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PublishableExecutive Summary

Indigenous peoples ithe circumpolar North are threatened by multiple environmental and social changes

that affect the sustainability of traditional familyased nomadic use ofatural resourcesThese impacts are
SEIFIOSNDbIFGSR 068 AYyRAISY?2dza elkidRrdids, Rseqchiadiviids, ntafagethent O S
and adaptation responses. Indigenous reindeer herdenge been facing increasing encroachments from

other forms of land use, such as forestry, strictly protected areas and tourism, that change the
vegetation. Added to these impacts are climate changes that evéate challenges for reindeer herding in

the future. E&XRemember, it is not us reindeer herders who have been the cause of climate cliaege.
reindeer know what paths to take. Many people have losirtikonnection with nature, but the animals
maintain this connection and that is why we follow the reindeér { Sy A 2 NJ NBAYRSSNJ KSNR
Nomchaivyn of brigade nr 4 in Kanchalan, Chukotk&@ ACAT Reindeer herders Vulnerability netwsitdy.

The aim of this worksto develop a guide foNTERACEsearch stations and indigenous and local
communities to facilitate and strengthen
cooperation on adaptation research
related to Arctic change and integrated
local observation system®/e dm to
reinforcethe cooperation through
enhancinghe mutual understanding of
different knowledge systemand
perspectives and to the best of our
ability explain and increase the value of
Indigenous knowledge. The main
message will be that we need to work ;
together. “Right now the weather is unpredictable. In the older

days, the edlers used to predict the weather and they

were always right, but now, when they try to predict

the weather, it’ s always something different.....”
Our work is based on the comparison a Z. Aqqiarug, Igloolik 2000
analyse of respective case studies and how the cooperation is implemented in case study locations but also
in other locations where researchers and Indigenous peoples coopdiatése topics ardiscussedhrough
the case studies and especially the local meetings where both sides have shared their experiences about the
existingcooperation.We will raise some key concepts that are essential in development of the cooperation
and making partnershipswe found out somewell working examples of different types and levels of
cooperation. There definitelyill be room for improvement in the research stations and the cooperation
models they have with the Indigenous peoples and local communities ar®ador examplefound that
someresearchopicsareimportant for the research stations themselves ai exactlythose thatserve the
Indigenous peoplesocal communiiesandlocallivelihoods the bestSome types of cooperation are already
implemented inrespective locations and research stations but there could be so much more cooperation
that would benefit the Indigenous peoples and local communities. What that could besHuahething
that needs to be asked from the people themseladigenous peoles need to be included in the processes
from the beginning.

Whilethe number of scientific articles about vegetation and snow change involving the three research
stations are vastthey are lackingndigenousLJS 2 Lii MIARA GA 2y I f (y26f SRIS Ay
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collection or discussion. Furthermore, ethical guidelines, systems for including Indigenous knowledge and
organized cooperation between reindeer herders and researchers are lacking aethwstation. Yé
NBEAYRSSN) KSNRSNER o0StAS@GS Al Aa AYLRZNIFyG G2 AyOl
1y26ftSR3IAS 2y (GKS SYy@ANRYYSyd aiyoS (KSe& &aLISYyR az
andacelINE RdzOG A2y 2F 1y 26t 8dRda Bélocd eiddedr heBlgfswmarNdde ek Such/ S
information and scientific knowledgare important for reindeer herders to adapt to egoing and future
environmental changes.

Traditional knowledge is based on experience and is knowledge thatisatated in people's memory and
actions over multiple generation For example artidbeo® the Declaration on Science and the Use of Scientific
Knowledgein World Conference on Scien¢dNESC@ n n n 0 thdt tradliGodaY andilocal knowledge
systems, agynamic expressions of perceiving and understanding the world, can make, and historically have
made, a valuable contribution to science and technology, and that there is a need to preserve, protect,
research and promote this cultural heritage and empificg’ 2 6 f SR3I S ¢

Indigenous Peoples traditionkhowledge is actually validated the same way that scientific knowledge is
found valid through trial and error. The mainstream community has today begun to demand the
implementation of this traditional knowledg and institutions such as the United Nations require and
encourage that traditional knowledge be embedded istwentific research of the natural environmerwe
NEO2YYSYR |ff NBaSIFNOK adldAizya (2 dzaSinthe/pRinBd y 2 dzi
of their work, in the design, collection and validation of data used, and in the discussion of the main findings.
It is almost impossible to try to cooperate and fulillresearch project together with the scientists and
traditional knowledge holders such as reindeer herders who are in the front line of the climate change effects
in their daily working life if both sides are not seated at the table and their knowledgagdh their voices is

not heard.

