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1. Executive summary

This report has been authored by the task forceAoétic Hubs WP2 at NORCE, in connection with
ArcticHubs WP2: Assessment of Environmental Impaidis delivery report will serve as the
groundwork forfurther work packages in ArtcticHubs that focus strategies and adaptive measures
within the Arctic regjion.

¢tKS 5Hd0 RSEAGSNE NBLRNI GAGESR &/ KFry3aSa Ay GKS
the shifts occurring in the Artic environment and its ecosystem services due to the influence of five
distinct activities: forestry, aquaculturgpurism, mining, and indigenous activitiesThe report
contains eighteen different hubs, and they attgaracterized 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, anArtatyportant point is that
several othe different hub activities are cbcatedwith each other in the same hub.

While the Arctic environment experiences a greater impact from climate change compared to other
regions, this report aims timcus orenvironmental changes due to hub activiti#be report addresses
issues such as habitéragmentation, loss of biodiversity and geodiversity and pollution from hub
activities. Moreover, it highlights the interplay between different hub activities & they
potentially intensifylocal conflicts.

Further, D2.3 is organized into five chers, covering introduction, methods, concepts, overview, and
compilation of the environmental impacts of hub activities in the Arctic regiirapter twoprovides
methodological reflections. Each hub has been responsible for data collection, with varying
background knowledge and focus areas influencing the collected batanclusion, 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 woskkages that employ additional,
complementary ceproduction methodologies with local communities and stakeholdatsin all, this

report compiles data material from eighteen different hubs. The data is based on a variety of sources:
scientific articlesresearch 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,aparspticles 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 presmted to establish Arctic Hubs as a multidisciplinary endeavor fostering
knowledge ceproduction across different field®espite their widespread application, these concepts
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serve as a standard framework to facilitate collaborative production within tedh LINE 2 SO0 Q4
array of actors. In WP2, part of the focus has been on fostering internpfoctuction through
dialogues, workshops, seminars, and webinars, while subsequent work packages outline plans for co
production activities with local commuinés 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 fivedelves deeper into the various hubs, each structured araind#tey 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 engagedadnestry 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
Kemijarvi), while three are situated in Sweden (@te, Jokkmokk, and Mala). 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, operdoiménated forests, giving

way to dense forests that primarily support mosséthe 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 hubsopibint

the need for an inclusion of thinning techniques and the need for improved participatory dialogue
between reindeer husbandry and forestry.

The project encompasses fifish farminghubs, distributed as follows: two in Norway (Varangerfjord
and Egersud), 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 transmissiodisefises 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 wittmining,indigenous interests, recreational and traditional fishing, and tourism.

There are a total of eight hubs witburism activitiesas listed in the report, six of which are situated
within the Arctic region. Specifically, these hubs are in Norway (Svalbgedsund and Varangerfjord),

the Westfjord in Iceland, Suduroy 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 byhe allure of nature. However, the rapid growth in tourism traffisled to
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environmental disturbances such as erosimampling of vegetation, and infrastructure development,
which has several impacts time local environment and wildlife. Of partiemlconcern 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 tagreenhouse gas emissions resulting from tourists traveling long
distances to visit the Arctic Environment.

The report lists eighmining hubs situated in Finland (Kittald), Sweden (Mald and Gallivare), and
Norway (Varangerfjord, Kvalsuihutokeino, Svheard 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 contaminatioklining activities lead to increased traffic and
infrastructure development, which can further impact ecosystem senacesreindeer herdingand

mining isoften 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 orin 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 hindehiotpsynthetic
procesgs 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 encompassingligenous interests and aatities, situated in Finland (Inari),
Sweden (Gran Sameby), Norway (Kvalskiadtokeino), and Greenland (Nuup Kangerldde hubs

are predominantly characterized by traditional Sami reindeer husbandry, with the exception of the
Greenlandic hub. Indigenow®mmunities share common challenges, notably the fragmentation of
traditional areas byew infrastructure and habitat loss due to various activities such as mining, wind
parks, and tourism ventures like husky sledging and snowmobiling, alongside assdoiateoh
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 bekakiwve 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, indigenas interests may clash with activities such as mining, certain forms of tourism, and
forestry, highlighting potential conflict zones.
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2. Introduction

Thisdocument(D2.3)hasbeenpreparedd & taskfSrce of ArcticHubswWP2at NORCHEh October
December2022, andin JanuaryApril,2024(Revisedrersion), relatedto ArcticHub3NVP2:Assessment
of environmentalimpacts.

TheArcticHubg t H  dréadydeliveredthe followingR 2 OdzY Sy (1 &4 Y

D2.1t f | yfurtfeBRNJ G I Odpdiakadydisbris@egtechubs:identificationof knowledgegaps
(datedo nK N YK HAH MU

D2.2Compilationof existingdata on environmentaimpactof economicactivitiesinthe! NOGA O o R

Feb22,H N HH U

Thisdelivery D2.3 provides a detailed overview about the envirormental changes in the Arctic
Environment as result of hub industrial activities. Here, this report focuses on the five key industries
that are highlighted by the ArcticHubs projefdrestry,aquaculture, tourism, mining, and indigenous
industries.Thisreport is a compilatiof desk research condtedin cooperation withthe ArcticHubs
partners (hub coordinatorsirom eighteen different hubsThisreport serves as a groundwork for
forthcomingwork packagesf the ArcticHubsthat employadditional, @mplementary co-production
methodologies with local communities and stakeholders.

Tromso& Alta
April 29,2024

HelgeFlick,JukkaTeras Astrid CabreraMay-Britt Ellingsen (WP2 TaskForceat NORCE)
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3. Methodology

5FbG1 a2dz2NOS& YR O2YLWAfAY3a 2F RIFGF

This compiled reports primarily basedon desk research conducted close cooperation withthe

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

data production process for theiespectivehubs, andsubsequentlyprovidedit to NORCEAII in all,

this reportcompilesdata material fromeighteendifferent hubs I is important tonote that we have

not generated odirectlygathered the data; rather, we have compilediihe datais based om variety

of sourcesscientific articles, research reports, national databases, compang@mglltancy 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 article®ther work @ckageof the Arctic Hubs projectare more oriented
towardsthe involvement of locatommunity members and akeholderse.g.through interviews

In compiling this report, we acknowledge the significance of agtirgsensitiveway towards the
intricate power dynamics and complexities within communitedsainvolving indigenous stakeholders

and activitieslt is essential to recognize that hubardinators, 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
embeddedin 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 auatitis.

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 documentgjata fromdestination compaigs, research articles and media articles. In this
context, challenges arisee.g. related todividing hub communities intax 6 A Yy lciMéydries of
indigenous people and neindigenous people, as articulated by some hub coordinators. This is
relevant e.g. regarding to what degree indigenous voices abeing heard andto 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 lontgrm residents, including Danes. Thuse tbinary classification of indigenous
and nonindigenous proves problematic, particularly when sourcing data from institutional and
2NBHFYATFGA2Y Lt OKFyySta Fa GKSNB FNB T2NJ SEIl YL
municipalities, media and wther institutions. Similarly, in Swedish hubs, information from indigenous
sources, are in some cases developed within research settings, reflecting a coexistence of individuals
DRI 5. Unions Horizon 2020 research Page9/ 309

*
i * and innovation pragramme under grant
ARTA agreement No 869580



with mixed heritage over and extended period. Further, in discussing thaenswith different hub
coordinators, another point has been highly addresgele local community is diverse&iThere is no
aAy3ftS AYyRAISy2dza @P2A0S3T yR AYRAISy2dza NBGSIf &
(Agrawal and Gibson, 1999,631) 2

Neverthelesswe acknowledgehe complexity and power dynamics within communities engaged in
indigenous interests and activities. We have therefimauded additionalextensive dialogues with

hub coordinatorsn early 2024n connection witlthe ArcticHubseports D2.3 and D2.5headditional
dialoguework has functioned as complementaryalueadded process, involving both the compiling

and systematization of data, as well as ongoing dialogbere we have addresseelg. questions
including those related to indigenous sources. We have actively involved all participating hubs in
reviewing and supplementirtipe collected hub specific data, as welkclmmmemt on the kegoncepts

and definitions use in our ArcticHulsudy 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 reporthas beenproduced incooperation andlialoguewith the hub coordinators also regarding
indigenous groupsdt isimportantto undetine, however,that thisD2.3report primarily relies on desk
researchand thesubsequent work packag&P3WP5 of the ArcticHub®cusmore on fieldwork,
interviews, and collaborative field work methoiteluding alsandigenous actors across diverse hub
communities. Nonetheless, this report is not produced in isolation; rather, it is informed by insights
shared by hub coordinators regardimgligenous groups.

The list of key conceptsintroducedin chapter3 encompasses methodological and theoretical notions
alongside key themeselevant to the WP2 of the ArcticHubsike biodiversity and ecosystem
dynamics. We have proactivelyasked input from the hub coordinators to explore alternative
perspectives or additional concept®o, that might better align with the local communitiesgarding
the key concepts

While primarily imended for intrahub ceproduction, this report is rootechi extensive collaboration
across various hub coordinators and actors with diverse backgrounds, disciplines, and geographical
origins. In WP2f the ArcticHubs part of the focus has been on fostering internatproduction

3

Agrawal, A., & Gibson, C. C. (1999). Enchantment and disenchantment: the role of
community in natural resourceonservationWorld developmen27(4), 629649.

ISO 690
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through dialogues, workshops,rséars, and webinars, while subsequent work packages outline plans
for co-production activities with local communities and stakehold@&hés report a product of ongoing
dialogue with hub coordinators who, in turn, engage with astand stakeholders witin their
respective hubs, serves as a compilatiomuati-specific data,laying the groundwork fordrthcoming
work packagesvhichin turn provide additionato-production methodologies, direct engagement and
interviews.

Language plays a cruciedle in fostering inclusion or potentially exiding diverse voices and
viewpointsin the Arctic communities, tadlhe information received fromarioushub coordinators is
predominantlyin English, while mgnof the sourcedocumentswhichthey rely on ardn languages
other than English. Taddresshis issue, we extended an invitation to pdlrticipatinghubsto submit
documents in languages other than Englghere relevant Additionally, we have followedp with
each hulto ensue that they areawareof the optionto incorporatenon-eEnligsh document into their
submissionstoo.

Guidelines for data collection weresed and discussed with the partners in several meetwgshe
hub representatives, witbxamplesmade available. The maifeenents in the guidelines are presented
below and the guidelines for data collection, calledtic Hubs Task 2la | GG OKSR Ay | yy ¢

It is important to note that he degree to which the hubs hawesed the data collection guidelines
varies. This variation has resultedsomediscrgpancies in the material provided to us. While some
data are quite comprehensive, othdata lack information of specifiactivities within the hubs. These
disparities ae due to differentresources availablat hubs for data collectignoriginating from
variation inbackground knowledgejational legislationdegrees ofenvironmental monitoring and

also due tadifferences inthe focus, experience ananajor interest ofrespective hub coordinators.
Some coordinators haviargelyfocusedon collecting data within their own scope of interest and
expertise.Consequently, the data collected from certain hubs only partially cover information about
environmental inpacts withinthe respective hubs. To address these challenges, we have actively
engagedthe relevant hubs throughoint webinars,hub-specificworkshops, and physical meetings,
aiming to gain further insights iatspecific themesAs a preparation for D&, group interviews were
conductedthrough webinars and physical meetings widheenland and Sweden, and with the learning
cases in Italyin paralle] while working on thérctic Hubs WPRPSIR framewoiart, we havegained
valuableadditional insights from théub coordinatordo include in this report.

The WP 2 Team has complilend analysd the data in three major categorieEnvironmental Impact,
Ambitions and Perceptions.
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Environmental impacgs the maircompilation of datais based on scientific articles, research reports
and national databases/statisties.e. data which is quality assured either through scientific review or
as official statistics. We regard this as reliable data quantifying envirotahierpact. In addition, data
from companyreports and consultancy reports has been usedere relevant, to complemerhe ub-
specific data.

Plans, strategies, permissions, and process documents for political or administrative use and case
assessmentsn respective hubs have beaaompiled as oneategoryof documents, calleédmbitions.
Newspaper articles and other media articles are labelesdPerceptions These two groups of
documents are compiled first and forema@sexamples oéxpressions of ambitiomdof perceptions

of environmental impactWhile Ambitionsand Perceptionsare notin the major focus of WP2 they
provide relevant inpute.g. for the ArcticHubsDPSIR model, and thus have relevance for WP 3
work. Moreover, they can indicateeeds for additionaldata to be collected. Ambitions relate to
future possible impacts anderceptiongrovide an opportunityto consider whether there are major
differences in thaneasured environmental impaandthe perceived impacitt is important to note
that only some hubs have collected data on Ambitions and Perceptithese data are not necessarily
available for everjub.

The collected data originates from open, publicly available soubzaa. available in national/native
language$ave been taken into account basedsupply of the hubsThevast majority of thecompiled
data is, howeverform sources irEnglish.

A~ ~ 7 - ~

¢KS RIGF O2fftSOGA2Y 3IdzARS F2NJ 5H do

tKS 202S0GAQGS 2F (KAA RStAGSNEI | OO2NRAYy3 G2
Assessment of environmental impact: identify and quantify the effects of economic activities on the

Arctic environment and itscesystem 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 isbased 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 askembltect availabldocal data on the

environmental impact for their hub. In addition, any information wegional national, or even
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international datasetsthat may be relevant in WHR2 highly appreciated. We are looking for as much
as possiblguantitative datai 2 R2 OdzySy G | Ol dz2r f OKIy3ISo

The hubs are asked to collect data based on a detailed data collection guide provided by the WP2
leader. The following subchapter presents the maeneents 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, thereis 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 D2.3Key principles and type of data requested

According to the data collection guide, the hubs shoa@dlect data on actual and potential
environmental impact in each industrial hub, based on existing data, documents, maps and/or
literature, to gaindzy RSNR GF yRAYy 3 27FY

1 spatial extent of impact
f OKIy3aSa Ay I yRO2OSNE fFyR dza$s
f AYLI OG 2y YFENARYS FyR GSNNBaAaGNRIT FyAYFf LR LA
9 impact on biodiversity, geodiversity
1 impact on water/air/soil/sound quality
Scoping

7 Background informatian 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, resdzZNOS ySSR& oljdz ydades aLl GAart SEGSyGo
7 Local/regional environment information:environment type, ecosystem services,
OA2K3IAS2RAGSNEAGEY yI GdzNIf @FfdzSakft S@St 27F LINZ
7 Environmental impactchange in landcover/land use, pollution, threat to populations, habitat
FNIOGA2YFGAZYS AYLI OG0 2y 802a8a08Y aSNBAOSA
g QYyFtAOoita 6AGK 20KSNI I OGAGAGASE 2NJ dzaS 27F yI i
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7 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 envirol Sy G £ A YLI Ol K

While collecting data, the hubs are asked to pay attentiomlé€initions, 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, S6 & A 1Sa SGO0®

Baseline profiling shall be based on assessing (a) the background, (b) environment description, and (c)
SY@ANRYYSyYyi(lt AYLIOdao ¢KS RIFEGE GKIFEG A& F@FATL
location, but the followingfourg@da G A2y a OFy o068 dzaSR G2 3IdzARS (KS R

A % 4 A x

M® 2KIG A&d GKS OdNNByYyid 'yR 6SELISOGSRUO FdzidzNB Sy ¢
T 1ra GKS I OGAGAlGe OKIFIy3aSR (GKS flFyR dzaSkfl yR 02
91 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,
Sl 2y KSIfGK 2F @S3SGFGA2Y YR Fldzyl T 0A2R)J
Does the actity 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
FNIFOUA2YyIFGA2YZY y2Aa4S> 2NJ 20KSNJ RA&alddz2NdblyoOoSao
91 Does the activity affect any proteataareas, plants or animals, or areas with recognised value
0ftFyRaOILIST 0A2RAOGSNEAGESET SyRIYy3aSNBR alLlSOASa

Ol 20K

w»

H® | 26 R2Sa (GKAA SY@ANRYYSydGlrft AYLIOG | FF

f Does the activity change the ecosystem servic@zQK | a F22R F @F At oAt AGR
T 5288 GKS | OUA@AGE RA&AUAIND 20KSNJ dzaSa 2F GKS |

3. What mapbased information is available that may be used in a PPGIS tool to help inform or
AYUSNIASEG LIS2 LI SK

1 Planning maps
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1 Changes in land cover and land use

¢ / KFyasSa Ay YAINIXdAz2y LI GGSNya |yR dzas

1 Local and regional environmental change, change in biodiversity, natural or conservation
gl f dzS

Types of data

The guide also suggests types of data, including maps, that may be available and possédardata
the hub coordinators can collect

