also dictates how quick-
ly this rise occurs (IPCC 2021[22]).  
     A primary challenge of rising sea levels 
is the heightened risk of shoreline erosion 
and frequent flooding in low-lying coastal 
areas (WWF Arctic 2023b[20]). Furthermore, 
this rise is projected to disrupt a wide 
range of systems and activities, including 
sediment transport, navigation conditions, 
oil and gas operations, and traditional hunt-
ing. Storms will also be stronger and more 
frequent, and coastal communities that are 
already struggling with erosion will expe-
rience accelerated shoreline retreat (Pros-
hutinsky et al. 2001). The worst-case sce-
nario predicts the total disappearance of en-
tire low-lying islands or coastal states lo-
cated far from the Arctic, such as Guyana, 
Belize, Bangladesh, or Singapore (Huebert 
2004, Ingólfsdóttir 2014). 

 
Category ii) challenges – pollution  
 
     This section focuses on key regional 
pollutants, including persistent organic pol-
lutants (POPs), heavy metals, and plastics. 
It also examines the primary sources of 

this pollution, such as the significant mili-
tary and nuclear presence, urban and in-
dustrial development, and shipping activi-
ties. 

 
Persistent organic pollutants (POPs), heavy metals and plastics 
 
     Since the 1980s, numerous studies have 
focused on the investigation of pollutants 
in the Arctic. As early as the 1980s, re-
search produced evidence that the types of 
pollutants found in the Arctic were not 
indigenous to the region. The pollutants 
came from all over the globe and could 

threaten the very existence of entire states 
(Huebert 2004).  
     Many chemicals classified as POPs are 
used globally in commercial products, par-
ticularly fertilizers, pesticides, and insec-
ticides (Friedrich 2016[9]). Well-known pol-
lutants include polychlorinated biphen- 
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yls (PCBs), widely used in plastic prod-    
ucts, and dichlorodiphenyltrichloroethane 
(DDT), which in some countries is still 
used to protect against malaria, typhus, 
and other diseases spread by insects. Even 
where its use is restricted, DDT remains a 
potential threat due to its capacity for 
long-range transport and its tendency to 
bioaccumulate in the food chain. Further-
more, glacial meltwater is now considered 
a secondary source of this pollution, re-
leasing historical deposits and confirming 
the persistence of DDT in remote polar 
regions. Despite international efforts like 
the 2001 Stockholm Convention to regu-
late such pollutants, their continued use in 
some parts of the globe and their environ-
mental persistence mean they remain a sig-
nificant concern (Friedrich 2016[9]). 
     These pollutants, which did not origi-
nate in the Arctic, were transported north 
through a series of geophysical factors. 
They are transported over long distances 
by air and water, and, to a lesser extent,  
by migratory species that travel from re-
gions further south (Huebert 2004, Fried-
rich 2016[9]). The distance travelled by 
these pollutants led to the term transbound-
ary pollutants (Huebert 2004).  
     POPs can be produced and released by 
mines, military sites, smelters, power sta-
tions, and various other industrial sources. 
By definition, these pollutants are environ-
mentally persistent, because they are slow 
to degrade. This persistence is significant-
ly amplified in the Arctic due to a com-
bination of environmental factors. The re-
gion's low temperatures dramatically slow 
down the chemical and microbial break-
down of these compounds. Additionally, 
the long polar night limits or completely 
halts degradation by sunlight (phototrans-
formation), while the presence of snow 
and ice can trap and preserve POPs for 
extended periods (AMAP 2004[1]). Conse-
quently, the environmental half-life of 
some POPs can be prolonged from years 
in temperate climates to many decades or 
even centuries in the Arctic. It is important 

to note, however, that this persistence is 
not uniform; it is "species-specific," mean-
ing it varies greatly among different types 
of POPs, some of which may degrade 
more rapidly under specific conditions 
(AMAP 2004[1], Friedrich 2016[9]). 
     A review of scientific studies brought 
striking findings; POPS are found concen-
trated in the tissues of several arctic spe-
cies, including polar bears, whales, seals, 
and several species of seabirds and fish. In 
spring the melting ice and snow releases 
the accumulated POPs into the environ-
ment, where in turn they are ingested by 
wildlife. In the winter, through the metab-
olism of fat reserves, where they have ac-
cumulated, the POPs are released and im-
pact the organism (Friedrich 2016[9]). In 
addition to contributing to a decline, dis-
eases, and various abnormalities in wild-
life species, POPs also represent a serious 
threat to human health and well-being. 
Like many animal species, their effects on 
humans include the promotion of certain 
types of cancer, congenital disabilities, 
dysfunctional immune and reproductive 
systems, damage to the nervous system, 
and a generally higher susceptibility to dis-
eases through a weakened immune system. 
Human exposure to POPs mainly comes 
from contaminated food or transmission to 
the placenta and breast milk (Friedrich 
2016[9]).  
     High levels of POPs are especially dan-
gerous in the traditional subsistence foods 
consumed in the Arctic, many of which are 
high up in the food chain, rich in fat, and 
therefore rich in POPs. Marine and other 
mammals at the top of a food chain that 
contains high levels of POPs are the tra-
ditional northern foods and central to the 
diets of Indigenous Artic peoples. Further-
more, the price of food is high in the north 
and consequently the local population re-
lies more on subsistence foods. As a result, 
they are more exposed to the harmful ef-
fects of persistent pollutants (Friedrich 
2016[9]). 
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     Besides POPs, heavy metals, such as 
mercury and lead, are the main contami-
nants found in the Arctic. When the ice 
melts in the summer, toxins are washed 
into rivers and the sea (Discovering the 
Arctic, n.d.[7]). Mercury pollution, much of 
which is a result of air and ocean transport 
represents a threat to Arctic wildlife and 
human populations. Mercury is bioaccu-
mulated and biomagnified in Arctic food 
chains. This can result in high levels of 
mercury in the apex predators such as po-
lar bears and toothed whales. Humans, es-
pecially some Indigenous populations, that 
rely on marine mammals as part of their 
traditional diet, can experience high die-
tary exposure, raising concerns about the 
possible effects on human health (Arctic 
Council, n.d.[3]).  
     In recent years, plastic debris and mi-
croplastics have been identified as a criti-
cal and fast-growing contaminant within 
the fragile Arctic ecosystem. A compre-
hensive review by Bergmann et al. (2022) 
identifies two primary origins for the plas-
tic pollution: distant regions and local ac-
tivities. A substantial amount of plastic    
is transported long-range into the Arctic 
from lower latitudes via ocean currents 
and atmospheric deposition. In addition, lo-