This is a guide on how to manag@operation betweernocal communities and scientists and how to consider
and respect the ethical considerations inmaduction of knowledge.
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1. Introduction

INTERACT is anfrastructure project under the auspices of SCANNET, a circumarctic network of curgently 8
terrestrial field bases in northern Europe, Russia, US, Canada, Greenland, Iceland, the Faroe Islands and
Scotland as well as stations in northern alpine areaBERIACT specifically seeks to build capacity for research
and monitoring in the European Arctic and beyond, and is offering access to numerous research stations
through itsTransnational Accegsogram. This EU Horizon 2020 project has a main objectivaitbdapacity

for identifying, understanding, predicting and responding to diverse environmental changes throughout the
wide environmental and lardse envelopes of the Arctic. This is necessary because the Arctic is so vast and
so sparsely populated thanvironmental observing capacity is limited compared to most other latitudes.

International Centre for Reindeer Husbandry (ICR) is responsible for Work Package 9 in the INTERACT project,
together with a range of partners. The main deliverable inghgject is this guidebook. The overall aim for

this book is to provide guidelines for cooperation between station managers, researchers and the local
community. Increased dialogue between the research community and the local community inveaiwo
communi@tion on equal terms, will lead to better mutual understanding and information sharing. The
cooperation between the research stations and the local communities shall provide information on what is
needed to adapt to changes and how to develop integratedllononitoringstrategy.Our first chapter will
introduce the reader to the main concepts and the thinking behind the work. Robert Corell, Karin Lochte and
Michaela Stith will set the base to the guide with their articles. ChaptBe2ommendations for @eloping
cooperation: The guidelinesill frame the guidelines through our recommendations to research entities
working with the Indigenous peoples. In chapteERamples of cooperation models in Integrated observation
systemsve have gathered some exaneglthat we see agood examples of cooperation models in integrated
observation systemd here will also be a chapter about SAON (Sustaining Arctic Observing Netwax&s) by
Rene Larsen & Thorsteinn Gunnarsson.

In work package 9 there are three case studies located

9 the Arctic station in Qegertarsuaq in Disco Bay in Greenland together with Aarhus university lead the
first case study about adapting to climate change and ensuring sustainable use of livimgessou

1 the Kevo station in Northernmost Finland, research station owingttie university of Turku having
ICR as a leading partner about adapting reindeer husbandry to vegetation change and snow cover
changes

1 the Kgbasovo Station irGiberia, Rusailed by Tonsk State University with a focus on forestry,
hunting and fishing tourism, agriculture and potential new land uses in a warmer climate.

More detailed description of the case studies in chapteCdse studies of varying interactions between
stations,pele and decision maker§hese texts are from the case study repoi@hapters. Making

partnerships between research entities and Indigenous peoples and local comnamatie® the current
cooperation models that the case study research stations have with the Indigenous communities and local
people around. In chapter &daptation and Responding to chantpe focus is in the changes that the case
studies have expressetle end our work for the Lessons learned and raise some important aspects to take
into account before concludgli KS ¢ K2t S 3IdzZARS do6221¢ (2 2dz2NJ 4ad2a3Sa

In this project we have had a strong focus on Indigenous peoples who, in most efsthestadies, are the
local people around the research stations. Kevo research station is located in Utsjoki municipality where the
majority of the local people are Sami. In Qeqgertarsuaq the majority are the Trhétindigenous peoples in
the Arctic have lived there for thousands of years. Managing to survive such harsh climatic conditions, and
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managing to adapt to earlier changes is not done without a-feethded knowledge base within the people
in the Arctic.

Traditional knowledge can be found in all indigenous communities, and it is knowledge created out of local
living conditions and passes on from generation to generatardin-Jonsson 2011). The Permanent
participants in the Arctic Council have agreedon 6 2 NJ] Ay 3 RSTAYAGAZ2Y 2y ¢ NI RA
Knowledge is a systematic way of thinking and knowing that is elaborated and applied to phenomena across
biological, physical, cultural and linguistic systems. Traditional knowledge is owned byldlees of that
knowledge, often collectively, and is uniquely expressed and transmitted through indigenous languages. It is

a body of knowledge generated through cultural practices, lived experience including extensive and
multigenerational observationdessons and skills. It has been developed and verified over millennia and is

still developing in a living process, including knowledge acquired today and in the future, and it is passed
FNRBY 3ISYSNIGA2Y (2 3ASYSNIGA2yés) ohddarel ¢NIRAGAZ2YI