1 Quantitative data on discharge, use of natural resourcempany reports, discharge permits
FYR NBLEZ2NI&aszs O2yadzZ GFyoeé NBLRZ2NIao®
7 Land usel/land cover changenvironmental impact assessments, lodalvelopment plans
(local/regional council), national databases and natural resource inventories (national
SYG@ANRYYSyYyGlf 3SyOASas F2NBad AyodSyidiz2NERO
# Changes in water/air/soil quality O2 y adzZ Gl yOé NBLRNI&X O2YLJ yeé
7 Impact on animal populations, migtion/feeding patterns consultancy reports, research
LJdzo £ A OF GA2Yy A
7 Long term effect of discharge, biodiversity, CO2 reldad®a S| NOK LJdzof A OF GA 2y a
7 Loss of biodiversity, habitat fractionationegional or national landcover/land use maps,
historicalmapF NB Y f 201 €t Kk NEBIA2y Il O2dzyOAfasz ylFaAzyl f

9EIFYLX S& 2F Ll2aaArotsS @FrAaAtloftS REFEGE &a2dNOSay
1 Environmental impact assessments often provide a good overview of most expected impacts
2F | LXIFTYYySR OUAGAGE®
1 Company reports may includguantitative information on discharge, use of resources,
flI YRO2OSNI OKIy3aSs L IFyyAy3ao
9 Discharge permits and reports
T [20Ff RS@OSt2LIYSyd LIXIlyaszs LEFYYAYy3a LISN¥YAEZAAZ2Y:
Consultancy reports. This could be reports on e.g., detaitggbtation mapping, water/soil
O2y il YAYLFGAZ2Y Y2YAUG2NAY3IS FYAYFE LRLAFGA2ya
wSa&SIFNOK NBLER2NIAa FyR LlzotAOFIGAZ2Yyad
al Ll YyR RIGFoF&ASa FNRBY blidAz2yltft 9Yy@BANBYYSYl
2 GSNkaA2AT kFANI ljdzZ- €t AG@ RIEFGIE
Natural resource inventories, e.g., forésty Sy i 2 NB X LINRPGSOGSR I NBI R

=

=A =4 =4 =

o * * This project has received funding from the PagelS/ 309
*

. European Union's Horizon 2020 research
* * and innovation programme under grant
ARTA agreement No 869580



I Statistical data

9 Land cover maps and changes over time, e.g., CORINE landcover datasets, national vegetation
Y I LJa
9 Fish stock data and quality

The data collection guide provides detailagestions for data collection and the recommendations
SylrotsS | aeaidSYrdiAO RFOGF OljdA&AAGAR2Y & FFEN I a

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 regagdiopics 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 scierfic literature whereas some other hubs are l@ssudedin 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 type 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 ceexistence of industrial activities and indigenous lifestyle, and the@mviental 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 variouss OUG A @A GASasE ySgall LISNI NI AOf Sa
LIN2EGSOGA2Y @

For the industrial activities mining, forestry and fish farming, much data is available from
environmental impact assessments and environmental monitoring in relation to permit/kcens
requirements. In addition, there is a significant number of scientific research papers that have studied
different aspects of environmental impact. There are ofteifferent opinonsabout the actual
environmental impact and the consequences to other gsand the quality of environmental impact
assessment is therefore often questioned. The main reasociadethat 1. local and indigenous
communities are not always properly represented, and 2. Planning processes can take many years and
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early assessmensS 02 YS 2dziRIFI GSR® ¢KSaS AaadzSanthefufther 6 S A Y
FylrfteasSa GKIaG Attt 06S OFNNRARSR 2dzi Ay 2tH®

Tourism hubs are affected by the environmental impact of industrial activities. The tourism hubs cause,
however, environmentaM LJ- O a (KSyaSt@dSa Ia ¢Sttt LI NIAOdAZ I NI
RA&AGdzNDFyOS 2F gAfREATSY OGN YL AYy3I 2F @S3ASHI GA2)
KS I @rAftlofS RFEGF KSNB Aa 0ol a%iRnardgementistratedies, i A O f
0dzi LI NIAOdzZ FNY & Ay &a2YS KdzayY 9¢3d {@FfolNRI I
AYLI OGa 2F G2dzNRAaY: FyR GKS RFEGF O2fftSOGSR 3IAGDS
SYG@ANRBYYSY (il f aAYYUIly®RI YRNEBAVA | H2ARNR LI2aaA0At AGASEAD

=N
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4. Concepts

Arctic Hubs is a multidisciplinary project which aims apramuction of knowledge across disciplines.
Coproduction of knowledge makes it necessary to clarify concepts and terms as diffkeznatic
areas haveand use their own languageand concepts In social science, there can be different
understandings of a concepmany concepts are contested and some wacdscepts can be used
both asa scientific concept ands an everyday termin this chaper, we briefly present how we
understand and use key concepts (some of them referred to in Annex 1, part A, pddg ibithe
compilation and analyse of datd this study

Ambition

Ambition is an everyday word and one of the categories we use indhwiling of the nofresearch
based data delivered from the hubs. Ambitiansthis study are not the same as plans, brather
visions, aims or ideas of future state or actions.

Biodiversity

We follow theOxford Languages dictionaagfinition ofbiodiversity 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 desirablé.

Change

Change is an everyday word whishused as a verbto changeg that is to make a difference, or as
nounc 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 DRvessureStatelmpactResponse elements.

According to FAO/UNG (i K S -Bré¢du@SamImpactResponse (DPSIR) Framework provides a
structure within which to present the indicators needed to enafédedback to policy makers on
environmental quality and the resulting impaat the political choices made, or to be made in the
FdzidzNBE® ¢KS 5t {Lw FNIYSE2N] aadzySa I OKIAYy 27F
aSO02NE>Y KdzYly IOGAGAGASEAy (WHNBHzIKa XLIBBIK & &ZNBE DX
bA2f 23A0FE0 FYR WAYLIOGAaQ 2y SO2aeaidsSvyasx Kdzyly K

4 https://languages.oup.com/googidictionary-en/

Shttps://mww.fao.org/land-water/land/land-governance/laneresourcesplanning
toolbox/categay/details/en/c/1026561/
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WNBaLRYyaSaQ OLINA2NRAGAAlIGAZ2Y S (GFNRBSG aStidAay3as AyrF
setting is a complex task as all the various caaffect relationships must be carefully described and
SY@ANRYYSyilltf OKFy3aSa OFry NINBfte o0S I (usédlino dzi SR
D2.3 especiallto fit into the DPSIRnalysisin Task D2.5reported in D2.5 report.

Ecosystem sernes

Ecosystem services are outputs, conditions, or processes of natural systems that directly or indirectly
benefit humans oenhancesocial welfare. Ecogstem services can be regarded 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 birectindirectly benefit or profit the
beneficiaries. Second, physical and institutional access constraints must not prevent people from
realizing those benefits.

Environment

Environmenin this study contexNB F SNE (2 & (i K S chérgicdll.ahdbidtic tadtorsl@kigh a A O f
as climate, soil, and living things) that act upon an organism or an ecological community and ultimately
determine its form and survival.

Impact

Impact is an everyday word, used as veti impactc to create an effect, and as nowgan impact-
an effect Here the word Impactis mostly used to describe the effects an industry has forced on
nature.

Hub

Hub is an everyday word with severalmeahida ® hyS 2F (KSY R#hisdidwellOSy (i SNJ
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

¢ https://www.britannica.com/science/ecosystespervices

7 https://www.britannica.com/science/ecosysteiservices

8 https://www.merriam-webster.com/dictionary/environment
° https://www.merriam-webster.com/dictionary/hub
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https://www.merriam-webster.com/dictionary/enhance
https://www.britannica.com/science/ecosystem-services
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Habitat fragmentation describes the emergenof 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 Wirmgh and contiguous habitats

get divided into smaller, isolated patches of habitft&:ragmentation of habitat is relevant for
understanding one of the challenges the reindeer industry face when other industries expand
geographically.

Perceptions

Perceotions concept is here used as an everyday word, meaning how something is regarded,
understood, or interpreted.

Pollution

t2tfdziA2y Aa Iy S@OSNERIFIE g2NR YSIyAy3d WYl GdSN
dictionary, it is the presence in or inbduction into the environment of a substance which has harmful

or poisonous effects! Here pollution is used mainly about harmful substances for mining and
aquaculture industries.

10 hitps://en.wikipedia.org/wiki/Habitat_fragmentation
Uhttps://www.google.com/search?g=what+means+pollution&rlz=1C1GCEB enNO953N0954&o0g=what+mean
s+pollution&ags=clome..69i57]0i22i3015j0i15i22i3012j0i22i30j0i15i22i30.7376j1j1&sourceid=chrome&ie=UTF

o * * This project has received funding from the Page20/ 309

European Union's Horizon 2020 research
* * and innovation programme under grant
agreement No 869580


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

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 projedtl develop sustainable solutions for reconciliation

of competing livelihoods and larira S Y2 RS & A Y 1 {mPartant shddécanOmicisdesira Q

a geographical networkand their surroundings, considering in particular the needs and cultures of
local commumities (incl. indigenous people). This will be achieved by applying -marii
interdisciplinary, multiactor participatory approaches to systematically map, identify and analyse
global drivers and pressures with high environmental, societal and economécis affecting 33 key

hubs examining sustainability fiéh farming, multiple use of forests, tourism, mining and indigenous
cultures(map of hubs, see Anndtable 2)in the end of this chapter).

The Hubs are places or areas that act as soaitral, 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 ople, 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 landise modes.

The project Wi 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 seldntgutoject 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 ArticHubs. 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. reimdeerding) and other landse 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 whilsthe 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 approaciihe key industries and hubs are presented in tabl@He 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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Tablel. Respective hubs and associated industries

Hub/ Industry Forestry | Aquaculture/ | Tourism Mining Indigenous
Fish farming
Kemi (FI) X
Kemijarvi (FI) X
Inari (FI) X X
Kittila (FI) X X
Jokkmokk (SE) X X
Mala (SE) X X X
Gallivare (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
{ dzK dzNRr & ¢6C X X
Nuuk (Greenland) X X
Mariensee (Austria) X
Alagna Valsesia (ITA) X
Germanasca (ITA) X
S R N Page22/ 309
AR i innovation programme under grant

ARTA agreement No 869580



5.1. Forestry

Forestry in Arctic Hubs

Forestry hubs in Arctic Hubs:

Finland: - Kemi

- Kemijarvi
Sweden: - Jokkmokk

-Mala

- Gallivare
Austria: - Mariensee

General overview

ArcticHubs includes forestry hubs in Finland, Sweden, and two learning hubs in Austria. The forestry
hubs in Sweden are docated with indigenous and mining hubs, but for the forestry hubs in
Finland,and Austria, forestry and related industries (pulpraity 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 forgts 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 neededpplguhese. 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 tourisrand 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:

1 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 valueIUFRO, 2008) 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 JUFRO 2000. Terminology of forest management. IUFRO World Series, volumé/9,Neduwenhuis. Vienna: IUFRO
Secretariat.
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Sustainable forestry, as emphasized by Oliver (2508¢eks to ensure that every @system
contributes its fair share of benefits without exploiting itself or compromising the ability to
other ecosystems to provide value. Further, Helms (2068pecify that there are multiple

and diverse meanings of forestry, and thar forestry is imtered 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 assotgd 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

= =4 =4 =

Loss of old growth forests which provided lichen resources aadesfor the reindeer during

hot summers

1 Habitatdestruction,loss and fragmentatianHabitat destruction, as concluded by Tilman et

al. (1994)° refers to the irreversible loss of competitive species due to prolonged or delayed
effects of following habit 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 esxgploitation (2004. It
manifestshA Yy @I NA2dza F2N¥Yazxz AyOfdzRAy3d GKS fz2aa 27
vegetation removal and erosion, and fragmentation, which confines native species to small
patches of undisturbed land surrounded by which confines native species to stiep 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 biodiversisg (Ceballos et al.,
20157, VergaraTabares, 2028).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:
91 Increase in water temperature in sea/rivers due to discharge of cooling water

13Qliver,C. D. (2003). Sustainable forestry: What is it? How do we achiedeuthal of Forestry101(5), 814.
14 Helms, J. A. (2002). Forest, forestry, forester: What do these terms méannal of Forestry100(8), 1519.
15Tilman, D. 1994Competition and biodiversity in spatially structured habitats. Ecology-76.2

16 EEA(2004https://www.eea.europa.eu/help/glossary/eea-glossary/habitatdestruction

17 Ceballos, G., Ehrlich, P. R., Barnosky, A. D., Garcia, A., Pringle, R. M., & Palmer, T. M. (2015). Accelerated medern human
induced species losses: Entering the sixth mass extinction. Science Advances, -€l#)0253.
https://doi.org/10.1126/sciadv.1400253
B+ SNHI NI ¢l ol NBazx 50 [ &3 / 2NRASNE GWial trantiof Habitsf Restiuctiandnd! &>  h f |
consequences for parrot conservatidalobal Change Biolog®6(8), 42514262.
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1 Europhication 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 deglopment and increase in traffic

=A =4 =4 =

Habitat destruction due to infrastructure developmemtfrastructural development involves

the planning, constructions, and maintenance of physical structures and systems to support
societal functions and economic growtm 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 traditiohanigration routes. Infrastructure related to forestry,
mining, tourism, and aquaculture activity can disturb local wildlife with new railroads,
buildings, setting ponds ect.).

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

1 Local impact on landape by clearing river banks and shore lines

1 Increase in noise levels, particularly during construction

Interaction/conflicts/possible conflicts with other activities:
1 Increase in water temperature due to discharge from pulp mills affects local commandial

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

1 Conflicts with reindeer husbandry, mainly due to loss of food supplies (lichen) for reindeer
which affects animal health and migration behaviour

1 Impacts oftourism 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 requifedwood pulp mills.

5.2. Aquaculture/Fish farming

Aquaculture Hubs
Norway: - Varangerfjord
- Egersund
BN .. s oo 520 ovemeh Page25/ 309
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Iceland: - Westfjords

Faroe Islands: -{ dzK dzNR &

General summary

ArcticHubs includes fistarming hubs in three northern European countries, Norway, Iceland and
Faroe Islands. The European fish farming hubs are dbcated with tourism hubs, and both
Varangerfjord and Egersund also with mining hubs. A major part of the focus of enviromhmgpdaat

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 20(Mbung 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

St FHfdZ HAaMpL P ¢KS =+ NI yISNF2NR:E ESNazAfidys 2 Sad

produce a similar quantity of biomass salmon in sea cage8510tons; the production of freshwater
smolt (landbased production) varies between&million (the operation of smolt production on

{ dzK dzZNB & A& SELISOlgRundidso kas 2 Iiimsed tyout praoduatian dacilifles
producing 100€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 oceamtsuinedp 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, recreationshihg and tourism in Varangerfjord,
93ISNHEdzy R {dzKdzNB& |yR 2SaidF22NRaxz ¢gKAES GAfR
Varangerfjord and Westfjords. Seabed mining in Westfjords does not cause any conflict with fish
farming, but fjord depositsrobm 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 wildsalmon (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 lbenthic 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)

T
T
T
T
T
T
T
T

Other environmental impacts include:
9 Sound pollution from boats and trucks

Habitat use

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

9 Visual impacts related to aquaculture as well as mining and tourism alter the aesthetics of
natural landscapes and hishts. These changes can evoke emotional responses from both
local communities and visitors (Maehr et al. 202&hanges 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 visuglintrude upon the marine landscape.

Interaction/conflicts/possible conflicts with other activities:
1 Commercial fisheriegod, haddock, lobster, whelk, shrimp. Impact on shrimp stocks and cod

spawning areas. Possible negative impact on lobster, wimelKish quality. Spatial separation
between fish farming and commercial fisheries to limit conflicts.

1 Indigenous fishingCaastal indigenous fishing has close economic, social, and cultural linkages
with marine ecosystems that are vital for their cultuda¢ritage. Like other smaticale
fisheries, they are vulnerable to environmental changes (#8$#fdigenous fishing together
with recreational and traditional fishing, often intersect with burgeoning industry, like fish
farming, but also mining and toism development, leading to potential conflicts over resource
allocation, environmental impacts, and cultural heritage.

1 Recreational fishirng impact on wild salmon river fishing from parasite infection and genetic
mixing with escapees.

1 Tourismminor 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 Planning7942, 71
20 http://toobigtoignore.net/researchcluster/indigenousmarinefisheries/
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1 Sea bed miningsea bed mining of calcareous algae sediments in Westfjords creates no
conflicts with fish farming
1 Mining: Impact of suspended sediments from fjord deposits from iron miiidene$

5.3. Tourism

Tourism hubs

Finland: - Inari

- Kittila
Norway: - Varangerfjord

- Egersund

- Svalbard
Iceland: - Westfjords

Faroe Islands -{ dzK dzNR &
Greenland: - Nuuk

Italy: - AlagnaValsesia

General summary

ArcticHubs includes tourism hubs in northern European countriesa Batning huhin Italy.Several

of the tourism hubs are cdocated with fish farmingactivities mining, and indigenouactivities
Tourismiswell establisied in the Finnish hubs and in Svalbard, but is still being developed in Egersund,
bdzdz] = { dzKdzZNR& |yR (GKS 2Saif22NRao®

Tourism has an impact on the environment and can affect other natural resource users in the same
area; however, tourism is also affectegl 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) ats tteuml

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 hatite interactions and conflicts with other activities and

natural resource user&.g. miningare more specific for each hub.