cal sources are significant contributors, 
with waste stemming from regional fisher-
ies, aquaculture, shipping, and community 
landfills. Regardless of its origin, this plas-
tic litter can be devastating for wildlife. 
Researchers are increasingly concerned 
about the high concentration of microplas-
tics accumulating in sea ice and the food 
chain, threatening various species, includ-
ing seabirds, fish, and ultimately humans 
(Bergmann et al. 2022). 
     The interconnected threats of pollution 
and climate change pose a significant risk 
to freshwater access, an issue highlighted 
by the Intergovernmental Panel on Climate 
Change (IPCC) as early as 2007. These 
predictions are now materializing in the 
Arctic, where many small, remote Indige-
nous villages face growing water insecu-
rity (Ingólfsdóttir 2014, Lawson 2019[13]). 
Historically, these communities relied on 
natural sources like ice melt and local 
lakes. However, recent studies show these 
traditional water sources are becoming con-
taminated, giving rise to health concerns 
(Evengard et al. 2011). This has led to a 
greater dependence on costly purchased 
tap or bottled water, creating new eco-
nomic burdens (Lawson 2019[13]). 

 
A significant military and nuclear presence 
 
     Prior to climate change being consid-
ered as a security threat, the focus of the 
Arctic states was on the heavy military and 
nuclear presence stemming from the Cold 
War. This era was marked by the construc-
tion of vast military infrastructure projects 
across the North, leaving a complex legacy 
that endures today. The arms race between 
the two major nuclear superpowers, the 
United States and the Soviet Union, caused 
extensive environmental damage and pol-
lution across the Arctic. The use of large 
areas of land and sea for constant military 
testing and training, nuclear (submarine) 
accidents and leaks, and the experimental 

deployment and testing of weapons result-
ed in thousands of tons of rubbish, toxins, 
and radioactive waste (solid and liquid) 
being left behind. For decades, neither of 
the superpowers had the incentive (nor the 
expertise) to clean up the polluted areas. It 
was only due to the growing environmen-
tal awakening of the 1980s and 1990s that 
the severe ecological consequences of this 
military buildup began to be seriously ad-
dressed (Heininen and Exner-Pirot 2020).  
     One of the most relevant military pro-
jects is the US installation in northwestern 
Greenland. Built secretly in the early 1950s, 
the Pituffik Space Base (formerly Thule Air 
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Base) was established as a strategically vi-
tal U.S. installation for Cold War defenses 
against the Soviet Union. Today, under  
the U.S. Space Force, it remains a vital in-
stallation focused on missile warning and 
space surveillance. While the Cold War-
era nuclear bombers are gone, the base's 
nuclear legacy continues to be a factor, 
particularly concerning the environmental 
fallout from a B-52 crash in 1968 and 
waste from abandoned research sites. 
     Another monumental project was the 
Distant Early Warning Line (DEW Line), 
a system of radar stations built in 1957 
across the northern parts of Canada, Alas-
ka, the Faroe Islands, Greenland, and Ice-
land to detect incoming Soviet bombers. 
Technology quickly made parts of the 
DEW Line obsolete, and many sites were 
abandoned within years, with the rest clos-
ing by 1993 (Contenta 2012[6]). This mas-
sive construction project resulted in a huge 
degree of contamination of the land and 
caused unimaginable environmental pol-
lution. Around 10,000 personnel lived on 
site and operated the infrastructure. The 
soil was directly contaminated by diesel 
fuel and other chemicals, but the construc-
tion of warehouses, garages, living quar-
ters, giant antennas, and water tanks irre-
versibly changed the pristine environment 
(Contenta 2012[6]). In the 1980s, the US and 
Canada started to cooperate on the clean-
up, which continued till the 2010's. With-
out cooperative efforts and a common 
goal, removing toxic waste would not be 
financially or technically possible. Chemi-
cal pollution from the DEW Line caused 
serious diseases among the Inuit people 
thus the remediation project has given hope 
to Inuit communities (Contenta 2012[6]).  
     In the early 1990s, the full scale of the 
Soviet Union's nuclear legacy in the Arctic 
began to be understood. A central element 

of Moscow's Cold War activity was the 
Novaya Zemlya test site, established in 
1955 as the primary testing polygon for 
new, high-yield nuclear weapons due to   
its remote location. To fulfill this role, 
between 1955 and 1990, the site hosted    
130 nuclear tests, including the largest 
man-made explosion in history, the 50+ 
megaton "Tsar Bomba." In total, these 
tests released an explosive energy equiva-
lent to 265 megatons of TNT (Khalturin et 
al. 2007).  
     In addition to the direct impacts of this 
testing, new reports in the 1990s revealed 
decades of deliberate radioactive dumping 
in the region, which served as a hub for the 
Soviet nuclear fleet (Sawhill 2000, US 
Government 1995[24]). For three decades, 
the former Soviet Union had disposed of 
radioactive waste in the Arctic Ocean and 
adjacent seas. Between 1960 and 1991, 
Russia sank 16 nuclear reactors–many of 
which had suffered accidents and still con-
tained nuclear fuel–from its submarines 
and an icebreaker, in the Kara Sea. The 
former USSR also discharged vast quanti-
ties of low-level liquid and intermediate-
level solid radioactive waste into these 
waters (Sawhill 2000).  
     Growing concerns over nuclear safe-  
ty and the effects on human health gal-
vanized public attention, which in turn 
forced nations to seek solutions. Several 
international mechanisms were implement-
ed to enhance Russia's capacity to manage 
spent nuclear fuel and radioactive waste 
from its Northern Fleet (Sawhill 2000). 
The US-Soviet relationship took a decisive 
turn as a process was set in motion to ad-
dress the nuclear legacy of the Cold War. 
This spirit of environmental cooperation 
between the Arctic states eventually led to 
the foundation of the Arctic Council in 
1996 (Halašková 2025b). 
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Regional developments (urban and industrial) 
 
