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1. Introduction 
The science plan of the Terrestrial Flagship focuses on the rapid socio-ecological changes 

occurring in northerly regions, and will involve cross-cutting interdisciplinary research into climate 

effects on both natural and human systems. The recent persistent warming has caused dramatic changes 

in terrestrial arctic and sub-arctic regions including reduced snow extent and duration, increasing 

permafrost temperatures and a general “greening” of the Arctic (ACIA 2005, SWIPA, 2011 CAFF 

2013). The numerous ecosystem changes at high latitudes include the ravaging of  forests by drought 

and insect pest outbreaks (Sturm 2010, Jepsen et al. 2013), degradation of arctic tundra by erosion, 

increased runoff from land to water systems, and the encroachment by tall shrubs and trees into tundra 

landscapes which combine to shrink the areal extent of the biome (Ims et al. 2013). The functioning and 

biodiversity of tundra ecosystems, and their associated limnic ecosystems systems, is also impacted by 

changes in the cryosphere, although the precise implications of this are unclear as yet (Post et al. 2009). 

Endemic arctic species that have essential food web functions, as well as being highly valued by northern 

people, both as natural resources and as cultural icons, are already declining (CAFF 2013). At the same 

time, invasive species from the south are expanding into the high north (CAFF 2013). Recent scientific 

assessments of these changes, such as the Arctic Human Development Report (AHDR 2004); Arctic 

Climate Impact Assessment (ACIA 2005), Millenium Ecosystem Assessment (MEA 2005); IPCC 

(2014), NorACIA (Øseth 2010) and the Arctic Biodiversity Assessment (CAFF 2013) all draw 

compelling links to climate warming as the main cause.  

The serious implications of further warming of the Arctic mean that both ecosystems, and the 

people depending on them, face great challenges. The livelihoods and culture of northerly peoples are 

closely adapted to the natural world, and form an important basis for their general identity. Furthermore, 

climate changes at high latitudes have consequences far beyond the Arctic regions. Climate-induced 

changes in arctic ecosystems and landscapes feed back to the global climate system, accelerating 

warming at the global scale (Chapin et al. 2005, Swan et al. 2010, Schuur and Abbot 2011). 

A key message from  the most recent assessments (e.g. CAFF 2013) is that there are still crucial 

gaps in our understanding of the connections between climate change and the responses of ecosystems 

and human society). One underlying reason for this is that basic understanding of the functioning of 

arctic ecosystems is limited. The high likelihood of emergence of combinations of novel climates and 

novel ecosystems implies that we will be outside our present empirical window and predictive models 

need to tackle non-equilibrium systems with unknown properties. This severely constrains our  ability 

to make long-term predictions. In this situation there is an urgent need to improve the ability to 

empirically document changes. Surprises will arise from extreme events (pulses) or gradual climate 

change (presses) pushing non-linear ecological systems beyond tipping points. These challenges will 

best be met by adaptive long-term monitoring systems (observatories). The design and implementation 

of these should be guided by robust models of system-functioning and state-of-the-art measurement 

technologies (Lindenmayer and Likens 2009, 2010). A third factor is that there is still limited knowledge 

concerning the combined impacts of climate and ecosystem changes on societies of the high north. There 

are a number of studies that have examined human adaptation to natural climate- and ecosystem-

variations in the past (see e.g., Pfister and Brázdil 1999; Wigley et al. 1981, Ogilvie et al. 2009). 

Although studies have also been undertaken regarding present-day climate impacts on societies and 

cultures (see e.g., Huntington et al. 2013) much further research is required in order to establish to what 

extent future climatic and ecosystem regimes will require adaptations that are quite different from those 

used in the past. Furthermore, research is biased towards subsistence hunting and fishing in North 

America and reindeer pastoralism in Eurasia, while scientific investigations in regions with more 

“urbanized” and non-indigenous populations is under-represented or focused on economic adaptations 

(Ford et al. 2014). In Scandinavia and Russia human activities act synergistically with climate-related 

impacts to change socio-ecological systems. Monitoring, adaptation and policy responses need to take 

into account heterogeneous perspectives on sustainable pathways. A further crucial element is that in 
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order to identify valid options for mitigating and adapting to climate-change impacts in the context of 

management and governance systems, and for societies to be able to act on predictions and observations 

of climate impacts on socio-ecological systems (see, e.g., Berkes and Folke 1998, Berkes et al. 2003) 

there is an urgent need for improved understanding of how management regimes work at different 

decision levels.  

