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1. Executive summary 

This report has been authored by the task force of Arctic Hubs WP2 at NORCE, in connection with 

ArcticHubs WP2: Assessment of Environmental Impacts. This delivery report will serve as the 

groundwork for further work packages in ArtcticHubs that focus on strategies and adaptive measures 

within the Arctic region.  

¢ƘŜ 5нΦо ŘŜƭƛǾŜǊȅ ǊŜǇƻǊǘ ǘƛǘƭŜŘ ά/ƘŀƴƎŜǎ ƛƴ ǘƘŜ !ǊŎǘƛŎ 9ƴǾƛǊƻƴƳŜƴǘ ŀǎ wŜǎǳƭǘ ƻŦ Iǳō !ŎǘƛǾƛǘȅέ ŜȄŀƳƛƴŜǎ 

the shifts occurring in the Artic environment and its ecosystem services due to the influence of five 

distinct activities: forestry, aquaculture, tourism, mining, and indigenous activities.  The report 

contains eighteen different hubs, and they are characterized as interconnected nodes, linked through 

geographical, infrastructural, economic networks, and flow of people, goods, capital, and power 

dynamics. They are situated across the Arctic region in Norway, Sweden, Finland, Greenland, Iceland, 

and the Faroe Island, alongside learning hubs in Canada, Austria, and Italy. An important point is that 

several of the different hub activities are co-located with each other in the same hub.  

While the Arctic environment experiences a greater impact from climate change compared to other 

regions, this report aims to focus on environmental changes due to hub activities. The report addresses 

issues such as habitat fragmentation, loss of biodiversity and geodiversity and pollution from hub 

activities. Moreover, it highlights the interplay between different hub activities and how they 

potentially intensify local conflicts.   

Further, D2.3 is organized into five chapters, covering introduction, methods, concepts, overview, and 

compilation of the environmental impacts of hub activities in the Arctic region. Chapter two provides 

methodological reflections. Each hub has been responsible for data collection, with varying 

background knowledge and focus areas influencing the collected data. In conclusion, this report is a 

compilation of desk research conducted by the Arctic Hubs partners (hub coordinators). This report 

serves as a groundwork and handbook for forthcoming work packages that employ additional, 

complementary co-production methodologies with local communities and stakeholders. All in all, this 

report compiles data material from eighteen different hubs. The data is based on a variety of sources: 

scientific articles, research reports, national databases, company and consultancy reports, homepages 

from various kinds of organisations, plans, strategies, environmental permission documents and 

process documents for political or administrative use, case assessments, newspaper articles and other 

media articles.  

Chapter three serves as an introduction to fundamental concepts essential for categorizing 

environmental shifts and standardizing terminology that may vary across various disciplines. This 

conceptual toolbox is presented to establish Arctic Hubs as a multidisciplinary endeavor fostering 

knowledge co-production across different fields. Despite their widespread application, these concepts 



 

 

Page 6 / 309 

 

serve as a standard framework to facilitate collaborative production within the hǳō ǇǊƻƧŜŎǘΩǎ ŘƛǾŜǊǎŜ 

array of actors. In WP2, part of the focus has been on fostering internal co-production through 

dialogues, workshops, seminars, and webinars, while subsequent work packages outline plans for co-

production activities with local communities and stakeholders. 

In Chapter four, a more detailed background is provided on the primary activities central to the Arctic 

Hubs project, namely forestry, aquaculture, tourism, mining, and indigenous activities.  

Last, Chapter five delves deeper into the various hubs, each structured around six key themes: 1. State 

of the art, 2. Environmental Impacts, 3. Conflicts with other activities, 4. Mitigation strategies, 5. 

Ambitions, and 6. Perceptions. This chapter consolidates actual environmental transformations 

resulting from hub activities.  

There are a total of six hubs engaged in forestry activities, with five situated in the Arctic region, and 

one learning hub located in Austria. Within the Arctic, two hubs are located in Finland (Kemi and 

Kemijärvi), while three are situated in Sweden (Gällivare, Jokkmokk, and Malå). The primary focus of 

the Arctic hubs is the interaction between forestry practices and reindeer husbandry, particularly 

examining how industrial forestry methods can impact lichens. Lichens play a crucial role in Arctic hubs. 

They are essential for maintaining multifunctional forests and providing winter forage for reindeer. 

Forestry activities in the Arctic Hubs have led to the decline of old, open pine-dominated forests, giving 

way to dense forests that primarily support mosses at the expense of lichens. Additionally, the forestry 

industry is linked to increased infrastructural development, including road construction, heightened 

traffic, and habitat fragmentation.  In terms of mitigation, both the Finish and Swedish hubs point out 

the need for an inclusion of thinning techniques and the need for improved participatory dialogue 

between reindeer husbandry and forestry.  

The project encompasses five fish farming hubs, distributed as follows: two in Norway (Varangerfjord 

and Egersund), one in Iceland, one in the Faroe Islands, and an additional learning hub in Canada. 

Across all Arctic hubs involved in aquaculture, there is a shared environmental apprehension, 

particularly concerning the escape of farmed fish and the transmission of diseases to wild fish 

populations. Moreover, there are concerns regarding chemical waste and its impact on the biotic 

fauna. Additionally, aquaculture activities in the various hubs present several potential conflict zones, 

including conflicts with mining, indigenous interests, recreational and traditional fishing, and tourism.  

There are a total of eight hubs with tourism activities as listed in the report, six of which are situated 

within the Arctic region. Specifically, these hubs are in Norway (Svalbard, Egersund and Varangerfjord), 

the Westfjord in Iceland, Suðuroy in the Faroe Islands, and Inari in Finland, along with the learning hub 

Alagna in Italy. Tourism, being an activity, both impacting and impacted by the environment, is 

predominately driven by the allure of nature. However, the rapid growth in tourism traffic has led to 
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environmental disturbances such as erosion, trampling of vegetation, and infrastructure development, 

which has several impacts on the local environment and wildlife. Of particular concern in several hubs, 

is the pollution and disturbance of marine water caused by cruise traffic. Additionally, common 

environmental impacts associated with tourism across all locations include the general carbon 

footprint of travel, primarily due to greenhouse gas emissions resulting from tourists traveling long 

distances to visit the Arctic Environment.  

The report lists eight mining hubs, situated in Finland (Kittalä), Sweden (Malå and Gällivare), and 

Norway (Varangerfjord, Kvalsund-Kautokeino, Svalbard and Egersund), along with a learning hub in 

Italy (Germanasca Valley). These mining hubs often overlap with indigenous, forestry, and fish farming 

activities, particularly in Norway. Mining activities result in significant environmental changes, 

including water and soil pollution, habitat destruction, impacts on fish habitats, plastic waste 

accumulation, and heavy metal contamination. Mining activities lead to increased traffic and 

infrastructure development, which can further impact ecosystem services and reindeer herding, and 

mining is often in conflict with recreational activities, indigenous interests, environmental interests, 

and fishing. The primary environmental impact of mining is associated with the deposit of mine tailings, 

whether on land or in the sea. Additionally, the storage or release of mine wastewater, the 

development of mine infrastructure, and increased traffic are notable consequences. The leaching and 

spreading of dust from mine tailings can adversely affect vegetation by hindering photosynthetic 

processes. Moreover, vegetation removal and loss of habitats, including reindeer grazing lands, occur 

because of clearing paths for mining industries and related infrastructure.  

There are four hubs encompassing indigenous interests and activities, situated in Finland (Inari), 

Sweden (Gran Sameby), Norway (Kvalsund-Kautokeino), and Greenland (Nuup Kangerlua). The hubs 

are predominantly characterized by traditional Sami reindeer husbandry, with the exception of the 

Greenlandic hub. Indigenous communities share common challenges, notably the fragmentation of 

traditional areas by new infrastructure and habitat loss due to various activities such as mining, wind 

parks, and tourism ventures like husky sledging and snowmobiling, alongside associated tourism 

infrastructure development.  However, indigenous activities also influence the surrounding 

environment: reindeer husbandry impacts vegetation, predator control, and the increased use of 

motorized vehicles can leave traces. Reindeer grazing behaviors have multiple effects on boreal 

forests, including selective grazing, trampling, and fertilization. However, in Swedish cases, reindeer 

are acknowledged for their positive impact on biodiversity, as they help maintain open landscapes. 

Moreover, indigenous interests may clash with activities such as mining, certain forms of tourism, and 

forestry, highlighting potential conflict zones.  
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2. Introduction  

This document (D2.3) has been prepared ōȅ ǘƘŜ task force of ArcticHubs WP2 at NORCE in October-

December 2022, and in January-April, 2024 (Revised version) , related to ArcticHubs WP2: Assessment 

of environmental impacts. 

 

 
The ArcticHubs ²tн Ƙŀǎ already delivered the following ŘƻŎǳƳŜƴǘǎΥ   

 
   
D2.1 tƭŀƴ ŦƻǊ further Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ and analysis for selected hubs: identification of knowledge gaps 
(dated олκлфκнлнмύ   
D2.2 Compilation of existing data on environmental impact of economic activities in the !ǊŎǘƛŎ όŘŀǘŜŘ 
Feb 22, нлннύ 
 

This delivery D2.3  provides a detailed overview about the environmental changes in the Arctic 

Environment as a result of hub industrial activities. Here, this report focuses on the five key industries 

that are highlighted by the ArcticHubs project: forestry, aquaculture, tourism, mining, and indigenous 

industries. This report is a compilation of desk research conducted in cooperation with  the ArcticHubs 

partners (hub coordinators) from eighteen different hubs. This report serves  as a groundwork for 

forthcoming work packages of the ArcticHubs  that employ additional, complementary  co-production 

methodologies with local communities and stakeholders.  

 

Tromso & Alta  

April 29, 2024 

Helge Flick, Jukka Teräs, Astrid Cabrera, May-Britt Ellingsen    (WP2  Task  Force at  NORCE)  
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3. Methodology  

 

5ŀǘŀ ǎƻǳǊŎŜǎ ŀƴŘ ŎƻƳǇƛƭƛƴƎ ƻŦ Řŀǘŀ 

This compiled report is primarily based on desk research conducted in close cooperation with  the 

Arctic Hubs partners (hubs coordinators). The coordinators have undertaken the responsibility for the 

data production process for their respective hubs, and subsequently provided it to NORCE. All in all, 

this report compiles data material from eighteen different hubs. It is important to note that we have 

not generated or directly gathered the data; rather, we have compiled it. The data  is based on a variety 

of sources: scientific articles, research reports, national databases, company and consultancy reports, 

homepages from various kinds of organisations, plans, strategies, environmental permission 

documents and process documents for political or administrative use, case assessments, newspaper 

articles and other media articles. Other work packages of the Arctic Hubs project  are more oriented 

towards the involvement of local community members and stakeholders e.g. through interviews.  

In compiling this report, we acknowledge the significance of acting in a sensitive way  towards the 

intricate power dynamics and complexities within communities, also involving indigenous stakeholders 

and activities. It is essential to recognize that hub coordinators, responsible for data collection and 

provision for this report, often possess extensive experience and knowledge concerning indigenous 

actors and activities within their respective hubs.  Some of the coordinators originate from or are 

embedded in indigenous networks and communities and are well informed about the indigenous 

actors and activities in their respective hubs. The inclusion of data on or related to indigenous hubs 

was an integral aspect of the data collection process of the hub coordinators.  

 Further, the data provided to us from the different hub coordinators predominantly derives from desk 

research drawing upon statistics and data from institutional and organizational sources like 

municipality documents, data from destination companies, research articles and media articles.  In this 

context, challenges arise e.g. related to dividing hub communities into άōƛƴŀǊȅέ  categories of 

indigenous people and non-indigenous people, as articulated by some hub coordinators. This is 

relevant e.g. regarding to  what degree indigenous voices are being heard and to what degree 

indigenous sources are represented. For instance, in Greenland, individuals residing there for 

approximately six months are considered Greenlandic, encompassing those with indigenous 

backgrounds and long-term residents, including Danes. Thus, the binary classification of indigenous 

and non-indigenous proves problematic, particularly when sourcing data from institutional and 

ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ŎƘŀƴƴŜƭǎ ŀǎ ǘƘŜǊŜ ŀǊŜ ŦƻǊ ŜȄŀƳǇƭŜ ōƻǘƘ ά5ŀƴŜǎέ ŀƴŘ ƛƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜ ǿƻǊƪƛƴƎ ƛƴ 

municipalities, media and in other institutions. Similarly, in Swedish hubs, information from indigenous 

sources, are in some cases developed within research settings, reflecting a coexistence of individuals 
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with mixed heritage over and extended period. Further, in discussing these matters with different hub 

coordinators, another point has been highly addressed ς the local community is diverse.  άThere is no 

ǎƛƴƎƭŜ ƛƴŘƛƎŜƴƻǳǎ ǾƻƛŎŜΣ ŀƴŘ ƛƴŘƛƎŜƴƻǳǎ ǊŜǾŜŀƭǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ άƳǳƭǘƛǇƭŜ ŀȄŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴέ 

(Agrawal and Gibson, 1999, s. 631). 3 

Nevertheless, we  acknowledge the complexity and power dynamics within communities engaged in 

indigenous interests and activities.  We have therefore included additional, extensive dialogues with 

hub coordinators in early 2024 in connection with the ArcticHubs reports D2.3 and D2.5. The additional 

dialogue work has functioned as complementary, value-added  process, involving both the compiling 

and systematization of data, as well as ongoing dialogue where we have addressed e.g. questions 

including those related to indigenous sources. We have actively involved all participating hubs in 

reviewing and supplementing the collected hub specific data, as well to commemt on the key concepts 

and definitions use in our ArcticHubs study of compilation of data. . Specifically, we have solicited 

alternative perspectives on the concepts introduced in chapter, ranging from biodiversity, ecosystem 

services to climate change.  

This report has been  produced in cooperation and dialogue with the hub coordinators, also  regarding 

indigenous groups. It is important to underline, however,  that this D2.3 report primarily relies on desk 

research, and the subsequent work packages WP3-WP5  of the ArcticHubs focus more  on fieldwork, 

interviews, and collaborative field work methods including also indigenous actors across diverse hub 

communities. Nonetheless, this report is not produced in isolation; rather, it is informed by insights 

shared by hub coordinators regarding indigenous groups. 

The list of key concepts introduced in chapter 3 encompasses methodological and theoretical notions 

alongside key themes relevant to  the WP2  of the ArcticHubs, like biodiversity and ecosystem 

dynamics.  We have proactively asked  input from the hub coordinators to explore alternative 

perspectives or additional concepts, too,  that might better align with the local communities regarding 

the key concepts.  

While primarily intended for intra-hub co-production, this report is rooted in extensive collaboration 

across various hub coordinators and actors with diverse backgrounds, disciplines, and geographical 

origins.  In WP2 of the ArcticHubs, part of the focus has been on fostering internal co-production 

 
3  

Agrawal, A., & Gibson, C. C. (1999). Enchantment and disenchantment: the role of 
community in natural resource conservation. World development, 27(4), 629-649. 

ISO 690 
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through dialogues, workshops, seminars, and webinars, while subsequent work packages outline plans 

for co-production activities with local communities and stakeholders. This report,  a product of ongoing 

dialogue with hub coordinators who, in turn, engage with actors and stakeholders within their 

respective hubs, serves as a compilation of hub-specific data,  laying the groundwork for forthcoming  

work packages, which in turn provide additional co-production methodologies, direct engagement and 

interviews.  

Language plays a crucial role in fostering inclusion or potentially excluding diverse voices and 

viewpoints in the Arctic communities, too. The information received from various hub coordinators is 

predominantly in English, while many of the source documents which they rely on are in languages 

other than English. To address this issue, we extended an invitation to all participating hubs to submit 

documents in languages other than English where relevant. Additionally, we have followed up with 

each hub to  ensure that they are aware of the option to incorporate non-Enligsh document into their 

submissions, too.  

Guidelines for data collection were used  and discussed with the partners in several meetings wit the 

hub representatives, with examples made available. The main elements in the guidelines are presented 

below and the guidelines for data collection, called Arctic Hubs Task 2.1 ƛǎ ŀǘǘŀŎƘŜŘ ƛƴ !ƴƴŜȄ мΦ 

It is important to note that the degree to which the hubs have used the data collection guidelines 

varies. This variation has resulted in some discrepancies in the material provided to us. While some 

data are quite comprehensive, other data  lack information of specific activities within the hubs. These 

disparities are due to different resources available at hubs for data collection, originating from 

variation in background knowledge, national legislation, degrees of environmental monitoring , and 

also  due to differences in the focus, experience and major interest of respective  hub coordinators. 

Some coordinators have largely focused on collecting data within their own scope of interest and 

expertise. Consequently, the data collected from certain hubs only partially cover information about 

environmental impacts within the respective hubs. To address these challenges, we have actively 

engaged the  relevant hubs through joint webinars, hub-specific workshops, and physical meetings, 

aiming to gain further insights into specific themes. As a preparation for D2.6, group interviews were 

conducted through webinars and physical meetings with Greenland and Sweden, and with the learning 

cases in Italy. In parallel, while working on the Arctic Hubs WP2 DPSIR framework part, we have gained  

valuable additional insights from the hub coordinators to include in this report.   

 

The WP 2 Team has compiled and analysed the data in three major categories: Environmental Impact, 

Ambitions and Perceptions. 
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Environmental impact, as the main compilation of data, is based on scientific articles, research reports 

and national databases/statistics - i.e. data which is quality assured either through scientific review or 

as official statistics. We regard this as reliable data quantifying environmental impact. In addition, data 

from company reports  and consultancy reports has been used where relevant, to complement the ub-

specific data. 

Plans, strategies, permissions, and process documents for political or administrative use and case 

assessments on respective hubs have been  compiled as one category  of documents, called Ambitions. 

Newspaper articles and other media articles are labelled as Perceptions. These two groups of 

documents are compiled first and foremost as examples of expressions of ambitions and of perceptions 

of environmental impact. While Ambitions and Perceptions are not in the major focus of WP2,  they 

provide relevant input e.g. for the ArcticHubs DPSIR model, and thus have relevance for WP 3 

work. Moreover, they can indicate needs for additional  data to be collected. Ambitions  relate to 

future possible impacts and Perceptions provide an opportunity to consider whether there are major 

differences in the measured environmental impact and the perceived impact. It is important to note 

that only some hubs have collected data on Ambitions and Perceptions ς these data are not necessarily 

available for every hub. 

The collected data originates from open, publicly available sources. Data available in national/native 

languages have been taken into account based on supply of the hubs. The vast majority of the compiled 

data is, however, form sources in English. 

 

¢ƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ƎǳƛŘŜ ŦƻǊ 5нΦо 

 

¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ŘŜƭƛǾŜǊȅΣ ŀŎŎƻǊŘƛƴƎ ǘƻ нΦм ƛƴ ǘƘŜ !ƴƴŜȄ .Σ ǇǊƻƧŜŎǘ ŘŜǎŎǊƛǇǘƛƻƴΣ ƛǎΥ 

Assessment of environmental impact: identify and quantify the effects of economic activities on the 

Arctic environment and its ecosystem services, including e.g., natural habitat fractionation, loss of 

biodiversity and geodiversity, changes in food supply, or pollution. 

 

The analysis of changes in the Arctic terrestrial and marine environments as result of existing economic 

activities is based on data provided by the hubs. According to the ArcticHubs project partners, a hub 

serves as the local expert, and the organisations that proposed the hubs (hub coordinators) are 

responsible for collecting the data. The hubs are being asked to collect available local data on the 

environmental impact for their hub. In addition, any information on regional, national, or even 
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international datasets that may be relevant in WP2 is highly appreciated. We are looking for as much 

as possible quantitative data ǘƻ ŘƻŎǳƳŜƴǘ ŀŎǘǳŀƭ ŎƘŀƴƎŜΦ 

 

The hubs are asked to collect data based on a detailed data collection guide provided by the WP2 

leader. The following subchapter presents the main elements of the data collection guide and our 

principles for selecting data, compiling and analyses of data, especially for D2.3. The additional 

guidance is necessary because it has turned out that due to the wide range of hubs across the Arctic 

area, there is significant variation in national legislation, environmental monitoring and research 

efforts, and background of the responsible hub coordinators, causing variation in both the level of 

details and type of the collected data. 

 

Data collection for D2.3: Key principles and type of data requested 

 

According to the data collection guide, the hubs should collect data on actual and potential 

environmental impact in each industrial hub, based on existing data, documents, maps and/or 

literature, to gain ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦΥ 

¶ spatial extent of impact 

¶ ŎƘŀƴƎŜǎ ƛƴ ƭŀƴŘŎƻǾŜǊΣ ƭŀƴŘ ǳǎŜ 

¶ ƛƳǇŀŎǘ ƻƴ ƳŀǊƛƴŜ ŀƴŘ ǘŜǊǊŜǎǘǊƛŀƭ ŀƴƛƳŀƭ ǇƻǇǳƭŀǘƛƻƴǎ 

¶ impact on biodiversity, geodiversity 

¶ impact on water/air/soil/sound quality 

 

Scoping  

¶ Background information: description of the activity (aquaculture, mining, multiple use 

forestry, tourism, indigenous), location, ownership, spatial extent, size and scale of activity, 

history of the activity, waste production/pollution, environmental permits, infrastructure 

development, resoǳǊŎŜ ƴŜŜŘǎ όǉǳŀƴǘƛǘȅΣ ǎǇŀǘƛŀƭ ŜȄǘŜƴǘύ 

¶ Local/regional environment information: environment type, ecosystem services, 

ōƛƻκƎŜƻŘƛǾŜǊǎƛǘȅΣ ƴŀǘǳǊŀƭ ǾŀƭǳŜǎκƭŜǾŜƭ ƻŦ ǇǊƻǘŜŎǘƛƻƴΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ 

¶ Environmental impact: change in landcover/land use, pollution, threat to populations, habitat 

ŦǊŀŎǘƛƻƴŀǘƛƻƴΣ ƛƳǇŀŎǘ ƻƴ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ 

¶ CƻƴŦƭƛŎǘǎ ǿƛǘƘ ƻǘƘŜǊ ŀŎǘƛǾƛǘƛŜǎ ƻǊ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ 
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¶ Assess what data is lacking and would be needed to better determine current and future 

environmental impact. Are you planning to collect new data or conduct further investigation 

regarding environƳŜƴǘŀƭ ƛƳǇŀŎǘΚ 

 

While collecting data, the hubs are asked to pay attention to definitions, as they are important for 

data comparison and to report the units, scale, extent, date of analysis etc. They are also requested to 

report data sources, including if the data is public/private and to provide references to reports, 

publications, databases, ǿŜōǎƛǘŜǎ ŜǘŎΦ 

 

Baseline profiling shall be based on assessing (a) the background, (b) environment description, and (c) 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ  ¢ƘŜ Řŀǘŀ ǘƘŀǘ ƛǎ ŀǾŀƛƭŀōƭŜ ŀƴŘ ǊŜƭŜǾŀƴǘ ǿƛƭƭ ǾŀǊȅ ŦƻǊ ŜŀŎƘ Ƙǳō ŀŎǘƛǾƛǘȅ ŀƴŘ 

location, but the following four quŜǎǘƛƻƴǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƎǳƛŘŜ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΥ 

 

мΦ ²Ƙŀǘ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŘ όŜȄǇŜŎǘŜŘύ ŦǳǘǳǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅΚ 

¶ Iŀǎ ǘƘŜ ŀŎǘƛǾƛǘȅ ŎƘŀƴƎŜŘ ǘƘŜ ƭŀƴŘ ǳǎŜκƭŀƴŘ ŎƻǾŜǊ ƛƴ ǘƘŜ ŀǊŜŀΚ Iƻǿ ŀƴŘ ǘƻ ǿƘŀǘ ǎǇŀǘƛŀƭ ŜȄǘŜƴǘΚ 

¶ Does the activity release contaminants into the terrestrial or marine environment? How much 

and over what time period? What is the effect, known or potential, of this on the environment, 

ŜΦƎΦ ƻƴ ƘŜŀƭǘƘ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ŦŀǳƴŀΣ ōƛƻŘƛǾŜǊǎƛǘȅΦ 

¶ Does the activity change the biodiversity or geodiversity in the area? How and to what extent? 

¶ Does the activity affect migration or grazing/feeding patterns? E.g., as result of habitat 

ŦǊŀŎǘƛƻƴŀǘƛƻƴΣ ƴƻƛǎŜΣ ƻǊ ƻǘƘŜǊ ŘƛǎǘǳǊōŀƴŎŜǎΦ 

¶ Does the activity affect any protected areas, plants or animals, or areas with recognised value 

όƭŀƴŘǎŎŀǇŜΣ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎ ƻǊ ŜŎƻǎȅǎǘŜƳΣ ŎƻƴǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜύΚ 

 

нΦ Iƻǿ ŘƻŜǎ ǘƘƛǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŀŦŦŜŎǘ ƻǘƘŜǊ ŀŎǘƛǾƛǘƛŜǎΚ 

¶ Does the activity change the ecosystem services, sǳŎƘ ŀǎ ŦƻƻŘ ŀǾŀƛƭŀōƛƭƛǘȅΣ ōƛƻŘƛǾŜǊǎƛǘȅΚ 

¶ 5ƻŜǎ ǘƘŜ ŀŎǘƛǾƛǘȅ ŘƛǎǘǳǊō ƻǘƘŜǊ ǳǎŜǎ ƻŦ ǘƘŜ ŀǊŜŀΚ 

 

3. What map-based information is available that may be used in a PPGIS tool to help inform or 

ƛƴǘŜǊǾƛŜǿ ǇŜƻǇƭŜΚ 

¶ Planning maps 
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¶ Changes in land cover and land use 

¶ /ƘŀƴƎŜǎ ƛƴ ƳƛƎǊŀǘƛƻƴ ǇŀǘǘŜǊƴǎ ŀƴŘ ǳǎŜ 

¶ Local and regional environmental change, change in biodiversity, natural or conservation 

ǾŀƭǳŜ 

 

Types of data 

The guide also suggests types of data, including maps, that may be available and possible data sources 

the hub coordinators can collect:  

¶ Quantitative data on discharge, use of natural resources: company reports, discharge permits 

ŀƴŘ ǊŜǇƻǊǘǎΣ ŎƻƴǎǳƭǘŀƴŎȅ ǊŜǇƻǊǘǎΦ 

¶ Land use/land cover change: environmental impact assessments, local development plans 

(local/regional council), national databases and natural resource inventories (national 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴŎƛŜǎΣ ŦƻǊŜǎǘ ƛƴǾŜƴǘƻǊȅύ 

¶ Changes in water/air/soil qualityΥ ŎƻƴǎǳƭǘŀƴŎȅ ǊŜǇƻǊǘǎΣ ŎƻƳǇŀƴȅ ǊŜǇƻǊǘǎ 

¶ Impact on animal populations, migration/feeding patterns: consultancy reports, research 

ǇǳōƭƛŎŀǘƛƻƴǎ 

¶ Long term effect of discharge, biodiversity, CO2 release: ǊŜǎŜŀǊŎƘ ǇǳōƭƛŎŀǘƛƻƴǎ 

¶ Loss of biodiversity, habitat fractionation: regional or national landcover/land use maps, 

historical maps ŦǊƻƳ ƭƻŎŀƭκǊŜƎƛƻƴŀƭ ŎƻǳƴŎƛƭǎΣ ƴŀǘƛƻƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜǎ 

 

9ȄŀƳǇƭŜǎ ƻŦ ǇƻǎǎƛōƭŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ǎƻǳǊŎŜǎΥ 

¶ Environmental impact assessments often provide a good overview of most expected impacts 

ƻŦ ŀ ǇƭŀƴƴŜŘ ŀŎǘƛǾƛǘȅΦ 

¶ Company reports may include quantitative information on discharge, use of resources, 

ƭŀƴŘŎƻǾŜǊ ŎƘŀƴƎŜΣ ǇƭŀƴƴƛƴƎΦ 

¶ Discharge permits and reports 

¶ [ƻŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǇƭŀƴǎΣ ǇƭŀƴƴƛƴƎ ǇŜǊƳƛǎǎƛƻƴǎ ŦǊƻƳ ƭƻŎŀƭ ƻǊ ǊŜƎƛƻƴŀƭ ŎƻǳƴŎƛƭǎ 

¶ Consultancy reports. This could be reports on e.g., detailed vegetation mapping, water/soil 

ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƳƻƴƛǘƻǊƛƴƎΣ ŀƴƛƳŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ƘŜŀƭǘƘΦ 

¶ wŜǎŜŀǊŎƘ ǊŜǇƻǊǘǎ ŀƴŘ ǇǳōƭƛŎŀǘƛƻƴǎΦ 

¶ aŀǇǎ ŀƴŘ ŘŀǘŀōŀǎŜǎ ŦǊƻƳ bŀǘƛƻƴŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !ƎŜƴŎƛŜǎ 

¶ ²ŀǘŜǊκǎƻƛƭκŀƛǊ ǉǳŀƭƛǘȅ Řŀǘŀ 

¶ Natural resource inventories, e.g., forest ƛƴǾŜƴǘƻǊȅΣ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀ ŘŀǘŀōŀǎŜ όƳŀǇǎύΦ 
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¶ Statistical data 

¶ Land cover maps and changes over time, e.g., CORINE landcover datasets, national vegetation 

ƳŀǇǎ 

¶ Fish stock data and quality 

 

The data collection guide provides detailed suggestions for data collection and the recommendations 

ŜƴŀōƭŜ ŀ ǎȅǎǘŜƳŀǘƛŎ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŀǎ ŦŀǊ ŀǎ ǇƻǎǎƛōƭŜΦ 

 

Different types of data: examples 

 

The data provided by the hub coordinators includes variations as some hubs are very extensively 

mapped whereas others have delivered less data. If no environmental impact assessment is required, 

there can be little data on this. There is variation regarding topics that are covered by the hubs, for 

instance consequences for reindeer herding are being described in many articles, while other potential 

environmental consequences are not covered. Some hubs and topics have been comprehensively 

examined in scientific literature whereas some other hubs are less included in the scientific literature. 