Main environmental impacts:

T

1
1
1

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

Plastic waste

Oil spills fom cruise ships

Trampling of natural vegetation, erosiolmcreased tourism activities can lead to trampling
and erosion, particularly in fragile ecosystems and popular natural attractions (Aalf}2014
Gossling, 20G9). 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
aeghetic value of the landscape but also disrupt vital ecological processes.

Animal disturbance (reindeer herding, arctic wildlifEpurism 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 behviour, potentially leading to reduced reproductive success and population
declines.

Infrastructure development, roads, buildings, skilitshabitat 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:

)l
)l
il

Sound pollution from boats (jet skis) and snow scooters
Air pollution by transport (boats, vehicles, snow scooters)
Visual impact infrastreture in pristine nature

Interaction/conflicts/possible conflicts with other activities:

21 Aall, C. (2014). Sustainable tourism in practice: Promoting perverting the quest for a
sustainable developmentSustainability &5), 25622583.

22Gossling, S. (2002). Global environmental consequences of touri@bal environmental
change 134), 283302.
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conservationists regarding access to nature

1 Possible conflicts with other usesEnatural resources e.g. mining
1 Conflicts with reindeer herders, particularly from dogsledding tourism (Inari)
1 Conflicts between tourism operators and local hunters in Nuuk regarding humpback whales
1 Nature conservation: nature reserves/protected areasraadt tourists causing trampling,
erosion, littering (Vestfjords)
5.4. Mining
Mining Hubs
Finland: - Kittila
Norway: - KautokeineKvalsund
- Varanger
- Svalbard
- Egersund
Sweden: - Mald/ Kristineberg
- Gallivare
Italy: - Germanasca

General summary:

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

Varangerfjord and EBgsund in Norway are elocated with both fish farming and tourism hubs. Kittila

and Svalbard are all docated with tourism hubs, and Kautokeiwalsund, Kristineberg/Mala and

Gallivare in Norway and Sweden areleoated with indigenous hubs. Both Saveh mining hubs are

also celocated 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 arbaghlight 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. loradditi
RN .. o orizon 2020 research Page30/ 309
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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 tourisnthé& 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:
1 Waste production: land deposits
1 Acid mine drainage (iron/copper sulfide mineg) pollution of water ways and soils:

acidification and heavy metal pollution
1 Habitat destruction and fragmentation

1  Waste production: sealfjord deposit (spific for mines in Norway)
I Habitat destruction

Spreading of submarine tailings
Impact on water quality, suspended sediments, heavy metal contamination

Impact on marine fish populations and spawning areas

= =4 =4 =

Plastic waste
9 Impact on salmomopulations in National Salmon fjord and river

1 Waste: discharge of flocculation chemicals to sea/fjord
1 Toxicity: Impact on marine fish, bottom faundining activities can introduce toxic

substaances into the environment, posing significant risks to etmsysvildlife, 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.

1 Long distance transport of heavy metals by aerosols

9 Accumulation of heavy atals with increasing trophic level

1 Hunting: reindeer and ptarmigan were hunted for food by early mining communities on
Svalbard, and polar bears were shot for safety

T Traffic: wildlife disturbance

9 Traffic: disturbance reindeer herding

1 Infrastructure devaedpment, roads, buildingg habitat fractionation/destruction, landscape
changes.

1 Impact on vegetation: several plant species are threatened by mining related infrastructure,
particularly in the high Arctic tundra environment of Svalbard
Impact on biodiverigy, e.g. marine, bird populations

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

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

Other environmental impacts include:
1 Noise pollution

1 Visual impact infrastructure

Interaction/conflicts/possible conflictswith other activities:
9 Impact on tourism and recreational activities (infrastructure, landscape changes, noise)

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

1 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)

1 Impact on National Salmon Fjord/River status

5.5. Indigenoushubs

Finland: - Inari

Norway: - KvalsuneKautokeino

Greenland: - Nuuk

Sweden: - Gran Sameby (Gallivare, Jokkmokk, Mala)

General summary

ArcticHubs includes indigenous hubs in Finland, Sweden, Norway and Greenland. The indigenous hubs
in Sweden and Norway are-tmcated with mining hubs, and in Sweden also with forestry hubs, while

the indigenous hubs in Finland and Greenland arocatedwith 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 impreegistence of industrial
activities and indigenous lifestyle, and the environmental impact of indigenous activities. Other data
includes national databases which contain a wealth of his&briand 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 ldndwvay 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 reindeerthateasre
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 resof 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 inmpacts f
YSIFENbe AYyRdAGNRARFIET FOGAGAGASE faz2 fAYAGA GKS NB
On the other hand, reindeer husbandry has an impact on the environment itself as well: overgrazing
has had an impact on the Arctic vegetationegiator 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 digttich
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 indigenas 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 disturbareiadeer.

Main environmental impacts affecting indigenous lifestyle/activities:

9 Disturbance of reindeer by tourism activities, e.g. snow scooter tracks
1 Disturbance by mining activities:
Industrial noise and rock blasting

Spreading of duflE RdzOS& NBAYRSSNNA oAfAGE G2 FAYR A

Runoff from mining areas impacts water quality

= =4 =4 =

Habitat loss and habitat fractionation

i Habitat fractionation/loss by infrastructure development
1 Roads, railway lines

1 Mining activities
1 Wind power

1 Impact of forestry ativities on reindeer husbandry:
1 pasture degradation, loss of lichen pasture

1 need for supplemental feeding
9 loss of cool shade forests for cooling and insect avoidance
European Union's Horizon 2020 research Page33/ 309
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1 Impact of tourism on indigenous whale hunting in Greenland
1 Impact of proposed mining agities on indigenous hunting in Greenland
1 Climate change

Main environmental impacts by indigenous activities:

1 Impact of grazing on Arctic vegetation, e.g. overgrazing
9 Increase in off road motorised traffecvehicle tracks
9 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

= =4 =4 4 =4

Infrastructure development (e.g. roads, vedays, power lines)

Mitigation and collaboration

1 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

Consultatiorprocedures between state forestry and reindeer husbar(tingri, Finland)

= =4 =4 =

Renoducts over highways and railways

Annexto Chaptedt on ArcticHubs and specific industries: an overview
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6. Compilation

Thischapter includes a compilation of environmental assessments for all hinistuded in this study

to identify impacts of industrgpecific economic activities. Each hidsscription contains a general

hub introduction including an industrial fatteetabout hubspecificindustrial players or activities, an
overview about the environmental state dfi¢ 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 impactsllas we
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 foresisyirh
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 reindeeusbandry 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 assochated wit
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 aivdrom 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 damagéo 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 neianomic 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 cosbmpetitiveness of many paper mills. As a result, Stora Emade a decision

to permanently close down pulp and paper production in the Veitsiluoto Mill in 2021 with 670 people
losing their job. Metsa Fibre, part of Metsa Group, infornme@021about a new investment to build

a new bioproduct mill in Kemi. The néwetsa Fibre biopsduct mill acts asa great compensation for

the Kemi regioffior the loosses of Storenso jolpsterms ofindustrial jobsin the region The investment

o * * This project has received funding from the PageS6/ 309
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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 Kigmlp 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 Asessment (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.
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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 Metsae Group will be located at the mouth of the river

* R This project has received funding from the
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Kemijoki, wesfrom 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 thisaseahe old Metsagroup 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 avater
energy use, but also inetms of chemicals and combustion products that are released to the
environment (Corcelli et al, 2018)owever situated in an industrial area, thdetsagroupbioproduct

mill is estimated to not cause major impacts on soil or bedrocks, geologically enpéstations or
groundwate). The closest residential buildings are located at-300mdistancefrom the border of

the industrial estate. Wood that is used for raw material will be harvested mostly from Lapland, North
Ostrobothnia and Kainune of theclosest nature protection areas is the Bothnian Bay National Park,
in the outer archipelago of Kemi and Tornio (established in 1991, with 150keaiZe). The islands in

the area have been formed by peglacial rebound, and the scenery is still in astant 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 oftfaised fuels originating from
primary production. When it comes to forestry actiegj the national forest volume in Finland
remained the same between 1920 and 1980, but since then it has been growing continuously as a
result ofa stronger utilization of silvicultural activities as well as the effects of climate chamtiel¢

12%). The Finish state forestry is mostly led by Métlitus 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 andcésted 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 foitpparagraphs on environmental
impacts will respectively introduce first the forestry perspective followed by the paper pulp industry
perspective.

Bl NIGAOES mé NBETFSNRER (2 -rekdurddsiorést/muttiglease of-trpstsaheimpa&of-k y I G dzNT
forestry-reindeerhusbandr (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 mi@l 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). Tése changes are regarded as positive and negative for different forest users,
nevertheless they can be understood as impacting the ecological conditions of forests. Accordingly,
clearcutting activities increase sunlight radiation favouring the drying oéses, wavy hair grasses

and lichen growth (Article 1; Akujarvi 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, sprucdorest loggilg 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 regmpechanges,
changes in radiation and the changing of moistuaad nutrient conditions. More specifically, soll
preparation methods such as screefing (sculping) and harrowing can impact the composition of forage
plants in moist forests (Article 1). Bess, 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 (Aticle
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 repspiecial

focus was often on lichen coverage inforestg® (12 GKS LI I yi &ALISOASEAQ AYLR
(seenext chapte). 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 indestidad. 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 efsekriver water is observed due to
increasing water temperatures begse of coolingand 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 introoliocefmery
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 spdoilis 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 ey provide insulation as well as moisture retention of forest soil. Lichens are regarded
as ecological indicators for forest biodiversity and-gtdwth forests and besides, they provide critical
winter forage for reindeer. Therefore, lichens are a crufaator 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 etal, 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 approtcheconcile 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 continuitywhich comes with a decline of rdidted 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 becausatbassociated 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 threateetemisia Campestrisa

nature directive species will be destroyed (EIA, 20M)reover, 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
industrialactivities (EIA, 2019).

C.Pollution

The trendsetting role of bibased 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 mil
m3 (Anttila etal, 2018). However, there is a remarkable deficit of relevant small trees in southern
Finland and there is an increasing tendency to import putpd sized material from northern regions

and transboundary. Hence, increasing lahgtance transport of engy 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 duringhe 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 increasinguch@st 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 tersnof 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 inZabig3.

Table2. 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/|

SOLID WASTE 50mg/l
NITROGEN (N) 11mgl/l
PHOSPHOR (P) 0.73mg/l

ADSORBABLE ORGANIC HALIDES (AOX) 6mg/I

Table3. Emissions to sea/water from new bioproduct mill (EIA, 2019)

EMISSIONS TO SEA/WATER AMOUNT (PRELIMIARY VALUES)
WASTEWATER 88200m3/d

CHEMICAL OXYGEN DEMAGIODCR) 450mg/l

SOLID WASTE 60mg/I
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NITROGEN (N) 8mg/I
PHOSPHOR (P) 0.5mg/l

ADSORBABLE ORGANIC HALIDES (AOX) | 8mg/|

Here, the scientific literature and impact assessments highlight different components as
environmentally threatful. According to Poykio et @004), organochloride compounds from effluent
waters have impacted the surrounding terrestrial and marine edegsys 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 linkad decreasing halogenated compounds in sediments as a result of long
term data observations of Extractable Organc Halogens (EOX) (Poykio et al, 2004). At that time, also
trichloroguaiacol concentrations in biles of perches were analysed which have slooba fow.
Besides, gonodal disorders were found in burbot roach and perch, however the level of
bioaccumulation was unclear in this regard (Po6ykio et al, 2004). According to the EIA (2019) of the
Metsae fibre bioproduct mill, eutrophication and increasedyadl 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 sfaosted species in

the surrounding region (EJR019).

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 andaper in industry, pulp production is mostly linked to the
AYRdAzAGNER QA yS3IAILGADBS SYBANRBYYSyYyGlrt AYLIOhad Ly (K
F2N) pps 2F (GKS AYRdAzZ2UONEB QA CNBAKGI 0SNI) 9dzi N2 LKA O
¢C2EAOAGE t2GSydAalt 61 ¢t0 YR nw: 2F GKS AyRdzAGN
2018). On top of that, some other significant environmental impacts can be linked to paper production.
Accordingly, paper production processes have praede responsible for 38% of the pulp and paper
AVRAAGNE QA CSNNBAGNRFIE ! OARATFAOIGARZY t2G8ydAlt
C2NXYIFGA2Y t20SyGAlf o6thcCcto +Fa ¢Sttt a prr 2F (K
Enviromrmental 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 sitty linked to pulp production processes which contributed with 46%
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i2 GKS AYRAZEAGNBEQA Df26Ft 2FNYAYI t20SydAltS GAGI

ol
gStf a 6A0GK nce» G2 GKS Ay RdzadNE QAatogethes thépulp 5 S LI S
LINE RdzOG A2y LINRPOS&aasSa | O02dzyd FT2NJ br: 2F GKS AYRd
0KS AYyRdzaiNEBQa ¢!t FYR 1 ¢td ¢KS Yz2ad Ay¥FEdsSyida
digesting, chemical recovery and bleachiprgpcesses; Mechanical pulping was regarded as most

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

Compared to the present situation, the new bimsed pulp and paper mill in Kemi is also associated
with local improvements of air qu&f 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 emissionly replacing fossil fuel mixes (e.g., peat, coal, oil, gas) used for power boilers and lime
kilns with renewable alternatives. This could drop national emissionsiés 2Lipidinen & Vakkilainen,

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

the production of energy will increase. The overproduction of energy can consequently also be used
elsewhere (Lipidinen & Vakkilainen, 2021). The displacement of fossil fuels, the more efficient use of
woodrad Yl GSNRAIE YR YAYAYATFGA2ya 2F LINRPOSaa o &¢
based production centres such as Stora Enso agtddhallitus by e.g., dissolving pulp for textile fibres,
cleaner production technologies, biogas production from wasteeams or chemical recovery
processes that reduce necessary chemical inputs (Temmes & Peck, 2020). From such perspectives,
mobilizing biebased solutions within the pulp and paper industry is associated with positive impacts

in terms of GWP, FEP, HTP diftP 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 andorganic 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 arassociated 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 reindd@rding lichens are an important part of¢ 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 woosl.isThi
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 impactsndiora 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 phaxf 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 Finnistesioy, but Imited material related to
perception and ambitions.

Company information can provide information about ambitions and the companpsriéption. The
Metsa Fibre company homepage informs that the company utilises green technology and remewabl
energy and is one of the greenest and most sustainable companies in the industry

1 Metsa Fibreg Kemi bioproduct mill project (metsafibre.com)

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

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

1 Sikanen, L., 2017. Finlaggrobably the most sustainable forest bioeconomy in the world.
https://www.luke.fi/en/blog/finland-probablythe-most-sustainableforest-bioeconomyin-the-
world-2/, accessed 30July 2021 nfortunately, there is no access to the information via the
www link announceyl

6.1.1.6. Perceptions

According to K. RaitigiR 2 CAYf I YRQAzy RENBAVEE X&aKNI RAOFE Of AY
selfimage that its forest sector is leading the world in addressing the biodiversityconkish forestry
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is actually driving, withstand scrutiny. Forestry remains the most important cause of biosityeloss

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

T Raition, K., 2019. In: Climate Home News

(https://www.climatechangenews.com/2019/07/09/finland®restry-myth-underminesradicat
climate-ambition/)

In addition,NationalPark information describes the region where the forestry hubs are located. The
presentation seems to be targeting tourists.

1 Bothnian Bay National PariNationalparks.fi
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6.1.2Kamijarvi

Kemijarvis situated in the Soutkastern 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 kmz2, of what 426,78 km2 waters.
Population density is 2,05 inhabitants/km?. About 5300 people in the central area of Kemijarvi.

The wood pulp industry was one of the main economic activities in Kemijarvi 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 ofhe millennium and the number of personnel in the mill was about 220. A new
development within the wooébased industry in Kemijarvi is associated with the construction of the
Keitele Group owned sawmill. After the Stora Enso pulp mill shut down, locakastarted 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 reporbrin 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 san al
produce dissolving pulp, which can be used for newtdaised products.