Traditional knowledge is often defined from the theoretical framework of Traditional ecological knowledge.
oa cumulative body of knowledge, practice and belief, evolving by adaptive process and handed down through
generations by cultural transmissis, about the relationship of living beings (including humans) with one
another and with the environmeéit 6. SN] S&a SO f® HAAANY MHPHO®

There is a common feature within these definitions, that IK is transferred from one generation to another
generation K is practical knowledge that is connected culturally and locally. Some aspects of traditional Sami
reindeer herding knowledge can be held to correspond with scientific knowledge; others differ from it or go
beyond the subject area with which western sttiic knowledge has been occupied. However, all these
aspects concern the siida members' efforts to continuously form and realize an acting siida. (Sara 2009)

The rapid changes in the Arctic puts an enormous pressure on the people living in the Acttior the

people to adapt and to build resilience to these changes, access to the best available knowledge for the local
communities is needed. Indigenous Peoples with their indigenous knowledge have been able to adapt to
changes and build robust and riesint societies in the Arctic. Indigenous peoples have managed to adapt to
earlier climate changes, but now and in the future Arctic can experience more extreme climatic shifts and
changes that are never experienced before. Globalization process is chahgimrctic, for instance the
increasing development of extractive industries and increasing human activity. For the people in the Arctic
communities to be able to adapt to changes, the communities need to be a part and benefit from the
globalization proesses.
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1.1 International Network for Terrestrial Research and Monitoring in the Arctic
'Y h@SNBASe 2F 22N] tFO113S o 2F GKS Lbe¢ow! /

Prof. Dr. Robert W. Corell

Adjunct Professor, University of Miami (US); ProfessatAihe University of the Arctic and its International
Centre for Reindeer Husbandry (Norway); Principal and Board of the Global Environment and Technology
Foundation and its Lead at its Center for Energy and Climate Solutions (US); Board of Trustees Membe

Bermuda Institute of Ocean Sciences (Bermuda) and Director dfou@der, The Rising Seas Institute (US)

¢tKS /KFEffSyasSa TIFOAy3 (i KSe Harthh&swenteret Srderaoftildsformative ] I 3
change in which human actions have joined bimghysical forces as drivers of change on local and global
scales. The world of the future will differ markedly from the world humankind has known in recent decades.
Global forces are generating fezaching changes in the Arctic, which in turn, have isiiéed both the scale

and pace of global changes. Efforts to address Arctic issues constructively must recognize these
developments as a point of departure. Human actions on a global scale are increasing the complexity and
G2t F0Af AGe 2 7F wiicK Baveuhpakdil&ed dGonseguendeS it dhe circumpolar high north across

I FdzZf NI y3IS 2F SO02y2YA0I &az2O0Al f TheyaidlyScyiaddinhBretiy Sy G I
will have profound environmental, social, cultural, economic, anda@iiogal effects that extend well beyond

the region. Warmer temperatures and melting ice create rising seas and increasingly strong and
unpredictable storms around the globe, and pose new ecological risks to local livelihoods. Less ice for longer
periods @ach year brings the promise of new transportation routes and access to natural resources, but the
opportunities do not come without challenges. This will mean more traffic in a region lacking infrastructure,
environmental safety measures, and widespreaatae and rescue capabilitiesh

I {dzYYFINE 2F Lb¢ow!/ ¢QEKB2Np¢cOWO] K DE HRalBcABIOY Y I S
on expanding and extending, both scientific and indigenous knowledge concerning the drivers that affect
changes across the circpolar Arctic regions and the way those changes profoundly affect, for example, the
AYONBlI&aSa Ay (GKS SEGNBYSa 2F (KS y2NIKSNYy KSYAalL
importance to societies, and the rising of the seas from glacial ngelkarther, the Work Package 9 Team
outlined and sought to frame programmatic strategies and operational actions that would enhance a deeper
scientific understanding and more explicitly, the indigenous knowledge, for the laboratories and research
centers i the INTERACT network. This was viewed as essential in order to provide key elements in a process
that fosters a dialogue between local communities, researchers and INTERACT station managers that:

1. Enabledadaptation actions,

2. Identified the explicitly the data and information needed to implement adaptation actions and

3. Supportedthe development of an integrated data observations and monitoring system enables end
dzZaSNE (2 KI @S I 00S&aa G2 KAIK | dzl dndirasearcReentdrs o K I i
to provide important societal benefits.

a2NB RANBOGfesr GKS 22N)] tFO11F3S ¢ ¢SIYQa 62NJ] L}
integrated data and information observation system that would enable local communities, aertamith
INTERACT laboratories and research centers, to more effectively respond to the environmental and socio
economic challenges of the present and those projected for the future, though participation in SAON and
other Arcticfocused observational da&@nd assessment venues. To facilitate implementing these issues, the