The compilation by WP2 reflects this variation. 

The data collected for the indigenous hubs consists dominantly of scientific research papers 

investigating different types of environmental impact from local industrial activities and transport 

infrastructure on the indigenous lifestyle, what measures can be taken to reduce these impacts and 

improve co-existence of industrial activities and indigenous lifestyle, and the environmental impact of 

indigenous activities. Other data includes national databases which contain a wealth of historical and 

current information on landcover/land use and changes in the past decades, reindeer husbandry and 

statistical information of various ŀŎǘƛǾƛǘƛŜǎΣ ƴŜǿǎǇŀǇŜǊ ŀǊǘƛŎƭŜǎ ŀƴŘ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ǿƘŀƭŜ 

ǇǊƻǘŜŎǘƛƻƴΦ 

For the industrial activities mining, forestry and fish farming, much data is available from 

environmental impact assessments and environmental monitoring in relation to permit/license 

requirements. In addition, there is a significant number of scientific research papers that have studied 

different aspects of environmental impact. There are often different opinons about the actual 

environmental impact and the consequences to other users, and the quality of environmental impact 

assessment is therefore often questioned. The main reasons include that  1. local and indigenous 

communities are not always properly represented, and 2. Planning processes can take many years and 
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early assessments ōŜŎƻƳŜ ƻǳǘŘŀǘŜŘΦ ¢ƘŜǎŜ ƛǎǎǳŜǎ ǿƛƭƭ ōŜ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ in the further 

ŀƴŀƭȅǎŜǎ ǘƘŀǘ ǿƛƭƭ ōŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ²tнΦ 

Tourism hubs are affected by the environmental impact of industrial activities. The tourism hubs cause, 

however, environmental iƳǇŀŎǘǎ ǘƘŜƳǎŜƭǾŜǎ ŀǎ ǿŜƭƭΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ƻŦ ǘǊŀǾŜƭΣ 

ŘƛǎǘǳǊōŀƴŎŜ ƻŦ ǿƛƭŘƭƛŦŜΣ ǘǊŀƳǇƭƛƴƎ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ƭƛǘǘŜǊΦ aǳŎƘ ƻŦ 

ǘƘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƘŜǊŜ ƛǎ ōŀǎŜŘ ƻƴ ǎǘŀǘƛǎǘƛŎŀƭ ŘŀǘŀΣ ǇƭŀƴƴƛƴƎ ŘƻŎǳƳŜƴǘǎ and management strategies, 

ōǳǘ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǎƻƳŜ ƘǳōǎΥ 9ΦƎΦ {ǾŀƭōŀǊŘΣ ǘƘŜǊŜ ŜȄƛǎǘǎ ŜȄǘŜƴǎƛǾŜ ǎŎƛŜƴǘƛŦƛŎ Řŀǘŀ ƻƴ ǘƘŜ ǾŀǊƛƻǳǎ 

ƛƳǇŀŎǘǎ ƻŦ ǘƻǳǊƛǎƳΣ ŀƴŘ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ƎƛǾŜǎ ŀ ƎƻƻŘ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŦǊƻƳ ǘƻǳǊƛǎƳ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ǇƻǎǎƛōƛƭƛǘƛŜǎΦ 
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4. Concepts  

Arctic Hubs is a multidisciplinary project which aims at co-production of knowledge across disciplines. 

Co-production of knowledge makes it necessary to clarify concepts and terms as different thematic  

areas have and use  their own language and concepts. In social science, there can be different 

understandings of a concept; many concepts are contested and some words/concepts  can be used 

both as a scientific concept and as an everyday term. In this chapter,  we briefly present how we 

understand and use key concepts (some of them referred to in Annex 1, part A, page 14-15) in the 

compilation and analyse of data of this study.   

Ambition 

Ambition is an everyday word and one of the categories we use in the compiling of the non-research-

based data delivered from the hubs. Ambitions in this study  are not the same as plans, but rather 

visions, aims or ideas of future state or actions. 

Biodiversity 

We follow the Oxford Languages dictionary definition of biodiversity as  the variety of plant and animal 

life in the world or in a particular habitat, a high level of which is usually considered to be important 

and desirable.4 

Change 

Change is an everyday word which is  used as a verb - to change ς that is to make a difference, or as 

noun ς a change - a shift form one state to another. Much of the compiled data describes change from 

one environmental state to another. 

DPSIR 

DPSIR is an analytical framework focusing on Driver-Pressure-State-Impact-Response elements. 

According to FAO/UN5, άǘƘŜ 5ǊƛǾŜǊ-Pressure-State-Impact-Response (DPSIR) Framework provides a 

structure within which to present the indicators needed to enable feedback to policy makers on 

environmental quality and the resulting impact of the political choices made, or to be made in the 

ŦǳǘǳǊŜΦ ¢ƘŜ 5t{Lw ŦǊŀƳŜǿƻǊƪ ŀǎǎǳƳŜǎ ŀ ŎƘŀƛƴ ƻŦ Ŏŀǳǎŀƭ ƭƛƴƪǎ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ΨŘǊƛǾƛƴƎ ŦƻǊŎŜǎΩ όŜŎƻƴƻƳƛŎ 

ǎŜŎǘƻǊǎΣ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎύ ǘƘǊƻǳƎƘ ΨǇǊŜǎǎǳǊŜǎΩ όŜƳƛǎǎƛƻƴǎΣ ǿŀǎǘŜύ ǘƻ ΨǎǘŀǘŜǎΩ όǇƘȅǎƛŎŀƭΣ ŎƘŜƳƛŎŀƭ ŀƴŘ 

bƛƻƭƻƎƛŎŀƭύ ŀƴŘ ΨƛƳǇŀŎǘǎΩ ƻƴ ŜŎƻǎȅǎǘŜƳǎΣ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ŦǳƴŎǘƛƻƴǎΣ ŜǾŜƴǘǳŀƭƭȅ ƭŜŀŘƛƴƎ ǘƻ ǇƻƭƛǘƛŎŀƭ 

 
4 https://languages.oup.com/google-dictionary-en/ 

5https://www.fao.org/land-water/land/land-governance/land-resources-planning-

toolbox/category/details/en/c/1026561/ 

 

https://languages.oup.com/google-dictionary-en/
https://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1026561/
https://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1026561/
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ΨǊŜǎǇƻƴǎŜǎΩ όǇǊƛƻǊƛǘƛǎŀǘƛƻƴΣ ǘŀǊƎŜǘ ǎŜǘǘƛƴƎΣ ƛƴŘƛŎŀǘƻǊǎύΦ 9ǎǘŀōƭƛǎƘƛƴƎ ŀ 5t{Lw ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ 

setting is a complex task as all the various cause-effect relationships must be carefully described and 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜǎ Ŏŀƴ ǊŀǊŜƭȅ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀ ǎƛƴƎƭŜ ŎŀǳǎŜέΦ ¢ƘŜ 5t{Lw ŦǊŀƳŜǿƻǊƪ ƛǎ used in 

D2.3 especially to fit into the DPSIR analysis  in Task D2.5, reported in D2.5 report.  

Ecosystem services 

Ecosystem services are outputs, conditions, or processes of natural systems that directly or indirectly 

benefit humans or enhance social welfare.6 Ecosystem services can be regarded as an attempt to 

calculate benefits provided by nature and ecosystem services analyses promote policy decisions that 

recognize the full range of benefits and costs associated with actions that affect those services. Two 

criteria distinguish ecosystem services from other ecosystem conditions or processes. First, an 

ecosystem service must be linked to an identifiable set of human beneficiaries. The service can be an 

aspect or consequence of an ecological condition and can directly or indirectly benefit or profit the 

beneficiaries. Second, physical and institutional access constraints must not prevent people from 

realizing those benefits.7 

Environment 

Environment in this study context ǊŜŦŜǊǎ ǘƻ άǘƘŜ ŎƻƳǇƭŜȄ ƻŦ ǇƘȅǎƛŎŀƭΣ chemical, and biotic factors (such 

as climate, soil, and living things) that act upon an organism or an ecological community and ultimately 

determine its form and survival.8  

Impact 

Impact is an everyday word, used as verb ς to impact ς to create an effect, and as noun ς an impact - 

an effect. Here, the word Impact is mostly used to describe the effects an industry has forced on 

nature. 

Hub  

Hub is an everyday word with several meaninƎǎΦ hƴŜ ƻŦ ǘƘŜƳ ƛǎ άŀ ŎŜƴǘŜǊ ƻŦ ŀŎǘƛǾƛǘȅέΦ9 This fits well 

into the concept Arctic Hub. Each hub is a centre for one or more industrial activities that affects the 

nature of its vicinity. 

 

Habitat fragmentation  

 
6 https://www.britannica.com/science/ecosystem-services 
7 https://www.britannica.com/science/ecosystem-services 
8 https://www.merriam-webster.com/dictionary/environment 
9 https://www.merriam-webster.com/dictionary/hub 
 

https://www.merriam-webster.com/dictionary/enhance
https://www.britannica.com/science/ecosystem-services
https://www.britannica.com/science/ecosystem-services
https://www.merriam-webster.com/dictionary/environment
https://www.merriam-webster.com/dictionary/hub
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Habitat fragmentation describes the emergence of discontinuities (fragmentation) in an organism's 

preferred environment (habitat), causing population fragmentation and ecosystem decay. Causes of 

habitat fragmentation include geological processes that slowly alter the layout of the physical 

environment (suspected of being one of the major causes of speciation) and human activity such as 

land conversion, which can alter the environment much faster and causes the extinction of many 

species. More specifically, habitat fragmentation is a process by which large and contiguous habitats 

get divided into smaller, isolated patches of habitats.10 Fragmentation of habitat is relevant for 

understanding one of the challenges the reindeer industry face when other industries expand 

geographically.  

Perceptions 

Perceptions concept  is here used as an everyday word, meaning how something is regarded, 

understood, or interpreted. 

Pollution 

tƻƭƭǳǘƛƻƴ ƛǎ ŀƴ ŜǾŜǊȅŘŀȅ ǿƻǊŘ ƳŜŀƴƛƴƎ ΨƳŀǘǘŜǊ ƻǳǘ ƻŦ ǇƭŀŎŜΩΦ !ŎŎƻǊŘƛƴƎ ǘƻ hȄŦƻǊŘ [ŀƴƎǳŀƎŜs 

dictionary,  it is the presence in or introduction into the environment of a substance which has harmful 

or poisonous effects.11 Here, pollution is used mainly about harmful substances for mining and 

aquaculture industries.  

 

 
10 https://en.wikipedia.org/wiki/Habitat_fragmentation 
11https://www.google.com/search?q=what+means+pollution&rlz=1C1GCEB_enNO953NO954&oq=what+mean
s+pollution&aqs=chrome..69i57j0i22i30l5j0i15i22i30l2j0i22i30j0i15i22i30.7376j1j1&sourceid=chrome&ie=UTF-
8 

https://en.wikipedia.org/wiki/Habitat_fragmentation
https://www.google.com/search?q=what+means+pollution&rlz=1C1GCEB_enNO953NO954&oq=what+means+pollution&aqs=chrome..69i57j0i22i30l5j0i15i22i30l2j0i22i30j0i15i22i30.7376j1j1&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=what+means+pollution&rlz=1C1GCEB_enNO953NO954&oq=what+means+pollution&aqs=chrome..69i57j0i22i30l5j0i15i22i30l2j0i22i30j0i15i22i30.7376j1j1&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=what+means+pollution&rlz=1C1GCEB_enNO953NO954&oq=what+means+pollution&aqs=chrome..69i57j0i22i30l5j0i15i22i30l2j0i22i30j0i15i22i30.7376j1j1&sourceid=chrome&ie=UTF-8


 

 

Page 21 / 309 

 

5. ArcticHubs and specific industries: an overview 

In this chapter, an overview of the specific sectors most relevant  to the ArcticHubs  project  is being 

presented.  As described in the ArcticHubs Annex 1 Project Document (Part A summary & Part B 1.3  

Concept & Methodology), the ArcticHubs project will develop sustainable solutions for reconciliation 

of competing livelihoods and land-ǳǎŜ ƳƻŘŜǎ ƛƴ ƪŜȅ !ǊŎǘƛŎ ΨƘǳōǎΩτimportant socioeconomic nodes in 

a geographical networkτand their surroundings, considering in particular the needs and cultures of 

local communities (incl. indigenous people). This will be achieved by applying multi- and 

interdisciplinary, multi-actor participatory approaches to systematically map, identify and analyse 

global drivers and pressures with high environmental, societal and economic impacts affecting 33 key 

hubs examining sustainability of fish farming, multiple use of forests, tourism, mining and indigenous 

cultures (map of hubs, see Annex (table 2) in the end of this chapter).  

The Hubs are places or areas that act as socio-cultural, economic and industrial nodes that are 

interconnected via a geographical, infrastructural and economic network. They are typically focussed 

in historically important areas that have formed organically or were strategically planned, according 

to flows of people, goods, capital, information, organisational activities and power relations. As well 

as being a relatively densely populated area, each hub also lies at the heart of vast tracts of sparsely 

populated land with different land-use modes. 

The project will analyse important Arctic hubs that have grown or are currently growing around specific 

industries, such as forestry, tourism, mining or fish farming, and their relationships to the surrounding 

regions. The hubs included here have been carefully selected by project partners as focal places for 

the industries and activities where global and local dimensions meet, and in many cases cause conflicts. 

In many of these hubs partners have also previous experience and research results that can be used 

also in ArcticHubs. Some of the selected hubs host one key industry, whereas others have increased 

complexity due to a combination of industries (e.g. mining and tourism in close proximity), whilst all 

have relationships with more traditional livelihoods (e.g. reindeer herding) and other land-use modes 

(e.g. nature conservation). Furthermore, indigenous territories are cultural hubs, in which it is 

important that the identity, culture and sense of belonging of native communities are strengthened 

and maintained whilst the area adapts to new economic activities.  

In this chapter, we introduce the key specific industries for the ArcticHubs:  Forestry,  aquaculture, 

tourism, mining.  In addition,  we provide an introduction to Indigenous territories  from the viewpoint 

of ArcticHubs approach. The key industries and hubs are presented in table 1.  The chapter acts as an 

orientation to the following chapter describing in more detail the compilation and analysis of data 

related to the selected  Arctic hubs and the industries.   
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Table 1. Respective hubs and associated industries 

Hub/ Industry Forestry  Aquaculture/ 

Fish farming 

Tourism  Mining  Indigenous  

Kemi (FI) x     

Kemijärvi (FI) x     

Inari (FI)    x  x 

Kittilä (FI)    x x  

Jokkmokk (SE) x    x 

Malå (SE) x   x x 

Gällivare (SE) x   x x 

Varangerfjord (NO)   x x x  

Egersund (NO)   x x x  

Svalbard (NO)   x x  

Kautokeino (NO)     x x 

Westfjords (ISL)   x x   

{ǳҜǳǊƻȅ όC!wh9ύ   x x   

Nuuk (Greenland)    x  x 

Mariensee (Austria) x     

Alagna Valsesia (ITA)   x   

Germanasca (ITA)     x  
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5.1. Forestry 

Forestry in Arctic Hubs 

Forestry hubs in Arctic Hubs: 

Finland:  - Kemi 

- Kemijärvi 

Sweden: - Jokkmokk 

- Malå 

- Gällivare 

Austria:  - Mariensee 

 

General overview: 

ArcticHubs includes forestry hubs in Finland, Sweden, and two learning hubs in Austria. The forestry 

hubs in Sweden are co-located with indigenous and mining hubs, but for the forestry hubs in 

Finland,and Austria, forestry and related industries (pulpmill) are the main activities that will be 

studied in these locations. In Sweden, the main focus is on the impact of forestry on reindeer 

husbandry and the indigenous culture as forestry activities over the last 70 years have changed the 

original open pine forests with abundant lichens to dense managed monoculture forests that favor 

mosses. This has consequences for reindeer food supplies and migration. In Finland, the main focus is 

on the planning of new large pulp mills and the forestry activities needed to supply these. Discharges 

to water and air from the pulp mills have a negative environmental impact, but the produced 

bioenergy, on the other hand, reduces greenhouse gas emissions. In Austria, the main focus is on the 

interaction between forestry and tourism and reducing damage to forest stands. General for all 

locations is the need for sustainable forestry practices to protect biodiversity and improve conditions 

for other users, for example in Sweden and Finland by implementing reindeer adjusted forestry 

methods. 

Main environmental impacts of forestry: 

¶ Forestry encompasses the science, business, and art of nurturing, managing, and conserving 

forests and their resources in sustainable manner to achieve specific goals, fulfil needs, and 

uphold values (IUFRO, 2000)12. In simple terms, it involves taking care of forests in a way that 

ensures they thrive while meeting human needs and preserving their ecological balance. 

 
12 IUFRO 2000. Terminology of forest management. IUFRO World Series, volume 9, ed. M. Nieuwenhuis. Vienna: IUFRO 
Secretariat. 
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Sustainable forestry, as emphasized by Oliver (2003) 13, seeks to ensure that every ecosystem 

contributes its fair share of benefits without exploiting itself or compromising the ability to 

other ecosystems to provide value. Further, Helms (2002) 14,specify that there are multiple 

and diverse meanings of forestry, and thar forestry is intertwined with both societal and 

professional practices.  Forestry is not a straightforward concept, as it is related to sometimes 

contested practices.  In this report, forestry refers to forest management practices and the 

conflicts and possibilities associated with them.  

¶ Risk for unsustainable forestry as the demand for wood resources increases 

¶ Impact on habitat of protected species  

¶ Loss of lichen pasture in winter grazing areas for reindeer 

¶ Loss of old growth forests which provided lichen resources and shade for the reindeer during 

hot summers 

¶ Habitat destruction, loss and fragmentation.  Habitat destruction, as concluded by Tilman et 

al. (1994) 15,refers to the irreversible loss of competitive species due to prolonged or delayed 

effects of following habitat destruction, potentially leading to extinction.  The European 

Environment Agency (EEA) underlies that habitat destruction results from increased land 

pressure due to rapid human population growth, pollution, and over-exploitation (2004)16. It 

manifests ƛƴ ǾŀǊƛƻǳǎ ŦƻǊƳǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƭƻǎǎ ƻŦ ǿƛƭŘ ǎǇŜŎƛŜǎΩ ƘŀōƛǘŀǘǎΣ ŘŜƎǊŀŘŀǘƛƻƴ ǘƘǊƻǳƎƘ 

vegetation removal and erosion, and fragmentation, which confines native species to small 

patches of undisturbed land surrounded by which confines native species to small patches of 

undisturbed land surrounded by cleared areas for agriculture and other purposes.  Human 

advance on natural habitats, especially in forested environments, disrupts original 

communities of flora and fauna, contributing significantly to biodiversity loss (Ceballos et al., 

201517; Vergara-Tabares, 2020)18.Given the high dependence of many species to forests, the 

connection between forestry and habitat loss is particularly pronounced.  

 
Main environmental impacts of pulp mills: 

¶ Increase in water temperature in sea/rivers due to discharge of cooling water  

 
13 Oliver, C. D. (2003). Sustainable forestry: What is it? How do we achieve it?. Journal of Forestry, 101(5), 8-14. 
14 Helms, J. A. (2002). Forest, forestry, forester: What do these terms mean?. Journal of Forestry, 100(8), 15-19. 
15 Tilman, D. 1994. Competition and biodiversity in spatially structured habitats. Ecology 75:2-16. 
16 EEA(2004) https://www.eea.europa.eu/help/glossary/eea-glossary/habitat-destruction 
  
17 Ceballos, G., Ehrlich, P. R., Barnosky, A. D., García, A., Pringle, R. M., & Palmer, T. M. (2015). Accelerated modern human-
induced species losses: Entering the sixth mass extinction. Science Advances, 1(5), e1400253. 
https://doi.org/10.1126/sciadv.1400253 
18 ±ŜǊƎŀǊŀπ¢ŀōŀǊŜǎΣ 5Φ [ΦΣ /ƻǊŘƛŜǊΣ WΦ aΦΣ [ŀƴŘƛΣ aΦ !ΦΣ hƭŀƘΣ DΦΣ ϧ bƻǊƛΣ WΦ όнлнлύΦ Global trends of habitat destruction and 
consequences for parrot conservation. Global Change Biology, 26(8), 4251-4262. 

https://www.eea.europa.eu/help/glossary/eea-glossary/habitat-destruction
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¶ Eutrophication and water pollution due to discharge of wastewater containing P, N, AOX and 

metals  

¶ Emissions to atmosphere (SO2, NOx, TRS and particles) 

¶ Reduction of greenhouse gas emissions (bioenergy will replace use of fossil fuels) 

¶ New infrastructure development and increase in traffic 

¶ Habitat destruction due to infrastructure development. Infrastructural development involves 

the planning, constructions, and maintenance of physical structures and systems to support 

societal functions and economic growth. In the context of provided, it encompassed the 

establishment of roads, buildings, and other facilities, which often result habitat 

fragmentation, impacting local and landscapes. Infrastructural development can pose 

challenges to biodiversity and traditional migration routes. Infrastructure related to forestry, 

mining, tourism, and aquaculture activity can disturb local wildlife with new railroads, 

buildings, setting ponds ect.).  

¶ Impact on fish from cooling/waste waters from pulp mill 

¶ Local impact on landscape by clearing river banks and shore lines 

¶ Increase in noise levels, particularly during construction 

 
Interaction/conflicts/possible conflicts  with other activities: 

¶ Increase in water temperature due to discharge from pulp mills affects local commercial and 

recreational winter fishing and recreational activities due to deterioration of ice conditions 

¶ Conflicts with reindeer husbandry, mainly due to loss of food supplies (lichen) for reindeer 

which affects animal health and migration behaviour 

¶ Impacts of tourism on forestry: damage to forest stands by cross country skiers, litter, 

disturbance of wildlife, habitat destruction for trails and ski lifts. 

 
 

Environmental impact assessments and monitoring programs: 

Environmental impact assessments are required  for wood pulp mills. 
 
 

5.2. Aquaculture /Fish farming 

 

Aquaculture Hubs 

Norway:  - Varangerfjord  

                         - Egersund 
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Iceland:  - Westfjords 

Faroe Islands: - {ǳҜǳǊƻȅ 

 

General summary: 

ArcticHubs includes  fish farming hubs in three northern European countries, Norway, Iceland and 

Faroe Islands. The European fish farming hubs are all co-located with tourism hubs, and both 

Varangerfjord and Egersund also with mining hubs. A major part of the focus of environmental impact 

is therefore on the consequences of the environmental impact of one activity on other activities in the 

area. 

Fish farming is well established in Norway and the Faroe Islands, while in Iceland, salmon farming has 

been rapidly increasing since 2010 (Young et al., 2019). The Faroe Islands has the largest production of 

farmed fish per capita in the world and all of the suitable habitats are occupied by fish farms (Young 

Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜ ±ŀǊŀƴƎŜǊŦƧƻǊŘΣ 9ƎŜǊǎǳƴŘΣ ²ŜǎǘŦƧƻǊŘǎ ŀƴŘ {ǳҜǳǊƻȅ Ƙǳōǎ ŀǊŜ ŎƻƳǇŀǊable in size: they 

produce a similar quantity of biomass salmon in sea cages, 10-25 k tons; the production of freshwater 

smolt (land-based production) varies between 3-8 million (the operation of smolt production on 

{ǳҜǳǊƻȅ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǎǘŀǊǘ ƛƴ нлноύΦ 9gersund also has 2 lake-based trout production facilities 

producing 1000-1500 ton trout per year. 

Environmental conditions that can affect the production in the Westfjords include: presence of land 

and sea ice can damage sea cages; local strong ocean currents help degradation of organic waste and 

oxygen flow, winter weather can cause road closures, problems with feeding and escapees. In Norway, 

extreme weather events are a major cause for escapees. 

Other activities include commercial fishing, recreational fishing and tourism in Varangerfjord, 

9ƎŜǊǎǳƴŘΣ {ǳҜǳǊƻȅ ŀƴŘ ²ŜǎǘŦƧƻǊŘǎΣ ǿƘƛƭŜ ǿƛƭŘ ǎŀƭƳƻƴ ǊƛǾŜǊ ŦƛǎƘƛƴƎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀŎǘƛǾƛǘȅ ƛƴ 

Varangerfjord and Westfjords. Seabed mining in Westfjords does not cause any conflict with fish 

farming, but fjord deposits from iron mining activities in Kirkenes has affected the water quality to 

some extent and affected commercial and recreational fishing. 

The main environmental impacts of fish farming are similar in all locations and are summarised below. 

The impact on wild salmon (genetic mixing, diseases etc.) is mainly an issue in the hubs with wild 

salmon rivers, Varangerfjord and Westfjords. 

 

 

Main environmental impacts: 
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¶ Transfer of diseases and pathogens to wild fish populations 

¶ Impact of biological and chemical waste on benthic fauna 

¶ Escapes: genetic mixing with wild fish populations 

¶ Transfer of diseases and pathogens to other marine species (lobster, shrimp, whelk) 

¶ Impact of excess feed, nutrients on wild fish behaviour 

¶ Plastic waste 

¶ Heavy metal pollution (Cu) 

¶ Habitat use 

 
Other environmental impacts include: 

¶ Sound pollution from boats and trucks 

¶ Air pollution by boats (oil) and trucks (diesel) 

¶ Visual impacts related to aquaculture as well as mining and  tourism alter the aesthetics of 

natural landscapes and habitats. These changes can evoke emotional responses from both 

local communities and visitors (Maehr et al. 2015)19.Changes due to intensified hub activities 

can sometimes lead to the transformation of pristine environments. Like fish farming activities 

often involve the installation of aquaculture cages, pens, and processing facilities in costal 

waters which can visually intrude upon the marine landscape. 

 
Interaction/conflicts/possible conflicts  with other activities: 

¶ Commercial fisheries: cod, haddock, lobster, whelk, shrimp. Impact on shrimp stocks and cod 

spawning areas. Possible negative impact on lobster, whelk and fish quality. Spatial separation 

between fish farming and commercial fisheries to  limit conflicts. 

¶ Indigenous fishing: Coastal indigenous fishing has close economic, social, and cultural linkages 

with marine ecosystems that are vital for their cultural heritage. Like other small-scale 

fisheries, they are vulnerable to environmental changes (ISSF)20. Indigenous fishing together 

with recreational and traditional fishing, often intersect with burgeoning industry, like fish 

farming, but also mining and tourism development, leading to potential conflicts over resource 

allocation, environmental impacts, and cultural heritage.  

¶ Recreational fishing:  impact on wild salmon river fishing from parasite infection and genetic 

mixing with escapees. 

¶ Tourism: minor impact, mainly visual and sound. 