The Terrestrial Flagship of the Fram Centre - launched in 2011- has as its mandate to accept the 

key challenges to high-latitude climate-impact research outlined above, and, has as its goal to become 

an internationally-recognized leader in this field. This aim will be accomplished by excellence in 

research that can advise policy makers, management bodies, local inhabitants, and other stakeholders as 

to how climate change and its associated impacts in the terrestrial north could be met by means of 

adaptations and mitigations. These tasks call for both a great deal of diversity in scientific approaches 

(Lindenmayer et al. 2010) as accommodated by the Terrestrial Flagship’s science plan during its first 5-

year period (2011-2015).  For the next 5 years, we aim to develop our program as a framework for 

natural and social science studies that allows for a deeper understanding of the functioning of northern 

nature and culture. The program will conduct basic disciplinary research as well as it will develop cross-

disciplinary protocols, and the flagship will in particular encourage the latter. The research programs 

need to establish tight links between science and its users such as policy makers, managers, stakeholders 

and the interested general public. For this to be achieved, outreach strategies must be developed and 

implemented. Finally, the Terrestrial flagship will continue to develop research-based education at all 

levels so as facilitate a new generation of scientists, policy makers and managers that are more capable 

of tackling the vast challenges of future climate change in the north. 
 

2. Goals  
2.1 Primary goal 
The flagship shall advance and build on scientific competence and collaboration within the Fram 

Centre in order to establish a dynamic programme that facilitates new knowledge concerning climate 

impacts on high-latitude socio-ecological systems.   

 
2.2 Secondary goals   

 The flagship shall identify climate-induced changes regarding vulnerable and essential aspects of high-

latitude ecosystems, such as key ecosystem functions and services, and arctic biodiversity, 

 develop knowledge and information concerning human vulnerability, resilience, sustainability and 

adaptive capacity in the context of climate change in the circumpolar north,  

 establish how governance and management regimes at different levels of organization can increase the 

adaptive capacity and resilience of high latitude socio-ecological systems, 

 develop and teach theoretical and methodological approaches that advance monitoring of socio-

ecological systems in climate change impact research, and 

 strengthen the empirical basis for prediction and detection of climate-induced changes by developing 

and implementing adaptive monitoring-systems (observatories) in the Norwegian Arctic.  

 

3. Deliverables   

Terrestrial Flagship research will continue to be useful to local communities, management authorities, 

and other stakeholders for example by elucidating how provisional ecosystem services such as fish, 

game, livestock, and agricultural and land-use products will be impacted by climate change, and by 

exploring how prudent management strategies could potentially adapt to or mitigate such impacts. The 

Flagship will work with communities, management agencies, and other stakeholders and will establish 

a close dialogue in order to inform them of research results. This will include the identification of crucial 

trends and drivers regarding vulnerable northern socio-cultural values, arctic species and ecosystems. A 

major emphasis will be placed on the dissemination of all research results to a wide variety of audiences 
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including researchers, management bodies, students at all levels, others stakeholders, and, in particular, 

the local communities to be studied. In this regard, it may be noted that arctic wildlife in particular may 

have a significant role to play in raising awareness of environmental issues world-wide and thus could 

potentially act as “flagship species” (sensu IUCN 2009) in order to help to raise public interest and 

concerns regarding climate change and its impacts. 

During its first 5-year period the Terrestrial Flagship has contributed significantly on the 

international arena for circumpolar environmental science by feeding robust scientific results into 

observatory networks such as Circumpolar Biodiversity Monitoring Program (CBMP 2013), and climate 

impact assessments such as Arctic Biodiversity Assessment (ABA; i.e. Ims et al. 2013a) and the IPCC. 

Flagship members has also been key responsible (e.g. Ims et al. 2014) or contributed to regional 

assessments of particular importance for Norway (Jansson et al. 2015). Knowledge produced in a 

Flagship project is a direct input to the international species management plan for Pink-footed Geese 

under the Agreement on the Conservation of African-Eurasian Migratory Waterbirds (AEWA. Flagship 

scientists will continue to be active in such fora.  

     

4. Priority of Research  
The goals of the Flagship are mandated to be broad, and encompass a diversity of approaches on issues 

concerning how climate change impacts on ecosystems and human societies in high latitude landscapes. 

The Flagship should thus be capable of hosting projects that span the entire disciplinary axis, from 

natural sciences studies on ecosystem responses, to social science studies addressing the adaptations of 

societies.  However, whenever feasible, the Flagship will strive to apply cross-disciplinary approaches 

that can elucidate how socio-ecological systems respond and adapt to climate change. This shall be 

achieved by the Flagship’s organization according to five work packages (WPs) (Fig. 1). The scientific 

context, achievements and further goals of the individual WPs are described below. Overall, the WPs 

provide a broad and natural fit within the general scientific goals of the Flagship (see section 2 above) 

with an emphasis on cross-disciplinary research. The WPs provide excellent points of departure for 

further development of the Flagship during the next 5 years.  