T LY RAZAUGNAYEY X RO SN
+ I G108 R2LINR RdzOlG YA

I 2 YL y & +F Gl &S
fh oy SNEKA L +F G asi

[ 20IYa2y YSYARNNBA vy R ANK I NyRY

I Oa Al & tfFyySR 0Ad@LINBRdzOG YAf €

{ LI ol fY SEGSy dant fM}hnN;ﬁﬂED

wSaz2dzZN®S )ISSRH@YQQ22R ol €YEl&h SYUA LI ||
m uKSN Jt wazzﬂ yzNJJ
LJ POdz2NBYSyd, JSRE P X VA | gl
o ) A%;& NE a2 & Y NJ RA dza
NS U ypS NEB

t NERdxOs 2y H p g Ji g 2F |Eo§x\6dz12ﬂ_JN&2§ﬂm§2’1
Ay Of 2Yl S YOSANZHCEK $P)
o¥mnnD|2 y7\2'-F NBYySgl of Sb St

L YLI- OUHS2 & /XM 2tyNaP édmﬁ @ NJ uNJ HIM. I

2 UNI AY 'iyaum ég Rﬁg

SYAémh

9YLI 28 YSyily SEMRISHHSR2 éu Nmizé %zs S

2 LJNEngagfmeﬁ&S XAV )\NS
0SOu aynhm()ZdzU

LYLJI OG G2 NB\HMQ‘ I @2 S 22YR . LINRA Y I N
I yg u KS @gff dzY 8@ :2ATY )\[w?%?atl

L Y LI QdfiyY O | 0 2mzip NYz Q§< SNmmueé\sts 3
U NI M Sn'u NJ Y
®SK 2904l SOu Aoy'ruxm»Ll

Figure3. Industrial factsheet Kemijarvi
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6.1.2.1.  State of the art / environmental background

+ 01 asSiqa RSJStRahdkdicbeldtatddin thed@nvindk biSark dlose to the centre

of Kemigrvi. The main business idea of the Biopark is to serve as a platform to produce biomaterials,
energy, synergies with the circular economy and newdaneration opportunities. Accordingly,

+ | I ae® inid &ill bg established on already existing industrial estates. In cooperation with the
Lapland ELY centre, aql®-year development program has been planned for the Eastern Lapland
Road network which is associated with new infrastructural and loglstpportunities for the
Kemifrvi business side (Ker@iyibiopark, 2022 25, As of early 2024, the funding for the planned
mill has not yet been confirmed.

Located in nortkeast Lapland, Kemijang 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, 2089. Moreover, Kemijarvi is located closelyla&e Kenjarvi 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 (visitkendjvi, 2022%’. Surrounded by water bodies and natural landscape,
Kemigrviis an attractive tourism destination, important sights are e.g., the Pyha National Park and the
Suomu fells which are both a40inute drive away. The Kemijarvi municipality inhabits 9 Natura 2000
sites of which the closest i§/nnyriaapa with 8,5km distae.

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

the paper and wood pulp industry and the forestry sector due to the continuous need -tialsied

fuels originating from primary production. Raging forestry activities, the national forest volume in
Finland remained the same between 1920 and 1980, but since then it has been growing continuously
as aresult of stronger utilization of silvicultural activities as well as the effects of climaigec{faticle

1). However, the new national investments into the Finnish bioeconomy have increasingly changed
forest use and assaociated methods. Accordingly, the logging possibilities in Finnish forests are expected
to double in 2050 and the intensity ofee harvesting will also shift more and more from southern to
northern Finland (Article 1). More concretely, figudepresents the extent of the essential wood
procurement area that KensiNJJA Q&4 A Y RdAzAGNE YIF {1 Sa dzaS 2Fo

241n English | Kemijarven biopuisto (kemijarvibiopark.fi)

25 Change agency and path development in peripheral regions: from gralguction towards ecendustry
(tandfonline.com)

26 Aho, S. Control over resources in place reinvention: Kemijarvi in far-away Lapland. Place Reinvention
in the North, 101.

27 Nature Attractions | Natural Attractions | Visit Kemijarvi (visitkemijarvi.fi)
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Figured. 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 digiard, 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 Inmi3 per year) for the new bio product mill in Kemijaervi is
expected to increase forest cuttings in Laygaas 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, diffareforestry 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 imgadhgnecological
conditions of forests. Accordingly, cleautting activities increase sunlight radiation favouring the
drying of mosses, wavy hair grasses and lichen growth (Article 1; Akujarvi et al, 2014). Lichen growth
is furthermore linked to the natal habitat of reindeer herds as they provide an essential food source
(Miina et al, 2020). On the other hand, sprdoeest logging and controlled burning are associated
with losses of lichen types and hindrances within animal territories. The operatfirfgrestry
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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 maéstdreutrient
conditions. More specifically, soil prepa@atimethods 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. lmadditi

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 speal@sdance.In this regard, within the
compiled literature for this report a special focus was often on lichen coverage in forests due to the
LX Fyd aLSOASaQ AYLERNIFYyG NBES Ay GKS SO2aeaidSyd
abundance have shawto 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 coolingater is associated with weakening ice conditions of sed 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, piivagdor
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 therevious 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 teraéecosystem
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 anmld-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 (Miala2§120). 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, salespecies 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 #sted species which are dependent on old living trees
and coarse woody debris (Kuuluvainen et al, 2019).aAresult, current retention strategies are
DRI 5. Unions Horizon 2020 research Page50/ 309
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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
Kemijavi 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 havéeen observed in the surrounding milieu, however these yet must be recorded (EIA,
2017¥8. In such contexts, especially the construction phase of the bioproduct mill received negative
feedback from the 2017 EIA. Next to the endangering of mentioned prdeptant 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 hakits 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 forestatshitd to
create important biodiversity features, thinning processes are PEfeftified and promote the
maintenance of e.g., decaying wood as well as deciduamsl old trees. This increases the
preservation of biodiversity and comes with positive eféec

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 blmased pulp and paper mills and irefries 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 southerrirffand and there is an increasing tendency to import pufmd sized
material from northern regions and transboundary. Hence, increasing-distgnce transport of
energy wood is associated with slightly higher CO2 outputs from traffic and associategaibiten
(Anttila et al, 2018; EIA, 2019). Furthermore, the ongoing construction of the new pulp and paper mill
in Kemijarvi is considered as noisg¢ense, also during the operational phadeaffic will increase
during the construction phase of the nemill, 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 toatasets EIA during construction phase. The exact referemest be added from
colleagues!
2 PEFC Finland®EFG Programme for the Endorsement of Forest Certification
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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 traffvith about 10 vehicles per hour are expected

while 4 vehicles per hour are expected during nitiinte.

When it comes to noise pollution, there is an increase especially during the construction phase of the
new mill, but also during the operation. Hergise levels caused by industrial operations and heavy

traffic at the closest residential buildings will increase and exceed recommended [irhgsmpact
according to theelAis defined ashighly negative(EIA, 2017).

More environmental impacts in tersnof 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 POykio et al (2004), the scientifi
literature and impact assessments highlight different associated components as environmentally

threatful (see more detailed information in chaptérl.12.G paragraph under tabl@ and 3). For

processing, around 27000 m3 of water are needed per day while arour2l2183/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 Kemijarkeldut not downstream of the Kemijoki

River

On the other handY SYA 21 SNIA Q&

bioenergy produced ithe 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

ySo

when taking emission reductions in consideration.

More specifically, tablé shows a short overview about emissions to the atmosphere. While these
emissions come with a shereérm smell effect, all are clearly under allowed highest limit values (EIA,

2017).

Table4. Emissions to atmosphere

0 A2 LINE RdzO
emissions. Discharged emissions from fossil fuels will be compensated through bioenergy, and the

YATL Tt

EMISSIONS TO AUSPHERE AMOUNT
SULFUR DIOXIDE (S02) 120129
NITROGEN (NOX) 11061195
TOTAL REDUCED SULFUR (TRS) 2528
PARTICLES 119129
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6.1.2.3. Conflicts

Same conflicts as in Kemi: See chaptérl.

6.1.2.4. Mitigation

The pulp and paper industryassociated with a reduction of greenhouse gas emissions because fossil
fuels are continuously replaced with bio energy. However, this process comes with higher wood
demands whichs associated with a further need for sustainable forest methods and usesauf 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 reindeerders 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 plaad to mitigate the effects of traffic and associated safety conditions. In
addition, to reduce noise pollutiomoise levels can be reduced by constructing alternative road
connections, noise barriers, alternative selections of building materials andewmology.

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 Metsa 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

1 Metsa Fibreg Kemi bioproduct mill project (metsafibre.com)

9 Stora Ensdnaspermanently closd down pulp and paper production at Veitsiluoto mills
Kemi

Furthermore, alog post asserts the sustainability of Finnish forestry.

1 Sikane, L., 2017. Finlangiprobably the most sustainable forest bioeconomy in the world.
https://www.luke.fi/fen/blog/finland-probablythe-most-sustanableforest-bioeconomyin-the-
world-2/, accessed 30July 2021 Ynfortunately, there is no access to the information via the
www link announcell
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6.1.2.6. Perceptions

According to K. RaitipiR2 CAYf I YRQA F2NBaldNB YeidK dzy RSN A
CA Yyt I VilRaga thaiiitS forEst sector is leading the world in addressing the biodiversity

crisis¢ which forestry is actually driving 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

I Raition, K., 2019. In: Climate Home News

(https://www.climatechangenews.com/2019/07/09/finlane®restry-myth-underminesradicat
climate-ambition/)

In addition, National Park informaion describes the region where the forestry hubs are
located. The presentation seems to be targeting tourists.

1 Bothnian Bay National PariNationalparks.fi

REFERENCES

(please find scientific article references in reference listobiapter 5.1.1which were both listed for
hub Kemi and hub Kemijaeryi.

Bothnian Bay National PariNationalparks.fi

EIA 2019. Metsd Fibre Oy Kemin biotuotetehtaan ymparistdvaikutusten arvioistiselo
[Environmental Impact Assessment report of Metsa Fibre Ltd Kemi bioproductvmifjristo > Metséa
Fibre Oy:n Kemin biotuotetehdas, Kemi. In Finnish

Kemin MetsaFibren biotuotehtaan YVAn yleisétilaisuuden kalvot 29.12.20Bhnish

MetsaFibre¢ Kemi bioproduct mill project (metsafibre.com) Stora Enso initiates a plan to permanently
close down pulp and paper production at Kvarnsveden and Veitsiluoto mills

6.1.3Gallivare

The Gallivardwub is the same as the municipality and covers 1,68 Mihiestaresof 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, Gallivare municipadi also part of the traditional lands
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of Sami people in the greater Sapmi land area, and town of Gallivare is located in Swedish central

Norrbotten at the knot point of the three Sami reindeer herding villages (Samebyer) Géllivare, Baste
Cearru and Unnajerusj. (Figuré)

Gdllivare
/'/ \‘\

Figureb. The Gallivare forest hub area with forest land in dark green, nature ressright green,
national parks light blue and biotope protection yellow. Municipality border ied.
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Gallivare

Figure6. The reindeer herding communities residing/operating in Gallivare 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) arelakbg 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 Géllivare is basically part of the timber balance area covering Norrbotten andwtister

which in total amounts to 7.1 Millio hectes of which of 6.4 mill hectares is available for timber
harvesting. Gallivare then makes up 11% of the timber balance area in the region while the
contribution to the timber supply is less due to pooréegroductivity. However, athere 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 1in8l 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 hiag)eduring 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 Gallivare then sum up smme 480,000 m3sk. In Sweden, about 6% of the harvested volume is
used for fuelwoodSkogstyrelsen, 200®)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. Testiag in

Gallivare then contributes to 3% of the timber supply in the region.

6.1.3.2.

Almost all forest land in the region is environmentally impacted by human activities, and with the
introduction of commercial forestry, the impact haxieased both in space and consequences. In
Gallivare, 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

T 2 NSeatiires (tablé).

Table5. 5 A FFSNBy 0SS a

Environmental impacts

0SieSSy

LINARalGAyS F2NBai

dynamics. (Reproduced after Bleckert and Pettersson 1997)

PRISTINE FOREST

TODAY'S FOREST LANDSCAPE

WILDFIRES EVERY CENTURY IN
MANY SITES

WILDFIRES
FOREST

IN DIVERSE PRIMEVAL

POWERFUL SPRING FLOOD WITH
FLOODED FORESTS

NATURAL RELATIONSHIP BETWEEN
PIONEER TREE/SECONDARY TREE

NATURAL GRAZERS AFFECT THE
FOREST

30 Reference

(http://pxweb.skogsstyrelsen.se/pxweb/sv/iSkogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20s

Wildfires every 10.000year

Wildfires in sites with few tree spices

Forests without natural water impact

Unnatural order of succession

Few natural grazers

leads to

tatistikdatabas

Bruttoavverkning/JO0312 01.px/table/tableViewLayout2/?rxid=03ek87d3

486d-acce92fc8082735y
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CONTINUITY OF BIOLOGICAL | Temporary biological qualities
QUALITIES

30-40% OF THE VOLUME CONSISTS OF | About 6% of the volume consists of dead wood
DEAD WOOD

PLENTY OF OLD GIANT TREES Giant trees are missing

30% OLD GROWTH FOREST (>200 | The really old growth forest is missing
YEARS)

LARGE CONTIGUOUS NATURE TYPES | Small, isolated nature types
MULTI -LAYERED FORESTS Single layered forest
NATURAL TREE SPECIES MIX Monocultures

OLD DECIDUOUS FORESTS ON RICH | Farmland without forest
SOILS

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 reindeed. 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, operdpiminated, post
fire successional stands on low productive sites which are important habitats for ground lichens. Such
stands have instead been replaced by dense, managesstfothat 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 subgntially 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 snmanditions. 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 durirg hot summer days and at the same time, they are becoming increasing rare.
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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. Alstiestshow that road
drums on the forest road network directly, or over time, risks becoming a-prassing 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 sushapter 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, bthey are also an important biodiversity indicator for forest biodiversity

in general. Moreover, lichens are regarded as ecological indicators fgroldh forests and thus are

an important factor for multifunctional forests. This makes them also aitatdr 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 anubadff
transport) and onward transportém 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 Gallivare may be estimated tM1ifr& (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 sufmliesindeer. 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 wherthe Géllivara and Jokkmokk hubs are located (Sandstréom 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 thaplementation of reindeer adjustefrestry 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 forestre important to find compromises between both operating industries.
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6.1.3.5. Ambitions

There is o relevant input data from hubs related to ambitions.

6.1.3.6. Perceptions

There is o 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 coverarilIectares 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 fort 8i culture. Thus, the hub is foremost defined by the indigenous
traditional land use, that inclues reindeer husbandry, hunting and fishing, which largely take place in
the forested landscape of 765,000 hectares. Youmg om the whole of Homi go to Jokkmokk for
education, and here is also the principal museum of Sami culture Ajtte, that iscamatfon centre

for mountain tourism. Jokkmokk is also the meeting place for several samebygarédeer herding
communities) and located in the heart of their wintering areas.

Forestry has a long history in the area, and today some0800hectaresare 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 husindry.

;:i \.,5 Jokkmokk

Figure7. 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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Jokkmokk

Figure8. The reindeer herding communities residing/operating in Jokkmokk hub; Sirges, Jahkagaska

6.1.4.1. State of the art / environmental background

Similar to Gallivare, forestry in the Jokkmokk hub is is included intithieer balance area of
Norrbotten and Vasterbotten, 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 regiorhile the contribution to the timber supply is less due to poorer site
productivity. However, athere is no local wood processing industry, most of the harvested timber is
transported out of the municipality to supply sawmills and pulp mills in otherspafrthe 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 587,0008sk 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, 200anhd 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 avigand
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 industvialue, but has since then become a sougfter 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 ediabl

the biodiversity. To meet the growing demand of long fibre pulp wood, the exotic spBaies
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 piatinbe 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 partular 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 methodh s largescale logging, intensive
reforestation efforts and fire suppression have resulted in a decline in old, opesdpméated, post

fire successional stands on low productive sites which are important habitats for ground lichens. Such
stands haveristead 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, dacsaged 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 ppulations 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 atarftBcoming 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 landsge and in each individual site. Also, studies show that road
drums on the forest road network directly, or over time, risks becoming a-prassing obstacle for
aquatic life, and due to ditches along the roads, each new forest road also contributehémged
hydrology. (Skogsstyrelsen 2001).
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B. Changes in biodiversity

The previous sulshapter has already highlighted the impacts of forestry activities on the abundance
of ground lichens. As it has been described in previous forestry hub chalitbens 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 fgrolth forests and thus are

an important factor formultifunctional forests. This makes them also an indicator for the effects of
forest management strategies on several ecosystem servidirsa( et al, 202).

C.Pollution

The combustion of fuel is the main source of pollution in forestry operationd€lleg and offroad
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 onwasdransport of the inJokkmokkmay 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 methodsre 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 rist flarclined with 78%

in the inland of Norrbotten where the Gallivara and Jokkmokk hubs are located (Sandstrom 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 lichemich 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 Minge, ongoing dialogue and conflict anod the
establishment of the Kallak mine.