 
19 Maehr, A. M., Watts, G. R., Hanratty, J., & Talmi, D. (2015). Emotional response to images of wind turbines: A 
psychophysiological study of their visual impact on the landscape. Landscape and urban Planning, 142, 71-79. 
20 http://toobigtoignore.net/research-cluster/indigenous-marine-fisheries/ 

http://toobigtoignore.net/research-cluster/indigenous-marine-fisheries/
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¶ Sea bed mining: sea bed mining of calcareous algae sediments in Westfjords creates no 

conflicts with fish farming 

¶ Mining: Impact of suspended sediments from fjord deposits from iron mining (Kirkenes) 

 

 

5.3. Tourism  

 
Tourism hubs 

Finland:  - Inari 

                       - Kittilä 

Norway: - Varangerfjord 

                             - Egersund 

                             - Svalbard 

Iceland:  - Westfjords 

Faroe Islands: - {ǳҜǳǊƻȅ 

Greenland: - Nuuk 

Italy:  - Alagna Valsesia 

 
 

General summary: 

ArcticHubs includes  tourism hubs in  northern European countries, and a learning hub in Italy. Several 

of the tourism hubs are co-located with fish farming activities, mining, and indigenous activities. 

Tourism is well established in the Finnish hubs and in Svalbard, but is still being developed in Egersund, 

bǳǳƪΣ {ǳҜǳǊƻȅ ŀƴŘ ǘƘŜ ²ŜǎǘŦƧƻǊŘǎΦ  

Tourism has an impact on the environment and can affect other natural resource users in the same 

area; however, tourism is also affected by the environmental impact of other activities in the area, 

particularly mining and fish farming. General environmental impacts caused by tourism that occur in 

all locations include the general carbon footprint of travel (greenhouse gas emissions) as tourists tend 

to travel far to visit these Arctic locations. Also, the disturbance of Arctic wildlife, trampling of 

vegetation, the impact of waste and litter, and the consequences of infrastructure development are 
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common to all tourism hubs. On the other hand, the interactions and conflicts with other activities and 

natural resource users (e.g. mining) are more specific for each hub. 

 

Main environmental impacts: 

¶ Waste production, litter, from transport, cruise ships and accommodation 

¶ Plastic waste 

¶ Oil spills from cruise ships 

¶ Trampling of natural vegetation, erosion: Increased tourism activities can lead to trampling 

and erosion, particularly in fragile ecosystems and popular natural attractions (Aall, 201421; 

Gossling, 200222). The influx of visitors, coupled with the construction of infrastructure like 

trails and viewing platforms, can put immense pressure on the land, leading to soil 

compaction, vegetation damage, and loss of biodiversity.  Trampling not only degrade the 

aesthetic value of the landscape but also disrupt vital ecological processes.   

¶ Animal disturbance (reindeer herding, arctic wildlife): Tourism activities can disturb wildlife by 

encroaching on their habitats, causing disruptions to feeding breeding, and migration patterns. 

Noise pollution, habitat fragmentation, and direct interactions with tourists can stress animals 

and affect their behaviour, potentially leading to reduced reproductive success and population 

declines.  

¶ Infrastructure development, roads, buildings, skilifts ς habitat fractionation/destruction, 

landscape changes 

¶ Carbon footprint travel to/from tourist destinations 

¶ Introduction of invasive species (particularly Svalbard) 

¶ Water and energy consumption 

 

Other environmental impacts include: 

¶ Sound pollution from boats (jet skis) and snow scooters 

¶ Air pollution by transport (boats, vehicles, snow scooters) 

¶ Visual impact infrastructure in pristine nature 

 
Interaction/conflicts/possible conflicts  with other activities: 

 
21 Aall, C. (2014). Sustainable tourism in practice: Promoting or perverting the quest for a 

sustainable development? Sustainability, 6(5), 2562-2583. 
22 Gössling, S. (2002). Global environmental consequences of tourism. Global environmental 
change, 12(4), 283-302. 
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¶ /ƻƴŦƭƛŎǘǎ ǿƛǘƘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ όŜȄǘŜƴǎƛǾŜ ǎƘŜŜǇ ŦŀǊƳƛƴƎ ƻƴ {ǳҜǳǊƻȅύ ŀƴŘ ƴŀǘǳǊŜ 

conservationists regarding access to nature 

¶ Possible  conflicts with  other users of natural resources e.g.  mining 

¶ Conflicts with reindeer herders, particularly from dogsledding tourism (Inari) 

¶ Conflicts between tourism operators and local hunters in Nuuk regarding humpback whales 

¶ Nature conservation: nature reserves/protected areas attract tourists causing trampling, 

erosion, littering (Vestfjords) 

 

 

5.4. Mining  

 
Mining Hubs 

Finland:  - Kittilä  

Norway: - Kautokeino-Kvalsund 

                         - Varanger 

                         - Svalbard  

                          - Egersund 

Sweden: - Malå/ Kristineberg 

                          - Gällivare  

Italy:  - Germanasca 

 

General summary: 

ArcticHubs includes  mining hubs in  Finland, Sweden, Norway,  and 1 learning hub in Italy. 

Varangerfjord and Egersund in Norway are co-located with both fish farming and tourism hubs.  Kittilä 

and Svalbard are all co-located with tourism hubs, and Kautokeino-Kvalsund, Kristineberg/Malå and 

Gällivare in Norway and Sweden are co-located with indigenous hubs. Both Swedish mining hubs are 

also co-located with forestry hubs. Large amounts of data are available in most of the mining hubs: 

planning documents and environmental impact assessments both done by the mining companies as 

well as by other stakeholders in the area highlight the differences in viewpoints on environmental 

impact by the different stakeholders that can and do create conflicts. The quality of environmental 

impact assessments carried out by the mining industry itself is questioned more and more. In addition, 
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there is a large number of scientific research papers investigating different types of environmental 

impact of mining activities and related infrastructure and the consequences on indigenous lifestyle 

and other activities, such as fishing or tourism. Other data includes national databases which contain 

a wealth of historical and current information on landcover/land use and changes in the past decades, 

statistical information of various activities, and many newspaper articles. 

 

Main environmental impacts: 

¶ Waste production: land deposits 

¶ Acid mine drainage (iron/copper sulfide mines) ς pollution of water ways and soils: 

acidification and heavy metal pollution 

¶ Habitat destruction and fragmentation 

¶ Waste production: sea/fjord deposit (specific for mines in Norway) 

¶ Habitat destruction 

¶ Spreading of submarine tailings 

¶ Impact on water quality, suspended sediments, heavy metal contamination 

¶ Impact on marine fish populations and spawning areas 

¶ Plastic waste 

¶ Impact on salmon populations in National Salmon fjord and river 

¶ Waste: discharge of flocculation chemicals to sea/fjord 

¶ Toxicity: Impact on marine fish, bottom fauna: Mining activities can introduce toxic 

substaances into the environment, posing significant risks to ecosystem, wildlife, and human 

health. The extraction, processing, and disposal of minerales can release pollutants such as 

heavy metals, acids, and chemicals into soil, water, and air.  

¶ Long distance transport of heavy metals by aerosols 

¶ Accumulation of heavy metals with increasing trophic level 

¶ Hunting: reindeer and ptarmigan were hunted for food by early mining communities on 

Svalbard, and polar bears were shot for safety 

¶ Traffic: wildlife disturbance  

¶ Traffic: disturbance reindeer herding 

¶ Infrastructure development, roads, buildings ς habitat fractionation/destruction, landscape 

changes. 

¶ Impact on vegetation: several plant species are threatened by mining related infrastructure, 

particularly in the high Arctic tundra environment of Svalbard 

¶ Impact on biodiversity, e.g. marine, bird populations 

¶ Carbon footprint transport and contribution to global warming by selling coal internationally 
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¶ Water use: change in water table 

¶ Air pollution: dust, particularly from landfill sites causes health issues and affects local 

agriculture 

 
Other environmental impacts include: 

¶ Noise pollution 

¶ Visual impact infrastructure  

 
Interaction/conflicts/possible conflicts with other activities: 

¶ Impact on tourism and recreational activities (infrastructure, landscape changes, noise) 

¶ Conflicts with reindeer herders, impact on migration route and calving/grazing areas  

¶ Conflicts with recreational and commercial fishing due to sea/fjord deposit and possible effect 

on water quality and fish populations and behaviour (specific for Norway) 

¶ Impact on National Salmon Fjord/River status 

 
 

5.5. Indigenous hubs  

Finland:  - Inari 

Norway: - Kvalsund-Kautokeino 

Greenland: - Nuuk 

Sweden: - Gran Sameby (Gällivare, Jokkmokk, Malå)  

 
 
General summary: 

ArcticHubs includes indigenous hubs in Finland, Sweden, Norway and Greenland. The indigenous hubs 

in Sweden and Norway are co-located with mining hubs, and in Sweden also with forestry hubs, while 

the indigenous hubs in Finland and Greenland are co-located with tourism hubs. The data collected for 

the indigenous hubs consists dominantly of scientific research papers investigating different types of 

environmental impact from local industrial activities and transport infrastructure on the indigenous 

lifestyle, what measures can be taken to reduce these impacts and improve co-existence of industrial 

activities and indigenous lifestyle, and the environmental impact of indigenous activities. Other data 

includes national databases which contain a wealth of historical and current information on 

landcover/land use and changes in the past decades, reindeer husbandry and statistical information 

of various activities, newspaper articles and an application for whale protection. 
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The indigenous hubs in Finland, Sweden and Norway are all characterized by traditional Sami reindeer 

husbandry. Reindeer husbandry is affected by the environmental impacts of industrial activities in the 

area as these activities impact the grazing lands and migration routes for the reindeer. Areas that were 

traditionally used become more fractionated by transport infrastructure (roads, railways, powerlines), 

habitats are lost as result of mining activities (e.g. large open pit mines and land deposits in Sweden), 

food supplies are diminished as result of forestry practices (old growth forests with lichens are 

replaced by more dense managed forests with mosses), and reindeer are disturbed by tourist activities 

(e.g. snow scooters) and windmill parks. The combined effect of these environmental impacts from 

ƴŜŀǊōȅ ƛƴŘǳǎǘǊƛŀƭ ŀŎǘƛǾƛǘƛŜǎ ŀƭǎƻ ƭƛƳƛǘǎ ǘƘŜ ǊŜƛƴŘŜŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘ ǘƻ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 

On the other hand, reindeer husbandry has an impact on the environment itself as well: overgrazing 

has had an impact on the Arctic vegetation, predator control affects predator populations, and there 

is an increase in off road motorized traffic and vehicle tracks in wilderness areas. The indigenous hub 

in Greenland is characterized by Inuit hunting and fishing. Here, tourism activities can disturb Arctic 

wildlife and traditional whale hunting, and proposed mining activities are expected to disturb reindeer 

and Inuit hunting. 

Different mitigation efforts are in place or are being investigated to reduce environmental impact and 

conflicts with indigenous hubs, such as the development of more sustainable forestry management 

practices (lean forestry, promoting lichen growth), rehabilitation of abandoned mining and forestry 

areas and a reduction of mining activities at certain seasons to reduce disturbance of reindeer. 

 

Main environmental impacts affecting indigenous lifestyle/activities: 

¶ Disturbance of reindeer by tourism activities, e.g. snow scooter tracks 

¶ Disturbance by mining activities: 

¶ Industrial noise and rock blasting 

¶ Spreading of dust ǊŜŘǳŎŜǎ ǊŜƛƴŘŜŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŦƛƴŘ ƭƛŎƘŜƴ 

¶ Runoff from mining areas impacts water quality  

¶ Habitat loss and habitat fractionation 

¶ Habitat fractionation/loss by infrastructure development 

¶ Roads, railway lines 

¶ Mining activities 

¶ Wind power 

¶ Impact of forestry activities on reindeer husbandry: 

¶ pasture degradation, loss of lichen pasture 

¶ need for supplemental feeding 

¶ loss of cool shade forests for cooling and insect avoidance 
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¶ Impact of tourism on indigenous whale hunting in Greenland 

¶ Impact of proposed mining activities on indigenous hunting in Greenland 

¶ Climate change 

 

Main environmental impacts by indigenous activities: 

¶ Impact of grazing on Arctic vegetation, e.g. overgrazing 

¶ Increase in off road motorised traffic ς vehicle tracks 

¶ Predator control 

 

Interaction/ conflicts/possible  between indigenous hubs and nearby industrial activities 

¶ Mining activities, existing and planned/proposed 

¶ Some tourism activities (snow scooters, cruise boats) 

¶ Wind power 

¶ Forestry 

¶ Infrastructure development (e.g. roads, railways, power lines) 

 

Mitigation and collaboration 

¶ Reduced mining activities during calving and migration 

¶ Restoring lichen growth (improving pasture quality) in forestry and mining areas 

¶ Forest management practices adapted to reindeer husbandry 

¶ Consultation procedures between state forestry and reindeer husbandry (Inari, Finland) 

¶ Renoducts over highways and railways 

 

 

Annex  to  Chapter 4 on ArcticHubs and specific industries: an overview: 
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Figure 1. Arctic hub locations 
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6. Compilation 

This chapter  includes  a compilation of environmental assessments for all hubs included in this study  

to identify impacts of industry-specific economic activities. Each hub description  contains:  a general 

hub introduction including an industrial factsheet about hub-specific industrial players or activities, an 

overview about the environmental state of the art and background, a compilation of environmental 

impacts (in terms of habitat and landscape, changes in biodiversity and pollution), notes on industry 

conflicts with other activities, notes on mitigation processes linked to environmental impacts as well 

as some information on perceptions and ambitions. 

 

6.1. Forestry 

ArcticHubs includes six forestry hubs in Finland, Sweden and two learning hubs in Austria. While the 

forestry hubs in Sweden share their location with indigenous and mining hubs, the forestry hubs in 

Finland and Austria represent forestry and related industries (pulp and paper) as main activities that 

will be studied in these locations. In both Finland and Sweden, a significant focus has been directed 

towards the impact of forestry on reindeer husbandry and consequently the indigenous culture: Over 

the last 70 years, forestry activities have changed the original open pine forests with abundant lichen 

vegetation to densely managed monoculture forests with accumulated mosses. This is associated with 

consequences for reindeer food supplies and migration. Moreover, from a Finnish perspective, a 

signature development is the planning of large new pulp mills which are dependent on the supply of 

material produced by forestry. While discharges to water and air from the pulp mills have negative 

environmental impacts, produced bioenergy, on the other hand, reduces greenhouse gas emissions. 

In Austria, a characteristic feature of the industry is the interaction between forestry and tourism and 

reducing damage to forest stands. 

6.1.1.  Kemi 

Kemi is situated on the Bothnian Bay, at the mouth of the river Kemijoki, and it is part of the Lapland 

region in Finland. The town has a population of 20,331 (2021) and covers an area of 747.28 square km. 

The paper and wood pulp industry has been the main economic activity in Kemi for a long time. Due 

to declines in paper demand in Europe for over a decade, a significant overcapacity in the paper market 

has challenged the cost-competitiveness of many paper mills. As a result, Stora Enso  made a decision 

to permanently close down pulp and paper production in the Veitsiluoto Mill in 2021 with 670 people 

losing their job. Metsä Fibre, part of Metsä Group, informed in 2021 about a new investment  to build 

a new bioproduct mill in Kemi. The new Metsa Fibre bioproduct  mill  acts as a great compensation for 

the Kemi region for the loosses of Storenso jobs in terms of industrial jobs in the region. The investment 
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is the largest (EUR 1.6 billion) that has ever been made by the Finnish forest industry in Finland. The 

new bioproduct mill will not use fossil fuels, and renewable energy in the form of electricity, but wood-

based fuels and district heat will be sold from the mill to external customers. Despite the clearly 

increased production compared with the current Kemi pulp mill, the new bioproduct mill is expected 

to move below the emission limits of the current environmental permit of the existing mill. The new 

bioproduct mill will utilize the Best Available Technology (BAT) and an associated Environmental 

Impact Assessment (EIA) was ready in 2019. The Regional State Administrative Agency for Northern 

Finland granted the environmental and water supply permits to the Kemi bioproduct mill in 2020.  

 

 

Figure 2. Industrial factsheet Kemi 

 

 

6.1.1.1. State of the art / environmental background 

The surrounding landcover of the Kemi centre is partly sea (Bothnian bay) and partly old industrial 

environment. The new bioproduction plant of Metsæ Group will be located at the mouth of the river 

LƴŘǳǎǘǊƛŀƭ ŦŀŎǘǎƘŜŜǘ YŜƳƛ ς 
aŜǘǎŅ CƛōǊŜ hȅ ǇǳƭǇ Ƴƛƭƭ
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ÅhǿƴŜǊǎƘƛǇΥ aŜǘǎŅƭƛƛǧƻ /ƻƻǇŜǊŀǝǾŜΣ aŜǘǎŅ .ƻŀǊŘ ŀƴŘ LǘƻŎƘǳ 
/ƻǊǇƻǊŀǝƻƴ
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ƛƳǇƻǊǘŜŘΣ ǇŀǊǘƭȅ ŦǊƻƳ {ǿŜŘŜƴΦ

ÅtǊƻŘǳŎǝƻƴΥ мΦр Ƴƛƭƭ ǘƻƴǎ ƻŦ ŀƴƴǳŀƭ ǎƻƊǿƻƻŘ ŀƴŘ ƘŀǊŘǿƻƻŘ 
ǇǳƭǇΣ ōƛƻǇǊƻŘǳŎǘǎ ƛƴŎƭǳŘƛƴƎ ŜΦƎΦΣ ōƛƻƳŀǘŜǊƛŀƭǎΣ 
ōƛƻŜƴŜǊƎȅΣ ōƛƻŎƘŜƳƛŎŀƭǎΣ ŦŜǊǝƭƛȊŜǊǎΣ нΦл ¢² ƻŦ 
ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇŜǊ ȅŜŀǊ
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ŘƻǳōƭŜŘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ ǎƛǘǳŀǝƻƴΦ ²ŀǎǘŜ 
ŀƴŘ ǎƛŘŜ ǇǊƻŘǳŎǘǎ ǿƛƭƭ ōŜ ǇǊƻŎŜǎǎŜŘ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŀƴŘ 
ǿƛƭƭ ōŜ ǊŜŎȅŎƭŜŘ ŀǎ ŜũŜŎǝǾŜƭȅ ŀǎ ǇƻǎǎƛōƭŜΦ tǊƻŎŜǎǎƛƴƎ 
ƻŦ ǿŀǎǘŜ ŀƴŘ ǎƛŘŜǇǊƻŘǳŎǘǎ ǿƛƭƭ ƴƻǘ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ό9L! нлмфύΦ ǿŀǎǘŜ ƛƴŎƭǳŘŜǎ 
ŎƻƴǎǘǊǳŎǝƻƴ ǿŀǎǘŜ пмрл ǘƻƴǎΦ
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Kemijoki, west from Kemi, at the Bothnian Bay. The region is a built environment, strongly modified 

by industrial operations and characterized by industrial buildings, containers, wastewater treatment 

plants, wood storage areas and waste management areas. In this area, also the old Metsägroup pulp 

mill is located which will be pulled down as soon as the new bioproduct mill will start operating. Pulp 

and paper manufacturing in Finland is regarded as largest industry segment in terms of water- and 

energy use, but also in terms of chemicals and combustion products that are released to the 

environment (Corcelli et al, 2018) (however, situated in an industrial area, the Metsä group bioproduct 

mill is estimated to not cause major impacts on soil or bedrocks, geologically important locations, or 

groundwater). The closest residential buildings are located at 300-500m distance from the border of 

the industrial estate. Wood that is used for raw material will be harvested mostly from Lapland, North 

Ostrobothnia and Kainuu. One of the closest nature protection areas is the Bothnian Bay National Park, 

in the outer archipelago of Kemi and Tornio (established in 1991, with 157 km2 of size). The islands in 

the area have been formed by post-glacial rebound, and the scenery is still in a constant state of 

change. Here, also numerous traditional fishing bases can be found. Currently, the pulp and paper 

industry can be characterised by a transitional phase towards increasing material efficiency and 

recycling processes (Corcelli et al, 2018).  

An important feature of the industrial profile of Kemi is the close interaction of the paper and wood 

pulp industry and the forestry sector due to the continuous need of bio-based fuels originating from 

primary production. When it comes to forestry activities, the national forest volume in Finland 

remained the same between 1920 and 1980, but since then it has been growing continuously as a 

result of a stronger utilization of silvicultural activities as well as the effects of climate change (Article 

123). The Finish state forestry is mostly led by Metsähallitus and guided by regulative legislation such 

as the Forest Act and the Conservation Act. However, the new national investments into the Finnish 

bioeconomy have increasingly changed forest use and associated methods. Accordingly, the logging 

possibilities in Finnish forests are expected to double in 2050 and the intensity of tree harvesting will 

also shift more and more from southern to northern Finland (Article 1).    

6.1.1.2. Environmental impacts  

The following environmental impacts are based on the main industrial activities in and around Kemi 

that have been determined as economically trendsetting. In this regard, special focus has been on 

forestry and the pulp and paper sector in the Kemi region. The following paragraphs on environmental 

impacts will respectively introduce first the forestry perspective followed by the paper pulp industry 

perspective. 

 
23 ά!ǊǘƛŎƭŜ мέ ǊŜŦŜǊǎ ǘƻ ƘǘǘǇǎΥκκǿǿǿΦƭǳƪŜΦŦƛκŜƴκƴŀǘǳǊŀƭ-resources/forest/multiple-use-of-forests/theimpact-of-
forestry-reindeer-husbandr (link is currently unavailable and will be updated in the final version) 
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A. Habitat and landscape 

The increased need of wood for the new bio pulp mill (7,6 mill m3 per year) is expected to increase 

forest cuttings in Lapland, North Ostrobothnia and Kainuu (EIA, 2019). In general, different forestry 

methods are associated with divergent impacts on natural habitats when it comes to vegetation 

formation (Article 1). These changes are regarded as positive and negative for different forest users, 

nevertheless they can be understood as impacting the ecological conditions of forests. Accordingly, 

clear-cutting activities increase sunlight radiation favouring the drying of mosses, wavy hair grasses 

and lichen growth (Article 1; Akujärvi et al, 2014). Lichen growth is furthermore linked to the natural 

habitat of reindeer herds as they provide an essential food source (Miina et al, 2020). On the other 

hand, spruce-forest logging and controlled burning are associated with losses of lichen types and 

hindrances within animal territories. The operating of forestry machines, the logging of residues and 

processes of soil preparation is associated with soil surface erosions, soil temperature changes, 

changes in radiation and the changing of moisture- and nutrient conditions. More specifically, soil 

preparation methods such as screefing (sculping) and harrowing can impact the composition of forage 

plants in moist forests (Article 1). Besides, the thinning of trees increases radiation but decreases 

moisture conditions which favour forage plant growth. In addition, the extraction of logging residues 

has shown to decline soil nutrients posing risks for biomass production in general (Article 1). 

Altogether, different specific forestry methods can be linked to various developments in biomass and 

vegetation species abundance. In this regard, within the compiled literature for this report, a special 

focus was often on lichen coverage in forests dǳŜ ǘƻ ǘƘŜ Ǉƭŀƴǘ ǎǇŜŎƛŜǎΩ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳ 

(see next chapter). From this perspective, forestry methods in their abundance have shown to come 

with individual consequences for ecology and biodiversity leading to an increased fragmentation of 

habitats. This is linked to the next subchapter on biodiversity changes.  

The pulp and paper industry in Kemi is not necessarily associated with strong visible impacts on the 

surrounding landscape as the new mill is mostly located in the existing industrial estate. However, the 

clearing of riverbanks and parts of the shore may cause  negative impacts on the local landscape in 

Kemi (EIA, 2019). Moreover, a weakening of ice conditions of sea- and river water is observed due to 

increasing water temperatures because of cooling- and wastewater discharges. Consequently, yearly 

ice cover durations have become shorter with up to one month (EIA, 2019).  Eventually, the impacts 

of increasing forestry activities can be seen as a contributing consequence from introducing biorefinery 

solutions as they are currently an important driver of wood production.  

B. Changes in biodiversity 

As discussed in the previous section, different forestry methods can be linked to different 

developments in vegetation abundance and that a special focus has often been on lichen growth in 
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Finnish forests within the scientific literature. In general, lichens contribute to several ecosystem 

functions. Accordingly, they support biogeochemical nutrient cycles and nutrient webs in northern 

forests, and they provide insulation as well as moisture retention of forest soil. Lichens are regarded 

as ecological indicators for forest biodiversity and old-growth forests and besides, they provide critical 

winter forage for reindeer. Therefore, lichens are a crucial factor for multifunctional forest use and 

represent an indicator for effects of forest management strategies on ecosystem services (Miina et al, 

2020). The mechanical disturbance of forest management is regarded as negatively impacting lichens 

(Miina et al, 2020). In addition, the scientific literature discusses the role of leaving retention trees 

during final harvesting processes. Hence, several species responses are dependent on the maintenance 

of retention vegetation which has become a global approach to reconcile often conflicting goals of 

timber production and safeguarding biodiversity as well as the delivery of several ecosystem services 

(Kuuluvainen et al, 2019). However, current low amounts of retention do not provide habitat quality 

and continuity which comes with a decline of red-listed species which are dependent on old living trees 

and coarse woody debris (Kuuluvainen et al, 2019). As a result, current retention strategies are 

considered as poor in terms of ecological benefits, also because they are associated with external costs 

that are aimed to be minimized (Kuuluvainen et al, 2019). Such discussions are not only related to Kemi 

and address a national perspective. 

The pulp and paper industry in Kemi, with special focus on the new pulp mill, is associated with impacts 

on habitats with noteworthy flora. For example, the extremely threatened Artemisia Campestris, a 

nature directive species will be destroyed (EIA, 2019). Moreover, the impact area of the new mill is 

expected to extent its range to the Bothnian Bay National Park which is a Natura 2000 protected area. 

Here, the eutrophication of the waters is expected to increase as a result of the pulp and paper 

industrial activities (EIA, 2019). 

 

C. Pollution 

The trendsetting role of bio-based pulp and paper mills and refineries continuously increases the need 

of wood. For example, the consumption of forest chips for heating and power creation totalled 7.3 mill 

m3 (Anttila et al, 2018). However, there is a remarkable deficit of relevant small trees in southern 

Finland and there is an increasing tendency to import pulp-wood sized material from northern regions 

and transboundary. Hence, increasing long-distance transport of energy wood is associated with 

slightly higher CO2 outputs from traffic and associated noise pollution (Anttila et al, 2018; EIA, 2019). 

Furthermore, the ongoing construction of the new pulp and paper mill in Kemi is considered as noise-

intensive, also during the operational phase. The noise levels are caused by heavy traffic which is 

expected to be 10 times stronger during the construction phase compared to the operational phase 
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(EIA, 2019). But also, the operational phase is associated with increasing infrastructure development 

and accumulating traffic in terms of roads, railways, and sea traffic. Accordingly, wood is e.g., 

transported mainly by trains while pulp wood material is delivered to the mill via trucks (EIA, 2019).  

More environmental impacts in terms of pollution are observed in the context of the increasing 

discharges of effluent-, waste- and cooling water to the surrounding ecosystems from the pulp and 

paper industrial complexes in Kemi. More detailed values are presented in table 2 and 3. 

 

Table 2. Emissions to sea/water from present pulp mill (shut down) (EIA, 2019) 

EMISSIONS TO SEA/WATER AMOUNT 

WASTEWATER 61400m3/d 

CHEMICAL OXYGEN DEMAND (CODCR) 650mg/l 

SOLID WASTE 50mg/l 

NITROGEN (N) 11mg/l 

PHOSPHOR (P) 0.73mg/l 

ADSORBABLE ORGANIC HALIDES (AOX) 6mg/l 

  

 

Table 3. Emissions to sea/water from new bioproduct mill (EIA, 2019) 

EMISSIONS TO SEA/WATER AMOUNT (PRELIMIARY VALUES) 

WASTEWATER 88200m3/d  

CHEMICAL OXYGEN DEMAND (CODCR) 450mg/l 

SOLID WASTE 60mg/l 
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NITROGEN (N) 8mg/l 

PHOSPHOR (P) 0.5mg/l 

ADSORBABLE ORGANIC HALIDES (AOX) 8mg/l 

 

Here, the scientific literature and impact assessments highlight different components as 

environmentally threatful. According to Pöykiö et al. (2004), organochloride compounds from effluent 

waters have impacted the surrounding terrestrial and marine ecosystems around the Stora Enso and 

Metsahallitus complexes nearby the Bothnia region by entering associated flora and fauna organisms. 

However, modernisations of wastewater treatments and reduced chlorinated substance discharges 

from the mills have been linked to decreasing halogenated compounds in sediments as a result of long-

term data observations of Extractable Organc Halogens (EOX) (Pöykiö et al, 2004). At that time, also 

trichloroguaiacol concentrations in biles of perches were analysed which have shown to be low. 