 

                     
Figure 1. The scientific scheme of the Flagship programme. Ecosystems and societies form interlinked 

socio-ecological systems imbedded in high-latitude (sub-arctic and arctic) landscapes. Climate-change 

impacts on this system are studied by means of 5 work packages (WP1-5) that distribute themselves on a 

disciplinary axis which is dominated by natural-science oriented ecosystem studies (e.g. Ecological effects 

of seasonality patterns and climate extremes and Vegetation change) on the left, and mainly social-science 

studies (adaptive capacities in local communities) on the right-hand side of the scheme. Work packages 

with strong components of cross-disciplinary approaches are placed in the centre. 
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   WP1.  Vegetation Transitions and Herbivores Impacts 

Context: Vegetation transitions in northern biomes are among the most extensive effects of climate 

change with feedbacks to regional and global climate regulation (Chapin et al., 2005) and with 

cascading impact on ecosystem integrity and ecosystem services (Post, 2013). Northward shifts in 

vegetation zonation, increased productivity (greening) of the tundra biome, and decreased 

productivity and die-off (browning) of boreal forests have been linked to climate change (Sturm, 

2010), whereas the mechanistic explanation for thresholds of boreal transitions is not unraveled 

(Scheffer et al., 2012). Herbivores, including domestic, semi-domestic and wild grazers/browsers 

and defoliating and tree-killing insects, are important biotic drivers of vegetation transitions in 

northern regions and represent a key to understand transition thresholds. Through interactions with 

vegetation, herbivores can affect woody encroachment of tundra, modify vegetation productivity 

and species richness (Ravolainen et al., 2011, Ims & Henden, 2012, Biuw et al., 2014, Willerslev 

et al., 2014, Bråthen & Lortie, 2015) and hence serve as ‘niche constructors’ for the species 

involved in the transition between the boreal and tundra biomes. Yet the impact of herbivores can 

be highly context dependent (Ravolainen et al., 2014, Bernes et al., 2015) and there is a need to 

apply different approaches, encompassing a range of ecological gradients and scales, for assessing 

the role of climate change and herbivores in vegetation transitions. 

Achievements: Based on work conducted in the project NCoE-Tundra, and previous activities 

funded through the Norwegian Research Council (RCN), new funding (9.8 mill NOK) was obtained 

for the management-relevant project What comes after the new pest? Ecosystem transitions 

following insect pest outbreaks induced by climate change in the European high North (PI: UiT-

Arctic University of Norway, co-PI: Norwegian Institute for Nature Research) under the RCN 

ECOSYSTEM call (2015-17). The project targets vegetation transitions and ecosystem impacts of 

pervasive moth outbreaks at the northern birch forest-tundra ecotone (www.birchmoth.no). In shrub 

tundra we have investigated the importance of labile shrub states (Ravolainen et al., 2014) and 

ungulate induced loss of shrubs (Ehrich et al., 2012, Ims & Henden, 2012, Henden et al., 2013) on 

herbivore and avian communities. In ecotone forests we have quantified rapid vegetation state 

transitions following moth outbreaks (Jepsen et al., 2013, Karlsen et al., 2013), and cascading 

effects of outbreak induced forest death on biodiversity (Vindstad et al., 2014, Vindstad et al., 

2015). Across contrasting reindeer management regimes we have investigated the regrowth of the 

ecotone forest following moth outbreaks (Biuw et al., 2014). WP1 funded projects have developed 

new biological applications of near-infrared spectroscopy (Smis et al., 2014) and digital and 

physical research infrastructure for studies of herbivore and human influences on vegetation 

changes, that can be used either freely or in collaboration with flagship members. This includes for 

instance i) a joint Nordic herbivore exclosure sites on the Finnish-Norwegian border (NCoE-

Tundra), ii) high resolution SPOT imagery of the target area of COAT (WP5) on the Varanger 

peninsula, iii) a series of historical aerial images used for quantifying vegetation state transitions in 

the same region (ECOTONE, available at www.norgeibilder.no), and iv) high resolution images 

surrounding circumpolar arctic settlements from which traces of human use and vegetation states 

have been derived (Tundrascape). Contributions of data have also been made to international 

research networks such as GLORIA (Klimaveg).  

Aims: The WP will maintain its strong focus on climate and herbivore effects on vegetation 

transitions: cascading impacts on plant based food webs, soils processes, and terrestrial arctic and 

subarctic biodiversity. We will use a suite of relevant methodological approaches towards this aim, 

with process-oriented experimental and quasi-experimental field studies as a core. We will seek to 

strengthen our ability to address herbivore fluctuations and vegetation transitions on a historical 

and paleoecological time scales by the use of DNA techniques (Willerslev et al., 2014, Thomsen 

& Willerslev, 2015). We will contribute data and competence towards developing coordinated 

international protocols through participation in international networks (e.g. Herbivory Network).  