2t p ¢SFY F20dzaSR @Quflie BO&ZAS f RIIMNTHY SIRK ABLISIO A Frdséarcli f &  F
stations the research station managers and their affected communities so that the INTERACT network can
facilitate the use of the observations, data and information, in order to support the scientific and indigenous
partners research and their programs. In orderdupport local communities in their efforts to develop
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adaptation and coping practices that addresses the transformative change across the circumpolar the Arctic.
Work Package 9 has been led by the International Centre for Reindeer Husbandry. The \Kagk Baecam

KlIa SELXAOAGtE &a2dAKG G2 Sy3al3sS vy2NB STFFSOGA@St e
indigenous peoples and their communities.

¢KS b9z | w/¢L/ ! RaséatelistaioBs Lb¢Ow! / ¢ Q&
The global scale of change andthe &K SNBE Ay~ aNedArbtig i A GKISY¥ SINB& y3 6 KA OK

2 LILI2 NI dzy A G A S& INgvigating khis NéwSycEc®a ¢ KENIAF G SND2yySOGSRY S
global interactions are increasingly nested in a global secomomic and geopolital framework where

global issues affect the Arctic, and conversely, the Arctic is increasingly affecting the global earth system. In
acontextofd b I @A AL G Ay 3 THeowr tviboSldArcticnisterOScience recently concluded that

there are fou themes which can provide the foundation for implementing the AfEticused research,
education and adaptation prioritied’lhe second Arctic Science Ministerial (ASM2) took place in Berlin,
Germany on the 226 October 2018. The main goal of the ASM® fsirther co-operation in arctic science,

by addressing challenges and creating joint acfldArctic 2018).

o o

The Socjio-
Changing Economic

Climate “the full range of Chan ges
economic, social

and environmental

0 . issues forthe.. ... .. o

development of the :
Geopolitical Arctic region”. Environmental
Realities, and Challenges to
Governance Human Health
Issues and and Societal
Treaties Well-being

¢ KS aAyAhailsS Nielull rangeoOedzin@nit, s@cidl arid environmental issues for the development

of the Arctic regioh = ¢ K S NB d2biftSasilSsue SYSNASRY

1 The Changing Climate the transformative theme that interconnects the systems within the Arctic to
Planet Earth.

f SocieEconomic Changexcross the Arctic that have globstale implications.

1 Geopolitical Realities, Govermze Issues and Treati®gll increasingly have implications for Arctic and
its global connectivity.

1 Environmental Change, Challenges Human Health and the Societalbily across the Arctic and
from drivers of change from with global environmental andis@conomic systems.

Further and more directly, the Arctic Science Ministerial concluded that by focusing on the following three
major programmatic priorities, there is an increased potential to facilitate sustainable-socimic
development, environmetal stewardship, and the health and weking of indigenous and other residents

of the Arctic region:

1 Arctic Observational Capabilitiegs commitment to strengthening, integrating and develop a sustaining
Arctic observational capability and system,
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1 Enharte Knowledge of Changén understanding the dynamics of the range of changes that impact
the Arctic cultures and peoples, and

71 Building Adaptive Capacitied:o assess vulnerabilities, to increase the resilience of Arctic environments
and societies and toaVelop effective adaptive capacities for the peoples of the Arctic region.

¢tKS YSeé vdzSaidAizya 7T2N (R WorkRagkade O tbd@dsed id qudsiionstsliclogs:! 3 S
2 KFG FNB GKS SaaSydaalt NBaSkNOK I yWork Patkage® Jea8t6id  a i
expand and extend knowledge of the drivers that addresses change across the circumpolar Arctic regions?
What frames programmatic strategies and operational actions that will develop a deeper scientific
understanding, and more expiily the indigenous knowledge of the Arctic region? What role is the essential

role that theresearch stationsvithin the INTERACT network that fosters a constructive dialogue between

local communities, researchers and INTERACT station managers?