- Planting pinus contorta

- Samrad consultations

- Isolation areas with no forest operations
- More precommercial thinnings

- Use of remote sensing technology
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6.1.4.5. Ambitions

There is no relevant input data from hubs relatechtabitions.

6.1.4.6. Perceptions

There is no relevant input data from hubs relate¢po&rceptions
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6.1.5Mala

The Mala forestry hub is defined by the sawmill situated in the town of Mald, and its timber
procurement area, which can currently be described as a circle wiliag of 100 km idure 9 & 10.

Mala 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 Vasterbotten and
Norrbotten, it contans a complex landse 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 hatea is affected by forestry in one way or another.

Mala

Figure9. The Mala hub area with forest land in dark green, nature reseligbt green, national
parks light blue and biotope protection yellow. Mala municipality borders indicate with red line.
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Mala

Figure10. The reindeer herding communities residing/operating in Mal& hub; Stak&stra
Kikkejaure, Vastra Kikkejaure, Mausjaur, Maskaure, Mala (skogssamebyar) and L-ztas,

SemisjautNjarg, Svaipa, Gran, Ran, Ubmeje tjealddie, Vapsten, Vilhelmina nojaeli$amebyar)

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 sdlsroperating in the hub, Setra in Mal& and
GlommersTimber in Glommerstrask. 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 Mala (Wahlberg Roslund.ZEl&filar to Gallivare

and Jokkmokk, the forestry in Mala hub is part of the timber balance area of Norrbotten and
Vasterbotten, contributing to about 25% of the total.

The actual final fdlhgs 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 alaftabharvesting,

the final felling area amounts to 0.77%, indicting a rotation period that exceeds 100 year. The volumes
ASYSNIGSR FTNRY (KAYYAYIQas gKAOK FRSimdSduRfgyhad 2y
rotation period, and other cuttigs 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 Mal& hub area then support the region
(timber balance area of Vasterbotten and Norrbotten) witB50000m3sk representing about 17%
of the industrial demand in the region.

The timber supply to Setra Mala sawmill involves 350.000 m3fub (410.000 m3sk) pinewood logs that
are harvested and tmsported 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 arerddligeother industries

in the region. (Wahlberg Rosluy2D21)

At Setra Mala sawmill the logs are processed to 170,000 m3 planks and boards wheg&8b 26
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 Vasterbotten. Some
91.000 m3 pulpwood chips, are sold to the mill in Pited, while 70.000 m3 sawdust and 8.000m3 bark
are sold to the nearby heat and powerplant owned by Skellgf KThis plant produces 72 000 MWh,
wherof 75% delivered to Mala sawmill and 25% to the district heating grid (32.2 km) with 239
connections.

5 ',000 m3 sawdust and
8,000 bark is converted
72 000 MWHh in Skellefte

Krafts power and heat

plant, wherof 75%
delivered to Mala
sawmill and 25% to the
district heating grid
(32.2 km) with 239
connections.

sBojmes auld £W 00O'0SE

20-25 000 m3 plained wood to Rardwarestures In Norway and fapen

\
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e

Figurell. Comprehensive description of the current flow of timber resource flow in the Mala 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 170,0003 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 furter 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 avisand
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-afteighaw
material for the pulp industry. Thus, the previopactice 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 spBaies
conorta 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 indalgturpose according

to a Business As Usual (BAU) scenario is presented inGtabtethe typical rotation period of forest
stands in the hub are 8000 years, the harvest potential by tree species and assortments reflects the
regeneration and managemenf young stands that was done54decades ago or more. Similarly, the
current forest conditions together with a BAU practice

Table6. The potential timber harvest by assortments for the Mala 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 increadwith 41% and that pine trees

have become an even more dominant species.

Pine Sawlogs 1399 1455 1957 1972 93 201 2004 1%

185 4 1973
Pine Pulpwood 810 1098 1154 1310 1314 1403 1532 1902 56 187
Spruce  |Sawlogs 3 ™ 53 432 499 453 400 333 330 59
Spruce  |Pulpwoog %53 i 619 237 497 458 624 7 M 1068
Contorta |Sawlogs 2 16 135 158 39 i pril 126 52 82
Contorta |Pulpwood 10 32 152 n7 133 143 M 53 42 60
BroadleayPulpwoog 656 590 606 6 75 817 971 %05 1002 99
TOTAL 410 467‘I]| 4734 5108 390 WA 3855 6106 6476 6585

A. Habitat and landscape

Forestry activities are closely associated with habitat loss and habitat fragmentation not least
regarding those that are important teeindeer 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 wtatfettas

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, opesdpmé@ated, post

fire successional stands on low prativre 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 hapeocaisn 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 negatisensequences 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 grazisg lan
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 accessimhieer 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-prassing 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 sulshapter has already highlighted the impacts of forestry activities on the abundance
of groundlichens. 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 ecologididators for oldgrowth 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 seridizsa et al, 202)

C.Pollution

Thecombustion of fuel is the main source of pollution in forestry operations (i.e. felling andandf
transport) and onward transport from depots to processing industries. Based on key figures of the fuel
consumption in Swedish forestry in 2014, reported $kogforsk (2019), the fuel consumption for
silviculture, harvesting and onwards transport of the in Géllivare 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 ethactivities 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 Vasterbotten where the Mala hub is located (Sandstrom et al 2016).

6.1.5.4. Mitigation

Mitigation measures that respond to conflicts with reindeer herdersaose of e.g., losses of lichen
vegetation, comes with a demand for thaplementation of reindeer adjusted forestry methods. This
includes more smart and gentle soil scarification methods (lean forestry), more inclusion of thinning
techniques and clearingsis 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. Percepions

There is no relevant input data from hubs relatecprceptions
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6.1.6.Mariensee

The privaeF2 NBald Sy dSNLINRAS dal NR@goa h3ne eaktérn fdothiBslofil SR Ay
the Central Alps situated at the highest elevations at the border between Lower Austria and Styria at
MTno Y® ¢KS FT2NBald SYydGdSNLINAAS dal NASyasSSég 2NRIA
Ludwig Habet insbergacquired 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 of2dfiflihectares.

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 estat@eration 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 charaterized at that time by huge cleauts 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 watkaining ditches, sycamore maple, ash and beech

are planted Instead of large clearuts, natural regeneration is favoured, and small ponds are also
deliberately created to increase the evaporation area.

As a private forest enterprise, the owner is aimingbroaden 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 ad 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 Wechs@emmering panoramic trails are located on the forest roads. For
crosscountry 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 fioresinitary faciliees

and a solar system to rent the huts to tourists. At the end of the valley, the "Wildwasser" theme trail
leads along the Pdstlingbach stream to the Marienseer Schwaig. The Mdnichkirchen Mariensee ski
area is located nearbynd some areas are leased &ki 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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Figurel2. Industrial factsheet Mariensee

6.1.6.1. State of the Art/ environmental background

Forests are an important element of the rural landscapée landscape ominated by vegetative
cover ands protectedand managedby agriculture or forestry. These landscapes can provide diverse
FESnd associated benefits to humans. The management of forest landscap#éeehefore a crucial
impact on their ability to fulfil multiple functions and to provide a sustainable income tesfo

landowners.

From the 2000 haf landcover in the Mriensee area1700 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 protectddndscapesthere is anatural reservendfinancial compensations

are provided by contracts.
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6.1.6.2.

Environmental impacts

The following environmental impacts are based on the main industrial activithssimianMariensee

with a special focus othe foresty sector

A. Habitat and landscape

Environment Environmental impact | Risk Duration | Impact on other activities Mitigation Further
needs
Land use a. Damage forest | Low (most During | (60.000 sold cross-country skiing | skilift company
1. more cross- stands by infrastructure winter | sets per year in Austria and Manichkirchen-
country skiing tourism (cross- | already existing) time 500.000 active cc-skier Mariensee is
and mountain country skiing) (10-20 allowing but
bike trails b Offtracksking | Noparkingspaces | ¥ | Danger for humans—accidents | charging cross-
is disturbing for downhill skiing with slope preparation country skiers a
wildlife guests small fee to use
c. More garbage the skislope for
walking up.
Therefore the
2. more trafficby | a. wildlife disturbance | Seasonally high 15-30 company has a
tourists b. Habitat fractionation years small profit and
the people are
3. land deposits Local habitat medium 5-10 nudged out of
destruction for trails, years the forest onto
skiing slopes the slope.

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 digsirbed 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 thdng to prohibitmountain

bikings

gKAOK YAIKID
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B. Changes in biodiversity

Environment Environmental impact | Risk Duration | Impact on other activities Mitigation Further
needs
4, Forest Change of tree species | medium
management composition
C.Pollution
Environment Environmental impact | Risk Duration | Impact on other activities Mitigation Further
needs
Air 1. bikers on the Low
Dust trails
2. vehicles in the
valley
Sound 3. hikers, hikersin | Low
noise pollution by the forest
visitors 4. vehicles in the
valley

March 2022, Forst Schenker also started operatimgw photovoltaic roof system on the roofs of the
former sawmill in Mariensee. With an expected yearly revenu&l® 000 kWhthis would generate
enough electricity to supply about 25 households with electrigitgvoiding about 7 940 kg CO
emissions[4] Even though they do provide a source of sustainable, emi$ssenenergy, there are
also negative environmental impacts of photovoltaic systems: the necefsangation of steel and
aluminum and silicon needed for their construction before they #a&en into operation causes
considerable amounts of G@missions; Cucchiella and Dadamo (2012) calculated more than 2000
kg CG-eg/kWp being generated during the manufacturing phase. [10] More environmental pollution
is caused after the life cycle ophotovoltaic system: taking into account not only the production, but
also recycling and disposal, photovoltaic systems gene4dt63 g COzgkWh according to a
calculation by the German Federal Environmental Agency. However, duringeaBlfe cycleahey
avoid the generation 0694 g CO2eg/kWh, so their balance is quite positive: avoiding ab6a¥ g

CO2eg/kWh

o * o
. -
- *
. *

* gk

[11]
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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, tradis are inevitable andhust be considered in forest resource planning.
Tradeoffs 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 senfe is favored at the cost of another. The potential for tradis 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 leylémd 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 actividseceterg 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 lkabeetle, but also for other insects and water
dwelling organismghereforethere are strict rules on how to use-ithe use close to bodies of water

is forbidden. [5] [6] In the Mariensee hub, pesticides are not used at mlktead, preventative
measues 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 betsglele
harvesting: not only the timber, but also the othielomass (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 weelnarvesting, the
nutrient removal of the mairy dzii NJniBogen Qpliosphorus, calcium, magnesium, and potassium
rises somewhere between 300% up to 1000%. This can make -wvhelbarvesting rather
unsustainableg it should be done only on nutrieatch sites and only withazeful planning. The
Austrian Forest Inventory classified 49% of the tested soils as possible sites fortngbdiarvests,

on 27% of the sites it would be problematic, and the other 24% were classified as unsuitable for whole
tree-harvesting. [7] To avdinutrient extraction, there is no wholigee harvesting in Mariensee.

Fertilization and liming could be possible solutions for a lack ofswients; however, they affect the
environment in other ways, toa; mostly positively: living biomass and safe|Ican 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 chasgcan affect the soil life and roots negatively. [8] In the
Mariensee hub, fertilization is not necessary.

To create climatestable, barkbeetle resilient forests, a change of the tree species composition is
necessary but often, this change is hinderda 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 20162018 only 30% of young trees in the sample areas were affected strongly by
ungulates, in the period of 2032021 this number had risen to a value of 67,5%. [12] However, the
hunting concept of Mariensee is adapted to decrease the pressumafmlate 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 relatedperceptions
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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 doeatédo

with tourism hubs, andoth 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 Namdithe 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 fisi F NY& 6, 2dzy3d S Ff ®X HamMpOd ¢KS I NI y3aS]
hubs are comparable in size: they produce a similar quantity of biomass salmon in sea cajek, 10
tons; the production of freshwater smolt (ladshsed production) varies beeen 38 million (the
2LISNF GA2Yy 2F avyz2ftid LINPRAzZOGAZ2Y 2Yy {lsodadzNBBasell &
trout production facilities producing 1000500 torstrout per year The main environmental impacts

w»
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—
[
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of fish farming areomparablein all locations and are summarised below

6.2.1.Suduroy

Suduroy is the southernmost island in the Faroe Islandsfiger 13). Total area is 165 km2 or 11.8

% of the total area of the Faroe Islands, and the population is 4660. Suduroy is today considered a
periphery of the Faroe Islands without migration, limited skilled employment opportunities, and other
general issues chartrizingalsothe Arctic periphenand associated hubgistorically, Suduroy was

a cente for the Faroese transition from an agricultural subsistence economy to an industrial fisheries
economy. Since the 1990s the local fisheries sector has declined setise that fewer fishing vessels
are in operation, and ownership of the operating businesses is increasinglpcainAs the traditional
composition of the marine industries is changing, becoming part of the aquaculture and tourism
industries is incresingly 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 tal.

This project has received funding from the
European Union's Horizon 2020 research Pag%O/ 309
* * and innovation programme under grant

ARTA agreement No 869580

*
*



‘—A‘
ARcTICHUBS

Figurel3. Fare Islands: Suduroy, and other larger populated areas in the Faroes including airport
and ferry connectiongFg@royakort, (2022)

In terms of aquaculture, th€aroe Islands are reported to have the largest production per capita of
farmed fish in the worldAll fjords and sounds in the Faroe Islands are exploited to their full extent
when it comes to current production methods in open salmon cagesfigee 14). Since 2016, the
production of salmon in the Faroes has ranged between 1.3 and 1.5 tons pea. dd@tmost active
aquaculture company holding permits in tisiduroyarea is Bakkafrogisee industrial factsheet in
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figure 15)which is characterised by open cage fish farming, fish processing and smolt development.
TheO 2 Y LJI gpat iQth produce 15.@tons of salmon within a few yeathjs equalsmore than 3

tons per Suduroy inhabitamn 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 releabedfjards.

The plant will start operating in 2023.

Fish farming area and infrastructure in Suduroy

% Area allocated to aquaculture »‘\\\\ - .»\

@ Area with fish cages \%L ‘«i\
= Fish processing plant \\L;\’\.Sumba\(*
A  Smolt plant (under construction) \'\\;m})

Figurel4. Fish farming area and infrastructure in Suduroy (Source data: the Environment Agency
Faroyakort (2022))
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Figurel5. Industrial factsheetSuduroy

6.2.1.1.  State of the Art / Environmental background

Most of thelandscape in Suduroy is dominated by grassl&igurel6 is a map layer of Suduroy
showinga more detailed classification of the area. Hence, the landscape is chasact by infield
(Boup surfaces surrounding the inland fjordsmaller rock exposures distributed over the central
island landscapeHellusvad, heather that can only be rarely detectetyfigud, smaller amounts of
bogs (Myra), additional land that is nibcovered by vegetation Svardloysi),and water {atn),
eventually (Fgroyakort, 202R Aquaculture in terms of fish cage farming, is exclusively located in the
inland fjords located along the western coastlineéSaiduroyisland Fgroyakort 2022). In thisegard,
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 plamtated in the southern part of the island. It is expected that
the gnolt production in Onavik (Lopra)ill require 12.000 cubic meters of production space covering
an area ofL0.000 square meter8esides, there are also few seaweed farms at the islaastso
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With focus on the Inland areas, most of t&eiduroy landscape is used for traditional agricultural
subsistence activitiesf which sheep rearing is the most prominerit the same time smaliscale
fisheriesand household fisherieat the coastlineshave beenspecificallyimportant for the local
economyas well

Biodiversity/land classification Suduroy

@@ Area with fish éa;g‘es
Lendisslosg 3
lendisslag E
SR bvour

hellusvad

lyngur
L myra
@, svarsloysi

vatn

SUmhvensstovan

Figurel6. Biodiversity/land classification of Suduroy with Baur (infield), Hellusvad (rock exposure),
Lyngur (heather), Myra (bog), Svardloy$and not covered with vegetation), Vatn (water) (Source
data: the Environment AgengyFgroyakort, 2022)

6.2.1.2. Environmental impacts

The following environmental impacts are based on the main industrial activities in Suduroy with a
special focus on the aquaculture sector of Suduroy island.

A. Habitat and landscape

In the Faroes, environmental impact assessmentssaecificallyrequired for the developmentof
projects in the marine or coastal areaad forthe development of energy infrastructur&Vhen it
comes to aquaculture, most recent Environmental Impact Assessments (EIAs) for operation in the
SRR .o Horizon 2020 research PageB4/ 309

and innovation programme under grant
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inland fjords have been carried out 029 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 {Fr&@Eke
Food and Veterinary Authority, 2022h such contexts, the environmental assessment obaglture
was according to recommended values

However, sice 1998aregular testing of the environment around the salmon cages in the fjords have
been carried out in the Faroe Islands. In 20R@kaaling and the Environment Agermdythe Faroe
Islandsanalysed some of the benthic data which was published in the ré&gmtridjorasamfelgg eitt
faroyskt sammetingargrundarlag (202@)ccording to the document, thecal impact in the proximity

of the salmon cagesave beerdocumented, but the wider envirimental impacts are not knowim
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, buthese reports have so far not been scientifically investigated. Lobster fishers have
likewise observed negative impacts from the chemicals used in fish farming (Bogadottir 2020)

B. Changes in biodiversity

According to reports from fishermen that catch partexly 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.