 

http://www.birchmoth.no/
http://www.norgeibilder.no/
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WP2. Effects of Changing Seasonality and Extreme Events 

Context: Climate change in the Arctic is expected to alter the climatic parameters of each season, season 

length, and the frequency and intensity of Extreme Climatic Events (ECEs) (Smith 2011, Hov et al. 

2013, Hansen et al. 2014). Such changes may have strong effects on key species and their ecosystem 

functions and services. Abrupt changes can also be mediated by biological invasions of southern species 

(Jepsen et al. 2011). WP2 has focus on the degree of vulnerability/resilience of terrestrial/limnic arctic 

and boreal species, biodiversity, ecosystem functions and services regarding both gradual and abrupt 

climate changes. Important research foci include possible ecosystem-regime shifts caused by species 

invasions, (e.g. the spread of insect pests;cf. WP1), zoonoses, and other infectious agents facilitated by 

a warmer climate, as well as by changes in the frequency of ECEs, such as warm spells in the winter, 

increased storm activity, extreme precipitation, flooding events and droughts, and also through changes 

in snow and ice cover. WP2 also includes the impact of ECEs on exposed cultural heritage sites.  

Achievements: Since 2011, WP2 researchers have succeeded in receiving external funding from the 

RCN, the European Economic Area (EEA) and the European Space Agency (ESA) for several large 

research projects. The Norwegian Institute for Nature Research (NINA) as PI, in partnership with 

Bioforsk (part of Norwegian Institute of Bioeconomy Research, NIBIO, since 1 July 2015), and UiT 

The Arctic University of Norway, succeeded in 2013 to get a 3-yr grant from RCN (NORKLIMA), for 

the project WINNIT: Winter disturbance and nitrogen deposition: Unravelling the mechanisms behind 

ecosystem response to combined effects of climate and pollution, and also to get funded, in partnership 

with Norwegian Meteorological Institute  and the Northern Research Institute (Norut), a grant from the 

Poland-Norway programme of the EEA Norway grants for the project WICLAP: Ecosystem stress from 

the combined effects of winter climate change and air pollution – how do the impacts differ between 

biomes? The Norwegian Forest and Landscape Institute and Bioforsk (both NIBIO since 1 July 2015) 

also received a grant from the same programme for the project FINEGRASS: Effect of climatic changes 

on grassland growth, its water conditions and biomass. NIBIO in partnership with Norut is leading a 

new (2015-18) project “Use of remote sensing for increased precision in forage production” funded by 

the RCN (MATFONDET). Norut is leading the new project Sentinel-2 data for high north vegetation 

phenology (2015-2018) funded by ESA. Norut also participates in the EU-funded FP7 collaborative 

project Sentinels Synergy Framework (SenSyF), where they are in charge of ‘the Arctic-alpine growing 

season mapping service’.  

WP2 has shown that northern-Norwegian winters are characterized by five contrasting climate types 

(involving soil frost, snow and air temperature; Bjerke et al. 2015), that winter climate largely regulate 

plant growth the following summer both of natural heath ecosystems and agroecosystems (Bokhorst et 

al. 2011, 2012a,b, Bjerke et al. 2015), that multiple climatic and biotic stressors can cause extreme 

reductions in primary productivity when acting together (Bjerke et al. 2014, Bokhorst et al. 2015), and 

that winter warming events have more negative impact on small rather than large soil fauna (Bokhorst 

et al. 2012c). WP2 has documented that rain-on-snow (ROS) events synchronize the population 

fluctuations across the entire community of resident vertebrate herbivores (vole, ptarmigan, reindeer) 

with a one year lagged correlation with the only predator (arctic fox) in Svalbard (Stien et al. 2012, 

Hansen et al. 2013, 2014). WP2 has also detailed how increasing numbers of pink-footed geese (related 

to a warmer climate) have the potential to cause substantial vegetation damage to the tundra due to their 

feeding activities in Svalbard (Pedersen et al. 2013a,b). Finally, warmer winters and springs have 

allowed new forest insect pest species to invade northern Norway from south (Jepsen et al. 2011).  