TheElements of Work Package 9:

The programmatic elements that could help focus the results and adaptation strategies of the Working
tO1F3IS b ¢SI Y | NBoipfsSaslsisGeRd A¢yK SHISS B8 SWNHEW RdzNAy3I o
Ministerial Meetings in2016 and in 2018. They were emited by other studies and assessmerktsr
exampletK S | NODGAO [/ 2dzy OAf Qa LINPINI Ya G2 FRRNBaa (GKS vy
array of foci, from mental and physical health and viaeling, tosustainable development, local engagement,
SRdzOF A2y 3 @&2dzi K | yRPomtSaf RseNJ ISNRIzI t Aled ¢KS F2dzNJ &

The Changing Climate

SocicEconomic Change

w N R

Geopolitical Realities, Governance Issues and Treaties
4. Environmental Change, Challenges Human keahd the Societal Welbeing

First: Addressing the Changing Climate Issulsere are three questions concerning changing climate that
were central to the Work Package 9 Team, driven by the reality that changing climate is a transformative
theme that inerconnects systems within the Arctic to Planet Earth, including:

T Natural and Human Process Interactions Changes in the Global Carbon Cycle caused by Human Activities
HOW have natural processes and humf Averaged globally for the decade 2007-2016 in GtCO,/yr
actions affected the global carbon cycle ¢ (@i of o i per e
land, in the atmosphere, in the ocean an
ecosystems?

f Socioeconomic  Trends How  have
socioeconomic trends affected atmospher
levels of the primary carbeoontaining
gases, carbon dioxide (@Cand methane
(CH), across the Arctic?

1 Climate Change Issue$iow have species :
ecosystems, natural resources, andnian -
systems been impacted by increasir
greenhouse gas (GHG) concentratior
associated changes in climate, and carb
management decisions and practice_,
Ay Of dzZRA Yy 3 RONBKE&DOR 1ANMRKidG A G aYieefibAcks® OF (G A 2 y ¢

2007-2016

Source: Global Carbon Project and from CDIAC; NOAA-ESRL; Le Quéré ct al 2017; Global Carbon Budget 2017
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Second: Addressin§ociecEconomic Change IssueEhere are new and transformative geopolitical issues

and challenges that affect regional development, particularly from the increasing desire of nations to further
RS@St 2L) ! NOG A O Thé lddvelaNheht of M&uiasdmtEs3nthe rapidly changing Arctic that

will have profound environmental, social, cultural, economic and geopolitical consequences that extend well
0Se2yR GKS NRaAy3 (SYLIS NJeé daNBxampldSigdRen, YKS ROig).yTie & S|
interconnectedness of the Arctic and global interactions of these increasingly nested globaésonmmic

and geopolitical realities makes these realities global that directly affects the Arctic. Conversely, the Arctic is
increasingly changing the global eartlstgm. The realities of the scale of these changes are such that there
AaNdwAté @ LG A& FdzNI KS Nloyaldawedye Reyoluttb@niverits \NdId Neds &
2014)that is already affecting economic, social and environmental changepoécedented importance to

Arctic societies, business and governance and
need for enhanced scientific and indigenot
knowledge.

Addressing the Changes in these Three Sectors
These Interactions are the Challenge of the 21st Century
Economy Environment
Third: Addressing Geopolitical Realities
Governance Issues and Treaty Considerations.

PP ; : ; jobs sustainable natural
Many territorial clz?ums are stlur_lresol\{ed.'l'he_Arctlc ) Ty P,
has become a highly dynamic seeiwonomic and wealth renewable
interconnected ecological and governance syste creation sustainable
with needs to understand more fully as there at development

new emerging unpredictablArctic territorial claims
that are also drivers of socieconomic and
geopolitical changencluding:

social inclusion
communities

9 Stakeholders land claims are a profound)
important reality for the indigenous cultures
and peoples of the circumpolar Arctic: Society

i Effective governance issues are emerging
realities, such as the international waters in the central Arctic Ocean:

1 New Arctic governance mechanisms will be essenttagéffectively manage the regional and global
Arctic governance challenges.

Fourth: Addressing Environmental Change, Challenges Human Heaith Societal Welbeing. Arctic
ecosystems are undergoing rapid changes as a result of global climate change, with significant implications
for the livelihoods of Arctic peoples. who live in a mixed economy based on various forms of income and
widespread gbsistence harvesting of fish and game, perceive and experience climate change as embedded
among numerous other factors affecting subsistence patterns and practices. Changing lifestyles, decreasing
interest by younger generations in pursuing subsistenoditioods, and economic challenges are greatly
affecting contemporary subsistence patterns and practices in rural Alaska. Observations of climate change
are perceived, experienced, and articulated to researchers through a broader lens of these linkglé lifes
and cultural shifts. Therefore, it can be argued that to properly assess and understand the impacts of climate
change on the subsistence practices in Arctic communities, it is essential to consider the total environment
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of change that is dramaticalghaping the relationship between people, communities, and their surrounding
environments.