     In the distant past, Indigenous people 
mainly lived off the region's resources, 
typically seals and fish. Skins were made 
into clothing. Later, in the 19th and early 
20th centuries, the commercial exploitation 
of resources, walrus hunting, whaling,   
and large-scale fishing, inevitably led to 
the decline of some species, and people 
searched for alternative opportunities to 
support themselves. Nowadays, the local 
population supports itself through a mix-
ture of traditional and cash economies. In-
digenous people still largely depend on 
subsistence hunting, trapping, and fishing. 
In contrast, others are employed full-time 
as wage earners (mining, oil and gas de-
velopment, construction, services, and gov-
ernment activities). They only occasion-
ally turn to hunting to supplement their    
diet with their preferred meat (Halašková 
2025a).  
     Development in the Arctic is multifac-
eted, presenting both significant benefits 
and considerable drawbacks depending on 
one's perspective. For instance, while new 
infrastructure is crucial for the well-being 
of Arctic peoples, its construction irre-
versibly alters the landscape and impacts 
the ecosystem. Despite these development 
pressures, many communities still lack 
connections to basic road, electrical, water, 
and sewerage systems (Halašková 2025b). 
     Much of the Arctic's infrastructure con-
struction is a direct result of industrial de-
velopment, which is driven by external po-
litical and economic interests. These indus-
trial activities–primarily oil and gas ex-
ploration, power generation, and extensive 
mining for coal, gold, and diamonds–
require facilities whose construction and 
operation inevitably alter the natural habi-
tat through pollution, noise, road dust, and 
hydrological changes (Halašková 2025b). 
     Expanding industries in the Arctic exert 
significant pressure on its ecosystems and 
biodiversity while also adversely impact-
ing local communities. This is particularly 

critical for Indigenous peoples, whose cul-
tural identity is deeply intertwined with 
their traditional livelihoods. A primary is-
sue is the disruption of animal migration 
routes, which directly threatens these sub-
sistence practices. For example, roads and 
windmills can impede the migration of 
caribou and reindeer, while underwater 
noise from drilling and the threat of oil 
spills endanger marine life, from whales to 
entire ecosystems (WWF Arctic 2022a[17]).  
     Warming of the Arctic provides access 
to previously unattainable resources, such 
as oil and gas reserves, which brings an 
increased risk of environmental disaster. 
Oil spills at sea impact Arctic security     
in more than one way due to the damage  
to commercial fisheries, coastal environ-
ments, and wildlife (Bailes 2015). This de-
velopment is happening even though new 
Arctic oil and gas exploration and produc-
tion goes against the goal of the Paris 
Agreement to stay within the 1.5°C limit 
for global warming (WWF Arctic 2022a, 
2022b[17,18]). 
     New and easily accessible areas are at-
tracting a rapidly growing number of tour-
ists, creating two significant pressures on 
the Arctic environment. First, the expan-
sion of tourism necessitates the construc-
tion of new infrastructure and logistical fa-
cilities on land. Second, it facilitates the 
introduction of non-native species, as tour-
ists can inadvertently carry plant seeds and 
microorganisms on their clothes and shoes. 
When introduced via cruise ships and oth-
er boats, these invasive species negatively 
impact the region's unique habitat and bio-
diversity (Halašková 2025a, 2025b). 
     Although this section's primary focus is 
on the negative impacts of pollution, it is 
important to acknowledge that anthropo-
genic changes can have complex and some-
times paradoxical effects. On one hand, 
these changes can create economic oppor-
tunities, such as new shipping routes and 
longer seasons for sailing, fishing, and hunt-
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ing (Halašková 2025a). On the other hand, 
new infrastructure can lead to unforeseen 
ecological shifts. For instance, recent stud-
ies have documented how some opportun-
istic species adapt to industrial develop-

ment; predatory birds like ravens and gulls, 
for example, leverage oil field structures 
for perching and forage at associated rub-
bish dumps.  

 

 
 
Fig. 1. A young Polar Bear foraging near the Czech polar station in Svalbard. His presence inter-
rupted the fieldwork of a group of geology and climatology students, compelling them to shelter 
within the cabin for several days (2014, author Ondřej Bárta). 
 

 
 
Fig. 2.  Black-legged Kittiwake utilizing abandoned human infrastructure for nesting in the former 
Soviet mining settlement of Pyramiden, Svalbard (2014, author Jana Elsterová). 
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     This anthropogenic support has been 
shown to increase their local populations, 
leading to higher predation pressure on 
vulnerable ground-nesting birds (Liebezeit 
et al. 2009). Another study observed that 
some animals, such as caribou and bears in 
Alaska, lie down close to oil and gas pipe-

lines, using the radiant heat for warmth to 
protect their infant offspring or as shelter 
from harsh weather, while other wildlife 
has been observed seeking shelter in aban-
doned buildings or sites (Cameron and 
Whitten 1979[5], Wolfe et al. 2000[16], Ha-
lašková 2025b). 