Furthermae, and ery recentlyarapid decline in demersal catches of coalfish (Pollachius virens), has
been linked to fish farmingdere, e suspected reason for the declinkthe coalfish stock is that the
young fish get caught in the salmon cagess Hevelpmenthas been observed and discussed by the
fisheries and aquaculture industry, politiciamsd., theMinister of Fisheries) and marine scientists in
local newspapers (Dimmaleetting 28ay 2021 and Dimmalaetting 5. June 2021).

Moreover, flmon aquaculturédas nearly always been afflicted by sea.liCarrently, thigepresents
amain bottleneck foithe 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'sus#limucus Here,
Lepeophtheirus salmoni@almon lousgis particularly harmful to salmonid species in the northern
hemisphere(Kragesteen et al, 2019Fhere are three main issues with elevated levels of sea lice in
salmon farms. One issue is impairednsan 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 ifsee is
artificially increased infection pressure on wishwhich has been shown to pose a serious risk to wild
salmonid stockgKragesteen et al, 2019part from a small, introduced stock maintained since the
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1940's in four rivers, salmon are noative in Faroese rivex However, to reduce spreaaf sea lice

and its impact on farmed and wild salmons, a monitoring system was introduced in 2009 with a limit
2F W INIPAR fAOS alfY2ybmMI gKAOK gl a f2a6NBER (2
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 (ttis co
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. Conflictswith other activities

As mentioned in chaptes.2.1.2.Bin 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 qualltas been reported.

6.2.1.4. Mitigation

When it comes to conflicts with fishermen as mentioned in the previous paragraph, the promotion of
a strongerspatial separation between fish farming and commercial fisheries in Faroe |sRarilgdy)
is associated with thpotential to limit conflicts

Besides, Suduroy has introduced a biogas plant on the island Streymoy. It has been newly constructed
08 | adzmaARAFNE 2F (KS O2yaiNHzOiGAy3a O2YLI ye& 2LISN

6.2.1.5. Ambitions

Company information can provide information abdutY 6 A 0 A 2y a4 | Y R -ekc8ptiod.2 Y LI y &
According to their website, Bakkafrosttige largest salmon farmer in the Faroe Islaraisiwe have

a duty to ensure we also do this responsiliijnismeans thinking longerm on economic, social, and
envirormental issuesOur mission is to produce healthy woidthss salmon.

1 Company websitenttps://www.bakkafrost.com/en/sustainability
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https://www.bakkafrost.com/en/sustainability

6.2.1.6. Perceptions

1 Annual sustainability reports and annual reports:
https://www.bakkafrost.com/media/2356/bf _annualreport web 2019.pdf

Consultancy repdyin Faroese

1 Report on analyses of benthic faurkaskaaling 2020. Botndjérasamfelggitt foroyskt
sammetingargrundarlad:ragreiding Heidi S. Mortensen, Gunnvgr a Nordi, Birgitta
Andreasen og Trondur T. Jomasen (Unfortunately, there is no access to the information
no web lirk)

Potential interesting views on conflicts between local fishermen and fish farming industry, but the
information is only in Faroese.

w Employmenthttp:/kvf.fo/netvarp/sv/2019/01/14/20190114bakkafrost
w Discussions in local newspapers by fisheries, aquaculture industry, politicians and marine
scientists onlte recent rapid decline of the coal fish stocks: Dimmalaetting 28. May 2021 and

Dimmalaetting 5. June 20{Unfortunately, there is naveb linkaccess to the information

1 Reports from fishermen on the negative impact on lobster and whelk and on fish gquality
catching dataregular testing of the environment around the sea cages since 1998.
(Unfortunately, there is no access to the information, no web lamlgther identifiable
sources)
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6.2.2.Varangerfjord

The Varangerfjord@Northern Sami: Varjavuonna, 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 mutiiggsaof Vardg, Vadsg,
Nesseby,and Sgr NI Yy ISNIP ¢KS TFT22NR A& FLIWNREAYIGSte dop
Sea. Its mouth is about 70 kilometers wide, located between the town of Vardg in the northwest and
the village of Grense Jakobsé@ithe southeastfigure 17).

vNofimaE

Figurel?. The location of the Varangerfjord Hub

When it comes to the blue economy, Varangerfijggdcharacterised by extensive aquaculture and
fishery activities. On the one handarangerfjord is a traditional sea SGmi community with traditional
fisheries. On the other hand,Lergy has started salmon farming in Varangerfjord and other
multinational ajuaculture companies are planning to establish new aquaculture farms in the Aord.
global driver affecting Varangerfjord is the potential of developing ten times more salmon production
to meetthe demand of salmon products in the worldlso, fshing tairism has increasedext tothe
international playersthis hasgreatly influenced the traditional fisheries well Aquaculture licenses
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for within the Varangerfjord area are owned by the company Lergy Aurora AS which specializes in
seafood production ifroms and Finnmark (see figur8: Industrial factsheeYarangerfjord.
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Figurel8. Industrial factsheet Varangerfjord: Lergy Aurora

Although a major focus will be on the aquaculture industry in terms of environmental perfaer(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 salas)rankedn the top 10 of the most produced and most valuable marine

fish species inthe worldQ aquaculture (FAO, 2020). Although global production volume has been
relatively stable at around 2 million metric tons (MMihe salmon price has displayed some volatility
over the past 10 years, mostly due to reduced shiart elasticity of supply (Asclet al., 2019). Salmon

cage farming has traditionally been located at higher latitude regions, such as Norway, Faroe Islands,
Icdland, Scotland, Canagand Chile. In Norway 600 salmon/trout farming location was active in 2020
European Unions Hotizon 2070 research Page90/ 309
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distributed along the Norwegn coastline flgure 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 ta2@1i@ (SSB).
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Figurel9. Active farming locations in 2020, distributed along the Norwegian coastline.

The poduction of salmon itNorthernNorway has been steady increasing for the past 25 years and is

currently at about 600 meic tons, where Nordland County still has the largest production after Troms
and Finnmark countyfigure 20.

Pyllen (groug)

T

Figure20. Production of salmon (metric tons) in Northern Norway in the period 1994 to 201 @i(se:
FDR)
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Fisheries

Atotal of 11048 fishermen were registered in 2019, with a total catch of 248,352 tones (SSB). The
fisheries in Norway had in 2019 a fitsind value of 21637 mill. NOK, where cod fisheries is the most
important fisheries followed by mackerel, herring andfsgTabe 7).

Table7. Catch (in tons) delivered from Norwegian fisherman and fiteind value of the catch in
2019 (source: Statistisgentralbyra (SSB))

Catch (ton) Firsthand 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 Varagnerfjdndb 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 Varangerfjor@lyle 8). The most important fisheries in Varangertl are

cod fisheries. The firdtand 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 2Q9RF)
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Table8. Catch if tons) and number of fishing boats fishing cod and saith in Varangerfjor@020
(source: Norges Rafisklag (NRL))

Landingskamm.. Lengdegrup..

INJARGA 11-14,99m |4,823 i:
NESSEEY  Unger11m [ 30,00 N s
VADSE 11-14,99m [ 20805 | E

under 11 m NN 297.461 I -
S@R-VARANGER 11.1490m [l aLesa i:

Under 11m [ 93,192 L EY
1eATHU - TANA Under11m [ 119989 I

Rundvekt Antall ulike fartoy

Next to the traditional fisheries in the Varangerfjord, thiad crab iscurrently the most valuable

species exported from Norwagince 200, 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 regisg&2e G665

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 kinginr&lloms and Finnmark countiable
9(seebelowHA @S 'y 2@0SNBASg 2F GKS O2YLIl yeQa FyR GKS
in 2020.
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Table9. Overview of companies in Troms and Finnmardunty and the quantity in tons) of king
crab they have bought in 2020

Mottakssta. Mjesper

F323 Storbuke Fiskeinduseri As ([ 1o
F2as r Fisk - srri M

Rauandwekt Tonn

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 foseveralmarine industries like aquaculture, touristot alsooffshore
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 Zonthis context

there are often conflicts about the use between existing and new industielshe level of conflict
between various players in the coastal zone can be high at times

The Varangerfjords the only fjord that runs on an Eagéfest axis.Accordingly, the surrounding
vegetation zones run parallgl with this orientation, so that the northershorelineis mainly
characterised byundra, whereas the southern shoreline hasicher vegetation with easy access to
pine woodlandlocated close to theanajor river systems that drain from the interior to Varanger's
southern shoréne (Damm et al, 2020)n general, while western Finnmark is somewhat warmer,
eastern Finnmark is drier and colder, though warm continental winds in the summer can raise
temper: (0 dzNB & | oBeéGse ofimited prezipitation the landscape is rather barren in
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/shoreline
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vegetation in the strict bioclimatic senfamm et al, 2020Moreover, the Varangerhalvgya National

Park is located close to the northern shoreline of the Varangerfjord whkebarctic and low Arctic

mainland meetach other The national park is surrounded by several protected areas with landscapes
characterized byrugged 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 co@garangerhalvgya, 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 traffibirfg boats under 11 m in length

are not equipped vith automaticidentification systers (AlS)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 figur@1 mapsthe tracking information from fishing boats over 11 Atcadingly,this group

of boats fish only in the outer part of the Varangerfjpettcordingo applicable regulations.

Figure21. Fishing boats over 11 m in length (black points) with AIS fishing in the Varangerfjord area
in 2021 gsource FDR)

In addition,Figure22 illustrates the fishing area and the catcin{ons) ofthe biggest6 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 fisng boats are fishing exclusively in the Varangerfjord (Seafood.no,
2020).
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Figure22. Fishing area (AIS data) and catch (in tons) of the 6 shrimp boats that trawl shrimipein t
Varangerfjord (FDR)

Over time, the red king crab has significantly impacted the area in and around the Varang@iijrd.
specieswas introduced to the southern Barents Sea in the 1960's with the aim to develop a new,
commercially attractive stockdowever, m the subsequentiecades, 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 andkiagssociated 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; haasd 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. Tére 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 thguaculture industry operatingn the
Varangerfjord in terms of salmon farming.

A. Habitat and landscape

In the Varangerfjordrea four production licenses have been granted including twebsesad facilities

and two landbased facilities with salmon smolt and arctic charr production. Besides, there is also one
license granted for shellfish and macroalgae production (fi@®eThe sea cage farming license for
salmon is owned by the company Lergy Aurora.

6162029
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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 andhe threat to ecological systems posed by aquaculture activity is
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significant. The risk of pathogen transmission from farmed to s@lthon has been demonstrated and
opennet seapen 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 ché&@nges 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, blgaehd skin of salmonids and if present in sufiitieumbers 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 mechanicah(@.giater, pressure)
biological (e.g.cleaner fish) andthemical treatments. In recent yeamnhechanical and biological
treatment have increased, but still many farms use chemotherapeutic treatments (e.g.
organophosphates, pyrethroids, and hydrogen peroxide (H202)) deeth treatments (e.qg.
emamectin benzoa) to keep the sea lice numbers below the allowed levels (Remen & Saether 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. thieat 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 negativenwwonmental impact (Larsen & Vormedal, 2021).
Chemotherapeutants used to control sea lice infestations in salmonid aquaculture are a growing
environmental concern. Hydrogen peroxide (H202), a common bath treatment used around the world,
is released direty 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. Efsraped
salmon male their way up the river systems and raswith 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 et2d11,7). 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 idividuals. Incontrast the number was up to 290 000 in 2019 (Barentswatch, 2021).
There are several factors that can cause the salmon to escape from the Tagessh can escape in
connection with withdrawal or other operation and handling, such asrémoval of sea lice. There
may be wear and teaon nets that causes the salmon to get through, or célsasare a result oboat
hit-and-run accidents. However, extreme weather is the cause of most escape incidents. Inter
breeding and competitive interaicins 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 environmentWith an annual feed consystion 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
compositioncompared to natural resources. Aquafeeds are composed of fish meal and fish oil, as well
as vegetabldased ingredients. They contain a high protein content @¥%o), are highly digestible

and have low amounts of ash, salts, total volatile nitrogen,dinethyl 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 or saithe (Pollachius virens) (Skog et al., 2003; Fernajalex et al., 2011) and Gadus
morhua (Fernandedover et al., 2011) living close to salmon farms along the Norwegian coastline. This
enhanced biological condition is a typical marker of highemsyag 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 évarage more

than 10 tonnes ofvild 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 anehasiage 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 ofvild 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 thegiarwe
coastal ecosystem, the benthmelagic 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 deptHicating 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). Taketogether, 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 attractegardless of these features (Dempster

et al. 2009). Strong attraction to fish farms may interfere with spawning migrations or other
behaviours. Otterd and Skilbrei (2014) tracked saithe in western Norway and compared their findings
to similar studies aoducted 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, ittle 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 itdmisbeited 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 occuwria 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, whjginess 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 mattetdowever,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 areasusalcare
algae, macro algae, deposits and eel grass meadows may be at risk from large discharges of nutrients.

Furthermore, fsh farms use impregnation agents on the net to prevent grow, normally agents based
on copper, and it is estimated that 8D percent ofthe 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 organismand copper is listed as a water regispecific substanci

the water regulationsDischarges may affect the classificatiorttod ecological condition of the water

body. In general,ittle is known about the influence of salmon farms on the distribution of different
metals and elements, including potentiallyxic 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 démers
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 emeral 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, ad water chemistry (Bustnes et al. 2011).

In addition, nodern aquaculturemakesuse of plasticbased lines, cages or nets suspended from
buoyant or submergible structures as well as nanotech plsteed antbiofouling agents and paints
(Lusher et al.,@17). 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, wihular inspections to ensure
strength and stability (Gomier et al. 2020). Pellets that ghesugh 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 fragmesst 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 fishh fe=a water,
suspended matter, sediments and on fish gills. The-temy effects of microplastic ingestion are
unknown (Gomier et a., 2020).

In the Tablel0 (see next pageyome 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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Table10. Fish farming ad the environmental effects (dark blue= high impact; light blue = medium
impact: white= low impact)

Disease
Pollution

Disease
Pollution

Viral disease

Bacterial disease

Parasitic infection: Sea Lice
Parasitic infection: Ameobic Gill Disease (AGD)
Cleanerfish

Parasitc treatment ( e.g. Sea lice)
Plastic pollution

Heavy metal

Area use (for salmon farming)
Feed loss

Nutrients

Sound pollution

Light pollution

Human activities

Train
Wellboat

Marine ingredients
Terrestrial ingredients
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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 angh farm escapeeshis 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 tlhenbaing salmon lice As described in the
previous chapter 3.2.2.2.1he industry is using several techniquiaghis regardncluding mechanical

(e.g, hot water, pressure) biological (e,gleaner fish) and chemical treatments. In recent yeding
application of mechanical and biological treatmenthas increased, but still many farms use
chemotherapeutic treatments (e.g. organophosphates, pyrethroids, and hydrogen peroxide (H202))
or infeed treatments (e.g. emamectin benzoate) to keep the sea lice numbers below the allowed levels
(Remen & Seether 2018).

6.2.2.5. Ambitions

Lergy seafood is the main seafood company in Varangerfjord. They are trading on a global market and
the homepage includes informatioabout sustainability policy and environmental measurements.
According to their homepagé,ergy isboth producing in and harvesting from the sea, and it is an
absolutely imperativdfor 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.

1 https://www.leroyseafood.com/en/sustainability/

6.2.2.6. Perceptions
I 2YLI y& AYyF2NXIFGA2Yy OFy LINRPOGARS Ay T2pedépioh2y | 062d

1 Company websitenttps://www.leroyseafood.com/en/
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6.2.3.Vestfjords

The Westfjords region (Figugd) in the northwest part of Iceland comprises, approximately 9.400 km2
of Iceland’s land area (NLSI, n.d. 1). Glaciers from the laagé&céave formed the landscape, with
steep mountains and deep and narrow fjords. Agricultural land is limited but sigimdj 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 pait, KS { 2dzi K LI NI | yR "~ { i N} yYRANI X

are the basis for the economy (Edvardsdétttir, 2016).
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Figure24. The Westfjords and its major settlements (Source: NLSI, n.d. 1)

The South part of the Westfjords, Wwifl.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; Reykhdlar 104 inhabitants; 4&8md&Béfemales,
Patreksfjorour, with 740 inhabitants; 386 males and 354 females, Talknafjérdur, with 236 inhabitants;
133 males and 103 females, and Bildudalur, with 284 inhabitants; 175 males and 109 females (Statistic
Iceland, 2022). The villages affedtby the aquaculture are Patreksfjordur and Bildudalur, but they
form a municipality called Vesturbyggd and Talknafjordur, which is a special municipality. The two
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municipalities, and three small villages are the research cases in Iceland @gurevoaquaculture
companies operate in the villages, Arnarlax and Artic ssle figure25: Industrial factsheet
Vestfjords) which are now in majority owned by Norwegian aguaculture companies. These companies
want to expand their production in the area, rat@lising the expansion by positive economic impact
for the communities, such as population migration and job creation (Teiknistofan Eik, 2016; Arnarlax,
2022; Arctic Fish, 2022).