The Impacts of Climate Change on Human Health

CLIMATE CHANGE
DISRUPTIONS TO Warmer temperatures, shifting rainfall DISRUPTIONS TO
ECOSYSTEMS patterns, more frequent and/or intense SOCIETAL SYSTEMS

extreme events, & sea level rise

Worsened wildfires — Sor "
Lengthened pollen season Diminished food production

Spread of disease-carrying insects Damag§3 to infraStrUCFl{fe
Warmer waters & more rainfall Relocation of communities
More disease transmission Declines in tourism

Allergies Sicknesses, Injuries, & Deaths from Malnutrition
Asthma Extreme Events & Storm Surges Work Capacity
Food-, Water-, & Conflict
Insect-borne llinesses Mental Health llinesses

HUMAN
\E,_s,ge_cia,_".y_ . HEALTH . persons with disabilities,

¢tKS YSeé /2YLRyYySyia 2F (GKS Lbe¢ow!/ ¢Qa 22N] tIFO1I3S

The preceding section is designed to provide a foundation that identifies those key elements of an integrated
data and information observation system that will enable local communities, in concert with INTERACT
laboratories and research centers, to mordeetively respond to the environmental and so&oonomic
challenges of present and those projected for the future, including producing the Guide Book.

The foundational strategy to guide the development of the INTERACT Guide Book

A& TF2dzy RéwWlen@hase® y ad NI G S3& { Kusdinspfe#EOdza Sa 2y
research and assessment program in the INTERACT centers and laboratories that is

designed to contribute directly to a deepened understanding of the basic elements

of the Earth System relevant in the Ardticy R 2 i KSNJ NBIF OKSa 2F GKS 6
Further and of substantial importance that the programs of the INTERS€arch

stations are designed to enhance and facilitate policy development, decision

making capabilities and welleing of the local communitgeand their cultures.

Therefore, the preceding section sought to outlines the key information deemed essential for the Work
Package 9 work plan:

1. Develop an INTERACT Guide Bodkie Guide Book designed for scientists, research station
managers, insightfuhdigenous leaders and local communities that will enable them to develop a
deeper mutual understanding of how to work together and facilitate the development of an
integrated local scientific and indigenous knowledge obsematystem that focuses on thgresent
and predicted local environmental change. The guide book will include a general section on key steps
in the process for facilitating a dialogue between local indigenous communities, researchers and
station managers that identifies strategies andhgtices to implement local adaptation actions. It
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will be based on the essential information that is needed to adapt and how such actions can lead to
integrated local research and education program that supports the observation, data and
information monibring strategy. It is intended that the INTERACT Guide Book will be used to
develop, in a standardized format, the three Work Package 9 Case Studies tihe Arctic Station,
WestGreenlandihe Kevo Stationfinland andhe KgbasovoResearch Statioigiberia, Russia.

2. Develop an Integrated Observation and Monitoring Strategy to Support Adaptatiddaptation
requires a wide and diverse scientific and indigenous knowledge base derived from multiple players,
from INTERACPsearch stationslocal commuA G A S&a O0AYy Of dzZRAy3a NB&2dzNDOS
decision makers) and from other sources (satellites and other remote sensing systems, community
based observations, IPCC, Arctic Council and other national and international assessments), including
focusingon:

a. lIdentify current and projected environmental changegerceived as important for
developing present and future adaptation strategies.

b. Observe, explain and predict changesthe natural environment and the drivers of change.

c. Scientific contributions & particularly important for monitoring and research requiring
specialized technology and analytical tools.

d. Develop and implement integrated knowledgpools and local observing systems feeding
into local, national and regional decisiomaking structuresthus enabling adaptation to change.

An Aspirational GoalThe development of an integrated local observing system will enable communities to
monitor how well the local communities have adapted and learn from and improve the database from which
refined predictions can be made. Although each community will hageifspadaptation needs and decision
making structures, each can learn about approaches from other communities.

Summary¢ KS YIFGSNARIFf 2dzif AYSR KSNBAY A& RSAAIYSR (2 3
2PSNI £ f 32 f BhAancd éndubderstanding of 2ANCtic diogeophysical terrestrial system by
enhancing the interactions between the observing and prebased communities and among various
RA&OALX Ay Sa THeynkerneR &ny litsh rgadyeé tools/apps provide an unprecedenpesver of
observation and interpretation of changes in the Arctic environment and ecosystem seBneggnmental
governance has the potential to be significantly transformed by Smart Earth technologies, which deploy
enhanced environmental monitoring viembinations of information and communication technologies (ICT),
conventional monitoring technologies (e.g. remote sensing), and Internet of Things (loT) applications (e.g.
Environmental Sensor Networks (ESKBakker & Ritts 2018.1t is in this contat, that thiswork (WP9) is
designed to improve the webeing of Arctic inhabitants and aiding the people and their cultures to adapt to
local and global environmental changes. Most importantly, INTERACT through this EU/EC project will
importantly entrainand provide an educational base for next generation of environmental scientists and
indigenous partner experts to provide information to local and Hegrel regional organizations and decision
makers. The scale and complexity of the Arctic system wgllire international cooperation to identify,
understand, predict and manage environmental change, an enabling capability of the INTERAGK. Netw
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1.2 Arctic Science Cooperatiomhe Outcome and the Consequencestioé secondArctic Science
Ministerial meeting