 
Shipping 
 
     The opening of Arctic waters presents 
significant economic opportunities, primar-
ily through new shipping routes that are 
shorter than those via the Panama and 
Suez Canals and more viable than difficult 
overland transport (Halašková 2025a). This 
potential has already driven a 25 percent 
increase in Arctic shipping traffic between 
2013 and 2019 as more oil tankers and 
bulk carriers passed through the region's 
waters. A prime example of this strate-  
gic development is Russia's recent focus 
on modernizing the port of Tiksi, a key 
hub on the Northern Sea Route. Plans to 
dredge the harbor and construct a new 
deepwater facility are designed to support 
year-round shipping of resources like oil, 
gas, and coal. Such large-scale industri-   
al development in a fragile environment 
brings considerable risks, including the 
potential for devastating oil spills in ice-
covered waters, disruption of marine eco-
systems from underwater noise, and in-
creased pollution from ship traffic (Gricius 
2024, WWF Arctic 2023a[19]). Despite the 
ambitious plans, as Povoroznyuk (2024, cit-
ed in Ellekrog 2024[8]) notes, there is a ma-
jor discrepancy between the Russian gov-
ernment promises for the Tiksi port and 
the current reality. The planed moderniza-
tion has yet to materialize, leaving the port 
with deteriorating infrastructure and an 
economy in continuous decline (Ellekrog 
2024[8]). 
     Heavy fuel oil (HFO) accounts for ap-
proximately three-quarters of the marine 
fuel currently used by ships in the Arctic. 
HFO is problematic for the Arctic ecosys-

tems in several ways. When this dirty, 
viscous, and polluting fossil fuel is spilled 
in cold polar waters, it breaks down even 
more slowly than other fossil fuels and 
there is currently no viable method to re-
move the oil from ice (Eguíluz et al. 2016, 
WWF Arctic 2023a[19]). 
     There is also no infrastructure in place 
in the Arctic where a cleanup operation 
could be based. Thus, any HFO spill will 
have long-term, devastating effects on Arc-
tic communities and the marine ecosys-
tems and species they depend upon. It 
could also hinder Arctic communities' sub-
sistence harvesting of fish and marine 
mammals through coastline contamination. 
This could lead to food shortages and jeop-
ardize livelihoods, cultures, and human 
health in the Arctic, especially Indigenous 
communities. When HFO is burned, it pro-
duces high levels of black carbon particles 
that enter the environment through exhaust 
fumes. Not only is black carbon a danger-
ous pollutant linked to heart and lung dis-
ease, but it also reduces the reflectivity of 
Arctic snow and ice. This accelerates snow 
and ice melt, as more heat from the sun is 
absorbed rather than reflected (WWF Arc-
tic 2023a[19]).  
     More ships in Arctic waters have also 
led to an increase in underwater noise, 
which is harmful to marine life. All marine 
mammals rely on sound to locate food, 
find mates, navigate, avoid predators, and 
care for their young. The cold temperature 
and other oceanographic conditions of the 
Arctic Ocean enable sounds from ships to 
travel long distances in shallow water. 
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This means that underwater noise is con-
centrated within the swimming and diving 
ranges of whales, walruses, and seals. 
Even a small increase in ship traffic can 
significantly impact the acoustic environ-
ment of the Arctic Ocean when compared 
to other oceans around the world (WWF 
Arctic 2023a[19]). 
     While shipping provides an essential 
supply service for the Arctic communities, 
the harsh environment demands robust 
safety and environmental rules. A signifi-
cant improvement to the previously incon-
sistent and often voluntary guidelines was 
needed. This led to the creation of the   
first legally binding document covering 
the full range of shipping-related matters: 
the International Code for Ships Operating       
in Polar Waters (Polar Code). The Polar 
Code, which entered into force in January 
2017, defines all the conditions that any 
ship willing to sail in the Arctic Ocean 
needs to fulfil. It includes all relevant in-
formation for navigation in waters sur-
rounding the two poles; ship design, con-
struction, equipment; operational and train-

ing concerns; search and rescue; and, equal-
ly importantly, protection of the unique 
environment and ecosystems of the polar 
regions (IMO 2023[10]). 
     In addition to the Polar Code, there is 
still a need for a transition to lower-emis-
sion fuels and methods of propulsion to 
ensure it is sustainable. Switching to distil-
late fuels would reduce black carbon emis-
sions by some 40 percent, and installing 
particulate filters on ship engines would 
reduce emissions by more than 90 percent 
(WWF Arctic 2023a[19]). Besides that, a-
dopting responsible routing measures, such    
as the development of shipping lanes, traf-  
fic separation schemes, precautionary areas, 
and areas to avoid throughout the year, 
could reduce the effect of shipping on the 
environment. Developing and implement-
ing tighter regulation on ship speeds in 
sensitive areas for biodiversity and techno-
logical solutions for ship and propeller de-
sign would also help to reduce the under-
water noise that is putting Arctic marine 
life at risk (WWF Arctic 2023a[19]). 

 
Category iii) challenges – new trends  
 
     This final section considers new trends 
such as hybrid threats, illegal activities, 

and the interests of non-Arctic states in the 
region.  