Industrial factsheet Westfjords —
Anarlax and Arctic Fish AS aquaculture

Company: Arnarlax ehf

i Ownership: owned b LNorwegia_n) Icelandic Salmon Group, by 100%.
\ SalMar ASA (Norwegian) is the biggest shareholder
of 51% of shares.
Location: Patreksfjordur, Talknafjordur and Arnarfjorour
Activity: Company licenses for 23.7 thousand metric tons of

maximum allowed salmon biomass in the three fjords.
Company has applied for 4.5 thousand metric tons more in
Arnarfjordur. Harvesting plant is in Bildudalur with annual
capacity of 30 thousand metric tons. Anarlax also operates
four freshwater smolt facilities with combined capacity of 7-
8 million smolts (Arnarlax, 2022)

Company: Artic Fish Holding AS (2020)

Ownership: owned by various shareholders with Norway Royal
Salmon ASA in majoritY of shares by 51,28%. Smaller
shareholders are mostly Norwegian.

Location: Patreksfjorour og Talknafjordur (Figure 2)

Activity: has license for 21.8 thousand tons of maximum allowed
biomass of salmon and 5.3 thousand tons of rainbow trout
(currently being converted to salmon licences); Has
applications for additional 4.8 thousand metric tons. This
rear, the harvesting volume will be circa 9.4 thousand tons

18% lower than in 2021). The company has licenses for
reshwater land based smolt production in Talknafjérour and
has, so far, produced 13 millon smolts (Arctic Fish, 2022).

Figure25. Industrial factsheet Vestfjords

More concretely figure B presents theArnarfjérourarea including associated aquaculture sites. The
fiord has a spatial extent @85 km?
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Figure26. Aquaculture sites in Arnarfjorour (Verkis, 2019a)

Moreover, figure Z presentsthe areas ofPatreksfjorour and Talknafjérouncluding here located
aquaculture sitesTalknafjordur is 30 km? and Patreksfjordur is 66 .km?2
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Figure27. Aquaculture sites in Patreksfjorour and Talknafjorour (Verkis, 2019b)

6.2.3.1.  State of the art / environmental background

TheArnafjorourfjord is one of the Westfjords” south fjords and cuts into the landscape in ssagh
direction. The fjord is around 40 km long and is surrounded by steep mountains. In the middle, the
fjord isdivided into two parts (Figurg6). Southwest winds are dominant (50%) but nosélast winds

are about 30%. In Iceland, sometimes sea ice comes into the fjords, but very seldom into Arnarfjordur
However, land ice can be a problem, because it damages the sea cages, but in Arnarfjordur it is not
common. Ocean waves in Arnarfjordur are not strong, but because the fjord is big, wind waves can
become big and choppy (Marine & Freshwater Researchutestin.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 edf 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 handPatreksfjordur and Tihafjordur lie furthest to the south out of the Westfjords”
south fjords. Talknafjorour lies south of Arnarfjorour and Patreksfjordur lies south of Talknafjorour.
They are divided by Talkni, the mountain (Figu8g Zalknafjérour is 15 km long and 4.5 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, Botnsa, flows into the fjord innermost. Patreksfjordur is 20 km long. Both in
Talknafjorour and Patreksfjorour, small ammts of phytoplankton were found. Small boats can fish in

the fjords and the catch is mostly cod, but also haddock, catfish, and plaice-@&&stthnd northwest

wind is dominant in both fjords. Sea ice very rarely comes into the fjords, but land ibe egoroblem

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 Arnarfjorour, Talknafjoréur and Patreksfjérour, 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 impads

The following environmental impacts are based on the aquaculture industry operating fjotte
Arnafjoréur, Patreksfjorourand Talknafjorourin terms offishfarming.

A. Habitat and landscape

Before aquaculture companies can start to operate, theyceo 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 cultieaand 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 approvedotih@anies 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 res and regulations (National Planning Agency, n.d.; The Environment
Agency of Iceland, 2019; 2020; Icelandic Food and Veterinary Authority, n.d1jm2®)1Arnarlax
notified a cultivation of 3 thousand metric tons of salmon to the National Planningcigeho decided

that, andEnvironmentalAssessmentvas not neededin 2018 the companynotified an expansion in
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cultivation of 4.5 thousand metric tons of salmda the Agency and it waslecided that an
EnvironmentalAssessment must take place.

In 2011 he 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 bbdsand 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
Arnarfjorour, Patreksfjorour and Talkndf@ur. The Agency decided that an environmental assessment
was not needed (National Planning Agency, n.dAr@sent licencérom 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 thausanetric tons of salmon in Patreksfjordur and
Talknafjorour 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 cagds Patreksfjordur who decided that the operation did not need to undergo an
Environmental Assessmenrh 2019 when notifying the Agency an expansion in cultivation of 14.5
thousand metric tons of salmon in Patreksfjorour and Talknafjorour, the Agencyedethidt an
environmental assessment must take place (National Planning AgencyThalgesent 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 2035. There various demands about the operation are listed, such
as a monitor plan (Environment Agency of Iceland, 201@sent licence to operate from The Icelandic
Food and Veterinary Authority was issued in 2016 and is valid for cultivation of saffé@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 lap#sperspective, 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 vidlife. 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 cagéls fish feed. Another consequence

of extreme weather circumstances is that risks of fish escapes from cages are increasing.
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Environment Environmental impact | Risk Duration | Impact on other activities Mitigation Further
needs
Marine 1. local destruction of | Low 1. local fishing, sea angling 1. Aquaculture
1. sea tailings in bottom fauna 3. salmon river fishing, sea sites are
the fjord 2. danger for Low angling, local fishing monitored and
spreading due to 5. treatment used to deal with after one
water currents sea lice can affect the shrimp generation of
3. parasite infection . High ' stock cultivating
(sea lice) salmon the
4.impact on spawning | Low ' sites rests for 3
areas, mostly cod months
5. impact on shrimp Medium
stock
Environment Environmental impact | Risk Duration | Impact on other activities ‘ Mitigation Further
needs
Land use habitat fractionation Low (most 1. recreation, tourism
1. infrastructure infrastructure
development — already existing)

roads, buildings

2. traffic 1. wildlife disturbance | Low
2. Habitat
fractionation

Wether 1. difficult wether High, road closure 1. tourism, recreation, local life,
condition during and difficult to feed salmon river fishermen, local
winter salmon in cages, fishing

escapes from cages
increases

B.Changes in biodiversity

Impacts on biodiversity can be described as rather indirect resulting from e.g., weathenstances

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 hubgBuwas 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.

Besidesin Arnarfjordur, Talknafjérour anBatreksfjordur, fishermen havarthermore reported that
fish catcheshave increased in the fjords parallel with increasing fish farn@ntjvity of salmon in sea

cages.
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C.Pollution

Environment Environmental impact | Risk Duration | Impact on other activities Mitigation Further
needs
Air Low, most 2. tourism, recreation, local life
1. dust activities on sea
2. vehicles Medium, boats run
by oil and trucks by
gasoline
Sound 1. noise pollution Medium, boats 1. tourism, recreation, local life

going out and
comming into
harbour and trucks
driving in and out
of towns

Vision 1. visual impact Low, visual impact 1. tourism, local life
of sea cages can
have affect

6.2.3.3. Conflicts

See tables above

6.2.3.4. Mitigation

See tables above

6.2.3.5. Ambitions

1 Anarlax (2020). Icelandic Salmon AS. Consolidated financial statements 2020. Retrieved in
June 2021 byhttps://www.arnarlax.is/static/files/fjarfesar/icelandicsalmorannualreport-
2020 _final.pdfUnfortunately, web link isnaccesible)

6.2.3.6. Perceptions

There areseveral onsultancy reportén Icelandic, done on behalf Bjardarla Artic Sea Farm
andArnarlax.

1 Teiknistofan Eik. (2016). Salmon production in Patreksfjorour and Téalknafjordur (in Icelandic).
Work done for Fjardarlax and Artic Sea Farm Retrieved in June 2021 by
https://www.mast.is/static/files/import/leyfi/matsskyrslepatreksogtalknafjorurcopy-1.pdf

1 Verkis. (2014). Increase of salmon production in sea cages in Arnarfjordur (in Icelandic). Work
done for Arnarlax. Retrieved in June 2021hbps://www.verkis.is/media/pdf/123@0054-
SKk0248Arnarlaxfms.pdf
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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

(Unfortunately, there is no access to the informatiow, web ling

1 Verkis. (2019). Aquaculture activities in Arnarfjordur by Arnarlax. Work done for Arnarlax.
Retrieved in June 2021 bytps://www.verkis.is/media/pdf/Arnarlaxd500tlaexeldiaukning
Arnarfjordurtam-1D-73983.pdf
(Unfortunately,there is no access to the informatiomp web link

1 Verkis. (201P Salmon production in Patreksfjoérour and Talknafjérour. Additional
information (in Icelandic). Work done for Fjardarlax and Artic Sea Retrieved in June
2021 byPatreksTalknaf{14500tonn-vidbot-vid-frummatsskyrsleng-kostagreining
VefutgafalD-7373%.pdf

In addition there are suggestedher datasuch ase&ports fromfishermen about increased catches of
cod and haddock with increasing fish farming, low shrimp stk regular monitoring of sea bed

guality and waste disintegration before and during productiomfortunately, there is no access to
the information, no wé link,or other identifiable sources.
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6.2.4.Egersund

Egersund is located in thdagma Geoparlin Southern Norway which comprises the municipalities
Bjerkreim, Egersund, Lund, and Soknidathe county of Rogaland as well as the municipality of
Flekkefjord in the western part of the county Agd&tagma Geoparks a geographic area with a

geology that has a major international importance, recognized by UNESCO, and where sustainable

developnent plays an important rol@vagma Geopark, 2022Jhe overall geographical text of the

park area can be seen in figu8. The parkhas been a hub for fishing industries since before the
Viking Ageasthe area is particularly rich in fishheEgersund harbar has been one the biggest fishing
harbous in Norway,and it is stilla major fisling harbaur today. Since the 18th centurythe
traditionally caught fisthas been herring and there have been several herring oil factories in Egersund.
Stilltoday, there are several fish oil factories producing pellets for animal food.
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Figure28. Area of Magma Geopark. Blue marks represent important sights of the park such as hikes,
prehistorical settlements, old mining sides andare (Magma Geopark, 2032

The county of Rogaland stated in tRegionalAquaculture Ran (astrategic plan for the development
of the aquaculture industry and seafood productidhat theregional policy goal was a doubling of
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seafoodproduction from 20100 2020.Moreover, tie national goal is a fivefold increase by 2050
(Rogaland fylkeskommune, 2019)

In addition to ocean and fjordshé areain and around Egersuriths4 salmon rivers which have been

the main source of sustenance for local inhabitaatswell asrecreationaland tourist fishing. The
wider area is characterized by more than 6000 lakdsgch arerich in trout. Recentlyone big fish
farmingindustry has been established and one more is planAdditionally, there areeveral projects

that explore the possibility of lanébased fish farmingvhere sea water is pumpeéhto landbasel

tanks however,this kind of farning hasn't been establisheoh the hub areayet. Moreover, Magma
Geopark has been developing the GIB6d brand for local producemshichsupporsé T SN2 | Y ¢
and sustainability practices. One of the GIe@d partners is Nak @rret which is a smaficale fish

farm using freshwateto reduceproblems linkedo e.g, fish parasites

In terms of aquaculture, the biggest fish farm in Magma Geop&ikig/l ASAsee figure 3. Industrial
factsheet Egersundyith an annual salmon production of 10000 tons (MOWI, 2022). ¥iitfishfarms
located in the soutkeast of the park in Flekkefjord municipality (figu#® and 30), the companyis
leading the Blue Revolutiofocusng on environmental practices linket fish farm activitiesand
cooperaes to the Global Salmon Initiative, WWF andnguetes to acquire the Aquaculture
Stewardship Council Certification for sustainable food production.

.
i

Figure29. Geographical location o Mowi ASA fish farms in Magma Geopeark (so
Temakart,Miljgdirektoratet)
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Figure 30. Geographical location oMowi ASAfish farms in Magma Geopark (zoome@ource:
Fiskeridirektoratet)

Another company which is specialising in lake and freshwater fish farming is NorsKBefwgure

31: Industrial factsheet Egersunticated 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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Figure31l. Industrial factsheet Egersund

6.2.4.1.  State of the art/ environmental background

Magma Geopark is part of a network consisting of 140 UNE&@Owide Geoparks in 40 different
countrieson 5 continents. Although the background for a geopark is geokbgyparks are primarily
about peopleincludingboth locals and visitors who are interestedexperiencingand exploringhe
endless possibilities within both nature and cultxésit Egersund, 2022)

The landscapavithin the Geopark isharacterisedby its rolling, bare rocks. The dominant rock,
Anorthosite, is hard and compact. This causes the soil to be low in nutrientscaiseéquently the
vegetation igather sparse Wider valleyswith loose deposits from the last ice agen be found ithe
North and Easof the Geopark This provides a lusher landscape whichkes the inland area well
suited for agriculture. In addition, many lakes, streams, rivers and waterfalls carve through the
landscapecreatinga varied and appealing natural ar@dagma Geopark, 2022)

In addition to the soil, the climate in the Geoparkhasa significantimpact on the diversity of plant
speciesThecoastalclimateis suitablefor plantsthat do not tolerate lower winter temperatures Such
European Union's Horizon 2020 research Pagel19/ 309
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plantsprefer hot summesto allow budsfor seeddevelopmentandto mature beforethe winter frost
comes.Thismeansthat many plant speciescanbe found in the parkthat havevery limited national
distribution (Magma Geopd, 2022) Moreover,the park has20 nature areaswhichvaryin sizeand
that are protectedby law.

The coastallandscapewas more wooded before the modern man started farming and maintaining
livestock.The need for grazinghabitats for contributed to the disappearanceof forest which was
replacedbetween 2 and 4 thousandyearsago by the extensiveareasof bogs. Another effect of
deforestation was the increasingamount of marshland.As the forest has a significantlygreater
consumptionof water than openfields the removalof woodlandresultedin large areasof marshes
alongthe coast(Magma Geopark, 2022)

Intermsof fish,the mostcharacterisingpeciesare seatrout, garfishandturbot. The sea trout spends

its childhood in a river. After-2 years itmigrates to the sea gaining much weight, but seldom wanders
far from its home river. The long garfish, with its characteristic f®ped mouth, migrates to the
park area during the warmest time of the year. The species hunts in shoals at the surfackingtt
sprat, herring, and sand lanc€heturbot is a large species of flatfish which is often found on sandy
seabed, commonly along sand beaches (Magma Geopark,.2022)

6.2.4.2. Environmentalimpacts

The following environmental impacts are based on the aquareliindustry operating in thélagma
Geopark, mostly in the soutbastern area close to the Flekkefjord municipality.

A. Habitat and landscape

To monitor aquaculture activities and their impacts on the environmedmt,tottom impactin the
construction zones monitored withéB-surveygs | O O 2 MR reqliEement® of the Aquaculture
Operations Regulations § 35 atieby arecarried outaccording to theNorwegian standard 9410. The
B-survey is a riskased monitoringool to explorethe bottom conditions in te construction zonelThe
survey isquantitative and includes three survey groupfauna survey, chemical survey and sensory
survey.The a@wvironmental status is based on environmental reports that are sent electronically via
Altinn to the Directorate of Fisheries. The dataset is updateiy,and electronic reporting started in
June 2009Fiskeridirektoratet, 2020).
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Regarding aquaculture in the Magma GeopaikkS Sy @ANR Y YSy Gl f RFEGF Ay
for BSE | Y A Y Ihas doeey éconsideredd @S NE & alR Rgbiaculture locationsexcept
Tarmevikoddenwhich received & 3 2 at&us! (Fiskeridirektoratet, 2020).