Prof. DrKarin Lochte

VicePresident of Scientific Committee on Antarctic Research, board member of the International Arctic
Scence Committee, Former Chair of the Eunoiganate Research Alliance

A temperature riseof 1.5°C or 2°C globally means an average increas&ttt & the Arctic, which can be

even higher locally. This will make a dramatic difference to the Arctic and would speed up sea ice loss, melting
of the Greenland Ice Sheet and thaw of permafrostangi It is clear from the pace and scale of change that

the Arctic requires our utmost attention. In fact, the Arctic is a warning for the rest of the world. In the face
of these changes, we must act now. We require new ways to join forces for effegii@etying, funding and
implementing research. Moreover, we needdn-design the research with Arctic peoples in order to address

the risks in the regions and develop adaptation strategies.

The first White House Arctic Science Ministerial in 2016 brougtitcAesearch concerns to the forefront of
worldwide attention. It became clear that all nations must work together to confront and combat Arctic
OKIy3aS o6& GKS o06Sai aOASyOS I @FLAftlFLoftSd ¢KS ! {! Qa
who held the second Arctic Science Ministerial (ASM2) in Berlin darib 26" October 2018.

The Major Outcome of ASM2: At the ASM2, science ministers or secretaries of state of 30 countries, six
Indigenous organizations, ten international organizationd 280 scientists came together with the aim to
promote cooperation in Arctic science by addressing challenges and joint actions. It highlighted the need for
a greater sense of urgency among decisigkers regarding the globally important changes takilrg®in

the Arctic. The discussions concentrated on three major scientific themes that not only concern deterioration
of the environment but also look at changes in society, economy and technology:

Theme 1. Strengthening, Integrating and Sustaining A@itiservations, Facilitating Access to Arctic Data,
and Sharing Arctic Research Infrastructure

Theme 2. Understanding Regional and Global Dynamics of Arctic Change
Theme 3. Assessing Vulnerability and Building Resilience of Arctic Environments and Societies

All participating scientists and politicians agreed that better Arctic observations were needed as we do not
yet have the appropriate data to better understand and predict Arctic changes. Therefore, observing systems,
including communitypbased observatios, need tobe improved and maintained on a lotgrm basis and
require adequate and sustained financial support. First steps to develop strategic international observation
and data frameworks are made by the Sustaining Arctic Observing Networks ($4@&3$. shown by EU
projects, SAON observations can provide the basis for large ecobemédits (The second Arctic Science
Ministerial 2018). It is important that Arctic observation systems are developed jointly with relevant
stakeholders and rightkolderswho embrace open data sharing. The vast and inhospitable regions of the
Arctic also require new technologies for observations and improving the safety of people in remote
settlements. Furthermore, new ways should be developed among countries and resestitiitions to

share expensive infrastructure.

Understanding linkages between Arctic changes,atitlides and the global climate system are critical as
many millions of people worldiide are potentially impacted by sea level rise and extreme weathantsve
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Some large projects are already underway or are planned to improve the understanding of Arctic climate
processes and narrow errors of predictions. In the MOSAIC flagship project, the research icebreaker
Polarstern has overwintered in the central Acofdicean frozen in the sea ice to provide much needed winter
data and improve understanding of physical and biological sea ice related processes. A similar flagship project
is being planned for a terrestrial observation under the nameIOSAIC. As substtial ecosystem changes

are happening, the adaptation potential of marine and terrestrial ecosystems must be understood. In this
context, projects led by Indigenous scientists and supported by grantsd help to highlightndigenous
knowledge in understading regional Arctic changes and link it to international research.

A healthy environment is the basis for lifethe Arctic, but the present changes are large and detrimental.
Major issues are pollution mainly coming from aaditudes, food securityhealth and negative impacts from
economic development. As some regions are more subject to negative developments than others, regional
hot spots of risks need to be identified and protected. Also, areas of specific ecosystenq lildukast ice

areas tha are retreats for arctic speciesshould become protected areas. Key components for sustainable
development are education and capacity building. At ASM2, for instance, an international effort was
suggested to set up an international mobility programmeyfoung scientists to learn from different cultures.
Furthermore, people outside the Arctic should learn about Arctic issues (Arctic literacy) as Arctic changes will
have worldwide effects.