 
Hybrid threats 
 
     Cyberattacks and the attempted sabo-
tage of critical infrastructure have recently 
increased across the region. Since Russia's 
full-fledged invasion of Ukraine in Febru-
ary 2022, tensions in the Baltic Sea have 
heightened and the number of incidents in-
volving damage to undersea infrastructure 
has increased. Russia's undersea hybrid 
warfare aims to disrupt the European econ-
omy through attacks on cables, internet ca-
bles, and pipelines. Consequently, all criti-
cal economic infrastructure on the seabed–
such as pipelines and communication ca-
bles–is considered vulnerable. Specifical-

ly, in the Arctic, hybrid tactics aim to have 
a large impact across the region, targeting 
democratic electoral systems, healthcare 
organizations and they seek to conduct 
operations that would influence the area 
(Gricius 2024).  
     Some recent examples include: the cut-
ting of a cable from mainland Norway to 
Svalbard, the circling of Russian ships 
above a key transatlantic cable close to 
Ireland, and the sabotage of the Nord 
Stream 2 pipeline (Gricius 2024). The lat-
est incident was in November 2024, when 
two undersea fibre-optic communication 
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cables in the Baltic Sea were damaged. Af-
ter investigation, Germany confirmed that 
the damage to two internet cables, one run-
ning between Finland and Germany and 
the other between Sweden and Lithua-  
nia, were acts of sabotage (Bryant 2024[4]). 
Hence, Sweden took steps to protect ad-
ditional undersea infrastructure such as 
windfarms, which have "system vulnera-
bilities" (Bryant 2024[4]). 
     When cybersecurity threats materialize 
in the Arctic, their impact can be even 
more harmful than elsewhere due to the 
harsh environmental and climatic con-
ditions, the remoteness, vast distances,     
and vulnerability of Arctic communities. 
Hence, the critical infrastructure in Arctic 
countries becomes "extra critical," and any 
economic development opportunities in 
the High North are accompanied by the 
dangers of cyber threats. Amongst critical 
infrastructure, the energy sector is espe-
cially relevant in the north. This sector is 
in a large part dependent on digitalization, 
the Internet, and the demands of com-
puters (Cassotta et al. 2019). 

     The Arctic regions host many data hubs, 
and significant energy resources depend 
on reliable computer control. Weather con-
ditions and potential natural disasters re-
quire new methodologies for risk and resil-
ience assessment, as well as effective legal 
and governance frameworks to protect 
critical infrastructure and sustain both ci-
vilian and military activities (Arctic Centre 
2019[2]). Each of the Arctic states is trying 
to fight against these hybrid threats on 
their own. However, their efforts are rath-
er limited, and international cooperation is 
vital here. Sharing lessons learned and best 
practices could strengthen ties. For this 
purpose, the European Centre of Excel-
lence for Countering Hybrid Threats was 
established in 2017 and today it also cov-
ers issues that threaten the Arctic, includ-
ing threats to critical infrastructure, infor-
mation, cybersecurity, and societal resil-
ience. The Centre conducts training courses 
and exercises for policymakers and practi-
tioners (Gricius 2024). 

 
Illegal activities 
 
     In the aftermath of the 2001 terrorist 
attacks, the US and Canada grew con-
cerned that the under-monitored Arctic 
could become an entry point for terror-  
ists into North America, prompting efforts     
to improve surveillance and interception 
capabilities (Huebert 2004). However, as 
scholars like Elgaas (2017) note, the re-
gion’s security challenges have become 
significantly more complex. The focus has 
expanded to include a mix of illegal activi-
ties, increased commercial traffic, and in-
ternational resource competition, all of 
which demand robust monitoring. In re-
sponse to this multifaceted threat environ-
ment, various states have bolstered their 
presence; for example, Denmark has en-
hanced its air and sea surveillance to pre-
vent international organized crime (Berg-

man Rosamond 2011), underscoring the 
critical need for comprehensive regional 
monitoring (Kirk 2023[11]).  
     Although terrorist activities in the Arc-
tic are rather limited at this moment, the 
overall decrease in sea ice could lead 
northern borders to become increasingly 
accessible for different types of illegal ac-
tivity and maritime crimes, for example, 
smuggling, irregular migration, piracy, or 
illegal fishing (Gricius 2024). All five 
Arctic coastal states acknowledge there  
are threats to maritime security stemming 
from non-state organized criminal actors. 
Nevertheless, they lack any system-based 
understanding of these threats, a differ-
entiated approach to assess specific types    
of potential maritime criminal activities,  
or developed practical measures aimed at 
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their prevention and suppression. Also, 
they lack the necessary capability and re-
sources to efficiently address these threats 
on their own; hence, enhanced regional in-
terstate cooperation in this field, for exam-
ple, through the Arctic Coast Guard Fo-
rum, should be a priority (Todorov 2019).  
     Currently, the most significant mari-
time security threats in the region include 
terrorist attacks on cruise ships, the traf-
ficking of drugs and weapons, and illegal 
migration. Regarding piracy, the Arctic has 
not historically been a hotspot compared to 
busier shipping lanes in warmer climates, 
such as the Gulf of Aden or the Malacca 
Strait. Still, increased economic opportu-
nities and resource exploration, together 
with a lack of oversight, allow pirates      
to operate without much fear of getting 
caught (Todorov 2019). To mitigate these 
threats, the Arctic states rely on interna-
tional laws, such as those outlined in the 
United Nations Convention on the Law of 
the Sea (UNCLOS), which plays a crucial 
role in addressing piracy. The UNCLOS 
provides provisions for the prosecution    
of pirates and emphasizes the freedom of 
navigation for all states, regardless of their 
coastal or landlocked status. However, the 
implementation of these laws requires in-
ternational cooperation and a unified ap-
proach to ensure the security and safety of 
Arctic waters (Todorov 2019). 
     Illegal fishing is one of the threats 
spreading across the Arctic region. The 
World Wildlife Fund (WWF) differen-
tiates between illegal fishing, unreported 
fishing, and unregulated fishing. Illegal 