Moreover, te bottom impact in the transition zonéwvhat is meant with transition zone??3
monitored withaGsurveyg according tahe Norwegian standard 9410. ThesGrvey is a quantitative
trend survey of soft bottoms in the transition zone. Tim@st importantpart of the Gsurveyis its
analyss of the associatedauna, caried outaccording tdNSENISO 56619 and NSEN ISO 16663 he
Gsurvey also includesdditional support parametersincluding particle distribution as well as
hydrographymeasures and places emphasis on #malysis of the benthic communitnd chemical
profiles. TheGsurveys must be performeaccredited

¢tKS SYGANRYYSyidlt RIGF AWERKS yiadikeh Rl s68 S NRS || dzS

3 2 24R4dll aquaculture locations (Fiskeridirektoratet, 2016)

There are also otherrsvironmental surveys that do not fall into tleforementionedcategoriessuch
asbiodiversitymapping andegional fjord monitoringas well as modelling.

Besides, kectricity surveys are carried out as requirements in the application for clearance of sites

(water exchange current, spreading currentdaipottom current) and for conducting site surveys in
connection with thassuingof construction certificate

Furthermore, leach zonesurveyscan be divided into three categoridaspection, semiquantitative-
and route survey. Inspection includes agistration of the most dominant animals and algae in the
coastal zone, often documented with photos. Semantitative survegincluderegistratiors of algae
and animals in a small area of the beach zone and gives the quantity ratio between the defes.
changes over timare registered Route analysisurveysconsist ofa comprehensive examination of
the equatorial zone here bolted framesare used All animals and algae larger than 1 mm are
registered This allowsecords of more accurate changeseovime (Fiskeridirektoratet, 2020).

31 Monitoring frequency for Bexamination
1-Very good: At the next maximum biomass
2 - Good: Before release and again at maximum load
3-Poor: Before release If the prelease survey gives:
condition 1- examination is performedtahe 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 plannedny 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 impact®OWI has a challenge with sea lice and thgelopeda strategy
against sea lice. The strategimsto limit the number of medical treatments per farm, per cycle,
according to requiementsof the ASC standardbut also aims toeduce the dependency of treatments
involving fish handlingVilOWI, 202).

B. Changes in biodiversity

In general all aquaculturecompanies have small problems with escapes andccordingly, have
zero-escape strategy. Only one of the M@farms reports a smaller escape ofl8 salmonwhich is
regarded as rather low (e.g., MOWI, 2021).

C.Pollution

An Environmentathallengdinked to pollutionis considered the managemeat fish antibiotics. The
fish farms aim to reduce the application aftibioticsfollowing the more specifisecommendations

of the Aquaculture Stewardship Coun¢ASC)Regarding the aquaculture companies in Magma
Geopark, environmental assessmestsow dvery good or égoo qudity when it comes towater
guality, biomasguality and similar

In addition, abig problem isassociated withmicroplasticgn the marinefood chain.Consequently e
control of producedfishmeal isregarded ascrucialand will probably bea major chaknge for the
aquaculture and fisherigadustry in theupcoming years. Peopklere increasingly concerned about the
plasticproblem and microplastis arecontinuouslyfound in large pars of slaughtered salmon. As a
result, the riskof plasticsentering thefishmealproducts rises® ¢ n d o etdal) 2021)

6.2.4.3. Conflicts

Potential conclicts with tourism because of stron smell fromadhaaculture. Also a potential conflict
between aquaculture and cruise tourism in the harbour.

6.2.4.4. Mitigation

- Developmen 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 homepaged&sclu
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 Prowgucer

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 by 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 tlfluence on wild
habitats including wild salmon stocks.

1 https://mowi.com/mowi-sustainabilitystrateqgy a4 marci2021/

6.2.4.6. Perceptions

Mowi companyA Y F2 NXY I GA 2y OFy LINRGARS Aygbfichdas well a2l | 6 2 dzi
perception

9 https://mowi.com/no/

Norwegian trout is another fish framing company. Newspaper artahesit Norsk drret (Norwegian
trout), text only available in Norwegiarhut refers to expanding production and increasing
employment:

1 Norsk grret website:

https://sirdalsorret.no/?fbclid=IwWAR1IKLASD fKsG8xP17ZGdIT4kKUINIXiTx752ytK7igEyx3n5v
r9bAbsFw

w Offisiell apning av Norges starste anlegg for grretproduksjon:
https://www.kyst.no/article/offisiellaapningav-norgesstoersteanleggfor-
oerretproduksjon/

w New employment in trout productiorhttps://www.avisenagder.noftillatelsepa-plassflere-
nye-arbeidsplasser/s/®9-995721

w Permits in placehttps://www.avisenagder.no/piorrarbeidi-sirdalsvannegode
fremtidsusikter-for-norskorret/s/5-99-895174
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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

REFERENCES

Fylkesmannen Agder (202Pversendelse av tillatelse til virksomhet etter forurensningsleven
settefiskanlegg til Norsk @rret AS i Sirdal komm&sgrieved in 2022 by38964 Tillatelse (4).pdf

Fiskeridirektoraf2020).MOM-B undersgkise av Lokalitet Salvagvika MOWI Regi®ar Rapport nr.
174-20 02.11.20https://api.fiskeridir.no/envreports/AR396147895/57756

Fiskeridirektoratet (2016 ASC/Egransking ved Tarmevikodden i Flekkefjord komm&etrieved in
2022 byhttps://api.fiskeridir.no/envreports/AR2$5505595/28620

G¢ndoj du, S. E. D. A. T., Erol doj an, 0. T., Fighv!l i yao]j

out, plastic in: Global pattern of plastics in commercial fishmeal. Aquaculture, 534, 736316.

Magma Geopark (2022)earn and engage Biodiversity.Retrieved m 2022 byBiodiversity- Magma
Geopark

Magma Geopark (2022Vhat is Magma GeoparkRetrieved in 2022 byylagma GeoparkMagma Geopark

Magma Geopark (2022piscover and experience localiti®gtrieved in 2022 blocalities Magma Geopark

MOWI(2022).Lgsningen ligger under overlateRetrieved in 2022 biylowi - Norges stgrste lakseoppdretter

MOWI (2021)Leading the blue revolution plarfRetrieved in 2022 bilowi-SustainabilityStrategy A4 March
2021.pdf

Rogaland County (2019). Raionalplan Sjgareal Havbruk.Retrieved in 2022 by
https://www.rogfk.no/ f/pl/icc149e350d654cc8978fc0404a4fdf41/regionalplaisjoareal

havbruk.pdf
Visit Egersund (2022Magma GeoparkRetrieved in December 2022 bylagma Geopark Visit
Egersund

* R This project has received funding from the
s * European Union's Horizon 2020 research Page124/ 309
* * and innovation programme under grant

ARTA agreement No 869580


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/

6.3. Tourism

ArcticHubs include8tourism hubs in 6 northern European countries, and 2 learning hubs in Italy. Four
of the hubs are cdocated with fish farming hubs, 6 with mining hubs, and 2 with indigenous hubs.
Tourism has been well established in the Finnish hubs and in Svalbaid,dhilltbeing developed in

b dzdz]l = { dzK dzNR & | Tfidtoutisk $rdustrihas iarFi@phdtBhihe environment and can
affect other natural resource users in the same atdawever, tourism is alsaself affected by the
environmental impact of other activities in the areaCommonenvironmental impacts caused by
tourism that occur in all locationare associated withthe general carbon footpristof traveing
(greenhouse gas emissions) as tourists tend to travel far to visktbc environmentThe industry

is also commonly associated withe disturbance of Arctic wildlifeerosions of vegetation by
trampling the impact of waste and littepollution, and the consequences of infrastructure
development.When it comes tanteractions and conflictsith other industrialactivities and natural
resource userscases have usually thaipecificdynamics ireach hub.

6.3.1.Svalbard

Svalbard is an archipelago in the hifjittic. Despite its remote location, Svalbard has attracted
tourists for more than a centy. After Year 2000, tourism hascreased substantigll (Hovelsrud,
Kaltenborn & Olsen, 2020)ongyearbyen is the largest settlement at the archipelago and is the major
hub for tourism in Svalbard. In 2019, around 111 different businesses were asdaeititéhe 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 journgs. Official statistics from the Port of Longyearbyen confirm an immense
increase in boats and passengers at the port from 2007 to 2019. During théat period, the number

of shipping arrivals tripled from 499 in 2007 to 1474 in 2019. Similar tremdbecaeen in the number

of passengers which rose from around 32,000 in 2007 to nearly 90,000 ¢h(RO1t Longyearbyen,
2021)

While the number of cruise ships and tourist boats have not changed much during this period, a major
increase in saalled daytour 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. Thstreatnis 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 tourisgfated business such as culture incregs

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 miningustdy, so tourism and tourisfrelated activities are

currently a much more important business in Svalbard, at least until the outbreak of-Chwthile

most tourists visit Longyearbyen during their stay in Svalbard, most nights are spent outside of
Longarbyen. Multiday cruising programs visit sites all around the archipelago, but there are more

visits to the western side, especiallytothe aréas | NBy 1 40 dzNH¢ = 4 SHIdYRRS Y £ ARy
33). As a short wragup, figure 32 presents an industrial factsheet of the current tourism sector in
Svalbard.
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Figure32. Industrial factsheet Svalbard

Many of the popular sites are cultural heritage sites, whichdis&ibuted all around the archipelag
(figure 31). Several studies indicate that vulnerable cultural remains are affected by the nsinys/
and there isalso evidence that tourism has negative trampling impacts on the-glowing Arctic
vegetation wheh can cause increased soil instability and emgNorwegian Polar Institute, 26).
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Tourists also contribute tehe transport of alien species to the island, for examplesasds are
attached totheir boots.Tourists are keen on seeing arctic wildliféwere 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 wild|@en et al, 2018).
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Figure34. Documented cultural heritage sites in Svalbard. Map retrieved from Holmgaard et al.
(2019)

6.3.1.1.  State of the art / environmental background

TheSvalbard archipelagoonsists 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 OcetrK S g K2t S | NOK A LIS of vihizh 99 ge S NA&
centcontains the largest continuous wilderness in Norway (Undelstvedt, 2014). Around 61,7 percent
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(3745349 km2R ¥ { @lF ft 6 NRQa | NBF O2yairada 2F 3t OASNE
(1474620 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.eBeonal facilities comprise 0.12 km2

while industrial, commercial, and service areas comprise 0.22 km2. A more detailed distribution of
different landuse areas and landcovers can be seen in table

Tablell. Different land wse areas and land cove($SB, 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 0.07km2

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 sportacilities 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 cept
Permanent snow and glaciers 37453.49 km2 (61,7 per cent)
Inland waters 3006.42 km25 per cent)

The Svalbard Archipelago éharacterised by a magnificent Arctic landscape asldtively easy
accessibility(figure 35) which attractsvisitors, 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 Aretstriel

and marine fauna and flora as well as the rich cultural heritage are therefore increasingly vulnerable
(Hovelsrud, Kaltenborn & Olsen, 2020). Marine mamrtieds can be found in the Svalbard area are
whales, seals, and polar bears. While sealmidate in number, the whales do so in biomass.
Regarding polar bears, a populationdd® animals was estimated in 2015, but these figures are taken
with considerable uncertainty (Norwegian Polar Institute, 2019). MoredSealbard 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 vew $pecies of plankton and benthic
animals Arctic charthe only freshwater fish (Norwegian Polar Institute, 2019). BesttiesSvalbard
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reindeer occurs in varying densities in most parts of Svalbard that are not covered by glaciers. New
estimates of thetotal 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.
Eventuallythere are more than 160 plant species, 380 moss species and 600 lichéessasmwvn in
Svalbardlorsk Polar Institute, 2018).

The shipping traffic is a major feature of the tourism in Svalbard. Fig&rshows all existing
disembarking sites distributed over the archipelago. Accordingly, ship traffic ranges all around the
archipelago and makes the inland more accessidfementioned before, the number of places that
people visit ashore in areas outside settlements and isfjorden i§2%5J, 2022).

Regionalt verdifullt kulturmiljg

% Kommunalt verdifullt kulturmiljo

T_llandstigningslokaliteter_Svalbard

O  llandstigningslokaliteter

Figure35. Disembarking sites andultural 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 figde
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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, figur87 shows restricted areas fonesw mobiles.
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Figure37. 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

Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s
Marine | Cruise Disembarkin They illustrate how Taylor et al. 2019
traffic g sites citizen science programs

on-board expedition
ships can successfully
collect robust scientific
data and contribute to
enhancing the
knowledge and
stewardship capacity of
cruise passengers

Slow Isfiorden and | Potential. Several Bian &

cruising in | surrounding | shipsin the Icefjord Kaltenborn, 2020
Isfiorden, | areas at the same time.

with more Consequently, a

disembark question arises as

ations and to what effects this

increased has with regard to

offer of traffic on land, not

activities. leastin the

protected areas
inside the fjord.
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Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s
Shorelines Several initiatives are The governor of
carried out each year to Svalbard:
clear marine litter from https://www.syss
the Svalbard coast, with elmannen.no/en/
contributions from both the-governor-of-
residents and tourists svalbard/environ
who travel around the mental-
archipelago. protection/pollut
ion-waste-and-
chemicals/
Thematic map
with shores
cleaned around
the archipelago,
available from
Svalbardkartet
Disembarkin | Significant increase Hagen et al.,
g sites in number of sites 2012
since 1990s
Tourist
fishing/ha
rvesting
Land Damage to methods for monitoring Hans has access to
natural pristine environments and | data on
vegetation climate impacts on vegetation
from vegetation are available changes 1990-
tourism today, satellite
traffic NDVI
Tgmmervik et al.
2014, Treharne et
al 2020
Vehicular | Mainly in Established this data Meonitoring of existing and
tracks relation to collection as a reference | new tracks
mining and for future monitoring
drilling
activities
Cruise Increased Marked paths or physical | Especially important at Hagen et al. 2012
traffic number and installations can reduce | most vulnerable and (see table 1 for
disembarki | use of landing geographical distribution | popular sites. But lack of | specific studies on
ng sites sites across of ground impact support for such the subject).

most of
Svalbard
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harbour Development of
facilities are | port facilities - more
at present calls are made for
insufficient larger ships, which
for will increase the
accommodati | number of cruise
ng the tourists and thus
increasing increase negative
demand consequences, such
as congestion and
infrastructure
overload
Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s
,Several interviewees .
highlight the importance | 2020
of promoting the
Management Area 10
Figure 1) as a dedicated
destination. This is
an area that is regulated
for tourism by the national
authorities, and it is close
to town and
search and rescue (SAR)
facilities.”
Infrastruct Svalbard reindeer can be a |from
ure possible parameter for https://www.mosj
developme monitoring the effects of | .no/en/fauna/terr
nt — roads, disturbance from human | estrial/svalbard-
buildings traffic. This would require |reindeer-
studies designed for this population.html|
purpose, and no such
studies are planned.
Population data from the
current monitoring will,
however, provide an
important basis for such
studies.
Snow Nordenskiéld |Snowmobile traffic Fuglei et al. 2017
mobile Land has changed the
traffic diurnal activity of
the Arctic fox in
Nordenskisld Land,
Svalbard. However,
the study did not
prove negative
impacts at the
population level
since the abundance
of foxes did not
decline.
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B. Changes in biodiversity

Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s

Walrus haul- | No particular @ren et al,, 2018

out sites disturbance found
from tourists nearby
in boats or on land

Invasive
species
impact on
biodiversit
y, native
population
s
wildlife avoiding
sites, tourist moving
to other locations
C.Pollution
Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s
Heavy fuel |Potential. Spilling risk, more Ban to avoid heavy fuel (https://www.syss
oil spillin | Marine traffic |severe if located in oil spills and limit elmannen.no/en/
Longyearby | areas along hard-to-reach areas pollution from shipping heavy-fuel-oil-
en Svalbard accidents. Ships in these ban-in-the-
shoreline areas must use light protected-areas/),
marine diesel NILU should have
open access data
in relation to this,
especially
interesting for the
2020 season due
to covid-19,
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Waste Litter, water ACAP and the https://arctic-
issues pollution Sustainable council.org/en/ex
Development Working plore/topics/pollu
Group (SDWG) are tants/
cooperating on scaling
up solid waste
management activities
by working closely with
local communities,
developing capacity
building planning tools
and a template for a
community standards
model.
Waste Litter, water
issues pollution
Disturbanc |See map and Supplement
e of report for report for the
wildlife and | mapped Svalbardkartet
vegetation |Continuous theme layer for
wilderness wilderness areas,
areas. (Norwegian only)
https://www.miljo
direktoratet.no/gl
obalassets/publik
asjoner/m703/m7
03.pdf
(Miljgdirektoratet,
2017)
Invasive
species
impact on
biodiversit
y, native
population
s
Environ | Environm | Area Impact Dura | Impact | Mitigation Further needs Reference
ment ental affected (quantitative) or tion | on
impact Risk (if planned other
activity) activitie
s
Air Air, water | Time series https://www.mosj
and land on air quality .no/en/climate/at
pollution measurement mosphere/climate
s (CO2, -gases-in-
methane, svalbard.html
N20) (Ny
Alesund)
Aviation Carbon amounts
Sound | Traffic noise
pollution —
disturbing
wildlife, other
tourists
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