Besides, gonodal disorders were found in burbot roach and perch, however the level of 

bioaccumulation was unclear in this regard (Pöykiö et al, 2004). According to the EIA (2019) of the 

Metsæ fibre bioproduct mill, eutrophication and increased algal production with moderate 

environmental risks have been particularly observed close to the wastewater discharge points. This is 

associated with minor impacts on salmon, trout and whitefish which are the most-farmed species in 

the surrounding region (EIA, 2019).  

Additionally, according to a Life Cycle Analysis (LCA) with focus on certain impact categories linked to 

different production phases (forestry, pulp production, paper production, energy production and 

material distribution) of the Kemi pulp and paper in industry, pulp production is mostly linked to the 

ƛƴŘǳǎǘǊȅΩǎ ƴŜƎŀǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ǇǳƭǇ ǇǊƻŘǳŎǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ǿŜǊŜ ǊŜǎǇƻƴǎƛōƭŜ 

ŦƻǊ рр҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ CǊŜǎƘǿŀǘŜǊ 9ǳǘǊƻǇƘƛŎŀǘƛƻƴ tƻǘŜƴǘƛŀƭ όC9tύΣ пс҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ IǳƳŀƴ 

¢ƻȄƛŎƛǘȅ tƻǘŜƴǘƛŀƭ όI¢tύ ŀƴŘ пн҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ aŜǘŀƭ 5ŜǇƭŜǘƛƻƴ tƻǘŜƴǘƛŀƭ όa5tύ ό/ƻǊŎŜƭƭƛ Ŝǘ ŀƭΣ 

2018). On top of that, some other significant environmental impacts can be linked to paper production. 

Accordingly, paper production processes have proven to be responsible for 38% of the pulp and paper 

ƛƴŘǳǎǘǊȅΩǎ ¢ŜǊǊŜǎǘǊƛŀƭ !ŎƛŘƛŦƛŎŀǘƛƻƴ tƻǘŜƴǘƛŀƭ ό¢!tύΣ ну҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ tƘƻǘƻŎƘŜƳƛŎŀƭ hȄƛŘŀǘƛƻƴ 

CƻǊƳŀǘƛƻƴ tƻǘŜƴǘƛŀƭ όthCtύ ŀǎ ǿŜƭƭ ŀǎ рл҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ¢ŜǊǊŜǎǘǊƛŀƭ 9ŎƻǘƻȄƛŎƛǘȅ tƻǘŜƴǘƛŀƭ ό¢9tύΦ 

Environmental consequences of forestry processes were rather negligible in terms of the analysed 

impact categories (Corcelli et al, 2018).  

Furthermore, the LCA showed environmental impacts in terms of atmospheric and greenhouse gas 

emissions. Also, those were mostly linked to pulp production processes which contributed with 46% 
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ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ Dƭƻōŀƭ ²ŀǊƳƛƴƎ tƻǘŜƴǘƛŀƭΣ ǿƛǘƘ оф҈ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ hȊƻƴŜ 5ŜǇƭŜǘƛƻƴ tƻǘŜƴǘƛŀƭ ŀǎ 

ǿŜƭƭ ŀǎ ǿƛǘƘ пс҈ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ Cƻǎǎƛƭ 5ŜǇƭŜǘƛƻƴ tƻǘŜƴǘƛŀƭ ό/ƻǊŎŜƭƭƛ Ŝǘ ŀƭΣ нлмуύΦ !ƭtogether, the pulp 

ǇǊƻŘǳŎǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀŎŎƻǳƴǘ ŦƻǊ фл҈ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ D²tΣ h5tΣ ¢9t ŀƴŘ C5t ŀǎ ǿŜƭƭ ŀǎ ŦƻǊ ул҈ ƻŦ 

ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ¢!t ŀƴŘ I¢tΦ ¢ƘŜ Ƴƻǎǘ ƛƴŦƭǳŜƴǘƛŀƭ ǇǳƭǇ ǇǊƻŘǳŎǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ŀǊŜ 

digesting, chemical recovery and bleaching processes; Mechanical pulping was regarded as most 

impactful in comparison with chemical pulping (Corcelli et al, 2018). 

Compared to the present situation, the new bio-based pulp and paper mill in Kemi is also associated 

with local improvements of air quality and decreasing amounts of greenhouse gas emissions due to 

the independence on fossil fuels and the consumption of bioenergy (EIA, 2019). 

In this context, biorefineries in Kemi are expected to have a much higher potential to notably reduce 

CO2 emissions by replacing fossil fuel mixes (e.g., peat, coal, oil, gas) used for power boilers and lime 

kilns with renewable alternatives. This could drop national emissions to 2-4% (Lipiäinen & Vakkilainen, 

2021). On top of that, biorefineries in Kemi are also expected to increase efficiency in energy use while 

the production of energy will increase. The overproduction of energy can consequently also be used 

elsewhere (Lipiäinen & Vakkilainen, 2021). The displacement of fossil fuels, the more efficient use of 

wood raǿ ƳŀǘŜǊƛŀƭ ŀƴŘ ƳƛƴƛƳƛȊŀǘƛƻƴǎ ƻŦ ǇǊƻŎŜǎǎ ǿŀǎǘŜ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŦǳǊǘƘŜǊ ƛƴ YŜƳƛΩǎ ōƛƻ-

based production centres such as Stora Enso and Metsahallitus by e.g., dissolving pulp for textile fibres, 

cleaner production technologies, biogas production from waste streams or chemical recovery 

processes that reduce necessary chemical inputs (Temmes & Peck, 2020). From such perspectives, 

mobilizing bio-based solutions within the pulp and paper industry is associated with positive impacts 

in terms of GWP, FEP, HTP and TEP due to recycling, increased material efficiency and sustainable 

energy production (Corcelli et al, 2018).  

6.1.1.3. Conflicts with other activities 

There are some emissions to water from the pulp and paper industry such as discharges of cooling 

water and organic halogens, phosphor, or nitrogen. Although these emissions are not associated with 

high deteriorations of ecological systems, cooling water can have impacts on recreational activities 

such as winter fishing (EIA, 2019). 

Moreover, forest cuttings are associated with positive and negative impacts on different forestry user 

groups. The loss of lichen vegetation through different forestry methods is a controversial 

development for reindeer herders. For reindeer herding, lichens are an important part of the diet and 

are dependent on them, also during winter.  
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6.1.1.4. Mitigation 

Although, the pulp and paper industry is associated with decreasing greenhouse gas emissions, 

especially the construction of the new pulp mill, the industry itself is dependent on wood. This is 

associated with a further need for sustainable forest methods and uses of wood to preserve forests in 

their role of essential carbon sinks. Possible mitigation methods are e.g., making more use of thinning 

methods.  

When it comes to industry impacts on flora and fauna, transplantations of plants and creating an 

important balance between different habitats will be important. Furthermore, the establishment of 

green zones surrounding pulp and paper factories can have positive impacts on the landscape.  

The increasing traffic as a result of transport of new products will come with a further need for new 

alternatives for traffic arrangements. A restructuring of infrastructure has been planned to secure the 

fluency of traffic. Especially the construction phase of new factory buildings is associated with noise 

pollution, also because of increasing traffic. Here, possible mitigation concerns noise banks and more 

inclusion of electric vehicles.  

6.1.1.5. Ambitions 

There are several scientific publications about Finnish forestry, but limited material related to 

perception and ambitions. 

Company information can provide information about ambitions and the company self-perception.  The 

Metsä Fibre company homepage informs that the company utilises green technology and renewable 

energy and is one of the greenest and most sustainable companies in the industry 

¶ Metsä Fibre ς Kemi bioproduct mill project (metsafibre.com)  

¶ Stora Enso initiates a plan to permanently close down pulp and paper production at 
Kvarnsveden and Veitsiluoto mills (Unfortunately,  there is no access to the information via 
the www link announced)  

Furthermore, a blog post asserts the sustainability of Finnish forestry. 

¶ Sikanen, L., 2017. Finland ς probably the most sustainable forest bioeconomy in the world. 
https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-
world-2/, accessed 30th July 2021 (Unfortunately,  there is no access to the information via the 
www link announced) 

 

6.1.1.6. Perceptions 

According to K. Raition, Řƻ CƛƴƭŀƴŘΩǎ ŦƻǊŜǎǘǊȅ ƳȅǘƘ ǳƴŘŜǊƳƛƴŜǎ ƛǘǎ ǊŀŘƛŎŀƭ ŎƭƛƳŀǘŜ ŀƳōƛǘƛƻƴΦ CƛƴƭŀƴŘΩǎ 

self-image that its forest sector is leading the world in addressing the biodiversity crisis ς which forestry 

https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-world-2/
https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-world-2/
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is actually driving ς withstand scrutiny. Forestry remains the most important cause of biodiversity loss 

in Finland both in terms of species and their habitats. The notion that logging forests is good for the 

climate is similarly flawed.  

¶ Raition, K., 2019. In: Climate Home News 
(https://www.climatechangenews.com/2019/07/09/finlands-forestry-myth-undermines-radical-
climate-ambition/)  

 

In addition, National Park information describes the region where the forestry hubs are located. The 

presentation seems to be targeting tourists.   

¶ Bothnian Bay National Park - Nationalparks.fi 
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6.1.2. Kemijärvi 

Kemijärvi is situated in the South-eastern part of Lapland, and it is part of the Lapland region in Finland. 

The town has a population of 7 167 and the area is 3 931,14 km², of what 426,78 km² waters. 

Population density is 2,05 inhabitants/km². About 5300 people live in the central area of Kemijärvi. 

The wood pulp industry was one of the main economic activities in Kemijärvi from 1965 to 2008 until 

Stora Enso shut down its pulp mill. The Stora Enso mill produced about 250000 tons of pulp per year 

in the beginning of the millennium and the number of personnel in the mill was about 220. A new 

development within the wood-based industry in Kemijärvi is associated with the construction of the 

Keitele Group owned sawmill. After the Stora Enso pulp mill shut down, local actors started to plan 

this new pulp mill in the area. The company Boreal Bioref was established to promote the associated 

planning and construction process. In 2021, a new company, Vataset, took over the planning of the 

complex. According to an EIA report from year 2017 the mill is expected to produce 500000 tons of 

different types of pulp. The annual wood consumption is estimated to be 2,8 million m3 per year and 

comprises mostly Scots pine. In addition to traditional pulp production, the planned mill can also 

produce dissolving pulp, which can be used for new bio-based products. 

 

 

Figure 3. Industrial factsheet Kemijarvi 
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6.1.2.1. State of the art / environmental background 

±ŀǘŀǎŜǘΩǎ ŘŜǾŜƭƻǇƛƴƎ Ƴƛƭƭ ŎƻƳǇƭŜȄ ƛǎ planned to be  located in the Kemijärvi biopark, close to the centre 

of Kemijärvi. The main business idea of the Biopark is to serve as a platform to produce biomaterials, 

energy, synergies with the circular economy and new bio-generation opportunities. Accordingly, 

±ŀǘŀǎŜǘΩǎ ƴew mill will be established on already existing industrial estates. In cooperation with the 

Lapland ELY centre, an 8ς10-year development program has been planned for the Eastern Lapland 

Road network which is associated with new infrastructural and logistical opportunities for the 

Kemijärvi business side (Kemijärvibiopark, 2022)24 25. As of  early 2024,  the funding for the planned 

mill has not yet been confirmed.  

Located in north-east Lapland, Kemijärvi is the most northern municipality with town status in Finland. 

The land area of the municipality covers 3,900 km2 and is characterised by forests, hills, swamps, lakes, 

ridges, and rivers (Aho, 2008 26). Moreover, Kemijarvi is located closely to lake Kemijärvi which is the 

largest natural lake in the basin of the Kemijoki River. It covers an area of 230 km2 and has a shoreline 

of 572 kilometres (visitkemijärvi, 2022)27. Surrounded by water bodies and natural landscape, 

Kemijärvi is an attractive tourism destination, important sights are e.g., the Pyhä National Park and the 

Suomu fells which are both a 40-minute drive away. The Kemijarvi municipality inhabits 9 Natura 2000 

sites of which the closest is Tynnyriaapa with 8,5km distance.  

Similarly to Kemi, an important feature of the industrial profile of Kemijärvi is the close interaction of 

the paper and wood pulp industry and the forestry sector due to the continuous need of bio-based 

fuels originating from primary production. Regarding forestry activities, the national forest volume in 

Finland remained the same between 1920 and 1980, but since then it has been growing continuously 

as a result of stronger utilization of silvicultural activities as well as the effects of climate change (Article 

1). However, the new national investments into the Finnish bioeconomy have increasingly changed 

forest use and associated methods. Accordingly, the logging possibilities in Finnish forests are expected 

to double in 2050 and the intensity of tree harvesting will also shift more and more from southern to 

northern Finland (Article 1). More concretely, figure 4 presents the extent of the essential wood 

procurement area that KemijäǊǾƛΩǎ ƛƴŘǳǎǘǊȅ ƳŀƪŜǎ ǳǎŜ ƻŦΦ 

 

 
24 In English | Kemijärven biopuisto (kemijarvibiopark.fi) 
25 Change agency and path development in peripheral regions: from pulp production towards eco-industry 
(tandfonline.com) 
26 Aho, S. Control over resources in place reinvention: Kemijärvi in far-away Lapland. Place Reinvention 

in the North, 101. 
27 Nature Attractions | Natural Attractions | Visit Kemijärvi (visitkemijarvi.fi) 

https://www.kemijarvibiopark.fi/en/
https://www.tandfonline.com/doi/pdf/10.1080/09654313.2022.2054659
https://www.tandfonline.com/doi/pdf/10.1080/09654313.2022.2054659
https://www.visitkemijarvi.fi/en/attractions_places_to_visit/natural-attractions/
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Figure 4. Wood procurement area for Kemijarvi 

 

6.1.2.2. Environmental impacts 

The following environmental impacts are based on the main industrial activities in and around 

Kemijarvi that have been determined as economically trendsetting. In this regard, special focus has 

been on forestry and the pulp and paper sector in the Kemi region.  

A. Habitat and landscape 

The increased need of wood (2,9 mill m3 per year) for the new bio product mill in Kemijaervi is 

expected to increase forest cuttings in Lapland as well as parts of North Ostrobothnia and Kainuu (EIA, 

2019). Raw wood material comes mainly from thinning phase forests, impacts of cuttings on the carbon 

balance are not evaluated in EIA (2017) and needs more analysis. 

In general, as in Kemi, different forestry methods are associated with divergent impacts on natural 

habitats when it comes to vegetation formation (Article 1). These changes are regarded as positive and 

negative for different forest users, nevertheless they can be understood as impacting the ecological 

conditions of forests. Accordingly, clear-cutting activities increase sunlight radiation favouring the 

drying of mosses, wavy hair grasses and lichen growth (Article 1; Akujärvi et al, 2014). Lichen growth 

is furthermore linked to the natural habitat of reindeer herds as they provide an essential food source 

(Miina et al, 2020). On the other hand, spruce-forest logging and controlled burning are associated 

with losses of lichen types and hindrances within animal territories. The operating of forestry 
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machines, the logging of residues and processes of soil preparation is associated with soil surface 

erosions, soil temperature changes, changes in radiation and the changing of moisture- and nutrient 

conditions. More specifically, soil preparation methods such as screefing (sculping) and harrowing can 

impact the composition of forage plants in moist forests (Article 1). Besides, the thinning of trees 

increases radiation but decreases moisture conditions which favour forage plant growth. In addition, 

the extraction of logging residues has shown to decline soil nutrients posing risks for biomass 

production in general (Article 1). Altogether, different specific forestry methods can be linked to 

various developments in biomass and vegetation species abundance. In this regard, within the 

compiled literature for this report a special focus was often on lichen coverage in forests due to the 

Ǉƭŀƴǘ ǎǇŜŎƛŜǎΩ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΦ CǊƻƳ ǘƘƛǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ŦƻǊŜǎǘǊȅ ƳŜǘƘƻŘǎ ƛƴ ǘƘŜƛǊ 

abundance have shown to come with individual consequences for ecology and biodiversity leading to 

an increased fragmentation of habitats, also for reindeer populations. This is linked to the next 

subchapter on biodiversity changes.  

Moreover, the discharge of cooling water is associated with weakening ice conditions of sea- and river 

water due to increasing water temperatures. Consequently, yearly ice cover durations have become 

shorter (EIA, 2017). Besides, the discharge of emissions such as chemical oxygen, phosphor nitrate, 

adsorbable halides and metals are associated with a small increase of nutrients with minor effects on 

water vegetation and consequently, lighter effects on fish spawning in autumn (EIA 2017). 

B. Changes in biodiversity 

As discussed in the previous section, different forestry methods can be linked to different 

developments in vegetation abundance and that a special focus has often been on lichen growth in 

Finnish forests within the scientific literature. In general, lichens contribute to several ecosystem 

functions: They support biogeochemical nutrient cycles and nutrient webs in northern forests, and 

they provide insulation as well as moisture retention of forest soil. Lichens are regarded as ecological 

indicators for forest biodiversity and old-growth forests and besides, they provide critical winter forage 

for reindeer. Therefore, lichens are a crucial factor for multifunctional forest use and represent an 

indicator for effects of forest management strategies on ecosystem services (Miina et al, 2020). The 

mechanical disturbance of forest management is regarded as negatively impacting lichens (Miina et al, 

2020). In addition, the scientific literature discusses the role of leaving retention trees during final 

harvesting processes. Hence, several species responses are dependent on the maintenance of 

retention vegetation which has become a global approach to reconcile often conflicting goals of timber 

production and safeguarding biodiversity as well as the delivery of several ecosystem services 

(Kuuluvainen et al, 2019). However, current low amounts of retention do not provide habitat quality 

and continuity which comes with a decline of red-listed species which are dependent on old living trees 

and coarse woody debris (Kuuluvainen et al, 2019). As a result, current retention strategies are 
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considered as poor in terms of ecological benefits, also because they are associated with external costs 

that are aimed to be minimized (Kuuluvainen et al, 2019). Such discussions are not only related to 

Kemijarvi or Kemi and address a national perspective. 

Moreover, the Kemijarvi area around the mill is home to the directive species Ranunuculus lapponicus 

which must be conserved according to the Nature Conservation Act. Besides, additional Red List 

species have been observed in the surrounding milieu, however these yet must be recorded (EIA, 

2017)28. In such contexts, especially the construction phase of the bioproduct mill received negative 

feedback from the 2017 EIA. Next to the endangering of mentioned protected plant species and 

related habitats, the construction phase is also associated with the risk of disturbing nesting birds. 

In the case of Kemi, an important takeaway was that different forestry methods have proven to have 

different impacts on forest habitats and associated biodiversity (see above). In the case of Kemijarvi, 

the wood procurement in mostly the northern Finnish region including Lapland and Ostrobothnia is 

characterised by forest thinning methods. However, to actively conserve the forest habitats and to 

create important biodiversity features, thinning processes are PEFC29 certified and promote the 

maintenance of e.g., decaying wood as well as deciduous- and old trees. This increases the 

preservation of biodiversity and comes with positive effects. 

Besides, according to the 2017 EIA, the closest Natura 2000 area (Tynnyriaapa in 8,5km distance) has 

not shown major negative effects associated with mill operations. 

C. Pollution 

In general, the trendsetting role of bio-based pulp and paper mills and refineries continuously 

increases the need of wood. For example, the consumption of forest chips for heating and power 

creation totalled 7.3 million m3 of wood (Anttila et al, 2018). However, there is a remarkable deficit of 

relevant small trees in southern Finland and there is an increasing tendency to import pulp-wood sized 

material from northern regions and transboundary. Hence, increasing long-distance transport of 

energy wood is associated with slightly higher CO2 outputs from traffic and associated noise pollution 

(Anttila et al, 2018; EIA, 2019). Furthermore, the ongoing construction of the new pulp and paper mill 

in Kemijarvi is considered as noise-intense, also during the operational phase. Traffic will increase 

during the construction phase of the new mill, compared to the operational phase. During the 

operational phase, also the amount of road railway will increase considerably. For example, wood will 

be transported to the mill by trucks while pulp will be transported from the mill to the Kemi harbour 

by train (EIA, 2017). In such contexts, the impact assessment has defined associated impacts as high. 

 
28 This reference is linked to Vatasets EIA during construction phase. The exact reference must be added from 
colleagues! 
29 PEFC Finland - PEFC - Programme for the Endorsement of Forest Certification 

https://pefc.org/discover-pefc/our-pefc-members/national-members/pefc-finland
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More concretely, approximately 195 trucks and one train per day are linked to transport associated 

with the mill operation. During daytime, heavier traffic with about 10 vehicles per hour are expected 

while 4 vehicles per hour are expected during night-time.  

When it comes to noise pollution, there is an increase especially during the construction phase of the 

new mill, but also during the operation. Here, noise levels caused by industrial operations and heavy 

traffic at the closest residential buildings will increase and exceed recommended limits. The impact 

according to the EIA is defined as highly negative (EIA, 2017).  

More environmental impacts in terms of pollution are observed in the context of the increasing 

discharges of effluent-, waste- and cooling water to the surrounding ecosystems from the pulp and 

paper industrial complexes in Kemijarvi and Kemi. According to Pöykiö et al (2004), the scientific 

literature and impact assessments highlight different associated components as environmentally 

threatful (see more detailed information in chapter 5.1.1.2.C, paragraph under table 2 and 3). For 

processing, around 27000 m3 of water are needed per day while around 2.3-2.5 m3/s are needed for 

cooling. Moreover, compared to the former Stora Enso mill, wastewater loads will be the same or 

lower. Impacts of wastewater reach only to the Kemijärvi lake but not downstream of the Kemijoki 

River.  

On the other hand, YŜƳƛƧŀŜǊǾƛΩǎ ƴŜǿ ōƛƻǇǊƻŘǳŎǘ Ƴƛƭƭ ǿƛƭƭ ŜǾŜƴǘǳŀƭƭȅ ŘŜŎǊŜŀǎŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 

emissions. Discharged emissions from fossil fuels will be compensated through bioenergy, and the 

bioenergy produced in the mill will replace a considerable amount of electricity produced elsewhere 

by using fossil fuels. The contrasting increase in greenhouse gases caused by transportation is minor 

when taking emission reductions in consideration. 

More specifically, table 4 shows a short overview about emissions to the atmosphere. While these 

emissions come with a short-term smell effect, all are clearly under allowed highest limit values (EIA, 

2017). 

Table 4. Emissions to atmosphere 

EMISSIONS TO ATMOSPHERE AMOUNT  

SULFUR DIOXIDE (SO2) 120-129 

NITROGEN (NOX) 1106-1195 

TOTAL REDUCED SULFUR (TRS) 25-28 

PARTICLES 119-129 
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6.1.2.3. Conflicts  

Same conflicts as in Kemi: See chapter 5.1.1. 

6.1.2.4. Mitigation 

The pulp and paper industry is associated with a reduction of greenhouse gas emissions because fossil 

fuels are continuously replaced with bio energy. However, this process comes with higher wood 

demands which is associated with a further need for sustainable forest methods and uses of wood to 

preserve forests in their role as essential carbon sinks. Possible mitigation methods are e.g., making 

more use of thinning methods. 

Moreover, a more efficient and continuous use of sustainable forestry practices and active 

conservation is essential to preserve important biodiversity features such as red listed species and 

associated important habitats. To avoid conflicts with reindeer herders due to increasing losses of 

lichens, discussions between foresters and reindeer herders must be prioritized in the future.  

I response to the increasing traffic and consequent infrastructure, new alternatives for traffic 

arrangements have been planned to mitigate the effects of traffic and associated safety conditions. In 

addition, to reduce noise pollution, noise levels can be reduced by constructing alternative road 

connections, noise barriers, alternative selections of building materials and new technology. 

6.1.2.5. Ambitions 

There are several scientific publications about Finnish forestry, but less other material related 

to perception and ambitions. 

Company information can provide information about ambitions and the company self-

perception.  The Metsä Fibre company homepage informs that the company utilises green 

technology and renewable energy and is one of the greenest and most sustainable companies 

in the industry 

¶ Metsä Fibre ς Kemi bioproduct mill project (metsafibre.com)  

¶ Stora Enso has permanently closed down pulp and paper production at   Veitsiluoto mills in 
Kemi    

Furthermore, a blog post asserts the sustainability of Finnish forestry. 

¶ Sikanen, L., 2017. Finland ς probably the most sustainable forest bioeconomy in the world. 
https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-
world-2/, accessed 30th July 2021 (Unfortunately,  there is no access to the information via the 
www link announced) 

 

https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-world-2/
https://www.luke.fi/en/blog/finland-probably-the-most-sustainable-forest-bioeconomy-in-the-world-2/
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6.1.2.6. Perceptions 

According to K. Raition, Řƻ CƛƴƭŀƴŘΩǎ ŦƻǊŜǎǘǊȅ ƳȅǘƘ ǳƴŘŜǊƳƛƴŜǎ ƛǘǎ ǊŀŘƛŎŀƭ ŎƭƛƳŀǘŜ ŀƳōƛǘƛƻƴΦ 

CƛƴƭŀƴŘΩǎ ǎŜƭŦ-image that its forest sector is leading the world in addressing the biodiversity 

crisis ς which forestry is actually driving ς withstand scrutiny. Forestry remains the most 

important cause of biodiversity loss in Finland both in terms of species and their habitats. The 

notion that logging forests is good for the climate is similarly flawed.  

¶ Raition, K., 2019. In: Climate Home News 
(https://www.climatechangenews.com/2019/07/09/finlands-forestry-myth-undermines-radical-
climate-ambition/)  

 

In addition, National Park information describes the region where the forestry hubs are 

located. The presentation seems to be targeting tourists.   

¶ Bothnian Bay National Park - Nationalparks.fi 

 

REFERENCES 

(please, find scientific article references in reference list of chapter 5.1.1. which were both listed for 
hub Kemi and hub Kemijaervi.) 

Bothnian Bay National Park - Nationalparks.fi 

EIA 2019. Metsä Fibre Oy Kemin biotuotetehtaan ympäristövaikutusten arviointiselostus. 
[Environmental Impact Assessment report of Metsä Fibre Ltd Kemi bioproduct mill]. Ymparisto > Metsä 
Fibre Oy:n Kemin biotuotetehdas, Kemi. In Finnish  

Kemin MetsäFibren biotuotehtaan YVAn yleisötilaisuuden kalvot 29.12.2020. In Finnish  

Metsä Fibre ς Kemi bioproduct mill project (metsafibre.com) Stora Enso initiates a plan to permanently 
close down pulp and paper production at Kvarnsveden and Veitsiluoto mills 

 

 

6.1.3. Gällivare 

The Gällivare hub is the same as the municipality and covers 1,68 Million hectares of land and inland 

water. With a population of 17000 inhabitants, it is one of the larger inland municipalities in region. 

Although dominated by the mining industry, Gällivare municipality is also part of the traditional lands 

https://www.climatechangenews.com/2019/07/09/finlands-forestry-myth-undermines-radical-climate-ambition/
https://www.climatechangenews.com/2019/07/09/finlands-forestry-myth-undermines-radical-climate-ambition/
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of Sami people in the greater Sapmi land area, and town of Gällivare is located in Swedish central 

Norrbotten at the knot point of the three Sami reindeer herding villages (Samebyer) Gällivare, Baste 

Cearru and Unna Tjerusj. (Figure 6) 

 

 

Figure 5. The Gällivare forest hub area with forest land in dark green, nature reserves light green, 

national parks light blue and biotope protection yellow. Municipality border in red. 
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Figure 6. The reindeer herding communities residing/operating in Gällivare hub, Girjas, Baste Cearru 

and Unna Tjerusj. 

 

With regards to forestry 736,000 hectare are classified as productive forest land outside formally 

protected forest land forest and in addition another 5% are voluntary set asides. Thus, approximately 

700,000 hectars (or 42% of the total hub area) are available for commercial forestry and thereby an 

important timber resource for sawmills and pulp mills in the region.  

6.1.3.1. State of the art / environmental background 

Forestry in Gällivare is basically part of the timber balance area covering Norrbotten and Västerbotten, 

which in total amounts to 7.1 Millio hectares of which of 6.4 mill hectares is available for timber 

harvesting. Gällivare then makes up 11% of the timber balance area in the region while the 

contribution to the timber supply is less due to poorer site productivity. However, as there is no local 

wood processing industry, most of the harvested timber is transported out of the municipality to 

supply sawmills and pulp mills in other parts of the region.  In the region there are 15 sawmills, 1 pole 

factory and 3 pulp (paper) mills, demanding 11.9 mill m3fub (14.3 m3sk) of timber.  