fishing is "conducted by vessels of coun-
tries that are party to a fisheries organiza-
tion, but which operate in violation of its 
rules, operate in a country's waters with-
out permission, or on the high seas without 
showing a flag or other markings". The sec-
ond category, unreported fishing, "catches 
are not reported to the relevant authorities 
by the fishing vessels or flag state, whether 
they are parties or not of the relevant fish-
eries organization, this includes misreport-
ed and underreported catches". The last 
category is unregulated fishing, which is 
"conducted by vessels flying the flag of 
countries that are not parties of or partici-
pants in relevant fisheries organizations 
and therefore consider themselves not 
bound by their rules" (WWF 2024[21]). Arc-
tic coastal states report all these types of 
criminal maritime activity.  
     In recent years, the Arctic states have 
made significant progress in reducing, but 
by no means eliminating, IUU (illegal, un-
reported, unregulated) fishing in the Bar-
ents Sea. However, the new WWF report 
states that it is still a concern in the west-
ern Bering Sea and the Sea of Okhotsk in 
the Russian Far East. One of the valuable 
instruments in this field is the Agreement 
to Prevent Unregulated High Seas Fisher-
ies in the Central Arctic Ocean, which 
came into force in June 2021. In addition, 
to reduce IUU fishing in the Arctic, some 
regional fishery management organiza-
tions (RFMOs) have established Port State 
Control that measures and blacklists ves-
sels that are known to not observe national 
and international law (WWF 2024[21]). 

 
Interests of non-Arctic states 
 
     The last and most complicated area to 
tackle is the relationship between Arctic 
states and rising interest and activities of 
non-Arctic actors, who may have econom-
ic or commercial interests in the region 
(Gricius 2024). The agenda of the Arctic 
Council covers some areas of the involve-

ment of non-Arctic states in the region. 
The Council (through the governments of 
Arctic states) recognizes the need to pro-
vide an opportunity for the governmental 
and non-governmental organizations of 
non-Arctic countries with Arctic interests 
to actively participate in the work of the 
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Council. Following this, the Declaration  
of the First Ministerial Meeting of the 
Arctic Council in 1998 (The Iqaluit Decla-
ration[15]) approved the provision of ob-
server status for several committed inter-
governmental and international non-gov-
ernmental organizations and non-Arctic 
states. Although there are certain criteria 
for the admission of observers, as well as 
restrictions on their rights, the granting of 
(permanent) observer status at the Arctic 
Council is attractive to many non-Arctic 
states, particularly those with scientific in-
terests in the polar regions or global eco-
nomic interests. By the 11th Ministerial of 
the Arctic Council in May 2019, a total   
of 39 states and organizations, 13 non-Arc- 
tic states, 14 intergovernmental and inter-
parliamentary organizations, and 12 inter-
national non-governmental organizations, 
had been approved as observers at the Arc-
tic Council (Heininen et al. 2019).  
     Besides joint decisions made at the 
Council, each Arctic state has a different 
approach to cooperation and business rela-
tions with non-Arctic actors at a bilateral 
level. Some of their strategies comment  
on scientific cooperation with non-Arctic 
states. This is important as science is often 
the only connection and gateway a non-

Artic state has into the Arctic (Heininen 
and Exner-Pirot 2020, Everett and Halaš-
ková 2022). Many non-Arctic states have 
research stations based in the Arctic, which 
provides them with further opportunities to 
cooperate with other regional actors. 
     Among all non-Arctic states involved 
in the region, China's Arctic interests and 
policies have been subject to the most 
intense international scrutiny and specula-
tion (Heininen et al. 2019). Despite not 
sharing a border with the region, China's 
interest in the Arctic is manifested through 
bilateral cooperation with Russia. In Sep-
tember 2022, reports that the US Coast 
Guard had spotted Chinese and Russian 
naval vessels engaged in some form of 
military operation off the coast of the 
Alaskan Aleutian Islands offered another 
signal of increased Sino-Russian Arctic 
cooperation in the aftermath of Russia's 
2022 invasion of Ukraine. In April 2023,  
a Memorandum of Understanding between 
the Chinese and Russian coast guards was 
signed in the Arctic town of Murmansk. 
Increased cooperation between the two 
countries on Arctic and ocean affairs, in-
cluding fisheries, is likely to play out in 
the Bering Sea (Evans and Østhagen 2023). 

 
Cooperation in 2025 and onwards 
 
     This final section analyzes how coop-
eration can be maintained in the region, 
exploring mechanisms like international 
scientific partnerships and science diplo-
macy, especially during times of conflict. 

These topics are explored alongside poten-
tial future developments, with a focus on 
the inherent tension between shared threats 
and divergent national priorities.  

 
Mechanisms for cooperation in times of conflict 
 
     Although sovereign Arctic states con-
tinue to be the most important actors in 
shaping the future of the region, the bor-
der-crossing nature of contemporary chal-
lenges demands deep regional cooperation. 
This is not without precedent; a founda-
tional shift towards collaboration occurred 

in the latter years of the Cold War, when 
leaders began to envision the Arctic as a 
zone of scientific partnership rather than 
military confrontation. Given the need to 
develop an international response to the 
devastating pollution, it was decided that a 
focus on these problems would be the best 
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way to promote cooperation. The overall 
impact of this decision was to elevate the 
issue of environmental security to become 
the primary issue for international cooper-
ation in the circumpolar north. This was 
institutionalized by the creation of the 
Arctic Environmental Protection Strategy 
(AEPS), which then evolved into the Arc-
tic Council. While the agenda of the Coun-
cil later developed to include other issues 
in its mandate, environmental protection 
remained its core mandate (Huebert 2004).  
     The Council continues to be a venue for 
scientific collaboration through working 
groups and their studies and initiatives, 
along with binding agreements such as the 
2017 Agreement on Enhancing Interna-
tional Arctic Scientific Cooperation. Oth-
er organizations, such as the International 
Arctic Science Committee (IASC) and the 
University of the Arctic (UArctic), also 
support cooperation in international re-
search. Cooperation between states also 
takes place through formal large-scale re-
search programs, such as the International 
Geophysical Year and International Polar 
Year initiatives (IPY) (Everett and Halaš-
ková 2022). The IPY has a long-term leg-
acy, it started as early as 1882/83 as a wide 
international research program, with the 
participation of scientists from 12 states 
that collaborated on the expedition and re-
search. It is worth emphasizing that there 
were subsequent editions of the initiative 
in 1932/33, 1957/58, and 2007/8 (Łuszczuk 
et al. 2020). Currently, planning for a fifth 
IPY-5 program in 2032/33 has begun fol-
lowing an agreement between the IASC 
and the Scientific Committee on Antarctic 
Research (SCAR). 
     One of the biggest advantages of the 
Arctic is that the region is deeply embed-
ded within multiple governance systems, 
lacks large geopolitical fault lines, and 
anticipates no resource wars. Although 
there are some tendencies among the Arc-
tic coastal states to try and expand their 
national territories in the High North, to 
date all disagreements have been solved 