Aims: Since significant climate changes are projected to take place over the next decades in combination 

with invasive/increasing species and expanding human activities, ECEs will cause abrupt changes in 

primary productivity and biodiversity of terrestrial and limnic boreal-Arctic ecosystems, leading to acute 

risk for extinctions of species. WP2 has the ambition to improve the predictability of climate-related 

changes of boreal-Arctic ecosystems and their functions and services, also concerning the effects on the 

society. Such predictions will notably necessitate a better understanding of how the physical properties 

of snow mediate the impact of climate change on ecosystem processes. 
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WP 3. Adaptive Capacity in Local Communities and among Indigenous Peoples 

Context: Environmental, ecological and social factors interact, and rapid shifts in environmental 

and social conditions may go beyond the adaptation capacity of existing socio-ecological systems 

(ARIR 2013). Climate change, in combination with socio-ecological changes, will bring 

unprecedented challenges, as well as opportunities, for local communities, stakeholders, and 

indigenous peoples in the northern hemisphere (AHDR 2004; ACIA 2005; CAFF 2013). Research 

suggests that it is not necessarily changes in climate alone that will cause the greatest challenges 

(Amundsen, 2014; Hovelsrud and Smit, 2010; Næss 2013). Rather when it co-occurs with other 

societal changes—increased integration in global markets; migration; degradation of 

infrastructures practices (Arctic Report Card 2011); land tenure changes; and management policies 

discounting traditional strategies (cf. Hovelsrud et al. 2011; Næss 2013; Næss and Bårdsen 2013; 

2015; Kelman and Næss 2013)—the effect of changed climatic conditions might be dramatic 

(Jansson et al. 2015). It is widely recognized that there is a need for integrated knowledge of social, 

cultural, economic and environmental conditions to develop successful management plans as well 

as adaptive governance: plans incorporating the social dimension are more likely to achieve their 

goals and to be more sustainable (reviewed by: Ban et al. 2013). In northern societies, the presence 

of indigenous peoples and a greater focus on the vulnerable Arctic environment and its cultural 

heritage adds to the challenge of creating adaptive and integrated governance strategies.  

Achievements: Based on the RCN funded project ECOPAST (2011-2014) new funding (~7 mill 

NOK) was obtained for the project The Erosion of Cooperative Networks and the Evolution of 

Social Hierarchies: A Comparative Approach (PI NIKU) under RCN FRIHUMSAM (2015-18). 

Funding (~20 mill NOK) has also been obtained for the project Human-Animal Relations under 

Climate Change in Northern Eurasia (PI NIKU for WP about Norway) by EU through JPI Climate 

(2015-2018). Flagship members have contributed to a comprehensive review of the scope for 

adaptations to anticipated changes in ecosystem services in the Barents region during the 21st 

Century (Jansson et al. 2015) and investigated how traditional knowledge currently is and can be 

incorporated in assessment and planning processes (Eyþórsson et al. 2015). In the reindeer 

husbandry in Norway we have investigated how: (1) herders buffer climatic variation (Næss and 

Bårdsen 2013); (2) make slaughter decisions (Næss and Bårdsen 2015; Næss et al. 2012); (3) 

respond to governmental management policies (Næss et al. 2011); (4) the extent and importance of 

cooperation (Thomas et al. 2015); and (5) the combined effects of climate and density on the 

productivity and viability of the reindeer husbandry (e.g. Bårdsen et al. 2008; 2010; 2011; 2014). 

(3) and (4) has been partially funded by WP3 and WP3 funding has contributed to projects that 

have investigated production and integration of local ecological knowledge in management in 

Norway (Brattland 2013) and long-term land use in Sápmi through cultural sites, traditional 

knowledge and participatory mapping (Barlindhaug & Pettersen 2011, Barlindhaug 2012, 

Barlindhaug & Corbett 2014).  

Aims: The objective of WP3 is to increase our knowledge concerning the consequences of climate 

change for northern societies with a specific focus on interactions between climate change and 

socio-ecological changes. More specifically, we will focus on: (1) Climate-policy interactions—

disentangling the efficacy of traditional strategies and social institutions in a changing environment. 

(2) Socio-ecologic modelling—to develop models that incorporate the social, cultural and 

environmental dimensions since most models pertaining to the management of natural resources 

focus on ecological factors only (Gebetsroither et al. 2006).  (3) Barriers for developing sustainable 

and adaptive management—in the reindeer husbandry, for example, there seems to be a prevailing 

natural science bias where social sustainability (cultural and economic) is assumed to follow 

naturally from ecological sustainability (cf. Ulvevadet 2012). It is thus important to understand to 

what degree policy makers and planners evaluate and make use of different types of scientific 

knowledge. (4) Creating interdisciplinary research strategies and projects—a key strategy for the 

WP is to create projects where social and environmental scientists work together. 
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WP 4. Adaptive Management of Ecosystem Services 

Context: Ecosystem-based approaches, that manage local and ex situ human activities that act 

synergistically with climate, could buffer climate-related impacts and maintain the long-term capacity 

of ecosystems to produce ecosystem services (ES) (Mori et al., 2013, Bennett et al., 2015). ES describes 

the many kinds of benefit that humans derive from ecosystems (MEA, 2005). Climate change could 

alter the delivery of ES and will as such have consequences for current economic activity and human 

welfare of Arctic residents, while providing new opportunities for engagement with nature. To make 

decisions and adapt to climatic changes always involve trade-offs between different bundles of ES, 

either spatially or temporally (Rodrigues et al., 2006). Bennett et al. 2015b argues that key research 

questions emerging include: “how are ecosystem services co-produced by social–ecological systems, 

