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Abstract 
Climate change brings several layers of challenges to the Arctic. On the one hand, we 
can observe increased human activities that create potential for economic development – 
especially in mining, oil and gas industry, shipping, fisheries and tourism. On the other 
hand, these economic benefits pose a risk to the environment, local populations and 
traditional livelihood of the Indigenous peoples. In the following three years (2020-
2022), recently established interdisciplinary team investigates the impact of climate 
change and human activities on natural environment in the Arctic. The team is composed 
of eight scientists with different specialization from three faculties of the Masaryk 
University – Faculty of Social Studies, Faculty of Science, and Faculty of Law. The 
research focuses on both the challenges and risk assessment in terrestrial ecosystems. 
The relation of natural environment changes to the human-to-environment interaction is 
investigated, as well as the consequences for the geopolitical, legal and security de-
velopments in the Arctic region. Based on gained findings, risks analysis and recom-
mendations for mitigating the impact of environmental changes on the natural envi-
ronment and population in the specific Arctic territories will be done. The research 
directly contributes to encouraging interdisciplinary innovative approach with high 
added value and international impact. These innovative aspects of the project lie in the 
interdisciplinary character of the Arctic research across different specializations – natural 
science, social science and law, which has not been combined and investigated yet. 
Additionally, the project is unique due to its specific science communication and dis-
semination of research findings, which aims at four levels of audiences – (i) academic 
community, (ii) policymakers, (iii) general public, and (iv) students.  
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Introduction     
 
     Since the beginning of the 21st century, 
international attention and global interest 
in the North have intensified rapidly. At the 
same time, the geo-strategic importance of 
the Arctic region has grown. It is beyond 
doubt that the Arctic is experiencing a 
transformative change. Driven by the inter-
acting forces of climate change and global-
ization, the region is changing significant-
ly in environmental, geo-economic and geo-
political terms (Padrtová and Trávníčková 
2017). As a consequence of global climate 
change, the Arctic is warming twice as fast 
as the average temperature rise of the rest 
of the planet. The most visible and imme-
diate effect is a decline in the Arctic Ocean 
sea ice extent and melting of terrestrial gla-
ciers ([1]- AMAP 2011, Láska et al. 2012).  
     Ongoing global warming of atmosphere 
is caused by several factors, among which 
anthropogenic emissions of greenhouse gas-
es play a dominant role. Climate models 
also predict higher increase in the tempera-
ture at the far north on the Earth, com-
pared to the global average. Recently, the 
trend of rise in the air temperature has 
been documented for several weather sta-
tion located at Svalbard archipelago. It is, 
however, still impossible to determine ex-
actly how much of the atmospheric warm-
ing and co-occurring rise in precipitation 
in Svalbard is caused by natural variations 
in the climate, and how much might be 
attributed to the increased anthropogenic 
emissions of greenhouse gases. 
     Long-term data series on air tempera-
ture are available for the period of 1899–
2016. Recently, the air temperature trends 
were evaluated and analyzed. The analysis 
shows a clear trend of an increase (0.3°C 
per decade) with more pronounced increase 
found in winter and spring (0.36°C per 
decade and 0.43°C per decade, respective-
ly). Since the year 2000, however, there 
have been several exceptionally warm years 
in Svalbard (Longerbyen airport weather 

