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Publishable Executive Summary 
 

Decision makers rely on robust assessments for taking informed decisions to build resilience and adapt to 

current and projected climate and ecosystem change. While some variables can be monitored remotely, 

ground observations are important for understanding ecosystem interactions and obtaining accurate 

observational data across local gradients. Dispersed observations across the Arctic are important for robust 

assessments. This task assessed the representation of INTERACT stations compared to the entire arctic 

domain under current and future climate scenarios. The analysis was made as a comparison between the 

land areas around all INTERACT stations against the entire arctic domain (to see how representative 

INTERACT stations are as a whole), and the exclusion of Russian stations was then further investigated to 

analyse the consequences of the exclusion of Russia from international science cooperation due to the war 

in Ukraine. The results show that the INTERACT network of stations is already biased for several of the eight 

assessed variables, and that the removal of Russian stations consistently will increase this bias, sometimes 

to above the magnitude of expected change towards year 2100. The results were published as open source 

in a high-ranking international science journal to obtain a proof of concept. This provides the foundation for 

using the tool to improve observational capacity and provide advice to thematic scientific 

networks/specialists, research station managers, monitoring programme managers, infrastructure funders, 

etc. 
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1. Introduction 
The Arctic is still an understudied part of the World, and restricted access or lack of infrastructure makes 

arctic research more complicated than elsewhere. The first scientific activities in the Arctic were conducted 

using mobile platforms like ships, dog sledges and more rarely air balloons. Later on aircrafts and vehicles 

brought scientists deeper into the Arctic. As activities increased, a demand for studying specific locations 

over time, to also understand variability and change, evolved, and the first research stations were 

established. In INTERACT, the earliest stations date back to 1906 in the Arctic (Arctic Station, Greenland) 

and to 1886 in the Alpine area (Sonnblick Observatory, Austria). Over the past few centuries efforts to 

expand our knowledge of the Arctic has increased and simultaneously, research stations have also grown in 

number, geographical distribution, size of operations and guest capacity. The 74 INTERACT stations 

currently host more than 15,000 scientists and students studying the physical environment, ecosystems, 

societies, etc. every year.  

 

In recent decades we have seen increased international collaboration as an effort to harmonise and 

standardise measurements and sharing data for wider use and informed decision making, also across the 

Arctic. Scientists have formed thematic scientific networks in efforts to document the status and trends, 

and to improve our understanding of climate and ecosystem interactions.   

 

Previous INTERACT reports (INTERACT I and INTERACT II) provide INTERACT stations with recommendations 

for a minimum monitoring system to contribute to these international efforts, to document current 

variables being monitored by the stations and to provide information on scientific networks and 

organisations that gives recommendations for standardisation and harmonisation of measurements. 

 

Research and monitoring activities may be undertaken by the stations themselves, by national programmes 

or by external scientists. A number of factors determine the monitoring capacity of INTERACT stations, i.e. 

the operational capacity, facilities, financial and human resources, location attractiveness to scientists and 

knowledge about the station’s existence in national and international science communities. It is a 

challenging task for station managers to stitch together a patchwork of internal and external science 

endeavours to maximise the scientific achievement and contributions to societal challenges.  

 

Robust assessments of the arctic region require adequate sampling points to cover climatic and 

environmental gradients. In this report we examine the geographical representation of INTERACT station in 

relation to the entire arctic domain. In other words, we try investigate how well the INTERACT stations are 

located geographically to document current status and trends, and future predictions of arctic climate and 

environmental change. 

 

In light of the ongoing war in Ukraine and its implication for scientific cooperation in the Arctic, we have 

chosen to make the analysis for all INTERACT stations and then also to analyse what it means to remove 

Russian research stations from the analysis. 
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2. Process and framework 
While INTERACT I and II produced reports intended to improve the observational capacity of individual 

stations by recommending a minimum monitoring system and facilitating linkages to thematic scientific 

networks, this deliverable will explore whether the INTERACT network of stations is representative for the 

arctic under current and future climate and ecosystem conditions. 

 

The idea was presented at an INTERACT Station Managers’ Forum meeting. Based on discussions, a 

framework and writing group was established consisting of station managers and scientific experts with 

knowledge about (i) terrestrial ecosystems, (ii) atmospheric science, and (iii) modelling with linkages to 

Arctic Council Monitoring programmes and international thematic scientific networks. 