(ii) who benefits from the provision of ecosystem services, and (iii) what are the best practices for the 

governance of ecosystem services?” Institutions and the reliance of multiple sources of knowledge are 

understood by IPBES as the key to address these questions (Diaz et al., 2015), and could in some cases 

be a strong predictor of ES (Young, 2002,Ostrom, 2009), also in Arctic and Alpine regions (Hausner et 

al., 2012, Hausner et al., 2015, Skjeggedal et al., 2015).  Adaptive management, that includes 

participation with managers and the public, could deal with the uncertainty about provisions and societal 

values of ES in space and time. Interrelated concepts such as adaptive governance (Folke et al., 2005), 

adaptive co-management (Armitage et al., 2008, Tombre et al., 2013) or adaptive monitoring 

(Lindenmayer and Likens, 2009) build partly on the original notion of adaptive management and is 

promoted as frameworks for adaptations to climatic impacts. 

Achievements: WP4 has resulted in multiple grants from the NRC. Adaptive goose management beyond 

borders (PI, NINA; Partners NIKU, NORUT, Aarhus Univ.) builds on the previous projects 

MIGRAPOP and GOOSEHUNT. The project evaluate the implementation of an international 

management plan for pink-footed geese, and evaluates how knowledge is implemented and/or improve 

management internationally and locally. Local involvement is crucial for success of management, such 

as organised hunting practices and input to the subsidy scheme (e.g. Tombre et al., 2013, Tombre et al., 

2013b). CultEs- Assessing spatially explicit cultural ecosystem services for adaptive management in the 

Alpine North (PI, UiT; Partners NINA, NIKU, Utah State Univ., Univ. of Queensland is linked to WP2 

in LINKAGE, Internet and non-internet participatory mapping of ecosystem services financed by the 

EEA Norway Grants – Poland-Norway program lead by UiT. Results show limits of value transfer and 

the need to include institutions in ES research (e.g. Hausner et al., 2015, Brown et al., 2015) 

LINKAGE/CULTES has also produced software involving managers in the process. Finnmark 

Landscape was financed by the Regional Research Fund in northern Norway (PI NORUT, Samisk senter 

and AMB). Reindeer- related research also identify mismatches in scales among formal and informal 

institutions and economic policies as important to explain ecosystem changes in Finnmark (Ulvevadet 

& Hausner, 2011, Hausner et al., 2011, Hausner et al., 2012, Riseth, 2011). Clim Adapt (PI NORUT, 

Partners NINA, UU-Univ. of Uppsala) have been produced knowledge about on TEK and on land use 

planning in the mountains (Riseth, 2011, Skjeggedal et al., 2015). Finally, flagship members (UiT, 

NINA and NPI) has become one of three nodes (the two others are CoE’s at UiO and NTNU) in the 

nationally coordinated RCN-project SUSTAIN, that aims to develop sustainable harvesting strategies 

for ecosystems subjected to rapid climate change.  

Aims: Researchers in WP4 will build the science for implementing ecosystem-based approaches that 

could buffer climate-related impacts. We will take leadership in policy relevant research to find solutions 

for adapting to future changes. We focus on the key research questions posed by Bennett et al. (2015) 

emphasising i) co-production of ecosystem services in a socio-ecological perspective; ii) institutional 

challenges including new participatory tools, land tenure, citizen science and multi-knowledge systems 

and iii) adaptive management/governance of harvestable populations and ecosystem services. We will 

continue to produce high-quality research to be published in peer-review journals, but in tandem 

emphasise participatory research and outreach activity to encourage use and implementation of science 

locally and in decision-making. 
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WP 5. Climate Impact Observation Systems 

Context: The Arctic is the region where climate is changing and will change most rapidly, but where 

the empirical basis for assessing climate change, and how it affects ecosystems and local people, is 

poorest. This is due to a sparse and poorly coordinated monitoring activity in the Arctic, as emphasized, 

e.g., by recent re-analyses of climate data (Cowtan and Way, 2014; Karl et al. 2015). International 

assessments such as ACIA (2005), MEA (2005), IPCC (2013), ABA (CAFF 2013) have also pointed 

this out repeatedly. In order to evaluate the ongoing changes, understand their effects on ecosystems and 

people, and propose mitigations and adaptations, the need for effective and adaptive observation/ 

monitoring systems is acute. Adaptive monitoring (AM; Lindenmayer and Likens 2009, Lindenmayer 

et al. 2015) is driven by management objectives and research questions derived from conceptual models 

of socio-ecosystem functioning, employ robust and efficient designs, and are supported by flexible and 

powerful statistical modelling frameworks (Yoccoz 2012). We need long-term perspectives, in order to 

understand the interaction between natural variability and impact of climate change, as well as the ability 

to include technological innovations and changes in research questions as knowledge accumulates 

(Lindenmayer et al. 2015; Schimel and Keller 2015). Furthermore, an observation system should be 

relevant to stakeholders, and be able to respond to a society’s desire for timely, accurate and relevant 

information. Meeting these requirements implies interdisciplinary approaches, close integration of 

monitoring, research and management, and a clear policy for open data and information access. 