station). Climate warming has been accom-
panied by an increase in annual precipita-
tion on average by 6.2 mm per decade 
(3.2% per decade relative to the period of 
1961–1990. The Ny-Ålesund station showed 
even larger increase (8% per decade), much 
of which is due to single events of large 
amounts of precipitation in the later years. 
The increase in precipitation is attributed 
mainly to the summer and autumn season. 
Recently, the warming rate observed in last 
few decades is attributed to the air mass 
characteristics and changes in sea ice ex-
tent. After the 2000, the occurrence of sev-
eral warm years coincided with low sea ice 
concentration in the Arctic Ocean during 
summer. Such sea conditions lead to an 
increased heat absorption by sea water and 
higher surface temperatures during autumn 
season. Gjelten et al. (2016) reported a de-
crease in the number of cold days per year 
and an increase in the number of warm 
days. A decreasing inter-annual variabili-
ty was observed as well. In winter, spring 
and autumn, the regions in the north-
ernmost areas of west Spitsbergen and in    
the innermost parts of the Isfjorden were 
the coldest ones. In summer, however, the 
southernmost regions were the coldest 
ones. 
     Main consequences of the air tempera-
ture rise are changes in the duration of the 
snow cover, the cover of sea ice, perma-
frost and glaciers dynamics. Similarly to 
the abiotic components of Svalbard terres-
trial ecosystems, both local fauna and flora 
respond to warming (see e.g. Wasowicz et 
al. 2020). Among the most important con-
sequences, changes in structure and func-
tion of plant and animal communities 
(Descamps et al. 2017), altered biodiver-
sity, and an increase in number of newly 
introduced species might be mentioned. 
Future changes in stability of terrestrial 
ecosystems are predicted as well. There-
fore, the evaluation of Arctic terrestrial eco- 
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systems components response to warming 
is of major importance for their future be-
havior. 
     Climate change brings several chal-
lenges to the Arctic. Global climate change 
may increase human activities in the Arc-
tic that create potential for economic de-
velopment. Among them, mining, oil and 
gas industry, shipping, fisheries and tour-
ism could be promoted. On the other hand, 
these economic benefits pose a risk to the 
environment, local populations and tradi-
tional livelihood of the Indigenous people. 
These challenges further affect different 
sectors such as e.g. environmental, eco-
nomic, geopolitical, military, legal and so-
cietal (Padrtová 2019). In order to under-
stand the complexity and strategic impli-
cations of the challenges in the Arctic, there 
is a need to investigate dynamics of devel-
opment in a broader interdisciplinary con-
text of related sectors.  
     Our research focuses on both the chal-
lenges and risk assessment in terrestrial 
ecosystems. Research team investigates the 
relation of the natural environment changes 

to the human-to-environment interaction, 
as well as the consequences for the geopo-
litical, legal and security developments in 
the Arctic region. Based on gained find-
ings, the team will develop risks analysis 
and recommendations for mitigating the 
impact of environmental changes on the 
natural environment and population in spe-
cific Arctic territories. Due to the global 
character of the analyzed challenges and 
also interdisciplinary nature of the project, 
the research findings could be potentially 
applied beyond the Arctic region.  
     In order to reflect on the interdiscipli-
nary nature of the research phenomenon 
and to address interdependencies of the re-
search topics, the project establishes the 
Arctic Centre for Human-to-Environment 
Oriented Studies (ARCTOS) at Masaryk 
University (MU). The team is composed 
of scientists with different specialization 
and expertise in polar research from three 
MU faculties – Faculty of Social Studies, 
Faculty of Science and Faculty of Law. 
The Centre serves as a platform for en-
hancing future interdisciplinary research. 
 

 
Material and Methods 
 
     Applying interdisciplinary approach en-
ables answering specific questions that   
are too broad or complex to be adequately 
dealt with by a single discipline’s method. 
The interdisciplinary approach integrates 
insights from all relevant disciplines and 
constructs more comprehensive perspec-
tive. It also provides solid background for 
investigation and understanding of the re-
gional dynamics. At the same time, inte-
grated research in which scientists coop-

erate across disciplines contributes to a bet-
ter understanding of many multi-dimension-
al problems. Fig. 1 brings visualization of 
specific topics and challenges that are di-
vided into five leading themes – Natural 
risks assessment; Challenges caused by 
human activities; Geopolitical challenges; 
Common security challenges; Military chal-
lenges; and one cross-cutting theme: legal 
regime. 



B. PADRTOVÁ 

86 

 
  
Fig. 1. Main themes of the research.  

 
Natural Risks Assessment  
 
     The team studies landscape evolution 
(deglaciation), changes in selected terrestri-
al ecosystems dynamics (succession) and 
response to climatic forcing in a case study 
territory of Svalbard Archipelago. The Nat-
ural risk assessment (NRA) has three main 
focus areas: (1) microclimate, (2) pollution 
of microhabitats, and (3) changes in eco-
system structure. The research team inves-
tigates what kind of natural risks can be 
observed in the Arctic and evaluates their 
importance. These include climate to mi-
croclimate analysis (see Fig. 2) with the 
relation to ongoing deglaciation and melt-
ing of permafrost (Aars et al. 2017, Láska 
et al. 2012). The team focuses on key proc-
esses and their impacts on natural envi-
ronment (abiotic and biotic) components. 
This relates to monitoring and observa-
tions of key environmental variables in the 
central Svalbard. Climate change effects on 
the landscape is studied by a case study: 
glacier retreat and its effects on lake eco-
systems including its physicochemical com-