Based on final felling assessment data from the Swedish Forestry Agency, the total area of final felling 

has been assessed to 0.67% of the total area available for timber harvesting) during 2021 and the 

volume has been estimated to 402,000 m3sk in final felling. In addition, it may be assumed that 
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another 80,000 m3sk is harvested in thinning and other cuttings. The annual harvesting on any forest 

land in Gällivare then sum up to some 480,000 m3sk. In Sweden, about 6% of the harvested volume is 

used for fuelwood (Skogstyrelsen, 2001)30 and we may then assume that 29,000 m3sk are used locally 

for this purpose, while 451,000 m3sk (376,000 m3fub) is transported out of the hub. The harvesting in 

Gällivare then contributes to 3% of the timber supply in the region.  

6.1.3.2. Environmental impacts  

Almost all forest land in the region is environmentally impacted by human activities, and with the 

introduction of commercial forestry, the impact has increased both in space and consequences. In 

Gällivare, where 700,000 hectares are available for commercial forestry, at least 42% of the total hub 

area exhibits many features corresponding to "Today's forestry landscape" in contrast to the Pristine 

ŦƻǊŜǎǘΩs features (table 5).  

 

Table 5. 5ƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǇǊƛǎǘƛƴŜ ŦƻǊŜǎǘ ŀƴŘ ǘƻŘŀȅΩǎ ŦƻǊŜǎǘ ƭŀƴŘǎŎŀǇŜ ǊŜƎŀǊŘƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ 

dynamics. (Reproduced after Bleckert and Pettersson 1997) 

PRISTINE FOREST TODAY'S FOREST LANDSCAPE  

WILDFIRES EVERY CENTURY IN 

MANY SITES  

Wildfires every 10.000 year 

WILDFIRES IN DIVERSE PRIMEVAL 

FOREST 

Wildfires in sites with few tree spices  

POWERFUL SPRING FLOOD WITH 

FLOODED FORESTS 

Forests without natural water impact 

NATURAL RELATIONSHIP BETWEEN 

PIONEER TREE/SECONDARY TREE 

Unnatural order of succession 

NATURAL GRAZERS AFFECT THE 

FOREST 

Few natural grazers  

 
30 Reference leads to error 

(http://pxweb.skogsstyrelsen.se/pxweb/sv/Skogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20s
tatistikdatabas__Bruttoavverkning/JO0312_01.px/table/tableViewLayout2/?rxid=03eb67a3-87d7-
486d-acce-92fc8082735d) 

http://pxweb.skogsstyrelsen.se/pxweb/sv/Skogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20statistikdatabas__Bruttoavverkning/JO0312_01.px/table/tableViewLayout2/?rxid=03eb67a3-87d7-486d-acce-92fc8082735d
http://pxweb.skogsstyrelsen.se/pxweb/sv/Skogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20statistikdatabas__Bruttoavverkning/JO0312_01.px/table/tableViewLayout2/?rxid=03eb67a3-87d7-486d-acce-92fc8082735d
http://pxweb.skogsstyrelsen.se/pxweb/sv/Skogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20statistikdatabas__Bruttoavverkning/JO0312_01.px/table/tableViewLayout2/?rxid=03eb67a3-87d7-486d-acce-92fc8082735d
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CONTINUITY OF BIOLOGICAL 

QUALITIES  

Temporary biological qualities 

30-40% OF THE VOLUME CONSISTS OF 

DEAD WOOD 

About 6% of the volume consists of dead wood 

PLENTY OF OLD GIANT TREES  Giant trees are missing 

30% OLD GROWTH FOREST (>200 

YEARS) 

The really old growth forest is missing  

LARGE CONTIGUOUS NATURE TYPES  Small, isolated nature types 

MULTI -LAYERED FORESTS Single layered forest 

NATURAL TREE SPECIES MIX  Monocultures 

OLD DECIDUOUS FORESTS ON RICH 

SOILS 

Farmland without forest 

 

A. Habitat and landscape 

Forestry activities are closely associated with habitat loss and habitat fragmentation not least 

regarding those that are important to reindeer populations. Here, the focus on lichen abundance is 

discussed in particular because it is an important reindeer feed. Several different forestry methods 

have changed the ecological state and abundance of different tree species in forests which has affected 

the availability of feeding grounds for reindeer. Forestry methods such as largescale logging, intensive 

reforestation efforts and fire suppression have resulted in a decline in old, open pine-dominated, post-

fire successional stands on low productive sites which are important habitats for ground lichens. Such 

stands have instead been replaced by dense, managed forests that favour especially mosses at the 

expense of lichens. The introduction of lodgepole pine and fertilization processes have also proven to 

have negative effects on ground lichen abundance. Furthermore, damage caused by soil scarification 

causes substantially decreases both in terms of cover and biomass of ground lichens. In addition, clear-

cut forestry has shown to increase negative consequences for arboreal lichen which are especially 

important for reindeer populations during winters with harsh snow conditions. In such contexts, forest 

reindeer herding communities are similarly affected by forestry taking place on summer grazing lands. 

Here, the loss of shady old spruce forests is a major concern. These stands are becoming increasingly 

important during hot summer days and at the same time, they are becoming increasing rare. 



 

 

Page 59 / 309 

 

Construction of forest roads, which is needed to access the timber resource, affects the environment, 

both from the perspective of a landscape and in each individual site. Also, studies show that road 

drums on the forest road network directly, or over time, risks becoming a tress-passing obstacle for 

aquatic life, and due to ditches along the roads, each new forest road also contributes to a changed 

hydrology (Skogsstyrelsen 2001). 

B. Changes in biodiversity 

The previous sub-chapter has already highlighted the impacts of forestry activities on the abundance 

of ground lichens. As it has been described in previous forestry hub chapters, lichens are not only 

essential feed for reindeer, but they are also an important biodiversity indicator for forest biodiversity 

in general. Moreover, lichens are regarded as ecological indicators for old-growth forests and thus are 

an important factor for multifunctional forests. This makes them also an indicator for the effects of 

forest management strategies on several ecosystem services (Miina et al, 2020).  

C. Pollution 

The combustion of fuel is the main source of pollution in forestry operations (i.e. felling and off-road 

transport) and onward transport from depots to processing industries. Based on key figures of the fuel 

consumption in Swedish forestry in 2014, reported by Skogforsk (2019), the fuel consumption for 

silviculture, harvesting and onwards transport of the in Gällivare may be estimated to 1.77 M litre (4.71 

litre/m3 * 376,000 m3fub).  

6.1.3.3. Conflicts with other activities  

The most conflicts between forestry and other activities are associated with reindeer husbandry. 

Different forestry methods are associated with an increasing loss of food supplies for reindeer. This 

concerns especially several types of lichen vegetation. Such developments have been causing negative 

effects on animal health and migration behaviour. Since 1950 has lichen rich forest declined with 78% 

in the inland of Norrbotten where the Gällivara and Jokkmokk hubs are located (Sandström et al 2016). 

6.1.3.4. Mitigation 

Mitigation measures that respond to conflicts with reindeer herders because of e.g., losses of lichen 

vegetation, comes with a demand for the Implementation of reindeer adjusted forestry methods. This 

includes more smart and gentle soil scarification methods (lean forestry), more inclusion of thinning 

techniques and clearings, as well as continuous cover forestry. Eventually, restauration processes of 

lichen areas in the forests are important to find compromises between both operating industries.  
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6.1.3.5. Ambitions 

There is no relevant input data from hubs related to ambitions. 

6.1.3.6. Perceptions 

There is no relevant input data from hubs related to perceptions. 
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6.1.4.  Jokkmokk 

The Jokkmokk hub is the same as the municipality and covers 1,98 mill hectares of land and inland 

water.  The small town of Jokkmokk, and the entire municipality with some 5000 inhabitants, is one of 

the most prominent places for Słmi culture. Thus, the hub is foremost defined by the indigenous 

traditional land use, that includes reindeer husbandry, hunting and fishing, which largely take place in 

the forested landscape of 765,000 hectares.  Young Słmi from the whole of Słpmi go to Jokkmokk for 

education, and here is also the principal museum of Sami culture Ájtte, that is an information centre 

for mountain tourism. Jokkmokk is also the meeting place for several samebyar (Słmi reindeer herding 

communities) and located in the heart of their wintering areas.  

Forestry has a long history in the area, and today some 600 000 hectares are considered productive 

and available for harvesting. Thus, 30% of the total hub area is currently affected by forestry in one 

way or another.  Yet, forestry is by most reindeer herding communities considered as the most 

impending threat to reindeer husbandry. 

 

Figure 7. The Jokkmokk hub area with forest land in dark green, nature reserves light green, 

national parks light blue and biotope protection yellow. Municipality border in red. 
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Figure 8. The reindeer herding communities residing/operating in Jokkmokk hub; Sirges, Jåhkågaska 

 

6.1.4.1. State of the art / environmental background  

Similar to Gällivare, forestry in the Jokkmokk hub is is included in the timber balance area of 

Norrbotten and Västerbotten, which in total amounts to 7.1 Millio hectars whereof  6.4 Million hectars 

is available for timber harvesting. The 600 thousand hectares in Jokkmokk then constitute 9 % of the 

timber balance area in the region while the contribution to the timber supply is less due to poorer site 

productivity.  However, as there is no local wood processing industry, most of the harvested timber is 

transported out of the municipality to supply sawmills and pulp mills in other parts of the region.   

Based on final felling assessment data from the Swedish Forestry Agency, the total area of final felling 

has been assessed to 4722 hectars (0.79% of the area for timber harvesting) during 2021 and the 

volume has been estimated to 587,000 m3sk in final felling. In addition, it may be assumed that 

another 113,000 m3sk is harvested in thinning and other cuttings. The annual harvesting on any forest 

land in Jokkmokk then sum up to some 700,000 m3sk. In Sweden, about 6% of the harvested volume 

is used for fuelwood  (Skogstyrelsen, 2001) and we may then assume that 42,000 m3sk are used locally 

for this purpose, while 658,000 m3sk (548,000 m3fub) is transported out of the hub. The forestry in 

Jokkmokk contributes to approximately 5% of the industrial demand in the region.  
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6.1.4.2. Environmental impacts 

The completely dominant forestry management practice in the region since the 1950s is a stand-wise 

rotation forestry resulting in even aged stands of either pine or spruce, but sometimes in a mix. Birch 

was until 1990s considered as of low industrial value, but has since then become a sought-after raw 

material for the pulp industry. Thus, the previous practice of clear away all young birch trees in the 

ticket stage or first thinning is modified, and old growth birch trees is considered as very valuable for 

the biodiversity. To meet the growing demand of long fibre pulp wood, the exotic species Pinus 

contorta was introduced as a monoculture on company owned forest land, and from 2010 and 

onwards also some minor volumes of sawlogs of contorta could potentially be harvests. 

A. Habitat and landscape 

Forestry activities are closely associated with habitat loss and habitat fragmentation not least 

regarding those that are important to reindeer populations. Here, the focus on lichen abundance is 

discussed in particular because it is an important reindeer feed. Several different forestry methods 

have changed the ecological state and abundance of different tree species in forests which has affected 

the availability of feeding grounds for reindeer. Forestry methods such as largescale logging, intensive 

reforestation efforts and fire suppression have resulted in a decline in old, open pine-dominated, post-

fire successional stands on low productive sites which are important habitats for ground lichens. Such 

stands have instead been replaced by dense, managed forests that favour especially mosses at the 

expense of lichens. The introduction of lodgepole pine and fertilization processes have also proven to 

have negative effects on ground lichen abundance. Furthermore, damage caused by soil scarification 

causes substantially decreases both in terms of cover and biomass of ground lichens. In addition, clear-

cut forestry has shown to increase negative consequences for arboreal lichen which are especially 

important for reindeer populations during winters with harsh snow conditions. In such contexts, forest 

reindeer herding communities are similarly affected by forestry taking place on summer grazing lands. 

Here, the loss of shady old spruce forests is a major concern. These stands are becoming increasingly 

important during hot summer days and at the same time, they are becoming increasing rare. 

Construction of forest roads, which is needed to access the timber resource, affects the environment, 

both from the perspective of a landscape and in each individual site. Also, studies show that road 

drums on the forest road network directly, or over time, risks becoming a tress-passing obstacle for 

aquatic life, and due to ditches along the roads, each new forest road also contributes to a changed 

hydrology. (Skogsstyrelsen 2001). 
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B. Changes in biodiversity 

The previous sub-chapter has already highlighted the impacts of forestry activities on the abundance 

of ground lichens. As it has been described in previous forestry hub chapters, lichens are not only 

essential feed for reindeer, but they are also an important biodiversity indicator for forest biodiversity 

in general. Moreover, lichens are regarded as ecological indicators for old-growth forests and thus are 

an important factor for multifunctional forests. This makes them also an indicator for the effects of 

forest management strategies on several ecosystem services (Miina et al, 2020).  

C. Pollution 

The combustion of fuel is the main source of pollution in forestry operations (i.e. felling and off-road 

transport) and onward transport from depots to processing industries. Based on key figures of the fuel 

consumption in Swedish forestry in 2014, reported by Skogforsk (2019), the fuel consumption for 

silviculture, harvesting and onwards transport of the in Jokkmokk may be estimated to 1.77 M litre 

(4.71 litre/m3 * 376,000 m3fub).  

 

6.1.4.3. Conflicts with other activities  

The most conflicts between forestry and other activities are associated with reindeer husbandry. 

Different forestry methods are associated with an increasing loss of food supplies for reindeer. This 

concerns especially several types of lichen vegetation. Such developments have been causing negative 

effects on animal health and migration behaviour. Since 1950 has lichen rich forest declined with 78% 

in the inland of Norrbotten where the Gällivara and Jokkmokk hubs are located (Sandström et al 2016). 

6.1.4.4. Mitigation 

Improved and innovative forest activities to reduce loss of landscape connectivity as well as ground 

and pendulous lichen rich forests is much needed. Such goals can be achieved through improved 

participatory dialogue between reindeer husbandry and forestry. Today there are no active mines in 

the Jokkmokk area. There is however, a long-time, ongoing dialogue and conflict around the 

establishment of the Kallak mine. 

- Planting pinus contorta 

- Samrad consultations 

- Isolation areas with no forest operations 

- More pre-commercial thinnings  

- Use of remote sensing technology 



 

 

Page 65 / 309 

 

6.1.4.5. Ambitions 

There is no relevant input data from hubs related to ambitions. 

6.1.4.6. Perceptions 

There is no relevant input data from hubs related to perceptions. 
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6.1.5. Malå 

The Malå forestry hub is defined by the sawmill situated in the town of Malå, and its timber 

procurement area, which can currently be described as a circle with a radius of 100 km (figure 9 & 10). 

Malå municipality has 3,000 inhabitants, which is just about 10% of the population in the entire circle 

(Statistikmyndigheten, 2022).  However, similar to most areas in the province of Västerbotten and 

Norrbotten, it contains a complex land-use situation where forestry mining, wind power 

developments, and infrastructure projects overlap with the land use needs of Sami reindeer 

husbandry. Out of the total hubarea of 3,14 million hectars, 2,18 million hectares are forest land 

whereof approximately 76% is classified as productive forest land outside formally protected areas. In 

addition, another 5% are voluntary set asides. In sum, 1.6 million hectares are currently available for 

forestry, meaning that about 50% of the total hub area is affected by forestry in one way or another.   

 

 

Figure 9. The Malå hub area with forest land in dark green, nature reservs light green, national 

parks light blue and biotope protection yellow. Malå municipality borders indicate with red line. 
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Figure 10. The reindeer herding communities residing/operating in Malå hub; Ståkke, Östra 

Kikkejaure, Västra Kikkejaure, Mausjaur, Maskaure, Malå (skogssamebyar) and  Luokta-Mavas, 

Semisjaur-Njarg, Svaipa, Gran, Ran, Ubmeje tjeälddie, Vapsten, Vilhelmina norra (fjaellsamebyar) 

 

6.1.5.1. State of the art/ environmental background  

Forestry and the further processing of timber in sawmills has a long tradition in the hub. While the 

number of sawmills has declined, the production intensity both in the forest and at the processing 

plants has increased. At present there are only two sawmills operating in the hub, Setra in Malå and 

GlommersTimber in Glommersträsk. However, the hub is at same time also a timber harvesting or 

purchasing district for other sawmills and pulp mills in the region meaning that only about one fifth of 

the timber harvested in hub area is processed in Malå (Wahlberg Roslund 2021). Similar to Gällivare, 

and Jokkmokk, the forestry in Malå hub is part of the timber balance area of Norrbotten and 

Västerbotten, contributing to about 25% of the total. 

The actual final fellings in the hub area has been assessed with support from the Swedish Forest 

Agency, showing that the amount of final felling during 2021 was 12,300 hectars with an estimated 

volume of 1.950.000 m3sk or 1.619.000 m3fub. In relation to the total area available for harvesting, 

the final felling area amounts to 0.77%, indicting a rotation period that exceeds 100 year. The volumes 

ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘƛƴƴƛƴƎΩǎΣ ǿƘƛŎƘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǎƛǘŜ ŀǊŜ ŘƻƴŜ м-3 times during the 

rotation period, and other cuttings is harder to assess. However, based on general statistics for 

northern Sweden (Skogsdata 2019 table 4.6) we may assume that another 400.000 m3sk (330,000 
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m3fub) to the harvested volume. The harvested volumes in the Malå hub area then support the region 

(timber balance area of Västerbotten and Norrbotten) with 2 350 000 m3sk representing about 17% 

of the industrial demand in the region.  

The timber supply to Setra Malå sawmill involves 350.000 m3fub (410.000 m3sk) pinewood logs that 

are harvested and transported to the sawmill, while a similar amount of pulpwood logs from pine-

trees are sold and transported to the pulp mills along the coast. Other assortments (spruce logs and 

broadleaf logs that harvested in the same operations as the pine logs are delivered to other industries 

in the region. (Wahlberg Roslund, 2021)   

At Setra Malå sawmill the logs are processed to 170,000 m3 planks and boards whereof 20-25% is 

planed. 32.200 m3 planks and boards, and 9 200 m3 becomes further refined products delivered to 

Swedish costomers, whereof 21.000 m3 respectively 9.200 m3 to customers in Västerbotten. Some 

91.000 m3 pulpwood chips, are sold to the mill in Piteå, while 70.000 m3 sawdust and 8.000m3 bark 

are sold to the nearby heat and powerplant owned by Skellefte kraft. This plant produces 72 000 MWh, 

wherof 75% delivered to Malå sawmill and 25% to the district heating grid (32.2 km) with 239 

connections. 

 

 

Figure 11. Comprehensive description of the current flow of timber resource flow in the Malå hub 

(May 2022) 
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The owners of the sawmill Setra AB, are planning for major investments in this industrial unit, which 

will imply that the production will double from 170,000 m3 sawn goods 340,000 m3, which requires 

that the volume saw logs increases from about 340,000 m3fub (about 410,000 m3sk) to 680,000 m3fub 

saw logs (820, 000 m3sk). Setra is also investigating increasing the processing operations of wood 

products and further developing biofuel fractions. All in all, this means that the energy supply and 

storage possibilities also need to be reviewed. 

 

6.1.5.2. Environmental Impacts  

The completely dominant forestry management practice in the region since the 1950s is a stand-wise 

rotation forestry resulting in even aged stands of either pine or spruce, but in sometimes in a mix. Birch 

was until 1990s considered as of low industrial value, but has since then become a sought-after raw 

material for the pulp industry. Thus, the previous practice of clear away all young birch trees in the 

ticket stage or first thinning is modified, and old growth birch trees is considered as very valuable for 

the biodiversity. To meet the growing demand of long fibre pulp wood, the exotic species Pinus 

contorta was introduced as a monoculture on company owned forest land, and from 2010 and 

onwards also some minor volumes of sawlogs of contorta could potentially be harvests. The 

distribution of pine, spruce, contorta and broadleave (mainly birch) for industrial purpose according 

to a Business As Usual (BAU) scenario is presented in table 6. As the typical rotation period of forest 

stands in the hub are 80-100 years, the harvest potential by tree species and assortments reflects the 

regeneration and management of young stands that was done 4-5 decades ago or more. Similarly, the 

current forest conditions together with a BAU practice  

  

Table 6. The potential timber harvest by assortments for the Malå hub area, 1000 m3fub/year based 

on data from the Forest Impact Assessment 2015 (SKA2015) scenario Business As Usual forecast that 
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by the turn of the century the total harvest potential has increased with 41% and that pine trees 

have become an even more dominant species. 

 

A. Habitat and landscape 

Forestry activities are closely associated with habitat loss and habitat fragmentation not least 

regarding those that are important to reindeer populations. Here, the focus on lichen abundance is 

discussed in particular because it is an important reindeer feed. Several different forestry methods 

have changed the ecological state and abundance of different tree species in forests which has affected 

the availability of feeding grounds for reindeer. Forestry methods such as largescale logging, intensive 

reforestation efforts and fire suppression have resulted in a decline in old, open pine-dominated, post-

fire successional stands on low productive sites which are important habitats for ground lichens. Such 

stands have instead been replaced by dense, managed forests that favour especially mosses at the 

expense of lichens. The introduction of lodgepole pine and fertilization processes have also proven to 

have negative effects on ground lichen abundance. Furthermore, damage caused by soil scarification 

causes substantially decreases both in terms of cover and biomass of ground lichens. In addition, clear-

cut forestry has shown to increase negative consequences for arboreal lichen which are especially 

important for reindeer populations during winters with harsh snow conditions. In such contexts, forest 

reindeer herding communities are similarly affected by forestry taking place on summer grazing lands. 

Here, the loss of shady old spruce forests is a major concern. These stands are becoming increasingly 

important during hot summer days and at the same time, they are becoming increasing rare. 

Construction of forest roads, which is needed to access the timber resource, affects the environment, 

both from the perspective of a landscape and in each individual site. Also, studies show that road 

drums on the forest road network directly, or over time, risks becoming a tress-passing obstacle for 

aquatic life, and due to ditches along the roads, each new forest road also contributes to a changed 

hydrology. (Skogsstyrelsen 2001) 

B. Changes in biodiversity  

The previous sub-chapter has already highlighted the impacts of forestry activities on the abundance 

of ground lichens. As it has been described in previous forestry hub chapters, lichens are not only 
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essential feed for reindeer, but they are also an important biodiversity indicator for forest biodiversity 

in general. Moreover, lichens are regarded as ecological indicators for old-growth forests and thus are 

an important factor for multifunctional forests. This makes them also an indicator for the effects of 

forest management strategies on several ecosystem services (Miina et al, 2020).  

 

C. Pollution 

The combustion of fuel is the main source of pollution in forestry operations (i.e. felling and off-road 

transport) and onward transport from depots to processing industries. Based on key figures of the fuel 

consumption in Swedish forestry in 2014, reported by Skogforsk (2019), the fuel consumption for 

silviculture, harvesting and onwards transport of the in Gällivare may be estimated to 7.63 M litre (4.71 

litre/m3 * 1,619,000 m3fub).  

6.1.5.3. Conflicts with other activities  

The most conflicts between forestry and other activities are associated with reindeer husbandry. 

Different forestry methods are associated with an increasing loss of food supplies for reindeer. This 

concerns especially several types of lichen vegetation. Such developments have been causing negative 

effects on animal health and migration behaviour. Since 1950 has lichen rich forest declined with 78% 

in Västerbotten where the Malå hub is located (Sandström et al 2016). 

 

6.1.5.4. Mitigation 

Mitigation measures that respond to conflicts with reindeer herders because of e.g., losses of lichen 

vegetation, comes with a demand for the Implementation of reindeer adjusted forestry methods. This 

includes more smart and gentle soil scarification methods (lean forestry), more inclusion of thinning 

techniques and clearings, as well as continuous cover forestry. Eventually, restauration processes of 

lichen areas in the forests are important to find compromises between both operating industries.  

6.1.5.5. Ambitions 

There is no relevant input data from hubs related to ambitions. 

6.1.5.6. Perceptions 

There is no relevant input data from hubs related to perceptions. 
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6.1.6.  Mariensee 

The private ŦƻǊŜǎǘ ŜƴǘŜǊǇǊƛǎŜ άaŀǊƛŜƴǎŜŜέ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ²ŜŎƘǎŜƭ region, in the eastern foothills of 

the Central Alps situated at the highest elevations at the border between Lower Austria and Styria at 

мтпо ƳΦ ¢ƘŜ ŦƻǊŜǎǘ ŜƴǘŜǊǇǊƛǎŜ άaŀǊƛŜƴǎŜŜέ ƻǊƛƎƛƴŀǘŜŘ ŦǊƻƳ ǘƘŜ ŜǎǘŀǘŜ ƻŦ ǘƘŜ [ƻǊŘǎƘƛǇ ƻŦ !ǎǇŀƴƎΦ 

Ludwig Haber-Linsberg acquired the properties on the northern slope of the Wechsel in 1865 and 

bequeathed them to his stepson Hermann Schenker. After several acquisitions, especially in the 

second half of the 19th century, the family business has reached a total size of about 2000 hectares. 

Of this, 1700 hectares are managed as forest, 50 hectares are used as grassland and 170 hectares are 

used as alpine pastures by a farming community. In 1971, Dr Ulrich Schenker handed over the forestry 

operation in Mariensee and the estate operation in Linsberg to his son Stefan Schenker. 

The forests and the composition of tree species were intensively shaped by the hammer mills (until 

1865), which required the timber (as fuel wood and charcoal) to operate the plants. The management 

was characterized at that time by huge clear-cuts and reforestations with 100 % of Norway Spruce. As 

a result of this clear cuts, large stands of the same age class are still a reminder of this time. Today, in 

addition to spruce, also larch, fir and, in the water-draining ditches, sycamore maple, ash and beech 

are planted. Instead of large clear-cuts, natural regeneration is favoured, and small ponds are also 

deliberately created to increase the evaporation area. 

As a private forest enterprise, the owner is aiming to broaden the economic base beyond forestry 

operations. They currently manage and operate two other private forest enterprises and cooperate in 

the "ARGE Wechselforst". The task of this community is the joint sale of timber and the joint use of 

machinery and personnel resources as well as the use of the existing expert knowledge from the 

individual operations on the overall area. Besides timber production, there is a strong interest in 

offering recreation facilities. 

Many kilometres of the Wechsel-Semmering, panoramic trails are located on the forest roads. For 

cross-country skiers and hikers, a popular place to stop is the Marienseer Schwaig. Originally, the 

Marienseer Schwaig was a shelter for cattle farmers, now investments were made for sanitary facilities 

and a solar system to rent the huts to tourists. At the end of the valley, the "Wildwasser" theme trail 

leads along the Pöstlingbach stream to the Marienseer Schwaig. The Mönichkirchen Mariensee ski 

area is located nearby, and some areas are leased for ski runs. Since 2018 the enterprise is offering a 

mountain bike trail network in cooperation with the Wexltrails as part of the ARGE Wechselforst.  
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Figure 12. Industrial factsheet Mariensee 

 

6.1.6.1. State of the Art/ environmental background 

Forests are an important element of the rural landscape. The landscape is dominated by vegetative 

cover and is protected and managed by agriculture or forestry. These landscapes can provide diverse 

FES and associated benefits to humans. The management of forest landscapes has therefore a crucial 

impact on their ability to fulfil multiple functions and to provide a sustainable income to forest 

landowners. 

From the 2000 ha of landcover in the Mariensee area, 1700 hectares are managed as forest, 50 

hectares are used as grassland and 170 hectares are used as alpine pastures by a farming community. 

When it comes to nature protected landscapes, there is a natural reserve and financial compensations 

are provided by contracts. 

 

 

LƴŘǳǎǘǊƛŀƭ ŦŀŎǘǎƘŜŜǘ [ƛŜȊŜƴ ς 
{ŎƘŜƴƪŜǊπaŀǊƛŜƴǎŜŜ ŦƻǊŜǎǘǊȅ 
Company: Mariensee

Ownership: private

Location: Mariensee 

Activity: Multiple-purpose forestry

Spatial extent: total 2000 ha

Natural resources: The area is dominated by montane to subalpine mixed 
forests of Norway Spruce, Beech, Silver Fir and Larch. 

Forests are in mosaic with agricultural land in lower 
parts, mixed and pure spruce mountain forests and 
alpine meadows on the upper limit. 