Achievements 

The Science Plan for the Climate Ecological Observatory for Arctic Tundra (COAT) was published 

in 2013 (Ims et al. 2013) and encompass contributions from 6 Fram Centre institutions (PI: UiT, 

Partners: NINA, NP, UNIS, MET and NIBIO). In 2015, COAT obtained funding to set up COAT in the 

low-arctic Varanger Peninsula region (30 mill NOK) from the RCN through the National financing 

initiative for research infrastructure and for Svalbard (10 mill NOK) from the Tromsø Research 

Foundation. Adventdalen (Svalbard) is a core calibration and validation site for remote sensing based 

monitoring of seasonal dynamics, vegetation changes, and primary production (Johansen and 

Tømmervik 2014, Klos et al. 2015, Tømmervik et al. 2014), with in-situ measurements of climate 

parameters, photosynthetically active radiation, thermal infrared, spectral properties, CO2-flux, 

phenology (Karlsen et al. 2014), and primary production, as well as hemispheric sensors. These 

measurements are linked to the Fluxnet- and the new NordSpec-networks. We have tested and developed 

new models (Barraquand et al. 2014) and methods for monitoring climate impact on ecosystem state 

and dynamics: DNA metabarcoding (Yoccoz 2012, Yoccoz et al. 2012; Soininen et al. 2015a), stable 

isotopes (Ehrich et al. 2015), camera traps (Hamel et al. 2013; Henden et al. 2014; Soininen et al. 2015b) 

and NIRS (Smis et al. 2014). Significant further steps in the development of models that shall guide 

monitoring of ecosystems that are simultaneously subjected to climate change and harvesting will be 

taken in collaboration with two Centres of Excellence at UiO and NTNU within the new RCN funded 

project SUSTAIN (2015-2018).  

Aims 

The WP will expand its role as an interdisciplinary meeting point within the Flagship and will 

contribute with data and competence to the other WPs. Our vision is to promote the Fram Centre as a 

lead institution in the development of state-of-the art ecosystem-based observatories, as exemplified by 

COAT. Our aim is to go further than having open access data: 1) by making technological innovations 

that generate high quality data at a spatio-temporal scale appropriate for climate impact studies, and 2) 

by developing analytical tools (statistical and theoretical) that assimilate and integrate such datasets in 

a transparent and open way.  
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5. Organisation of the Flagship  

Leadership and collaboration within the Fram Centre: The leader of the Flagship is Rolf A. Ims of 

the Department of Arctic and Marine Biology, University of Tromsø (UiT).  The co-leader is Torkild 

Tveraa from the Norwegian Institute of Nature Research (NINA). The five Flagship Work Packages 

each have two Principle Investigators from separate Fram Centre member institutions. Thus, the 

Flagship leadership is supported by a collegium of 10 PIs belonging to 5 Fram Centre institutions. In 

total, 13 institutions and about 80 researchers contribute to the Flagship. From the description of the 

achievements of the WPs, it is evident that there is extensive collaboration between Flagship members. 

The Terrestrial Flagship will contribute conceptually to the other Flagships of the Fram Centre, in 

particular by addressing topics and developing approaches that are also relevant to marine systems as 

well to the impacts of industries. In particular, it may be noted that the topics developed in WPs 3,4 and 

5 are not entirely “Flagship-specific”.     

Collaboration beyond the Fram Centre: Research projects within the WPs also have strong links 

to other national partners (i.e. beyond the Fram Centre members) in terms of Universities (UiO, UMB, 

NTNU) and colleges (HiH). International partners are well represented in the externally funded projects 

of the WPs. Three Flagship institutions are members of a Nordic Centre of Excellence on climate 

adaptation research (see WP1). Moreover, membership of the Flagship’s researchers in expert groups 

hosted by the Arctic Council (CAFF-CBMP) and the International Arctic Science Committee (IASC) 

contributes to developing strong links to research conducted in other regions of the circumpolar Arctic. 