 

2.1. Identification of variables 
The group decided to focus on eight key variables (four abiotic and four biotic) for the analysis. The 

variables were inspired by “AMAP Arctic Climate Change Update 2021: Key trends and Impacts” to 

represent relevant above and below ground climate and 

ecosystem elements.  

 

Variables selected for analysis: 

Abiotic variables: 

- Air temperature 

- Precipitation  

- Snow depth 

- Soil moisture 

 

Biotic variables: 

- Biomass 

- Soil carbon 

- Net Primary Production 

- Heterotrophic respiration 

 

 

 

2.2. Analytical method 
Remote sensing and numerical modelling can provide guiding for the development of better coordinated 

monitoring efforts by analysing bias and pinpoint areas with large expected variability where new 

monitoring may be needed to ensure robust assessments. While large-scale climate models provide 

credible and convincing numerical estimates of the past and future climate and ecosystem conditions at 
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regional-to-global scales, differences in model performance are far from perfection accumulating multiple 

uncertainties on current atmospheric and ecosystem processes. 

 

The analysis was limited to areas above 59o N and excluded The Greenland Ice Sheet to focus on the arctic 

domain and limit bias induced by its relatively large extent compared to the entire terrestrial domain in the 

Arctic.  

 

In the study we used remote sensing data for all eight variables covering the domain included in the 

analysis. Earth System Models (ESMs) were used to quantify the pan-Arctic scale environmental conditions 

as a baseline to which we compare the environmental conditions found at INTERACT research stations. 

Specifically, we examined how eight of the most up-to-date ESMs from the Coupled Model Intercomparison 

Project Phase 6 (CMIP6), included in the IPCC Sixth Assessment Report (AR6, IPCC 2022), describe the 

present-day and future Arctic abiotic and biotic response variables at the INTERACT stations. 

 

Accumulation curves were then used to compare all grid-cells with grid-cells occupied by INTERACT 

stations. A good match would mean good representation, while differences indicate biased and hence non-

representative sampling (the methodology is further explained in the paper below). 

 

3. Proof of concept and publication 
The tool has potential for assessing knowledge gaps and representative sampling of any variable across 

spatial scales and could therefore be used to make recommendations for improving the robustness of arctic 

scale monitoring efforts of importance to the scientific communities, infrastructure managers and funders 

and decision makers depending on reliable assessments and predictions for adaptive management 

responses.  

 

To get proof of concept we chose to publish the paper in a high-ranking journal and to ensure maximum 

impact it was published as ‘Open source’ to reach the broadest possible audience. Nature Climate Change 

was chosen for publication and the manuscript was accepted in January 2024 (see section 4). 

 

https://www.nature.com/articles/s41558-023-01903-1  

 

4. Future perspectives and use of the tool 
The tool is being applied in another EU project (POLARIN) to provide information for the design of 

Transnational Access calls. Analysis of observational gaps in arctic and Antarctic ecosystems for key climate 

and ecosystem variables will provide input to the Scientific Liaison Panel responsible for call design. At the 

same time, the system can also be used to assess how TA funding has improved observational capacity in 

polar areas for the given variables. 

 

The analytical tool can be scaled-up with: 

▪ Any model variables available (atmospheric, terrestrial, marine, ...) 

https://www.nature.com/articles/s41558-023-01903-1
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▪ More ESM CMIP6 models to increase the robustness of the analysis and learn about uncertainties 

 

Our approach can also be used to synthesize the state of knowledge, quantifying potential biases and 

identify gaps to guide empirical studies. We can inform: 

 

▪ Station managers about which variables would be ecologically/scientifically relevant to monitor; 

▪ Researchers about geographical gaps in circum-arctic monitoring efforts; 

▪ Policymakers about geographical gaps in infrastructure and monitoring efforts that needs to be 

addressed to improve robustness of assessments, needed for well-informed management and 

conservation initiatives mitigating some of the negative consequences and risks exposed by climate 

change. 

 

The analysis and tool have been presented at Arctic Science Summit Week 2024 and EU Polar Science Week 

2024 and it will be presented as part of an accepted ICARP IV session on the importance of linking science 

and infrastructure planning to ensure representative sampling across the Arctic at ASSW 2025. 
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5. Publication 
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