Details of the ASM2, the Joint Statement of Ministers, the Cenfex Report and the Scientific Forum that
discussed the above themes can be viewed urdgr://www.arcticscienceministerial.org/en/In order to

advance the many themes of the ASM2, a Forum of Arctic Science Funders was recommended by the Joint
Statement of Ministersd 2 § G KSNBF2NBE NBO2YYSYyR SELX 2NAYy3 (GKS I
funders to discuss strategies for sopjing the research that is necessary to achieve the goals agreed at this
aAyAailSNA(Arttic ScerfseiMinfs@niB18) This Forum is now starting to discuss how to underpin
activities of common interest.

Consequences for future actions

It is d utmost importance to anticipate changes in the Arctic, their direction and dynamics, rather than just
respond to them. It provides the basis for timely adaptations, both in the Arctic regions and outside. Already

a great deal of research is carried ontthe Arctic by many nations. Therefore, substantial progress can be
achieved through improved international scientific cooperation including traditional knowledge and
contributions from norArctic states. Better coordination of observation systems andh datchange, as
discussed under Theme 1 of ASM2, is particularly needed. Suggestions for coordinated observing strategies
were developed by SAON but, so far, implementation has been hampered by lack of sustained funding for
the network and respective natiégnQ Ay adzFFAOASYyG O2YYAGYSyida G2
observations longerm. However, some positive developments can be found in the Horizon 2020 call of the
9dzNR LISFY [/ 2YYAaaAz2y> a{dzLIRNIAYy3 (GKS AYlah StFSy al
| 2 LISNY A Odzadh ¢KS C2NHzy 2F ! NOGAO { OASYyOS CdzyRSNEQ
Arctic observations. It would be up to the scientific community to propose abaédhced Arctic observation
strategy initiative to the Ardit Science Funders.

Installation and operation of research infrastructures in the Arctic is expensive and cannot be afforded by
many nations that wish to contribute their expertise. Some activities are now underway to open the use of
Arctic infrastructuredor external users. INTERACT offers access to many Arctic research stations and has
built up a network of terrestrial field stations all around the Arctic. The possibility to work in field stations
through the Transnational Access Programme not only sféetcellent support for field work, but also
deepens international collaboration. Moreover, the ARICE programme tries to provide Europe with better
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capacities for marindased research in the iemvered Arctic Ocean in order to establish an International
Arctic Research Icebreaker Consortium that shares and jointly funds ship time for scientists from all nations.
In the EU, approaches that provide access to research infrastructure fogbadity research projects and
share the financial burden alreadyistx and these could be applied more widely. It does not cost much extra
funding but would require a common agreement on procedures.

Development of novdkechnologies was only briefly touched upon in the ASM2, but it is obvious that progress
depends largely on the type of

technology. These range from new

sensor systems for observatories to

autonomous measuring systems,

better satellite coverage of the Arcti

regions, improved communication

systems for remote settlements,

telemedicine and environmentally

friendly energy supply. Since only few

customers use such systems, industry

is reluctant to invest in development Word cloud of all submitted research projects of the participatin
of new technology. Therefore, novelnations and organisations.

technobgies must be supported by

government funding. Scientists can

be instrumental here by better

aligning necessary engineering

research internationally with the aim

to speed up development of new

technologies.

We know that the changes

happening in the Arctiare massive

and felt in the daily lives of Arctic

LIS2 LX Sao ¢ KS@ I FFSO LIS2 LX SQa

cultures and livelihoods. Societal and economic changes are sometimes more disruptive for local people than
climate change. The equitable involvement of Indigenous knowledge planning to implementation of
research is needed for meaningful collaboration with international science. To bring different types of
knowledge together and to address regional concerns, regional knowledge hubs for exchange of Indigenous
knowledge andriclusion of Indigenous knowledge holders as fidsss partners are suggested. Research
plans led by local and Indigenous communities could be a focus of the Forum of Arctic Science Funders. This
aK2dz R Ff a2 AyOf dzRS & dzLI-iNifg, sEiénde) edudaliva &rd intedSafidnil S a Q
exchange.

The initiatives and discussions of ASM2 will be continued in the third Arctic Science Ministerial (ASM3). The
progress made by the international community since ASM2 will be assessed and new agresithdrgs
forged. ASM3 will be held in Tokyo, Japan on the 21st and 22nd of November 2020 and wilblse2ddy
Iceland.
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