Production: Timber production is the main service provided, but 
increasing interest is in the utilization of non-timber 

forest products embedded in recreation services to 
diversify the income portfolio of landowners.

Employment: 4-man years internally, 4-man year externally

9ŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΥ ǝƳōŜǊ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ǎŜǊǾƛŎŜǎ όƘǳƴǝƴƎΣ 
ǊŜǘŀƛƭ ǎŜǊǾƛŎŜǎΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΣ ǇŜŘŀƎƻƎƛŎǎΣ ǎƪƛƛƴƎ 
Ƴƻǳƴǘŀƛƴ ōƛƪƛƴƎύ
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6.1.6.2. Environmental impacts  

The following environmental impacts are based on the main industrial activities in Austrian Mariensee 

with a special focus on the forestry sector.  

 

A. Habitat and landscape  

 

 

 

There are some concerns about how Mountainbiking affects the environment, for example, that it can 

increase erosion depending on different factors like slope and soil conditions. Also, wild game is 

believed to be disturbed more by mountainbikers than by hikers. However, these negative effects can 

be reduced by correct management and visitor guidance: with good planning, soils that are prone to 

erosion or wildlife habitats can be avoided. This is a better option than trying to prohibit mountain 

bikingΣ ǿƘƛŎƘ ƳƛƎƘǘ Ƨǳǎǘ ƭŜŀŘ ǘƻ ǘƘŜ ŎǊŜŀǘƛƴƎ ƻŦ άƛƭƭŜƎŀƭέ ǊƻǳǘŜǎΦ ώоϐ   
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B. Changes in biodiversity  

 

 

 

 

C. Pollution  

 

 

March 2022, Forst Schenker also started operating a new photovoltaic roof system on the roofs of the 

former sawmill in Mariensee. With an expected yearly revenue of 110 000 kWh, this would generate 

enough electricity to supply about 25 households with electricity ς avoiding about  7 940 kg CO 

emissions. [4] Even though they do provide a source of sustainable, emission-free energy, there are 

also negative environmental impacts of photovoltaic systems: the necessary fabrication of steel and 

aluminum, and silicon needed for their construction before they are taken into operation causes 

considerable amounts of CO2-emissions ς Cucchiella and Dadamo (2012) calculated more than 2000 

kg CO2-eq/kWp being generated during the manufacturing phase. [10] More environmental pollution 

is caused after the life cycle of a photovoltaic system: taking into account not only the production, but 

also recycling and disposal, photovoltaic systems generate 43-63 g CO2-eq/kWh according to a 

calculation by the German Federal Environmental Agency. However, during a 30-year life cycle they 

avoid the generation of 694 g CO2-eq/kWh, so their balance is quite positive: avoiding about 627 g 

CO2-eq/kWh.[11] 

 

 

 



 

 

Page 77 / 309 

 

6.1.6.3. Conflicts with other activities  

See table in chapter 5.1.6.2.A 

6.1.6.4. Mitigation 

In case of conflicting FES, trade-offs are inevitable and must be considered in forest resource planning. 

Trade-offs occur when the provision of one ES is reduced because of the increased use of another FES 

or if external drivers such as management or climate change push the ecosystem into a state where 

one service is favored at the cost of another. The potential for trade-offs between objectives increases 

as the number and variety of management objectives grows. Increasing interest is identified in the 

utilisation of NTFP and in offering recreation services by the land owners in order to diversify the 

income portfolio of services and products. New business options for gaining income from forest 

management (selling licenses for collecting NTFPs, using trails and roads, gaining funds for nature 

conservation activities ecetera) are explored in order to provide recommendations to managers. 

In the case of bark beetle infestations, pesticides and biocides may be one solution to avoid heavy 

damages to forest stands. In Austria, harvested wood stacks which are still in bark can be treated with 

cypermethrin, which is rather toxic not only for bark beetle, but also for other insects and water 

dwelling organisms; therefore there are strict rules on how to use it - the use close to bodies of water 

is forbidden. [5] [6] In the Mariensee hub, pesticides are not used at all ς instead, preventative 

measures are used, and bark beetle infested trees are searched for and harvested before the beetle 

can spread. 

Another option of avoiding bark beetle problems and increasing harvesting income can be whole-tree-

harvesting: not only the timber, but also the other biomass (branches, bark) is harvested. While this 

can reduce material available to bark beetles, it also can lead to critical nutrient removal compared to 

a normal harvest. While the mass extraction rises from 40% to 70% with whole-tree-harvesting, the 

nutrient removal of the main ƴǳǘǊƛŜƴǘΩǎ nitrogen, phosphorus, calcium, magnesium, and potassium 

rises somewhere between 300% up to 1000%. This can make whole-tree-harvesting rather 

unsustainable ς it should be done only on nutrient-rich sites and only with careful planning. The 

Austrian Forest Inventory classified 49% of the tested soils as possible sites for whole-tree-harvests, 

on 27% of the sites it would be problematic, and the other 24% were classified as unsuitable for whole-

tree-harvesting. [7] To avoid nutrient extraction, there is no whole-tree harvesting in Mariensee. 

Fertilization and liming could be possible solutions for a lack of soil nutrients; however, they affect the 

environment in other ways, too ς mostly positively: living biomass and soil life can increase, 

biodiversity can rise, the water regime can improve, and degraded soils can be restored. Sometimes, 

liming can also have negative impacts: humus mobilization can happen too fast, nitrate leaching can 
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occur, and the strong and sudden changes can affect the soil life and roots negatively. [8] In the 

Mariensee hub, fertilization is not necessary. 

To create climate-stable, bark-beetle resilient forests, a change of the tree species composition is 

necessary ς but often, this change is hindered by too high wild game populations, with browsing by 

ungulates impeding the growth of young trees. As the Austrian game impact monitoring has shown, 

this issue is also a problem in the district Neunkirchen, to which the hub Mariensee belongs. While in 

the period of 2016-2018 only 30% of young trees in the sample areas were affected strongly by 

ungulates, in the period of 2019-2021 this number had risen to a value of 67,5%. [12] However, the 

hunting concept of Mariensee is adapted to decrease the pressure by ungulate browsing and mitigate 

the negative effects: hunting is increased in key areas, and in other areas, chemical and mechanical 

protection of young trees is used to avoid damages.  

 

6.1.6.5. Ambitions 

No relevant input data in English related to ambitions.  

6.1.6.6. Perceptions  

No relevant input data in English related to perceptions.  
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6.2. Aquaculture 

ArcticHubs includes four fish farming hubs in three northern European countries, Norway, Iceland and 

Faroe Islands, and one learning hub in Canada. The four European fish farming hubs are all co-located 

with tourism hubs, and both Varangerfjord and Egersund also with mining hubs. A major part of the 

focus of environmental impact is therefore on the consequences of the environmental impact of one 

activity on other activities in the area. Fish farming is well established in Norway and the Faroe Islands, 

while in Iceland, salmon farming has been rapidly increasing since 2010 (Young et al., 2019). The Faroe 

Islands has the largest production of farmed fish per capita in the world and all of the suitable habitats 

are occupied by fish ŦŀǊƳǎ ό¸ƻǳƴƎ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜ ±ŀǊŀƴƎŜǊŦƧƻǊŘΣ 9ƎŜǊǎǳƴŘΣ ²ŜǎǘŦƧƻǊŘǎ ŀƴŘ {ǳҜǳǊƻȅ 

hubs are comparable in size: they produce a similar quantity of biomass salmon in sea cages, 10-25 k 

tons; the production of freshwater smolt (land-based production) varies between 3-8 million (the 

ƻǇŜǊŀǘƛƻƴ ƻŦ ǎƳƻƭǘ ǇǊƻŘǳŎǘƛƻƴ ƻƴ {ǳҜǳǊƻȅ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǎǘŀǊǘ ƛƴ нлноύΦ 9ƎŜǊǎǳƴŘ also has 2 lake-based 

trout production facilities producing 1000-1500 tons trout per year. The main environmental impacts 

of fish farming are comparable in all locations and are summarised below. 

 

6.2.1.  Suðuroy 

Suðuroy is the southernmost island in the Faroe Islands (see figure 13). Total area is 165 km2 or 11.8 

% of the total area of the Faroe Islands, and the population is 4660. Suðuroy is today considered a 

periphery of the Faroe Islands without migration, limited skilled employment opportunities, and other 

general issues characterizing also the Arctic periphery and associated hubs. Historically, Suðuroy was 

a centre for the Faroese transition from an agricultural subsistence economy to an industrial fisheries 

economy. Since the 1990s the local fisheries sector has declined in the sense that fewer fishing vessels 

are in operation, and ownership of the operating businesses is increasingly non-local. As the traditional 

composition of the marine industries is changing, becoming part of the aquaculture and tourism 

industries is increasingly seen as a viable solution to secure income and local livelihoods in the future. 

At the same time, both aquaculture and tourism may come into conflict with other land use activities, 

both at sea and on land. 
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Figure 13. Faroe Islands: Suðuroy, and other larger populated areas in the Faroes including airport 

and ferry connections (Føroyakort, (2022)) 

 

In terms of aquaculture, the Faroe Islands are reported to have the largest production per capita of 

farmed fish in the world. All fjords and sounds in the Faroe Islands are exploited to their full extent 

when it comes to current production methods in open salmon cages (see figure 14). Since 2016, the 

production of salmon in the Faroes has ranged between 1.3 and 1.5 tons per capita. The most active 

aquaculture company holding permits in the Suðuroy area is Bakkafrost (see industrial factsheet in 
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figure 15) which is characterised by open cage fish farming, fish processing and smolt development. 

The ŎƻƳǇŀƴȅΩǎ goal is to produce 15.000 tons of salmon within a few years, this equals more than 3 

tons per Suðuroy inhabitant on an annual basis. Currently, Bakkafrost is constructing a new smolt plant 

which is expected to produce 3 million smolt annually with a size of 500g when released to the fjords. 

The plant will start operating in 2023.  

 

 

Figure 14. Fish farming area and infrastructure in Suðuroy (Source data: the Environment Agency; 

Føroyakort (2022)) 
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Figure 15. Industrial factsheet Suðuroy 

 

6.2.1.1. State of the Art / Environmental background  

Most of the landscape in Suðuroy is dominated by grassland. Figure 16 is a map layer of Suðuroy 

showing a more detailed classification of the area. Hence, the landscape is characterised by infield 

(Bøur) surfaces surrounding the inland fjords, smaller rock exposures distributed over the central 

island landscape (Hellusvað), heather that can only be rarely detected (Lyngur), smaller amounts of 

bogs (Mýra), additional land that is not covered by vegetation (Svarðloysi), and water (Vatn), 

eventually. (Føroyakort, 2022). Aquaculture in terms of fish cage farming, is exclusively located in the 

inland fjords located along the western coastline of Suðuroy island (Føroyakort, 2022). In this regard, 

aquaculture much outsources the geographical opportunities given for the industry. In addition, figure 

8 shows the allocation of areas that are used by fish farming including fish cages as well as the fish 

processing plant and planned smolt plant located in the southern part of the island. It is expected that 

the smolt production in Ónavík (Lopra) will require 12.000 cubic meters of production space covering 

an area of 10.000 square meters. Besides, there are also few seaweed farms at the island coasts.  

LƴŘǳǎǘǊƛŀƭ ŦŀŎǘǎƘŜŜǘ {ǳśǳǊƻȅ ς 
.ŀƪƪŀŦǊƻǎǘ ŀǉǳŀŎǳƭǘǳǊŜ
/ƻƳǇŀƴȅΥ .ŀƪƪŀŦǊƻǎǘ

hǿƴŜǊǎƘƛǇΥ CŀǊƻŜǎŜ ƻǿƴŜǊǎ ǿƛǘƘ ǊŜƎƛǎǘǊŀǝƻƴ ŀǘ hǎƭƻ ǎǘƻŎƪ 
ŜȄŎƘŀƴƎŜ

[ƻŎŀǝƻƴΥ !ƭƭ ƀƻǊŘǎ ƻƴ ǿŜǎǘπǇŀǊǘ ƻŦ {ǳśǳǊƻȅ ƛǎƭŀƴŘ

!ŎǝǾƛǘȅΥ hǇŜƴ ŎŀƎŜ ŦŀǊƳƛƴƎ ƛƴ ǘƘŜ ƀƻǊŘǎΤ ǇƭŀƴƴŜŘ 
ǎƳƻƭǘ Ǉƭŀƴǘ ƻƴ ƭŀƴŘ ƛƴ jƴŀǾƝƪ ό[ƻǇǊŀύ όǳƴŘŜǊ 
ŎƻƴǎǘǊǳŎǝƻƴύΤ CƛǎƘπǇǊƻŎŜǎǎƛƴƎ Ǉƭŀƴǘ ό±łƎǳǊύ 

{Ǉŀǝŀƭ ŜȄǘŜƴǘΥ {Ƴƻƭǘ ǇǊƻŘǳŎǝƻƴ ƛƴ jƴŀǾƝƪ ό[ƻǇǊŀύ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ 
ǊŜǉǳƛǊŜ мнΦллл ŎǳōƛŎ ƳŜǘŜǊǎ ƻŦ ǇǊƻŘǳŎǝƻƴ ǎǇŀŎŜΣ 
ŎƻǾŜǊƛƴƎ млΦллл ǎǉǳŀǊŜ ƳŜǘŜǊǎ ό.ŀƪƪŀŦǊƻǎǘΣ нлнлύ

bŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΥ CǊŜǎƘ ǿŀǘŜǊ όƭŀƴŘπōŀǎŜŘ ŦŀǊƳƛƴƎ ŦŀŎƛƭƛǝŜǎύΦ Lƴ 
нлнл ǘƘŜ Ǉƭŀƴ ǿŀǎ ǘƻ ǊŜƭŜŀǎŜ нΦм Ƴƛƭƭ ǎƳƻƭǘ ƛƴ 
ǘƘŜ ƀƻǊŘǎ ƻŦ IƻǾ ŀƴŘ ±łƎǳΦ

tǊƻŘǳŎǝƻƴΥ ¢ƘŜ ǇǊƻǎǇŜŎǘŜŘ ǎƳƻƭǘ Ǉƭŀƴǘ ƛƴ jƴŀǾƝƪ ό[ƻǇǊŀύ ƛǎ ŜȄǇŜŎǘŜŘ 
ǘƻ ōŜƎƛƴ ƻǇŜǊŀǝƻƴ ƛƴ нлно ŀƴŘ ǘƻ ǇǊƻŘǳŎŜ о Ƴƛƭƭ 
ǎƳƻƭǘ όǿŜƛƎƘƛƴƎ рлл Ǝ ǿƘŜƴ ǊŜƭŜŀǎŜŘ ǘƻ ǘƘŜ ƀƻǊŘǎύ 
ŀƴƴǳŀƭƭȅΦ ¢ƘŜ ŜȄǇŜŎǘŜŘ ǇǊƻŘǳŎǝƻƴ ǿƛƭƭ ōŜ мрΦллл ǘƻƴǎ ƻŦ 
ŦŀǊƳŜŘ ǎŀƭƳƻƴ ƛƴ {ǳśǳǊƻȅ ŀƴƴǳŀƭƭȅ ό.ŀƪƪŀŦǊƻǎǘΣ нлмфύ

!ŎǝǾƛǘȅΥ млл ƛƴ ǘƻǘŀƭ ƛƴ {ǳśǳǊƻȅ όмл ŀǘ ǘƘŜ jƴŀǾƝƪ ό[ƻǇǊŀύ ŦŀŎƛƭƛǘȅύ

9ƳǇƭƻȅƳŜƴǘΥ млл ƛƴ ǘƻǘŀƭ ƛƴ {ǳśǳǊƻȅ όмл ŀǘ ǘƘŜ jƴŀǾƝƪ ό[ƻǇǊŀύύ ŦŀŎƛƭƛǘȅ 
όIŀƴǎŜƴΣ нлмфύ
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With focus on the Inland areas, most of the Suðuroy landscape is used for traditional agricultural 

subsistence activities of which sheep rearing is the most prominent. At the same time, small-scale 

fisheries and household fisheries at the coastlines have been specifically important for the local 

economy as well.  

 

 

Figure 16. Biodiversity/land classification of Suðuroy with Bøur (infield), Hellusvað (rock exposure), 

Lyngur (heather), Mýra (bog), Svarðloysi (land not covered with vegetation), Vatn (water) (Source 

data: the Environment Agency; Føroyakort, 2022)) 

 

6.2.1.2. Environmental impacts  

The following environmental impacts are based on the main industrial activities in Suðuroy with a 

special focus on the aquaculture sector of Suðuroy island.  

 

A. Habitat and landscape  

In the Faroes, environmental impact assessments are specifically required for the development of 

projects in the marine or coastal areas and for the development of energy infrastructure. When it 

comes to aquaculture, most recent Environmental Impact Assessments (EIAs) for operation in the 
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inland fjords have been carried out in 2019 and granted permits mostly last until around the end of 

this decade. Only in the fjord area close to the city Hov, the latest EIA was undertaken in 2011 (Faroese 

Food and Veterinary Authority, 2022). In such contexts, the environmental assessment of aquaculture 

was according to recommended values  

However, since 1998, a regular testing of the environment around the salmon cages in the fjords have 

been carried out in the Faroe Islands. In 2020, Fiskaaling and the Environment Agency of the Faroe 

Islands analysed some of the benthic data which was published in the report Botndjórasamfeløg ς eitt 

føroyskt sammetingargrundarlag (2020). According to the document, the local impact in the proximity 

of the salmon cages have been documented, but the wider environmental impacts are not known in 

detail.  

Moreover, members of the local population frequently reported on negative environmental impacts 

of aquaculture on the coastal environment. Here, the decreasing quality of fish was mentioned more 

specifically, but these reports have so far not been scientifically investigated. Lobster fishers have 

likewise observed negative impacts from the chemicals used in fish farming (Bogadóttir 2020) 

B. Changes in biodiversity 

According to reports from fishermen that catch particularly whelk and lobster, negative impacts on 

these species were associated with continuous salmon farming. However, more detailed scientific 

knowledge is lacking in this regard. This complements also aforementioned reports on weaker fish 

quality.  

Furthermore, and very recently, a rapid decline in demersal catches of coalfish (Pollachius virens), has 

been linked to fish farming. Here, the suspected reason for the decline of the coalfish stock is that the 

young fish get caught in the salmon cages. This development has been observed and discussed by the 

fisheries and aquaculture industry, politicians (e.g., the Minister of Fisheries) and marine scientists in 

local newspapers (Dimmalætting 28. May 2021 and Dimmalætting 5. June 2021). 

Moreover, salmon aquaculture has nearly always been afflicted by sea lice. Currently, this represents 

a main bottleneck for the further expansion of the industry. Sea lice, a common name for a range of 

marine ectoparasitic copepods within the Caligidae family, feed on the fish's skin and mucus. Here, 

Lepeophtheirus salmonis (salmon louse) is particularly harmful to salmonid species in the northern 

hemisphere (Kragesteen et al, 2019). There are three main issues with elevated levels of sea lice in 

salmon farms. One issue is impaired salmon growth where in the worst case, salmon can die of 

infection either directly or indirectly by secondary infections. Another issue is the treatment itself, 

which is both costly and can have a negative effect on the local environment. The third issue is the 

artificially increased infection pressure on wild fish which has been shown to pose a serious risk to wild 

salmonid stocks (Kragesteen et al, 2019). Apart from a small, introduced stock maintained since the 
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1940's in four rivers, salmon are non-native in Faroese rivers. However, to reduce spreads of sea lice 

and its impact on farmed and wild salmons, a monitoring system was introduced in 2009 with a limit 

ƻŦ н ƎǊŀǾƛŘ ƭƛŎŜ ǎŀƭƳƻƴҍмΣ ǿƘƛŎƘ ǿŀǎ ƭƻǿŜǊŜŘ ǘƻ мΦр ƎǊŀǾƛŘ ƭƛŎŜ ǎŀƭƳƻƴҍм ƛƴ ŀ ǊŜǾƛǎƛƻƴ ƻŦ ǘƘŜ ǊŜƎǳƭations 

in 2017 (Kragesteen et al, 2019).  

 

C. Pollution 

Aquaculture activities in the Faroese inland fjords come with waste production. This includes biological 

waste from the open salmon cages in the fjords, chemical waste that is used in production (this could 

also be linked to fish treatments such as against sea lice), and biological waste from the smolt plant. 

More concrete data on potential impacts of those have not been analysed further in the frame of this 

project report. 

 

6.2.1.3. Conflicts with other activities 

As mentioned in chapter 5.2.1.2.B, in the Faroe Islands, commercial fishermen have reported negative 

impacts associated with salmon cage farming on fisheries, especially in terms of lobster and whelk. 

Here, a decreasing fish quality has been reported. 

 

6.2.1.4. Mitigation 

When it comes to conflicts with fishermen as mentioned in the previous paragraph, the promotion of 

a stronger spatial separation between fish farming and commercial fisheries in Faroe Islands (Suðuroy) 

is associated with the potential to limit conflicts 

Besides, Suduroy has introduced a biogas plant on the island Streymoy. It has been newly constructed 

ōȅ ŀ ǎǳōǎƛŘƛŀǊȅ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƴƎ ŎƻƳǇŀƴȅ ƻǇŜǊŀǘƛƴƎ ƻƴ {ǳҜǳǊƻȅΦ 

 

6.2.1.5. Ambitions 

Company information can provide information about ŀƳōƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǎŜƭŦ-perception. 

According to their website, Bakkafrost is the largest salmon farmer in the Faroe Islands, and we have 

a duty to ensure we also do this responsibly. This means thinking long-term on economic, social, and 

environmental issues. Our mission is to produce healthy world-class salmon. 

¶ Company website: https://www.bakkafrost.com/en/sustainability 

https://www.bakkafrost.com/en/sustainability
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6.2.1.6. Perceptions  

¶ Annual sustainability reports and annual reports: 
https://www.bakkafrost.com/media/2356/bf_annualreport_web_2019.pdf 

 

Consultancy report, in Faroese 

¶ Report on analyses of benthic fauna: Fiskaaling 2020. Botndjórasamfeløg ς eitt føroyskt 
sammetingargrundarlag. Frágreiðing Heidi S. Mortensen, Gunnvør á Norði, Birgitta 
Andreasen og Tróndur T. Johannesen (Unfortunately, there is no access to the information, 
no web link) 

 

Potential interesting views on conflicts between local fishermen and fish farming industry, but the 

information is only in Faroese.   

ω Employment: http://kvf.fo/netvarp/sv/2019/01/14/20190114bakkafrost 
ω Discussions in local newspapers by fisheries, aquaculture industry, politicians and marine 

scientists on the recent rapid decline of the coal fish stocks: Dimmalætting 28. May 2021 and 

Dimmalætting 5. June 2021 (Unfortunately, there is no web link access to the information). 

¶ Reports from fishermen on the negative impact on lobster and whelk and on fish quality, 
catching data, regular testing of the environment around the sea cages since 1998. 
(Unfortunately, there is no access to the information, no web link, or other identifiable 
sources) 
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6.2.2.  Varangerfjord 

The Varangerfjord (Northern Sami: Várjavuonna, Kven: Varenkinvuono, Finnish: Varanginvuono) is the 

easternmost fjord in Norway. The fjord is located in Troms and Finnmark county between the Varanger 

Peninsula and the mainland of Norway. The fjord flows through the municipalities of Vardø, Vadsø, 

Nesseby, and Sør-±ŀǊŀƴƎŜǊΦ ¢ƘŜ ŦƧƻǊŘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ фр ƪƛƭƻƳŜǘŜǊΩǎ ƭƻƴƎΣ ŜƳǇǘȅƛƴƎ ƛƴǘƻ ǘƘŜ .ŀǊŜƴǘǎ 

Sea. Its mouth is about 70 kilometers wide, located between the town of Vardø in the northwest and 

the village of Grense Jakobselv in the southeast (figure 17). 

 

Figure 17. The location of the Varangerfjord Hub 

 

When it comes to the blue economy, Varangerfjord is characterised by extensive aquaculture and 

fishery activities. On the one hand, Varangerfjord is a traditional sea Sámi community with traditional 

fisheries. On the other hand, Lerøy has started salmon farming in Varangerfjord and other 

multinational aquaculture companies are planning to establish new aquaculture farms in the fjord. A 

global driver affecting Varangerfjord is the potential of developing ten times more salmon production 

to meet the demands of salmon products in the world. Also, fishing tourism has increased next to the 

international players, this has greatly influenced the traditional fisheries as well. Aquaculture licenses 
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for within the Varangerfjord area are owned by the company Lerøy Aurora AS which specializes in 

seafood production in Troms and Finnmark (see figure 18: Industrial factsheet Varangerfjord). 

 

 

Figure 18. Industrial factsheet Varangerfjord: Lerøy Aurora 

 

Although a major focus will be on the aquaculture industry in terms of environmental performance (as 

this is the centre of attention of ArcticHubs), some of the next paragraphs will also introduce relevant 

information about the fisheries industry as it shares significant space with aquaculture.  

Aquaculture 

Atlantic salmon (Salmo salar) is ranked in the top 10 of the most produced and most valuable marine 

fish species in the worldΩǎ aquaculture (FAO, 2020). Although global production volume has been 

relatively stable at around 2 million metric tons (MMT), the salmon price has displayed some volatility 

over the past 10 years, mostly due to reduced short-run elasticity of supply (Asche et al., 2019). Salmon 

cage farming has traditionally been located at higher latitude regions, such as Norway, Faroe Islands, 

Iceland, Scotland, Canada, and Chile. In Norway 600 salmon/trout farming location was active in 2020 
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distributed along the Norwegian coastline (figure 19). Approximant 5 % was used for rainbow trout 

and 95 % was used for salmon production. North Norway accounting for 25 % of this production. The 

production has increased from 1 million metric tons in 2009 to 1,4 million metric tons in 2019 (SSB). 

 

Figure 19. Active farming locations in 2020, distributed along the Norwegian coastline. 

 

The production of salmon in Northern Norway has been steady increasing for the past 25 years and is 

currently at about 600 metric tons, where Nordland County still has the largest production after Troms 

and Finnmark county (figure 20). 

 

 

Figure 20. Production of salmon (metric tons) in Northern Norway in the period 1994 to 2019 (source: 

FDR) 
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Fisheries 

A total of 11048 fishermen were registered in 2019, with a total catch of 248,352 tones (SSB). The 

fisheries in Norway had in 2019 a first-hand value of 21637 mill. NOK, where cod fisheries is the most 

important fisheries followed by mackerel, herring and saith (Table 7). 

 

Table 7. Catch (in tons) delivered from Norwegian fisherman and first-hand value of the catch in 

2019 (source: Statistisk Sentralbyrå (SSB)) 

  

    

Catch (ton)  First-hand value (mill. NOK)  

Total  2483523  21637  

Cod  329897  7486  

Mackerel   159085  2509  

Herring  561535  2574  

Saith   194980  1668  

Shrimps  27758  946  

King crab   1726  303  

Other species   1208542  6151  

 

The traditional fisheries in Varagnerfjord hub are whitefish (cod, saith and haddock), halibut, shrimps, 

and red king crab, where approximately 140 small fishing boats (size under 11 m) are fishing and 

delivering their catch in the Varangerfjord (table 8). The most important fisheries in Varangerfjord are 

cod fisheries. The first-hand price of cod has been affected by the Covid 19 pandemic, with a drop from 

25 NOK /kg in 2019 to 15 NOK /kg in 2021 (NRF). 
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Table 8. Catch (in tons) and number of fishing boats fishing cod and saith in Varangerfjord in 2020 

(source: Norges Råfisklag (NRL)) 

 

 

Next to the traditional fisheries in the Varangerfjord, the king crab is currently the most valuable 

species exported from Norway. Since 2000, a total of 38 539 tons of RCK have been caught, 89 % of 

the catch has been registered in the quota area while the remaining catch has been taken in 

unregulated sea areas. In 2020, Norway king crab exported MNOK 668, equivalent to a volume of 2017 

tons (Seafood.no). A total of 772 vessels with king crab concessions have been registered in 2020: 665 

vessels in open group and 107 in closed group. Of this 106 king crab vessels are related to 

Varangerfjord. In total 37 companies have license to by king crab in Troms and Finnmark county. Table 

9 (see below) ƎƛǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŀƴŘ ǘƘŜ ǉǳŀƴǘƛǘȅ ƛƴ ǘƻƴǎ ƻŦ ƪƛƴƎ ŎǊŀō ǘƘŜȅ ƘŀǾŜ ōƻǳƎƘǘ 

in 2020. 
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Table 9. Overview of companies in Troms and Finnmark county and the quantity (in tons) of king 

crab they have bought in 2020 

 

 

6.2.2.1. State of the art / environmental background  

The coastal zone in northern Norway is distinctive with large fish and shellfish resources and a great 

potential for value creation for several marine industries like aquaculture, tourism, but also offshore 

windmill plants and mining. The precondition for sustainable business development in the north is 

therefore that different industries can operate well side by side in the coastal zone. In this context, 

there are often conflicts about the use between existing and new industries and the level of conflict 

between various players in the coastal zone can be high at times.   