position and heterotrophic/autotrophic ter-
restrial communities including soil crusts 
(e.g. Sehnal et al. 2014). The team also 
analyzes the available data – aerial photos, 
atmospheric and climate parameters, soil 
and water samples as well as microbiologi-
cal samples in terms of biodiversity and 
physiological functioning (MS in prep. for 
Biodiversity of Bjorndalen, W of Longyer-
byen). The research includes standard 
methods used in polar ecology including 
ecophysiology of photosynthesis (see e.g. 
Barták et al. 2012, Hájek et al. 2016). In 
order to monitor environmental processes 
and their relationship to climatic forcing, 
dataloggers and sensors in different habi-
tats will be installed. Set of research plots 
will be established at different habitats and 
along the altitudinal gradient for evalu-
ation of changes in vegetation cover. For 
analysis of succession dynamics after de-
glaciation, water/soil and biological sam-
pling will be conducted in the field.  
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Fig. 2. Calculated daily means of air temperature measured at the research plot in Adventdalen for 
2010 and 2019. (Source data: [2] - UNIS Weather station, Adventdalen). 
 
 
     Air temperature is considered one of 
the most sensitive indicators of climatic 
changes. Recent study of Wawrzyniak and 
Osuch (2020) reports global climate change-
induced increase in annual means of mini-
mum, mean and maximum temperatures re-

corded in Horsund region (Svalbard) for 
last 40 years. However, it is well estab-
lished that climatic variables such as air 
temperature, and other vary significantly 
across the Svalbards archipelago (Nordli et 
al. 2014, Osuch and Wawrzyniak 2017). 
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Moreover, yearly courses of air tempera-
ture show interannual differences as well 
(see Fig. 2 for Adventdalen, Svalbard). 
Interseasonal differences are apparent for 
the 2010 and 2019 data. In general, the 
interseasonal differences are caused by the 
changing Arctic climate system and atmos-

pheric circulation in particular year. The 
interannual differences in air temperature 
are of crucial importance since they have 
local feedback on many environmental com-
ponents. Therefore, the local climate may 
have impact on natural risks of particular 
localities on Svalbard.  

 
 
Challenges Caused by Human Activities  
 
     With the opening up of the Arctic 
(caused especially by melting of the sea-
ice and milder climate conditions in gen-
eral), natural environment experiences se-
vere anthropogenic pressure connected to 
the increased human activities (Schönfeldt 
2017). These economic activities include 
exploration of natural resources, new ship-
ping routes, mining and recently also boom 
of tourism. All these activities mean devel-
opment of new or improvement of present 
infrastructure – airports, harbors or roads. 
Increasing socio-economic activities are 
also connected with the expansion of local 
pollution production, especially from the 
traffic and electricity. In addition, new and 
easily accessible areas of the Arctic attract 
travel agencies and their clients to explore 
the Arctic. This rapidly increases the num-
ber of incoming persons to Svalbard and 
other areas. Such anthropogenic loads re-
sults in an invasion of species of plants and 
especially microorganisms which are non-
native. These invasive alien species are 
studied especially in the neighborhood of 
formal/recent settlements. The research fol-
lows up on a study of Tomczyk and Ewer-
towski (2010) who evaluated the changes 
in human impact on selected components 
of the environment. The authors monitored 
the human impact and categorized three 
subgroups of effects: (1) mining activity 
and transport of natural resources, (2) new-
ly formed paths due to transportation and 
tourist activities, and (3) small-scale im-
pacts like e.g. campsites and fireplaces).  