through the application of international ru-
les and laws (Lathrop et al. 2018, Bergman 
Rosamond 2011). Nevertheless, the coop-
erative setup has changed since the Rus-
sian invasion of Ukraine. Since then, all 
partnerships and areas of cooperation be-
tween Moscow and Europe/North America 
have fallen apart.  
     This major conflict in Europe, after 
decades of relative peace, sparked a pro-
found debate within the global scientif-    
ic community. The central dilemma was 
whether to isolate Russian researchers as a 
punitive measure against their government 
or to uphold the principle of open scien-
tific collaboration. In response, a broad 
coalition of Western nations, including 
most Arctic states and other key scientific 
players like Germany, the UK, and the 
United States, suspended formal coopera-
tion with Russian state-funded institutions. 
However, the approach toward individual 
scientists and publications was more nu-
anced. Most major international scientific 
journals, including publishers like Elsevier 
and Springer Nature, explicitly stated they 
would not boycott manuscripts based on 
their authors' nationality, continuing to 
judge research on scientific merit alone. 
This led to a complex landscape of re-
sponses: some universities halted all col-
laboration with Russian entities, others ex-
cluded Russian scientists only from new 
projects, while many sought ways to sup-
port individual researchers, distinguishing 
them from their government's actions. 
     The Arctic Council remains the key 
platform for the enhancement of inter-state 
cooperation and setting regional govern-
ance structures. Although Russia stopped 
all financial support to the Council, there 
are still instruments, through working 
groups, that allow the involvement of Rus-
sian scientists in research focused on glob-
al challenges such as climate change and 
pollution. Avoiding the complete isolation 
of Russian scientists from international co-
operation brings at least one additional 
benefit that Western countries should con-
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sider, the prevention of scientific protec-
tionism. Even in times of conflict, states 
must engage in scientific collaboration to 
prevent scientific protectionism, which in-
cludes risks like a dependence on foreign 
countries and dual-use technology. Indeed, 
scientific protectionism can slow the pace 
of innovation, weaken international prob-
lem-solving capabilities, and deprive re-
searchers of the opportunity to work across 
borders on global challenges (Van Lan-
genhove and Piaget 2024). 
     At an international level, science is rec-
ognized as a strategic tool to foster in-
ternational cooperation and an important 

channel for peace and building of trust. 
The rationale is that scientists speak the 
same "language," which can weave cul-
tures together and build trust, irrespective 
of the political animosities between gov-
ernments. Over time, science has demon-
strated its utility in peacekeeping and con-
flict mitigation. Considering that one day, 
this conflict will be over, it is important 
not to lose sight of the post-conflict picture 
and think about the future of science (Van 
Langenhove et al. 2022, Van Langenhove 
and Piaget 2024). Hence, in the long term, 
maintaining open scientific collaboration 
with Russia seems to be advantageous. 

 
International scientific cooperation and science diplomacy 
 
     According to The Royal Society, sci-
ence diplomacy (SD) "seeks to strengthen 
the symbiosis between the interests and 
motivations of the scientific and foreign 
policy communities". This concept is typi-
cally actualized in three distinct forms: 
Science in diplomacy, which uses scien-
tific evidence to inform foreign policy de-
cisions; Diplomacy for science, which uses 
diplomatic action to facilitate international 
scientific collaboration; and Science for di-
plomacy, which uses scientific cooperation 
as a tool to "improve international rela-
tions between countries" (The Royal Soci-
ety 2010[23], Everett and Halašková 2022).  
     Indeed, scientific collaboration (the es-
sence of science diplomacy), even between 
states in conflict, can keep lines of dia-
logue open and contribute to the develop-
ment of mutual trust (Van Langenhove et 
al. 2022). Certainly, "through scientific re-
search, states are able to overcome their 
disagreements and create strong interna-
tional science cooperation" (Kavan and 
Halašková 2022). States realize that the 
increasing threats are often of a trans-
border character and could threaten their 
existence. Therefore, engaging in interna-
tional cooperation is crucial to their sur- 

vival. What is more, scientific cooperation 
also stimulates cooperation in other areas, 
which is particularly important for the Arc-
tic (Łuszczuk et al. 2020). The current chal-
lenge for SD is to ensure that even warring 
countries keep working together on com-
mon threats (Van Langenhove et al. 2022). 
     Although some experts argue that strict-
ly speaking SD can only be performed by 
state governments, given the interdiscipli-
nary character of polar science, it is im-
portant that non-state actors are also in-
cluded, for example, scientists (assuming 
that they are unbiased and apolitical) to in-
vigorate the diplomatic interchange. NGOs, 
the private sector, and academic institu-
tions must increase their engagement in 
diplomacy. These actors can bring innova-
tion, resources, and the diverse perspec-
tives essential to allow global challenges 
to be tackled (Van Langenhove and Piaget 
2024). Scientific cooperation also exists 
outside of formal structures and initiatives. 
For instance, infrastructure such as re-
search stations can be shared, thus mini-
mizing the potential for conflict in the 
Arctic. For example, despite the larger 
geopolitical discourse of distrust, China 
actively participates in multiple facets of 
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the international Arctic science community 
(Everett and Halašková 2022, Bertelsen 
2020). 
     A clear illustration of 'science for diplo-
macy' emerged following the 2022 Rus-
sian invasion of Ukraine in a statement by 
the Association of Polar Early Career 
Scientists (APECS). The statement per-
formed a delicate diplomatic function: it 
strongly condemned the invasion while 
simultaneously working to preserve the 
scientific community. Recognizing the re-
search contributions of both countries, 
APECS committed to mitigating the isola-
tion of its Russian members, vowing to 
"encourage the continued participation    
of our Russian members, who may feel 
trapped in a situation imposed upon them" 
(Van Langenhove et al. 2022). 