The Varangerfjord is the only fjord that runs on an East-West axis. Accordingly, the surrounding 

vegetation zones run parallelly with this orientation, so that the northern shoreline is mainly 

characterised by tundra, whereas the southern shoreline has a richer vegetation with easy access to 

pine woodland located close to the major river systems that drain from the interior to Varanger's 

southern shoreline (Damm et al, 2020). In general, while western Finnmark is somewhat warmer, 

eastern Finnmark is drier and colder, though warm continental winds in the summer can raise 

temperŀǘǳǊŜǎ ŀōƻǾŜ ол ϲ/Φ Because of limited precipitation, the landscape is rather barren in 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/shoreline
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ǾŜƎŜǘŀǘƛƻƴΣ ƎƛǾƛƴƎ ƛǘ ŀ ƳƻǊŜ Ψ!ǊŎǘƛŎΩ ŎƘŀǊŀŎǘŜǊΤ ǎǘǊŜǘŎƘŜǎ ƻŦ ǘƘŜ ƻǳǘŜǊ ŎƻŀǎǘƭŀƴŘǎ ŜȄƘƛōƛǘ ΨǘǊǳŜϥ !ǊŎǘƛŎ 

vegetation in the strict bioclimatic sense (Damm et al, 2020). Moreover, the Varangerhalvøya National 

Park is located close to the northern shoreline of the Varangerfjord where subarctic and low Arctic 

mainland meet each other. The national park is surrounded by several protected areas with landscapes 

characterized by rugged and discarded layered rocks on the coast, unique dune systems, pebble 

beaches with clear traces from the uplift and the rough Arctic business coast with drift timber and the 

absence of vegetation on the outermost coast (Varangerhalvøya, 2022). 

In the Varangerfjord itself, industrial activities linked to the blue economy extent over the largest part 

of the water area and can be characterised by higher ship traffic. Fishing boats under 11 m in length 

are not equipped with automatic identification systems (AIS), but an automatic tracking system that 

uses transceivers on ships is used by vessel traffic services (VTS). Boats over 11 m are obligated to use 

AIS and figure 21 maps the tracking information from fishing boats over 11 m. Accordingly, this group 

of boats fish only in the outer part of the Varangerfjord, according to applicable regulations. 

 

 

Figure 21. Fishing boats over 11 m in length (black points) with AIS fishing in the Varangerfjord area 

in 2021 (source FDR) 

 

In addition, Figure 22 illustrates the fishing area and the catch (in tons) of the biggest 6 shrimp boats 

that trawl shrimp in the Varangerfjord. The AIS data from FDR has been used to determine the fishing 

area. In addition, 106 king crab fishing boats are fishing exclusively in the Varangerfjord (Seafood.no, 

2020).  
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Figure 22. Fishing area (AIS data) and catch (in tons) of the 6 shrimp boats that trawl shrimp in the 

Varangerfjord (FDR) 

 

Over time, the red king crab has significantly impacted the area in and around the Varangerfjord. The 

species was introduced to the southern Barents Sea in the 1960's with the aim to develop a new, 

commercially attractive stock. However, in the subsequent decades, the stock has indeed become 

abundant and widespread, but the species' presence also implies intense predation on benthic biota 

and thereby severe degradation of benthic ecosystems.  

 

6.2.2.2. Environmental impacts  

To abate the environmental impact and risk associated with Atlantic salmon farming, the government 

of Norway has imposed restrictions on awarding production licenses as well as regulations limiting the 

allowed biomass, stocking numbers, and production densities in cages. These have mostly been 

motivated by concerns regarding the impact of salmon farms on surrounding wildlife, especially the 

spread of the salmon louse (Lepeophtheirus salmonis L.) and escapes of salmon from farms to wild 

populations (Hersoug et al., 2019; Iversen et al., 2020; Larsen and Vormedal., 2021). Fish farming is 

today in Norway the largest source of anthropogenic supply of phosphorus to coastal areas, as well as 

a major source of nitrogen emissions, and this has also been considered to have negative 

environmental effects. There are also other aspects like impact on the environment like discharges of 
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plastic, feed human activities and chemicals to sea. In the following capture some of the most 

environmental impact and risk associated with Atlantic salmon farming are listed. 

The following environmental impacts are based on the aquaculture industry operating in the 

Varangerfjord in terms of salmon farming.  

 

A. Habitat and landscape  

In the Varangerfjord area four production licenses have been granted including two sea-based facilities 

and two land-based facilities with salmon smolt and arctic charr production. Besides, there is also one 

license granted for shellfish and macroalgae production (figure 23). The sea cage farming license for 

salmon is owned by the company Lerøy Aurora.  

 

Figure 23. Aquaculture license, shrimp area and restricted area for use of chitin inhibitory lice 

chemicals in Varangerfjord (source: FDR) 

 

Nevertheless, the aquaculture industry in terms of salmon farming can be characterised by several 

environmental impacts and the threat to ecological systems posed by aquaculture activity is 
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significant. The risk of pathogen transmission from farmed to wild salmon has been demonstrated and 

open-net sea-pen salmon culture is recognized as a coastal ecosystem modifier across trophic levels, 

epidemiologically linking vastly separated wild salmonid populations (Morton and Routledge, 2016).  

One of the major challenges in Norwegian aquaculture industry is the infestation of salmon by the 

salmon louse (Lepeophtheirus salmonis) (Torrisen et al. 2013). Salmon lice are small marine 

ectoparasites feeding on mucus, blood, and skin of salmonids and if present in sufficient numbers they 

can cause significant damages to the farmed fish and the wild Salmon population. To combat salmon 

lice, the industry is using several techniques, including different mechanical (e.g., hot water, pressure) 

biological (e.g., cleaner fish) and chemical treatments. In recent years, mechanical and biological 

treatment have increased, but still many farms use chemotherapeutic treatments (e.g. 

organophosphates, pyrethroids, and hydrogen peroxide (H2O2)) or in-feed treatments (e.g. 

emamectin benzoate) to keep the sea lice numbers below the allowed levels (Remen & Sæther 2018). 

Disease outbreaks and parasites still pose a significant threat to the sustainability of salmon farming 

and profitability of sea cage farm operations (Overton et al., 2019). The threat posed by sea lice 

(Lepeophtheirus salmonis and Caligus elongatus) has long been recognized and continues to be of 

particular concern, as these parasitic copepods continue to induce high levels of mortality in the 

salmon farming and have negative environmental impact (Larsen & Vormedal, 2021). 

Chemotherapeutants used to control sea lice infestations in salmonid aquaculture are a growing 

environmental concern. Hydrogen peroxide (H2O2), a common bath treatment used around the world, 

is released directly into the environment where nontarget organisms are at risk of exposure and can 

potentially affect the ecosystem (Fang et al. 2018). 

B. Changes in Biodiversity 

A negative impact linked to Varangerfjord aquaculture are farmed salmon escapes. Escaped farmed 

salmon make their way up the river systems and mixes with the wild population can lead to a change 

in the characteristics of wild salmon. Offspring of wild salmon and farmed salmon shows poorer 

survival and adaptability than pure wild salmon (Araki et al., 2017). Large amounts of escapes can also 

affect the ecosystems in the rivers, like the introduced of pink salmon into the Barents Sea. The 

recapture of escaped farmed salmon varies from year to year. The level was at its lowest in 2017 with 

about 17 000 individuals. In contrast, the number was up to 290 000 in 2019 (Barentswatch, 2021). 

There are several factors that can cause the salmon to escape from the cages: The fish can escape in 

connection with withdrawal or other operation and handling, such as the removal of sea lice. There 

may be wear and tear-on nets that causes the salmon to get through, or cases that are a result of boat 

hit-and-run accidents. However, extreme weather is the cause of most escape incidents. Inter-

breeding and competitive interactions of escapees with wild salmon within rivers may have 

detrimental effects on wild populations. 
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Another significant impact on wild fish is associated with the aquaculture fish feed that is released into 

the natural environment. With an annual feed consumption of one million tonnes in Norway, the 

annual spill is calculated to be 70,000 tonnes of feed. The consumption of food pellets by aggregated 

fish causes changes in their biological condition due to the different availability of food and its 

composition compared to natural resources. Aquafeeds are composed of fish meal and fish oil, as well 

as vegetable-based ingredients. They contain a high protein content (40%ς70%), are highly digestible 

and have low amounts of ash, salts, total volatile nitrogen, and dimethyl nitrosamine. The introduction 

of this source of food to the marine environment modifies the fatty acid (FA) composition and fat 

content levels of tissues of wild fish that feed on the lost pellets may also be elevated. This has been 

demonstrated for saithe (Pollachius virens) (Skog et al., 2003; Fernandez-Jover et al., 2011) and Gadus 

morhua (Fernandez-Jover et al., 2011) living close to salmon farms along the Norwegian coastline. This 

enhanced biological condition is a typical marker of higher spawning success. Fat content and fatty 

acid composition of commercial aquafeeds may differ so greatly from typical natural fish diets that 

negative effects may occur (Tayler and Dampster 2016). There is some indication that on average more 

than 10 tonnes of wild fish of 15 species forage near fish farms. In saithe an average of 33 grams of 

pellets were found (Ryen 2009). New results indicate that pellets from the aquaculture industry affect 

the quality of the saithe (Humborstad et al., 2021) Abundance and assemblage composition of wild 

fish around farms vary significantly across geographical areas. Aggregations are temporally stable over 

the scale of several weeks to months, both in relative size and species composition, indicating some 

degree of residency of wild fish at farms. However, large seasonal differences in the species 

composition and biomass of wild fish assemblages have been noted around farms in Norway (Uglem 

et al., 2009; Demster et al 2009; Humborstad et al. 2021) Around salmon farms in the Norwegian 

coastal ecosystem, the bentho-pelagic Gadus morhua were significantly more abundant on rocky 

bottoms than on plain sand or mud bottoms beneath salmon farms (Dempster et al. 2009). Similarly, 

cod abundance was negatively correlated with water depth, indicating that farms in shallower areas 

aggregated more of this species. Several other species that were abundant around salmon farms were 

unaffected by any of the farm attributes tested (benthic habitat type, depth, farm size) (Dempster et 

al. 2009). Taken together, the results suggest that fish farms are most attractive to wild fishes when 

they are large, located in shallow waters, are close to the coast, and are placed over a rocky substrate, 

although there are certain species that will likely be attracted regardless of these features (Dempster 

et al. 2009). Strong attraction to fish farms may interfere with spawning migrations or other 

behaviours. Otterå and Skilbrei (2014) tracked saithe in western Norway and compared their findings 

to similar studies conducted prior to the expansion of salmon farming there. They found that 

distribution of saithe is strongly influenced by salmon farms, and that saithe are now less likely to 

undertake offshore spawning migration than before, especially smaller individuals. 
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Finally, little is known about the influence of salmon farms on the wildlife, but noise, light and land 

seizures can affect seabirds, whales, seal, and other marine wildlife. 

C. Pollution 

Ever since fish farming has existed along the coast of Norway it has contributed to the release of 

nutrients. Fish farming is today the largest source of anthropogenic supply of phosphorus to coastal 

areas, as well as a major source of nitrogen emissions. Emissions of nutrients such as phosphorus and 

nitrogen normally occur via the metabolic processes when the fish digest the dry feed (Norwegian 

Environment Agency, 2019). In case of large discharges of nutrients, one can experience a resurgence 

of algae. When the algae die, they sink to the seabed and the degradation, which requires oxygen, 

affect the seabed ecosystem by making it oxygen poor. In general, The Norwegian Environment Agency 

reports that Norwegian fjords generally have good water replacement that prevents the accumulation 

of nutrients and organic matter. However, the lack of figures makes it difficult to establish which 

amounts of nutrients make different fjords achieve a saturation rate. Important habitat areas for 

different fish and shellfish species and vulnerable areas such as coral reefs, sponge areas, calcareous 

algae, macro algae, deposits and eel grass meadows may be at risk from large discharges of nutrients. 

Furthermore, fish farms use impregnation agents on the net to prevent grow, normally agents based 

on copper, and it is estimated that 80-90 percent of the copper leaks out during a net's lifetime (180 

days at sea). Copper is also included in the feed as an essential metal for the fish. High concentrations 

of copper are toxic for aquatic organisms and copper is listed as a water region-specific substance in 

the water regulations. Discharges may affect the classification of the ecological condition of the water 

body. In general, little is known about the influence of salmon farms on the distribution of different 

metals and elements, including potentially toxic metals, such as Hg, Cd, Pb and Zn in wild fish. A study 

from Pacific Canada suggested that salmon farms may act as a source of Hg at a local scale (Tayler and 

Dempster 2016). A study documented the concentrations of 30 elements in the livers of demersal 

Atlantic cod (Gadus morhua) and pelagic saithe (Pollachius virens) caught in association with salmon 

farms or at reference locations in three regions throughout the latitudinal extent of Norway. The 

authors concluded that salmon farms do not lead to a general increase in the concentrations of 

potentially harmful elements in wild fish and suggested that the distribution of Hg and other elements 

in wild fish in Norwegian coastal waters may be more influenced by habitat use, diet, geochemical 

conditions, and water chemistry (Bustnes et al. 2011).  

In addition, modern aquaculture makes use of plastic-based lines, cages or nets suspended from 

buoyant or submergible structures as well as nanotech plastic-based anti-biofouling agents and paints 

(Lusher et al., 2017). Tanks, pens, nets, floats, pontoons as well as the pipes of the fish feed suppling 

systems are made of plastic material. Plastic materials within aquaculture sites are maintained and 
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controlled for chemical degradation, biofouling and corrosion, with regular inspections to ensure 

strength and stability (Gomier et al. 2020). Pellets that pass-through feed pipes under pressure cause 

abrasion in the pipes and wear the plastic from the inside, causing the formation of an unknown 

number of plastic fragments. Plastic from the feed pipes enters the salmon pens together with the 

pellets, and is spread into the sea, where it may be taken up by biota. Microplastic particles of various 

polymers from the salmon industry has been observed and quantified in fish feed, sea water, 

suspended matter, sediments and on fish gills. The long-term effects of microplastic ingestion are 

unknown (Gomier et a., 2020). 

 

In the Table 10 (see next page) some of the most environmental impact and risk associated with 

Atlantic salmon farming are listed and evaluated from high to low impact based on the evaluation of 

the status of the knowledge at this stage.  
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Table 10. Fish farming and the environmental effects (dark blue= high impact; light blue = medium 

impact: white= low impact) 
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6.2.2.3. Conflicts  

Critical impacts of salmon aquaculture in the Varangerfjord are associated with parasite infection and 

the genetic mixing of wild fish and fish farm escapees. This is mostly a concern of recreational fishing 

activities which are an important part of the tourism industry but can also concern indigenous fishing 

activities taking place in the Varangerfjord area (is that right?).  

6.2.2.4. Mitigation 

A mentionable mitigation practise has for longer been the combating salmon lice. As described in the 

previous chapter 3.2.2.2.1, the industry is using several techniques in this regard including mechanical 

(e.g., hot water, pressure) biological (e.g., cleaner fish) and chemical treatments. In recent years, the 

application of mechanical and biological treatments has increased, but still many farms use 

chemotherapeutic treatments (e.g. organophosphates, pyrethroids, and hydrogen peroxide (H2O2)) 

or in-feed treatments (e.g. emamectin benzoate) to keep the sea lice numbers below the allowed levels 

(Remen & Sæther 2018). 

6.2.2.5. Ambitions 

Lerøy seafood is the main seafood company in Varangerfjord. They are trading on a global market and 

the homepage includes information about sustainability policy and environmental measurements.  

According to their homepage, Lerøy is both producing in and harvesting from the sea, and it is an 

absolutely imperative for the Group to keep the oceans clean and healthy. The company strive to 

reduce the environmental footprint and minimise their influence on wild habitats including wild 

salmon stocks. 

¶ https:// www.leroyseafood.com/en/sustainability/  

 

6.2.2.6. Perceptions  

/ƻƳǇŀƴȅ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŀƳōƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ  ǎŜƭŦ-perception.  

¶ Company website: https://www.leroyseafood.com/en/ 
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6.2.3.  Vestfjords 

 

The Westfjords region (Figure 24) in the northwest part of Iceland comprises, approximately 9.400 km² 

of Iceland´s land area (NLSI, n.d. 1). Glaciers from the last ice-age have formed the landscape, with 

steep mountains and deep and narrow fjords. Agricultural land is limited but rich fishing grounds and 

sheltered fjords have been the foundation for settlements and sometimes more prosperity than in 

other parts of Iceland. The Westfjords area, with around seven thousand inhabitants, can be divided 

into three economic areas, the North part, ǘƘŜ {ƻǳǘƘ ǇŀǊǘ ŀƴŘ {ǘǊŀƴŘƛǊ Σ ǿƘŜǊŜ ǎƳŀƭƭ ŦƛǎƘƛƴƎ ǾƛƭƭŀƎŜǎ 

are the basis for the economy (Edvardsdótttir, 2016). 

 

 

Figure 24. The Westfjords and its major settlements (Source: NLSI, n.d. 1) 

 

The South part of the Westfjords, with 1.312 inhabitants, will be the research area for the fish farming 

hub. In recent years, there has been rapid development of cultivating Norwegian salmon in open sea 

cages. Four small villages are situated in the area; Reykhólar 104 inhabitants; 48 males and 56 females, 

Patreksfjörður, with 740 inhabitants; 386 males and 354 females, Tálknafjörður, with 236 inhabitants; 

133 males and 103 females, and Bíldudalur, with 284 inhabitants; 175 males and 109 females (Statistic 

Iceland, 2022). The villages affected by the aquaculture are Patreksfjörður and Bíldudalur, but they 

form a municipality called Vesturbyggð and Tálknafjörður, which is a special municipality. The two 
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municipalities, and three small villages are the research cases in Iceland (Figure 24). Two aquaculture 

companies operate in the villages, Arnarlax and Artic Fish (see figure 25: Industrial factsheet 

Vestfjords), which are now in majority owned by Norwegian aquaculture companies. These companies 

want to expand their production in the area, rationalising the expansion by positive economic impact 

for the communities, such as population migration and job creation (Teiknistofan Eik, 2016; Arnarlax, 

2022; Arctic Fish, 2022). 

 

 

Figure 25. Industrial factsheet Vestfjords 

 

 

More concretely, figure 26 presents the Arnarfjörður area including associated aquaculture sites. The 

fjord has a spatial extent of 285 km².  
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Figure 26. Aquaculture sites in Arnarfjörður (Verkís, 2019a) 

 

 

Moreover, figure 27 presents the areas of Patreksfjörður and Tálknafjörður including here located 

aquaculture sites. Tálknafjörður is 30 km² and Patreksfjörður is 66 km². 
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Figure 27. Aquaculture sites in Patreksfjörður and Tálknafjörður (Verkís, 2019b) 

 

6.2.3.1. State of the art / environmental background  

The Arnafjörður fjord is one of the Westfjords´ south fjords and cuts into the landscape in south-east 

direction. The fjord is around 40 km long and is surrounded by steep mountains. In the middle, the 

fjord is divided into two parts (Figure 26). South-west winds are dominant (50%) but north-east winds 

are about 30%. In Iceland, sometimes sea ice comes into the fjords, but very seldom into Arnarfjörður. 

However, land ice can be a problem, because it damages the sea cages, but in Arnarfjörður it is not 

common. Ocean waves in Arnarfjörður are not strong, but because the fjord is big, wind waves can 

become big and choppy (Marine & Freshwater Research Institute, n.d1). 

On the bottom of the fjord, calcareous algae sediment can be found in large scales and a mining 

company was founded in 2006 to exploit the sediment. There is no conflict between these two 

industries and their operations in the fjord do not affect each other activities. The fjord is also a 

breeding ground for haddock and cod and there is also a local shrimp stock, which has for many years 

been below average (Marine & Freshwater Research Institute, n.d1). 

On the other hand, Patreksfjörður and Tálknafjörður lie furthest to the south out of the Westfjords´ 

south fjords. Tálknafjörður lies south of Arnarfjörður and Patreksfjörður lies south of Tálknafjörður. 

They are divided by Tálkni, the mountain (Figure 28). Tálknafjörður is 15 km long and 4.5 km wide and 
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it gets narrow further in. On the south side of the fjord there is not much lowland, but much more on 

the north side. A river, Botnsá, flows into the fjord innermost. Patreksfjordur is 20 km long. Both in 

Tálknafjörður and Patreksfjörður, small amounts of phytoplankton were found. Small boats can fish in 

the fjords and the catch is mostly cod, but also haddock, catfish, and plaice. North-east and north-west 

wind is dominant in both fjords. Sea ice very rarely comes into the fjords, but land ice can be a problem 

in both fjords, because it can damage the sea cages. Ocean currents in the fjords are strong, which 

means that oxygen flow through the sea cages and degradation of organic sediment is good (Marine 

& Freshwater Research Institute, n.d2; n.d3). 

In Arnarfjörður, Tálknafjörður and Patreksfjörður, fishermen have reported that catch has increased in 

the fjords parallel with increasing fish farming of salmon in sea cages (Marine & Freshwater Research 

Institute, n.d1; n.d2; n.d3). 

 

6.2.3.2. Environmental impacts 

The following environmental impacts are based on the aquaculture industry operating in the fjords 

Arnafjörður, Patreksfjörður and Tálknafjörður in terms of fish farming.  

 

A. Habitat and landscape  

Before aquaculture companies can start to operate, they need to have their planned operation 

evaluated; called Environmental assessment. It is The National Planning Agency who determine 

whether an operation must undergo an evaluation. The agency´s decision is based on how much 

salmon the companies want to cultivate and whether it is believed that it would have negative 

environmental impact. If the companies want to expand their cultivation or their operation changes in 

any way, they must notify the agency, who decides whether an environmental assessment is needed 

or not. Environmental assessment is the companies´ responsibility and they must pay for the 

assessment. When the companies get the green light from the Agency, they apply for a licence from 

The Environment Agency of Iceland. When that has been approved the companies can apply for a 

licence to operate to another agency; The Icelandic Food and Veterinary Authority, who based on what 

has been done by The National Planning Agency, give the companies a licence to operate and see that 

the companies follow the rules and regulations (National Planning Agency, n.d.; The Environment 

Agency of Iceland, 2019; 2020; Icelandic Food and Veterinary Authority, n.d1; n.d2).In 2011 Arnarlax 

notified a cultivation of 3 thousand metric tons of salmon to the National Planning Agency who decided 

that, and Environmental Assessment was not needed. In 2018, the company notified an expansion in 
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cultivation of 4.5 thousand metric tons of salmon to the Agency and it was decided that an 

Environmental Assessment must take place.  

In 2011 the company notified a cultivation of 3 thousand metric tons of salmon to the National 

Planning Agency who decided that the operation did not need to undergo an environmental 

assessment. In 2018 when notifying the Agency an expansion in cultivation of 4.5 thousand metric tons 

of salmon, the Agency decided that an environmental assessment must take place. In 2021 Arnarlax 

notified the Agency about changes in its licence and changes in cultivation protocol and areas in 

Arnarfjörður, Patreksfjörður and Tálknafjörður. The Agency decided that an environmental assessment 

was not needed (National Planning Agency, n.d1.). Present licence from The Environment Agency of 

Iceland was issued in 2016 and is valid till 2032. There various demands about the operation are listed, 

such as a monitor plan (Environment Agency of Iceland, 2020). 

In 2016, Arctic Fish notified a cultivation of 6.8 thousand metric tons of salmon in Patreksfjörður and 

Tálknafjörður to the National Planning Agency who decided that the operation had to undergo an 

Environmental Assessment. In 2018, the company notified to the Agency about a change in the 

location of sea cages in Patreksfjörður who decided that the operation did not need to undergo an 

Environmental Assessment. In 2019 when notifying the Agency an expansion in cultivation of 14.5 

thousand metric tons of salmon in Patreksfjörður and Tálknafjörður, the Agency decided that an 

environmental assessment must take place (National Planning Agency, n.d.). The present licence from 

The Environment Agency of Iceland was issued in 2016 and is only valid for a cultivation of 6.8 thousand 

metric tons of salmon and is valid till 2035. There various demands about the operation are listed, such 

as a monitor plan (Environment Agency of Iceland, 2019). Present licence to operate from The Icelandic 

Food and Veterinary Authority was issued in 2016 and is valid for cultivation of salmon of 6.8 thousand 

metric tons and is valid till 2026. There are various demands about the operation that the company 

must fulfil to keep its licence (Icelandic Food and Veterinary Authority, n.d2). 

As a result of latest assessments, from a habitat and landscape perspective, common environmental 

impacts are linked to land use and infrastructure development in terms of roads and buildings which 

is associated with habitat fractionation. Higher amounts of traffic are furthermore associated with 

disturbances of wildlife. However, these kinds of impacts are described as rather low. In addition, harsh 

weather circumstances, especially during winter, are associated with stronger impacts. Accordingly, 

potential road closures make it difficult to provide salmon cages with fish feed. Another consequence 

of extreme weather circumstances is that risks of fish escapes from cages are increasing.   
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B. Changes in biodiversity 

Impacts on biodiversity can be described as rather indirect resulting from e.g., weather circumstances 

or increasing pollution. Weather circumstances can increase risks of fish escapes what might have 

negative impacts on the natural fish population dynamics in the aquaculture fjords (this can be linked 

to highlighted consequences in other hubs such as Varangerfjord). Moreover, pollution (see below) in 

terms of air-, sound- or vision pollution as a result of aquaculture operations can have negative impacts 

on wildlife and animal behaviour.  

Besides, in Arnarfjörður, Tálknafjörður and Patreksfjörður, fishermen have furthermore reported that 

fish catches have increased in the fjords parallel with increasing fish farming activity of salmon in sea 

cages.  
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C. Pollution  

 

 

 

 

 

6.2.3.3. Conflicts 

See tables above   

6.2.3.4. Mitigation  

See tables above  

6.2.3.5. Ambitions 

¶ Anarlax (2020). Icelandic Salmon AS. Consolidated financial statements 2020. Retrieved in 
June 2021 by: https://www.arnarlax.is/static/files/fjarfestar/icelandicsalmon-annual-report-
2020_final.pdf (Unfortunately, web link is inaccessible)     

6.2.3.6. Perceptions  

There are several consultancy reports in Icelandic, done on behalf of Fjarðarla, Artic Sea Farm, 

and Arnarlax.   