     Increasing pollution in the Arctic repre-
sents another recent problem (Pakszys et 
al. 2020). Pollutants in the Arctic are main-
ly transported from southerly latitudes by 
winds, ocean currents and rivers. For Sval-
bard, contamination and sources of pollu-
tion have been reviewed recently by Gran-
berg et al. (2019) who described polluted 
sites and their sources in Svalbard and 
identified current available remediation op-
tions. They also provided a guidance on the 
future actions regarding polluted sites in 
Svalbard. In general, pollutions affect sig-
nificantly the environment and local food 
chain, and therefore affect local communi-
ties. In addition, the team investigates re-
sistance of selected autotrophs to pollut-
ants, the socio-economic developments ena-
bling the raise of tourism industry, and the 
scope of international law which governs 
the Arctic affairs in this context. The im-
pact of climate change and human pres-
ence are studied in the selected tourist 
areas in Svalbard (Longyerbyen, Pyrami-
den). The research includes representative 
number of tourists and sampling from their 
clothes/shoes in the areas around the infra-
structure of the Czech research station. The 
ability of organisms to settle in the local 
environment will be tested by direct ob-
servations and sampling from soil and 
freshwater environment for selected micro-
organism. Human impacts in a landscape 
scale will be evaluated by GPS-localized 
photography.  
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Geopolitical Challenges  
 
     The geopolitics in the Arctic has been 
influenced by the current international re-
lations’ developments and increasing ten-
sions between Russia and the West. Ad-
ditional drivers for geopolitical challenges 
are the availability and accessibility of en-
ergy resources (mainly oil and gas) and 
opening of new transportation routes (Vl-
ček et al. 2019a, b) for destination improve-
ment of port infrastructure (e.g. Nyman et 
al. 2020), transit shipping and the legal as-
pects thereof. We investigate the impor-
tance of emerging Arctic shipping routes 
in relation to global traffic routes and the 
economical and geopolitical potential of 
this phenomenon. The main goal of the re-
search is to analyze geopolitical challenges 
posed by the intensive Russian Arctic strat-
egies to develop Arctic areas, transit routes, 
resource deposits and (namely nuclear) 
technologies enabling supply of electricity 
in remote areas. This is, for example, mani-
fested by the maintenance and development 

of the nuclear icebreaker fleet or floating 
nuclear power plant, with Russia being the 
only country with these technologies. In ad-
dition, the team also studies the economic 
aspects and the new cooperation ties with 
their influence on international relations 
(i.e. the route to transport Chinese goods 
to European ports is substantially shorter 
and cheaper using the Russian Northern 
Sea Route). The analysis focuses on cur-
rent geopolitical trends and the reflection 
of the Arctic affairs in the international 
law. To understand the geopolitical chal-
lenges combination of different methods 
of text analysis will be applied. The team 
applies a single-case study to provide an 
in-depth look inside the policy making 
process. To collect the necessary data, meth-
ods of both qualitative and quantitative 
content analysis are used along with the 
instruments of semi-structured interviews 
with relevant stakeholders.  

 
 
Common Security Challenges  
 
     There are two major types of security 
issues facing the Arctic: issues related to 
military security of individual Arctic states 
and those relating to the common security 
of multiple regional states. The common 
security deals mainly with threats of pira-
cy, terrorism and environmental disasters 
in the region (Heininen et al. 2019, Kříž 
and Padrtová 2016). Arctic countries retain 
military presences in the High North to 
project their influence in the region and to 
protect their national security. However, a 
national military presence cannot solve 
cross-border issues alone, hence the in-
ternational cooperation among the Arctic 
states is required. The states use coopera-
tion frameworks to mitigate environmental 
disasters, such as oil-spills or pollution, to 
deal with threats such as terrorism and 

smuggling which are essential for common 
safety (Akcayoz De Neve et al. 2015). The 
team investigates the impact of climate 
change on security developments and rela-
tions among states and relevant stakehold-
ers in the region. The research focuses on 
how geopolitics transforms into policy and 
what are the key variables that influence 
the relations of cooperation/competition a-
mong states in the region. Main emphasis 
is given to international law that governs 
the Arctic affairs in the context of com-
mon security challenges. Common security 
threats are investigated based on data col-
lected via analyzing primary public sourc-
es of information (national and security 
strategies), conducting semi-structured in-
terviews with top-officials, academics and 
high-ranked officers of the Arctic states. 
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For data analysis the comparative method 
and content analysis are used. The research 
is further reinforced by triangulation of 

data collected during the research field trips 
in several locations in the Arctic.  