     During the Cold War, SD was a useful 
mechanism for maintaining peace in the 
Arctic. Even though SD then and now (in 
times of a hot conflict) are totally differ-
ent, some of these practices still carry on 
today through different organizations (Ber-
telsen 2020, Van Langenhove et al. 2022). 
Most notable are the previously mentioned 
Arctic Council and international organi-
zations. SD can be a very effective "tool  
of soft power, given its neutral and non-
political character." Therefore, when SD is 
used alongside other foreign policy mech-
anisms, it can help to maintain existing 
relationships and foster new ones while 
keeping lines of communication open, 
such as those that have been developed 
through scientific and intergovernmental 
networks (Everett and Halašková 2022).  

 
Possible future developments: shared threats – different priorities 
 
     The concept of environmental securi-  
ty has been central to understanding the  
post-Cold War Arctic, a field significantly 
shaped by prominent Finnish political 
scientist and Arctic security scholar Lassi 
Heininen. In his edited volume, Climate 
Change and Arctic Security: Searching for 
a Paradigm Shift (2020), he poses a funda-
mental question: Do individuals and states 
share common security interests related to 
the environment, and if so, does climate 
change represent such an interest? The ar-
gument of this publication is that it does. 
Given that no single Arctic state can re-
solve the region's environmental threats 
independently, cooperation becomes a ne-
cessity. The Arctic states face new chal-
lenges and multiplying threats that re- 
quire coordinated action. Even though 
there are differences in the level of priori-
ty they give these challenges, cooperation 
on shared issues is key to success (Gricius 
2024).  
     Most of the Arctic states share similar 
views on common security challenges. At 
the same time, some of the threats might 

conflict with their economic or foreign 
policy goals. For example, regarding envi-
ronmental protection, we observe conflict-
ing views, ranging from support for unlim-
ited oil and gas development by state-
owned and private oil companies to the 
proposal by international environmental 
organizations for an offshore oil drilling   
ban (Heininen et al. 2019). There are al-  
so various views regarding the extent to 
which stakeholders: governments, compa-
nies, communities, and Indigenous peoples 
are responsible for the mitigation of cli-
mate change and reduction of the related 
uncertainty at a time when some are stress-
ing economic growth and others are high-
lighting the environmental risks of exploi-
tation. The new ethical questions regarding 
Arctic oil and gas development have a fun-
damental global dimension, highlighted by 
an 'Arctic Paradox,' namely, that global 
warming will open up access to resources 
whose utilization will further speed up 
changes and the melting of sea ice (Heini-
nen et al. 2019). 
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     In addition to pre-existing differences 
in state priorities, Russia's 2022 invasion 
of Ukraine served as a profound geopo-
litical shock. As noted earlier, the con- 
flict effectively ended cooperation be-
tween Moscow and Western Arctic na-
tions. This rift extended to academia, with 
numerous universities abandoning relation-
ships developed over 30 years. Consequent-
ly, vital research projects on climate sci-
ence and industrial development were 
halted, setting back environmental protec-
tion efforts at a time when climate impacts 
and geopolitical tensions in the Arctic are 
intensifying. The most realistic future sce-

nario includes an issue-oriented change 
'from theory to action' that could be fa-
cilitated via a co-design interdisciplinarity 
approach involving all relevant stakehold-
ers based on open dialogue. Through 'eth-
ics' and 'political ability', strict environ-
mental regulations (even to stop offshore 
drilling in Arctic seas) should be adopted 
to protect the Arctic. However, all this 
calls for a holistic understanding of the 
state of the Arctic and its governance and 
geopolitics, along with the policies stake-
holders have adopted and are designing  
for the region and its future development 
(Heininen et al. 2019). 

 
Concluding remarks  
 
     The last three decades established a 
new paradigm for Arctic security. The no-
tion that security has many dimensions has 
become commonplace. Especially in the 
Arctic, it has become clear that threats to 
the environment are of equal importance to 
military threats. The Arctic states have al-
so come to an understanding that multi-
plier threats necessitate deep regional co-
operation. The success of joint initiatives 
like the Arctic Council demonstrated that 
this cooperative model was not just aspira-
tional, but realistic. 
     The central, unanswered question to-
day is whether this cooperative paradigm 
can survive open military conflict. Russia's 
2022 invasion of Ukraine has created an 
unprecedented rupture, forcing a dilemma 
upon the international community. On one 
hand, isolating Russia through sanctions is 
a primary tool to pressure an end to the 
war, holding the state accountable for vio-

lating international norms. On the other 
hand, this strategy comes at a steep envi-
ronmental price. Halting collaboration with 
Russia, a critical Arctic actor, severely com-
promises the ability to mitigate shared, 
intensifying climatic threats. 
     Currently, the principles of Realpolitik 
are prevailing, where the immediate secu-
rity interests of states supersede the col-
lective need for environmental action. 
While environmental security is undenia-
bly crucial–affecting everything from bio-
diversity to human access to clean water–it 
has proven insufficient to compel a re-
newal of scientific cooperation with Rus-
sia. Instead, Western Arctic states are re-
allocating environmental budgets toward 
military defense against a perceived Rus-
sian threat. The ultimate consequence of 
this geopolitical realignment is that the 
Arctic's fragile environment and its peo-
ples bear the highest cost.  
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