¶ Teiknistofan Eik. (2016). Salmon production in Patreksfjörður and Tálknafjörður (in Icelandic). 
Work done for Fjarðarlax and Artic Sea Farm Retrieved in June 2021 by 
https://www.mast.is/static/files/import/leyfi/matsskyrsla-patreks-og-talknafjorur-copy-1.pdf 

¶ Verkís. (2014). Increase of salmon production in sea cages in Arnarfjörður (in Icelandic). Work 
done for Arnarlax. Retrieved in June 2021 by https://www.verkis.is/media/pdf/12308005-4-
SK-0248-Arnarlax-fms.pdf  

https://www.arnarlax.is/static/files/fjarfestar/icelandicsalmon-annual-report-2020_final.pdf
https://www.arnarlax.is/static/files/fjarfestar/icelandicsalmon-annual-report-2020_final.pdf
https://www.mast.is/static/files/import/leyfi/matsskyrsla-patreks-og-talknafjorur-copy-1.pdf
https://www.verkis.is/media/pdf/12308005-4-SK-0248-Arnarlax-fms.pdf
https://www.verkis.is/media/pdf/12308005-4-SK-0248-Arnarlax-fms.pdf
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(Unfortunately, there is no access to the information, no web link) 

¶ Verkís. (2019). Aquaculture activities in Arnarfjörður by Arnarlax. Work done for Arnarlax. 
Retrieved in June 2021 by https://www.verkis.is/media/pdf/Arnarlax-4500t-laexeldi-aukning-
Arnarfjordur-tam-ID-73983-.pdf  
(Unfortunately, there is no access to the information, no web link) 

¶ Verkís. (2019). Salmon production in Patreksfjörður and Tálknafjörður. Additional 
information (in Icelandic). Work done for Fjarðarlax and Artic Sea Farm. Retrieved in June 
2021 by Patreks-Talknafj-14500-tonn-vidbot-vid-frummatsskyrslu-og-kostagreining-
Vefutgafa-ID-73737-.pdf 

In addition there are suggested other data such as reports from fishermen about increased catches of 
cod and haddock with increasing fish farming, low shrimp stock and regular monitoring of sea bed 
quality and waste disintegration before and during production. Unfortunately, there is no access to 
the information, no web link, or other identifiable sources.  
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https://www.mast.is/static/files/import/leyfi/matsskyrsla-patreks-og-talknafjorur-copy-1.pdf
https://www.verkis.is/media/pdf/12308005-4-SK-0248-Arnarlax-fms.pdf
https://www.verkis.is/media/pdf/12308005-4-SK-0248-Arnarlax-fms.pdf
https://www.verkis.is/media/pdf/Arnarlax-4500t-laexeldi-aukning-Arnarfjordur-tam-ID-73983-.pdf
https://www.verkis.is/media/pdf/Arnarlax-4500t-laexeldi-aukning-Arnarfjordur-tam-ID-73983-.pdf
file:///C:/Users/annae/Downloads/Patreks-Talknafj-14500-tonn-vidbot-vid-frummatsskyrslu-og-kostagreining-Vefutgafa-ID-73737-.pdf
file:///C:/Users/annae/Downloads/Patreks-Talknafj-14500-tonn-vidbot-vid-frummatsskyrslu-og-kostagreining-Vefutgafa-ID-73737-.pdf
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6.2.4.  Egersund  

Egersund is located in the Magma Geopark in Southern Norway which comprises the municipalities 

Bjerkreim, Egersund, Lund, and Sokndal in the county of Rogaland as well as the municipality of 

Flekkefjord in the western part of the county Agder. Magma Geopark is a geographic area with a 

geology that has a major international importance, recognized by UNESCO, and where sustainable 

development plays an important role (Magma Geopark, 2022). The overall geographical extent of the 

park area can be seen in figure 28. The park has been a hub for fishing industries since before the 

Viking Age as the area is particularly rich in fish. The Egersund harbour has been one the biggest fishing 

harbours in Norway, and it is still a major fishing harbour today. Since the 18th century, the 

traditionally caught fish has been herring and there have been several herring oil factories in Egersund. 

Still today, there are several fish oil factories producing pellets for animal food. 

 

 

Figure 28. Area of Magma Geopark. Blue marks represent important sights of the park such as hikes, 

prehistorical settlements, old mining sides and more (Magma Geopark, 2022) 

 

The county of Rogaland stated in the Regional Aquaculture Plan (a strategic plan for the development 

of the aquaculture industry and seafood production) that the regional policy goal was a doubling of 
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seafood production from 2010 to 2020. Moreover, the national goal is a fivefold increase by 2050 

(Rogaland fylkeskommune, 2019).  

In addition to ocean and fjords, the area in and around Egersund has 4 salmon rivers which have been 

the main source of sustenance for local inhabitants as well as recreational and tourist fishing. The 

wider area is characterized by more than 6000 lakes which are rich in trout. Recently, one big fish 

farming industry has been established and one more is planned. Additionally, there are several projects 

that explore the possibility of land-based fish farming where sea water is pumped into land-based 

tanks, however, this kind of farming hasn't been established in the hub area yet. Moreover, Magma 

Geopark has been developing the GEO-food brand for local producers which supportsέ ȊŜǊƻ ƪƳέ ŦƻƻŘ 

and sustainability practices. One of the GEO-food partners is Norsk Ørret which is a small-scale fish 

farm using freshwater to reduce problems linked to e.g., fish parasites.  

In terms of aquaculture, the biggest fish farm in Magma Geopark is MOWI ASA (see figure 31: Industrial 

factsheet Egersund) with an annual salmon production of 10000 tons (MOWI, 2022). With six fish farms 

located in the south-east of the park in Flekkefjord municipality (figure 29 and 30), the company is 

leading the Blue Revolution focusing on environmental practices linked to fish farm activities and 

cooperates to the Global Salmon Initiative, WWF and competes to acquire the Aquaculture 

Stewardship Council Certification for sustainable food production.  

  

Figure 29. Geographical location o Mowi ASA fish farms in Magma Geopeark (source: 

Temakart, Miljødirektoratet) 
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Figure 30. Geographical location of Mowi ASA fish farms in Magma Geopark (zoomed) (source: 

Fiskeridirektoratet) 

 

Another company which is specialising in lake and freshwater fish farming is Norsk Ørret (see figure 

31: Industrial factsheet Egersund) located in the municipality of Lund. The company has an annual 

production of 1000 tons of brown trout and has around 20 employees working in the case area 

(Fylkesmannen Agder, 2020). 
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Figure 31. Industrial factsheet Egersund 

 

6.2.4.1.  State of the art/ environmental background 

Magma Geopark is part of a network consisting of 140 UNESCO worldwide Geoparks in 40 different 

countries on 5 continents. Although the background for a geopark is geology, the parks are primarily 

about people including both locals and visitors who are interested in experiencing and exploring the 

endless possibilities within both nature and culture (Visit Egersund, 2022) 

The landscape within the Geopark is characterised by its rolling, bare rocks. The dominant rock, 

Anorthosite, is hard and compact. This causes the soil to be low in nutrients and consequently, the 

vegetation is rather sparse. Wider valleys with loose deposits from the last ice age can be found in the 

North and East of the Geopark. This provides a lusher landscape which makes the inland area well-

suited for agriculture. In addition, many lakes, streams, rivers and waterfalls carve through the 

landscape creating a varied and appealing natural area (Magma Geopark, 2022).  

In addition to the soil, the climate in the Geopark has a significant impact on the diversity of plant 

species. The coastal climate is suitable for plants that do not tolerate lower winter temperatures. Such 
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plants prefer hot summers to allow buds for seed development and to mature before the winter frost 

comes. This means that many plant species can be found in the park that have very limited national 

distribution (Magma Geopark, 2022). Moreover, the park has 20 nature areas which vary in size and 

that are protected by law. 

The coastal landscape was more wooded before the modern man started farming and maintaining 

livestock. The need for grazing habitats for contributed to the disappearance of forest which was 

replaced between 2 and 4 thousand years ago by the extensive areas of bogs. Another effect of 

deforestation was the increasing amount of marshland. As the forest has a significantly greater 

consumption of water than open fields, the removal of woodland resulted in large areas of marshes 

along the coast (Magma Geopark, 2022). 

In terms of fish, the most characterising species are sea trout, garfish and turbot. The sea trout spends 

its childhood in a river. After 1-2 years it migrates to the sea gaining much weight, but seldom wanders 

far from its home river. The long garfish, with its characteristic beak-shaped mouth, migrates to the 

park area during the warmest time of the year. The species hunts in shoals at the surface, attacking 

sprat, herring, and sand lance. The turbot is a large species of flatfish which is often found on sandy 

seabed, commonly along sand beaches (Magma Geopark, 2022). 

 

6.2.4.2. Environmental impacts  

The following environmental impacts are based on the aquaculture industry operating in the Magma 

Geopark, mostly in the south-eastern area close to the Flekkefjord municipality.  

A. Habitat and landscape  

To monitor aquaculture activities and their impacts on the environment, the bottom impact in the 

construction zone is monitored with άB-surveysέ ŀŎŎƻǊŘƛƴƎ ǘƻ the requirements of the Aquaculture 

Operations Regulations § 35 and they are carried out according to the Norwegian standard 9410. The 

B-survey is a risk-based monitoring tool to explore the bottom conditions in the construction zone. The 

survey is quantitative and includes three survey groups: fauna survey, chemical survey and sensory 

survey. The environmental status is based on environmental reports that are sent electronically via 

Altinn to the Directorate of Fisheries. The dataset is updated daily, and electronic reporting started in 

June 2009 (Fiskeridirektoratet, 2020). 
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Regarding aquaculture in the Magma Geopark, tƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Řŀǘŀ ƛƴ ǘƘŜ άaƻƴƛǘƻǊƛƴƎ ŦǊŜǉǳŜƴŎȅ 

for B-ŜȄŀƳƛƴŀǘƛƻƴέ has been considered άǾŜǊȅ ƎƻƻŘέ at all aquaculture locations except 

Tarmevikodden, which received a άƎƻƻŘέ status31 (Fiskeridirektoratet, 2020). 

Moreover, the bottom impact in the transition zone (what is meant with transition zone??) is 

monitored with άC-surveysέ according to the Norwegian standard 9410. The C-survey is a quantitative 

trend survey of soft bottoms in the transition zone. The most important part of the C-survey is its 

analysis of the associated fauna, carried out according to NS-EN-ISO 566-19 and NS-EN ISO 16665. The 

C-survey also includes additional support parameters including particle distribution as well as 

hydrography measures and places emphasis on the analysis of the benthic community and chemical 

profiles. The C-surveys must be performed accredited. 

¢ƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Řŀǘŀ ƛƴ ǘƘŜ άaƻƴƛǘƻǊƛƴƎ ŦǊŜǉǳŜƴŎȅ ŦƻǊ /-ŜȄŀƳƛƴŀǘƛƻƴέ has been evaluated as άǾŜǊȅ 

ƎƻƻŘέ at all aquaculture locations (Fiskeridirektoratet, 2016)  

There are also other environmental surveys that do not fall into the aforementioned categories such 

as biodiversity mapping and regional fjord monitoring as well as modelling.  

Besides, electricity surveys are carried out as requirements in the application for clearance of sites 

(water exchange current, spreading current and bottom current) and for conducting site surveys in 

connection with the issuing of construction certificates.  

Furthermore, beach zone surveys can be divided into three categories: inspection-, semi-quantitative- 

and route surveys. Inspection includes a registration of the most dominant animals and algae in the 

coastal zone, often documented with photos. Semi-quantitative surveys include registrations of algae 

and animals in a small area of the beach zone and gives the quantity ratio between the species. Major 

changes over time are registered. Route analysis surveys consist of a comprehensive examination of 

the equatorial zone, here bolted frames are used. All animals and algae larger than 1 mm are 

registered. This allows records of more accurate changes over time (Fiskeridirektoratet, 2020).  

 

 
31 Monitoring frequency for B-examination: 
1 - Very good: At the next maximum biomass  
2 - Good: Before release and again at maximum load  
3 - Poor: Before release If the pre-release survey gives:  

condition 1 - examination is performed at the next maximum load  
condition 2 - examination is performed at half maximum load and at maximum load  
condition 3 - examination is carried out at half maximum load and at maximum load. In relation to the 
next production cycle, measures are planned. If any of the examinations show condition 

4 - there will be congestion. 4 - Very bad: Overload In condition 4, the authorities decide on measures 
(Fiskeridirektoratet, 2020) 
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In terms of environmental impacts, MOWI has a challenge with sea lice and has developed a strategy 

against sea lice. The strategy aims to limit the number of medical treatments per farm, per cycle, 

according to requirements of the ASC standard, but also aims to reduce the dependency of treatments 

involving fish handling (MOWI, 2021).  

 

B. Changes in biodiversity 

In general, all aquaculture companies have smaller problems with escapes and, accordingly, have a 

zero-escape strategy. Only one of the MOWI farms reports a smaller escape on 5-18 salmon which is 

regarded as rather low (e.g., MOWI, 2021).  

C. Pollution 

An Environmental challenge linked to pollution is considered the management of fish antibiotics. The 

fish farms aim to reduce the application of antibiotics following the more specific recommendations 

of the Aquaculture Stewardship Council (ASC). Regarding the aquaculture companies in Magma 

Geopark, environmental assessments show άvery goodέ or άgoodέ quality when it comes to water 

quality, biomass quality and similar. 

In addition, a big problem is associated with microplastics in the marine food chain. Consequently, the 

control of produced fishmeal is regarded as crucial and will probably be a major challenge for the 

aquaculture and fisheries industry in the upcoming years. People are increasingly concerned about the 

plastic problem and microplastics are continuously found in large parts of slaughtered salmon. As a 

result, the risk of plastics entering the fishmeal products rises (G¿ndoĵdu  et al, 2021).   

 

6.2.4.3. Conflicts 

Potential conclicts with tourism because of stron smell from the aquaculture. Also a potential conflict 

between aquaculture and cruise tourism in the harbour.  

6.2.4.4. Mitigation 

- Development of biodiversity mapping 

- Development of sea lice strategy 

- Plastic pollution controls 
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6.2.4.5. Ambitions 

MOWI seafood is a large global aquaculture company and the largest Norwegian salmon 

farmer in Norway. They are trading on a global market and the homepage includes 

information about sustainability policy and environmental measurements 

According to their homepage, Mowi is named most sustainable protein producer fourth year in a row 

and has been ranked the most sustainable protein producer by the Coller FAIRR Protein Producer 

Index. The Coller FAIRR Protein Producer Index is the most detailed assessment of the largest meat, 

dairy and farmed fish producers in the world. Rankings for each of the 60 companies assessed are 

determined bys a seafood company, both producing in and harvesting from the sea, and it is an 

absolutely imperative for the Group to keep the oceans clean and healthy. According to the homepage, 

the company strive to reduce the environmental footprint and minimise their influence on wild 

habitats including wild salmon stocks. 

¶ https://mowi.com/mowi-sustainability-strategy_a4_march-2021/ 

6.2.4.6. Perceptions  

Mowi company ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ambitions as well as self-

perception.   

¶ https://mowi.com/no/ 

 

Norwegian trout is another fish framing company. Newspaper articles about Norsk Ørret (Norwegian 

trout), text only available in Norwegian, but refers to expanding production and increasing 

employment: 

¶ Norsk ørret website: 
https://sirdalsorret.no/?fbclid=IwAR1ikLASD_fKsG8xP17ZGdIT4kKUiNIXiTx752ytK7iqEyx3n5v
r9bAbsFw 

ω Offisiell åpning av Norges største anlegg for ørretproduksjon: 
https://www.kyst.no/article/offisiell-aapning-av-norges-stoerste-anlegg-for-
oerretproduksjon/  

ω New employment in trout production: https://www.avisenagder.no/tillatelser-pa-plass-flere-
nye-arbeidsplasser/s/5-99-995721  

ω Permits in place: https://www.avisenagder.no/pion-rarbeid-i-sirdalsvannet-gode-
fremtidsutsikter-for-norsk-orret/s/5-99-895174  

 

 

https://mowi.com/mowi-sustainability-strategy_a4_march-2021/
https://mowi.com/no/
https://sirdalsorret.no/?fbclid=IwAR1ikLASD_fKsG8xP17ZGdIT4kKUiNIXiTx752ytK7iqEyx3n5vr9bAbsFw
https://sirdalsorret.no/?fbclid=IwAR1ikLASD_fKsG8xP17ZGdIT4kKUiNIXiTx752ytK7iqEyx3n5vr9bAbsFw
https://www.kyst.no/article/offisiell-aapning-av-norges-stoerste-anlegg-for-oerretproduksjon/
https://www.kyst.no/article/offisiell-aapning-av-norges-stoerste-anlegg-for-oerretproduksjon/
https://www.avisenagder.no/tillatelser-pa-plass-flere-nye-arbeidsplasser/s/5-99-995721
https://www.avisenagder.no/tillatelser-pa-plass-flere-nye-arbeidsplasser/s/5-99-995721
https://www.avisenagder.no/pion-rarbeid-i-sirdalsvannet-gode-fremtidsutsikter-for-norsk-orret/s/5-99-895174
https://www.avisenagder.no/pion-rarbeid-i-sirdalsvannet-gode-fremtidsutsikter-for-norsk-orret/s/5-99-895174


 

 

Page 124 / 309 

 

REFERENCES 

 

Fylkesmannen Agder (2022). Oversendelse av tillatelse til virksomhet etter forurensningsloven - 
settefiskanlegg til Norsk Ørret AS i Sirdal kommune. Retrieved in 2022 by 138964_Tillatelse (4).pdf 

 

Fiskeridirektorat (2020). MOM-B undersøkelse av Lokalitet Salvågvika MOWI Region. Sør Rapport nr. 

174 - 20 02.11.20: https://api.fiskeridir.no/env-reports/AR396147895/57756  

Fiskeridirektoratet (2016). ASC/C- gransking ved Tarmevikodden i Flekkefjord kommune. Retrieved in 

2022 by https://api.fiskeridir.no/env-reports/AR216505595/28620   

G¿ndoĵdu, S. E. D. A. T., Eroldoĵan, O. T., Evliyaoĵlu, E., Turchini, G. M., & Wu, X. G. (2021). Fish 
out, plastic in: Global pattern of plastics in commercial fishmeal. Aquaculture, 534, 736316. 
 

Magma Geopark (2022). Learn and engage - Biodiversity. Retrieved in 2022 by Biodiversity - Magma 

Geopark 
 
Magma Geopark (2022). What is Magma Geopark?. Retrieved in 2022 by Magma Geopark - Magma Geopark 
 
Magma Geopark (2022). Discover and experience localities. Retrieved in 2022 by Localities - Magma Geopark 
 
MOWI (2022). Løsningen ligger under overlaten.  Retrieved in 2022 by Mowi - Norges største lakseoppdretter 
 
MOWI (2021). Leading the blue revolution plan.  Retrieved in 2022 by Mowi-Sustainability-Strategy_A4_March-
2021.pdf 
 

Rogaland County (2019). Regionalplan Sjøareal Havbruk. Retrieved in 2022 by 

https://www.rogfk.no/_f/p1/icc149e35-0d65-4cc8-978f-c0404a4fdf41/regionalplan-sjoareal-

havbruk.pdf  

Visit Egersund (2022). Magma Geopark. Retrieved in December 2022 by Magma Geopark - Visit 

Egersund 

 

 

 

 

 

 

 

 

file:///C:/Users/hefl/Downloads/138964_Tillatelse%20(4).pdf
https://api.fiskeridir.no/env-reports/AR396147895/57756
https://api.fiskeridir.no/env-reports/AR216505595/28620
https://magmageopark.no/en/learn-engage/biodiversity/
https://magmageopark.no/en/learn-engage/biodiversity/
https://magmageopark.no/en/about/magma-geopark/
https://magmageopark.no/en/discover-experience/locations/
https://mowi.com/no/
https://mowi.com/wp-content/uploads/2021/04/Mowi-Sustainability-Strategy_A4_March-2021.pdf
https://mowi.com/wp-content/uploads/2021/04/Mowi-Sustainability-Strategy_A4_March-2021.pdf
https://www.rogfk.no/_f/p1/icc149e35-0d65-4cc8-978f-c0404a4fdf41/regionalplan-sjoareal-havbruk.pdf
https://www.rogfk.no/_f/p1/icc149e35-0d65-4cc8-978f-c0404a4fdf41/regionalplan-sjoareal-havbruk.pdf
https://visitegersund.no/opplevelser/uteaktiviteter/magma-geopark/
https://visitegersund.no/opplevelser/uteaktiviteter/magma-geopark/


 

 

Page 125 / 309 

 

 

6.3.  Tourism 

ArcticHubs includes 8 tourism hubs in 6 northern European countries, and 2 learning hubs in Italy. Four 

of the hubs are co-located with fish farming hubs, 6 with mining hubs, and 2 with indigenous hubs. 

Tourism has been well established in the Finnish hubs and in Svalbard, but is still being developed in 

bǳǳƪΣ {ǳҜǳǊƻȅ ŀƴŘ ǘƘŜ ²ŜǎǘŦƧƻǊŘǎΦ The tourism industry has an impact on the environment and can 

affect other natural resource users in the same area. However, tourism is also itself affected by the 

environmental impacts of other activities in the area. Common environmental impacts caused by 

tourism that occur in all locations are associated with the general carbon footprints of traveling 

(greenhouse gas emissions) as tourists tend to travel far to visit the Arctic environment. The industry 

is also commonly associated with the disturbance of Arctic wildlife, erosions of vegetation by 

trampling, the impact of waste and litter pollution, and the consequences of infrastructure 

development. When it comes to interactions and conflicts with other industrial activities and natural 

resource users, cases have usually their specific dynamics in each hub. 

 

6.3.1.  Svalbard 

Svalbard is an archipelago in the high-Arctic. Despite its remote location, Svalbard has attracted 

tourists for more than a century. After Year 2000, tourism has increased substantially (Hovelsrud, 

Kaltenborn & Olsen, 2020). Longyearbyen is the largest settlement at the archipelago and is the major 

hub for tourism in Svalbard. In 2019, around 111 different businesses were associated with the tourism 

sector. Tourists arrive to Svalbard either by plane or by ships. Most tourists arriving by plane will also 

explore the archipelago from the sea. They will go onboard boats in the Port of Longyearbyen, either 

for daytrips or longer journeys. Official statistics from the Port of Longyearbyen confirm an immense 

increase in boats and passengers at the port from 2007 to 2019. During this 12-year period, the number 

of shipping arrivals tripled from 499 in 2007 to 1474 in 2019. Similar trends can be seen in the number 

of passengers which rose from around 32,000 in 2007 to nearly 90,000 in 2019 (Port Longyearbyen, 

2021) 

While the number of cruise ships and tourist boats have not changed much during this period, a major 

increase in so-called day-tour boats (local boats that bring tourists who arrive by plane on day trips out 

of Longyearbyen) can be detected. The number of yachts has also increased incredibly, more than 7 

times since 2007. This has resulted in a tourist boom in Longyearbyen. The main street is full of tourist 

attractions - from outdoor clothing shops to nice bars and restaurants, often complemented with 

flight-borne professional musicians.   
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The number of person years within tourism and tourism-related business such as culture increased 

from 291 in 2010 to 518 in 2019, according to official statistics. During the same time, the number of 

person years in the mining industry was reduced to only one fourth of what it was in 2010. Now, there 

are less than 100 person years in the mining industry, so tourism and tourism-related activities are 

currently a much more important business in Svalbard, at least until the outbreak of Covid-19. While 

most tourists visit Longyearbyen during their stay in Svalbard, most nights are spent outside of 

Longyearbyen. Multi-day cruising programs visit sites all around the archipelago, but there are more 

visits to the western side, especially to the areas ά.ŀǊŜƴǘǎōǳǊƎέΣ άtȅǊŀƳƛŘŜƴέ ŀƴŘ άbȅ-!ƭŜǎǳƴŘέ όCƛƎǳǊŜ 

33). As a short wrap-up, figure 32 presents an industrial factsheet of the current tourism sector in 

Svalbard.   

 

Figure 32. Industrial factsheet Svalbard 

 

Many of the popular sites are cultural heritage sites, which are distributed all around the archipelago 

(figure 34). Several studies indicate that vulnerable cultural remains are affected by the many visitors 

and there is also evidence that tourism has negative trampling impacts on the slow-growing Arctic 

vegetation which can cause increased soil instability and erosion (Norwegian Polar Institute, 2015). 
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Tourists also contribute to the transport of alien species to the island, for example as seeds are 

attached to their boots. Tourists are keen on seeing arctic wildlife. There are some studies indicating 

that both marine and terrestrial wildlife are disturbed by the many tourist boats and tourists walking 

in the terrain. This induces increased stress on wildlife (Øren et al, 2018). 

 

 

Figure 33. Map of Svalbard (Hovelsrud, Kaltenborn & Olsen (2020) 
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Figure 34. Documented cultural heritage sites in Svalbard. Map retrieved from Holmgaard et al. 

(2019) 

  
  

6.3.1.1. State of the art / environmental background  

 The Svalbard archipelago consists of islands and skerries between 74° and 81° north latitude and 10° 

and 35° east longitude of which Spitsbergen is the largest. Svalbard is surrounded by the Barents Sea, 

the Greenland Sea, and the Arctic Ocean. ¢ƘŜ ǿƘƻƭŜ ŀǊŎƘƛǇŜƭŀƎƻ ŎƻǾŜǊǎ см лнн ƪƳ2, of which 98 per 

cent contains the largest continuous wilderness in Norway (Undelstvedt, 2014). Around 61,7 percent 
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(37453.49 km2) ƻŦ {ǾŀƭōŀǊŘΩǎ ŀǊŜŀ Ŏƻƴǎƛǎǘǎ ƻŦ ƎƭŀŎƛŜǊǎ ŀƴŘ ǇŜǊƳŀƴŜƴǘ ǎƴƻǿ ǿƘƛƭŜ нпΦо ǇŜǊ ŎŜƴǘ 

(14746.20 km2) consists of open and firm ground with several inland waters (5 per cent) and bare rock, 

gravel and blockfields (7 per cent) (SSB, 2020). The residential areas in Svalbard of which most are 

located in and around Longyearbyen, make up 0.23 km2. Recreational facilities comprise 0.12 km2 

while industrial, commercial, and service areas comprise 0.22 km2. A more detailed distribution of 

different land-use areas and landcovers can be seen in table 11.   

  

Table 11. Different land use areas and land covers (SSB, 2020) 

Residential areas  0.23 km2  

Recreational facilities  0.12 km2  

Built-up areas for agriculture and fishing  0.01 km2  

Industrial, commercial and service areas  0.22 km2  

Education and day care facilities  0.07 km2  

Health and social welfare institutions  0.01 km2  

Cultural and religious activities  0.01 km2  

Transport, telecommunications and technical infrastructure  1.80 km2  

Emergency and defence services  0.09 km2  

Green areas and sports facilities  0.01 km2  

Open firm ground  14746.20 km2 (24.3 per cent)  

Wetland  1224.21 km2 (2 per cent)  

Bare rock, gravel, and blockfields  4284.00 km2 (7.1 per cent)  

Permanent snow and glaciers  37453.49 km2 (61,7 per cent)  

Inland waters  3006.42 km2 (5 per cent)  

  

The Svalbard Archipelago is characterised by a magnificent Arctic landscape and relatively easy 

accessibility (figure 35) which attracts visitors, tourists, and researchers from around the world. In 

addition, climate change such as increasing ocean temperatures, changing cryosphere conditions 

including retreating sea ice, and similar significantly impact the environment. The high Arctic terrestrial 

and marine fauna and flora as well as the rich cultural heritage are therefore increasingly vulnerable 

(Hovelsrud, Kaltenborn & Olsen, 2020). Marine mammals that can be found in the Svalbard area are 

whales, seals, and polar bears. While seals dominate in number, the whales do so in biomass. 

Regarding polar bears, a population of 975 animals was estimated in 2015, but these figures are taken 

with considerable uncertainty (Norwegian Polar Institute, 2019). Moreover, Svalbard has a rich and 

diverse bird life. Seabird species dominate in numbers, but there are also many species in the 

terrestrial ecosystem (Norwegian Polar Institute, 2019). Furthermore, Svalbard's isolation combined 

with an Arctic climate, has resulted in freshwater sites with very few species of plankton and benthic 

animals. Arctic charr the only freshwater fish (Norwegian Polar Institute, 2019). Besides, the Svalbard 
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reindeer occurs in varying densities in most parts of Svalbard that are not covered by glaciers. New 

estimates of the total population of Svalbard reindeer were published in 2019 based on a 

comprehensive population count. The population is estimated to consist of around 22,000 animals. 

Eventually, there are more than 160 plant species, 380 moss species and 600 lichen species known in 

Svalbard (Norsk Polar Institute, 2018).  

  

The shipping traffic is a major feature of the tourism in Svalbard. Figure 35 shows all existing 

disembarking sites distributed over the archipelago. Accordingly, ship traffic ranges all around the 

archipelago and makes the inland more accessible. As mentioned before, the number of places that 

people visit ashore in areas outside settlements and isfjorden is 224 (MOSJ, 2022).  

  

 

Figure 35. Disembarking sites and cultural heritage spots (Norwegian Polar Institute) 

  

At the same time, Svalbard is characterised by its several nature conservation areas. There are 7 

national parks and 24 nature reserves including also essential bird protection sites and geotypes. A 

more detailed distribution of protected areas is presented in figure 36.   
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Figure 36. Protected areas in Svalbard (Norwegian Polar Institute, 2022) 

  
  

 

Most (guided) explorations by tourists are organised with snow scooters. 2136 snow mobiles were 

registered in Svalbard in 2018 and the trend increases more. In the context of nature protected areas 

on the archipelago, figure 37 shows restricted areas for snow mobiles.   
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Figure 37. Restricted areas for snow scooters (Norwegian Polar Institute) 

  
  

6.3.1.2. Environmental impacts   

The following environmental impacts are based on the tourism industry operating on Svalbard 
archipelago.   
 

A. Habitat and landscape   
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B. Changes in biodiversity   

  

  

  

  

  
  

C. Pollution   
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