 
 
Military Challenges 
 
     In the past centuries military forces in 
the Arctic has been largely rooted in ex-
ploration and colonial expansion, before 
exploring the technological and geopoliti-
cal developments that led some strategists 
and polar experts to militarize the region. 
The militarization of the Arctic served     
as both a response to global geopolitical 
tensions and as a source of intensified ten-
sions. The military activities and develop-
ment that enabled and flowed out of this 
process irrevocably changed the region: 
militarily and politically, but also social-
ly, culturally, and environmentally (Kikkert 
and Lackenbauer 2020). However, in the 
last decades, melting ice reopens northern 
borders and shipping lanes. The climate 
crisis is increasing geopolitical tensions, as 
well as intensifying a new military buildup 
in the Arctic, such as reopening of old cold 
war bases and ports. Hence, the militaries 
of each Arctic state have to adapt on the 
new situation. The military transformations 
of individual Arctic states are observed, 
especially in relation to ongoing climate 

change. The research identifies existing 
differences in military reforms and shifts 
in the distribution of military power. The 
research aims to investigate whether an ex-
tensive militarization of the Arctic is a real 
possible scenario for the future (Kříž and 
Chrášťanský 2012). The research findings 
contribute to a better understanding of the 
power distribution changes that are notice-
able in the region. The research also evalu-
ates whether or not the existing latent dis-
putes in the Arctic are likely to escalate 
into armed conflicts. In addition, the team 
investigates how the use of force is re-
flected in the international law. The re-
search data will be collected via analyz- 
ing primary public sources of information 
(military doctrines, national strategies, se-
curity strategies), and conducting semi-
structured interviews with top-officials, 
academics and high-ranked officers of the 
Arctic states. The process of military re-
forms in specific Arctic states will be ana-
lyzed by a data process tracing method.  

 
 
Cross-cutting Theme: Legal Regime  
 
     The legal regime of the Arctic is based 
on the fragmented international public law 
(both hard law and non-binding soft law 
mechanisms) and domestic law (Uhlířová 
and Drumbl 2018). These regimes and spe-
cific rules intersect and interact, making 
the Arctic governance very complex and 
multifaceted (Uhlířová and Drumbl 2020). 
The research reveals a multitude of issues 
and challenges such as an access to natural 
resources in the Arctic, geopolitical and se-
curity challenges or adaptation of individ-
ual Arctic states’ armed forces to climate 

change, which could not be grasp compre-
hensively without the investigation of le-
gal framework. Therefore, the legal part de-
velops a comprehensive understanding of 
the practical role which international law 
plays in the context of Arctic governance. 
The research team analyzes the challenges 
related to the Arctic from the point of in-
ternational law (the international environ-
mental law, the law of the sea, the human 
rights law, the international treaty law, the 
law of international organizations). The law 
in the Arctic is the only functional instru-
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ment for cooperation in the region and 
serves as a foundation for development    
in all respective sectors. The international 
law aspects in respective are investigated 
through analysis of hard and soft law mech-

anisms based on primary and secondary 
sources (multilateral and bilateral treaties, 
UN documents, official statements, diplo-
matic correspondence). 

 
 
Discussion and Conclusions 
 
     The uniqueness of the project lies in the 
combination of several research disciplines 
applied on the case study of the Arctic re-
gion. This approach enables to grasp the 
complexity of individual research topics. 
The research reveals a multitude of issues 
and challenges in the Arctic, which would 
not be possible to adequately address and 
understand by a single discipline’s method. 
These include natural risks of the climate 
change and impacts on the natural envi-
ronment (connection to human activities 
and environmental law), availability and 
accessibility to the natural resources (con-
nection to energy security and interna-
tional law), geopolitical and security chal-
lenges (directly connected to the domestic 
and international law) and adaptation of 
individual Arctic states’ armed forces to 
climate change (domestic and international 
law). Investigation of these aspects helps 
to understand the complexity of Arctic de-

velopment and adaptations to ongoing cli-
mate change. These aspects have not been 
analyzed yet neither at Masaryk University 
nor at the international level.  
     In addition, the project is unique due to 
its specific science communication and 
dissemination of research findings, which 
aims at four levels of audience: (i) aca-
demic community, (ii) policymakers, (iii) 
general public, and (iv) students. Also, the 
project supports inclusion of young female 
scientists. Moreover, the research findings 
will increase the prestige of the Czech po-
lar research on the international level by 
its contribution to global meta-databases 
about the climate change effects in the Arc-
tic. By the establishment of the ARCTOS 
MU, the interdisciplinary research team 
will be able to foster the long-term co-
operation and potentially offer further in-
volvement of other research disciplines in 
the future.  
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