It is also of considerable relevance that, as Norway possesses a well-developed terrestrial infrastructure 

as well as resident societies both in its sub- and low-arctic mainland, as well as on high-arctic Svalbard, 

long-term research programmes can be efficiently maintained at low cost and with “few added 

footprints”.  The Terrestrial Flagship will seek to exploit these assets of the Norwegian Arctic which 

also will provide useful platforms for collaboration with international colleagues.     

Cross-disciplinary research: Cross-disciplinary topics and approaches are well-represented among the 

Flagship WPs (see section 4 and Fig. 1). The Flagship will continue to develop cross-disciplinary 

projects and approaches. The WP structure of the Flagship will be dynamic; WPs may emerge, change 

or merge as new external projects become funded. Moreover, a careful balance should be achieved 

between in-depth basic and applied research that is focused on a single discipline, and broader holistic 

multi - and cross-disciplinary approaches.  

              

 

6. Education  

Graduate education are facilitated by the extensive participation of the University of Tromsø (UiT) and 

the University Centre in Svalbard (UNIS) in the Flagship. This provides qualified supervision of 

individual Master and PhD students, as well as access to 4 graduate programs: (Northern Population and 

Ecosystems: Freshwater Ecology; Indigenous People Master programmes at UiT; and the Arctic Biology 

Programme at UNIS) with seminar and course curricula that will adapted to recruiting graduate students 

to the Flagship. During 2011-2015 a total of 28 MSc and 8 PhD students graduated on themes 

encompassed by the 5 WPs of the terrestrial flagship. Moreover, the Flagship leads the cross-disciplinary 

PhD school AMINOR (Advanced Environmental Monitoring in the North) that was launched in 2012. 

Within AMINOR a new PhD course “Environmental systems: integrating monitoring, research and 

management” has taken place in 2012 and 2014, as well as diverse workshops.     

 

7. Dissemination and Outreach  

The main dissemination of the research results from the flagship will be through papers published in the 

international scientific literature. Flagship researchers publish extensively in the peer-reviewed 

international literature, including journal such as Nature (e.g. Willerslev et al. 2014), Science (Hansen 
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et al. 2013), PNAS (Ims et al. 2011) and Nature Climate Change (Xu et al. 2013). The Flagship research 

result in relevant and innovative research concerning the myriad of climate change impacts in the 

Terrestrial Arctic. Such findings deserve to a large audience. High profile publications often sparks a lot 

of attention in media. For instance, the paper of Hansen et al. (2013) on the ecosystem impact of rain-

on-snow in Svalbard made headlines in major newspapers, while Xu et al. (2013) on changes in boreal-

arctic vegetation season received more than 250 000 hits on websites and international newspapers one 

year after its publication. However, as the mandate is to produce results that are useful to local 

communities, management agencies and other stakeholders it is vital to use time and resources to 

disseminate relevant results directly to such recipients. The establishment of stakeholder fora associated 

with Flagship projects is an efficient means of communicating and discussing results with users. For 

instance, such fora are presently established within COAT (WP5) and MIGRAPOP, GOOSEHUNT, 

CULTES, Finnmark Landscape and SUSTAIN. The terrestrial flagship also fund particularly dedicated  

outreach projects  aimed improve the environmental literacy amongst the general public. One such 

project yielded an issue of the popular science magazine Ottar that gave an inter-disciplinary account 

of wealth of research that is currently conducted by flagship members on Varanger Peninsula.   

 Climate change is occurring now, but its impacts will affect future generations far more than the 

present one. For this reason, the Flagship will endeavour to disseminate its research to students at all 

levels. As an example of such outreach, in 2011 the Flagship facilitated the outreach project TUNDRA-

schoolnet. This project, which involves school teachers at a variety of levels, has a circumpolar 

geographic scope which will produce educational materials which aim to increase school children’s 

awareness and knowledge of changes that are expected to take place in tundra ecosystems.         

 

9. Budget and Funding  

The current (2015) level of funding to the flagship provided by the Ministry of Climate and Environment 

is NOK 6,45 mill. This core funding is used to support activities within four categories:  

 1) Research project support; additional support to projects that have that have obtained funding from 

external research agencies and where additional support from the flagship give a clear added value for 

instance by bringing more flagship researchers and competence into the projects.  

2) Incentive projects; new, short-term pilot studies that may later lead to full research projects or 

increased collaboration between researchers and/or work packages within the flagship.  

3) Outreach projects; Extraordinary outreach activities,e.g Tundra Schoolnet.  

4) Strategic support; support strategically important flagship activities that lack external funding 

options; e.g. such as COAT.  

As a principle all projects hosted by the Flagship shall be subjected to external peer-review. Most of the 

Flagship’s activities are currently obtained from ordinary research projects funded by external sources 

such as the Norwegian Research Council, the Nordic Council and EU-programmes. It is thus of 

paramount importance to develop the Flagship’s competence and merits as to be able compete 

successfully for such funding.  
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