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Permafrost coasts represent about 1/3 of the world's coastlines and the 
Arctic amplification of warming is leading to accelerated erosion of 
unlithified, ice-rich permafrost in coastal zones (Lantuit et al, 2013; A & B). 
Coastal changes are influenced by local landforms, ground ice content, 
regional exposure to waves, and broader environmental drivers including 
air and water temperatures, sea-ice conditions, storm patterns, and sea-
level rise (Irrgang et al., 2022; C). Declining sea ice cover, which is 
projected to cover Arctic coasts for only half the year by 2070, exposes 
the shoreline to longer periods of wave action and storm-driven energy 
(Barnhart et al., 2015). These processes not only reshape coastlines but 
also mobilise carbon and nutrients stored in permafrost, potentially 
altering marine ecosystems and contributing to climate feedbacks through 
the microbial breakdown of buried carbon (Schuur et al., 2015).

The loss of coastal land threatens infrastructure such as roads, railways, 
buildings and oil & gas pipelines, heritage sites, and the livelihoods of 
Indigenous and northern communities. At least 120,000 buildings, 
40,000 km of roads and 9,500 km of pipelines, are located in NH 
permafrost areas, with 30–50% of fundamental circumpolar and high-
altitude infrastructure expected to be at high risk by 2050 (Hjort et al., 
2018). However, current understanding of Arctic coastal dynamics is  
hampered by a lack of high-spatiotemporal-resolution observations of 
both shoreline change rates and environmental drivers, which prohibits 
analysis of these processes on the regional to pan-Arctic scale (Irrgang et 
al., 2022) 

Introduction & Rationale

Recent advances in the development of large-scale remote sensing 
datasets such as the ArcticDEM (Porter et al., 2023) and the Arctic Coastal 
Change (Nylen et al., 2025)  dataset present an opportunity for new pan-
Arctic Analyses, which could help address this knowledge gap. 

In this project, observations of coastline changes derived from 
multispectral observations (D) will be combined in a machine learning 
framework with volumetric changes from Polar Geospatial Centre’s 
ArcticDEM (E) to identify erosion features and to quantify volume rates of 
erosion along Arctic Coastlines. We will adopt an approach developed for 
producing improved inventories of coastal erosion events in the UK by 
fusing high-spatial-resolution airborne LiDAR with high temporal 
resolution satellite multispectral observations, to achieve improved 
spatiotemporal accuracy (Palmer et al., 2025; F). These observations will 
be validated and with in situ measurements form the GTN-P (G). 

In addition, we are exploring the use of IBM/ESAs Terramind multimodal 
EO foundation model (Jakubik et al., 2025; H) to make use of information 
contained in  e.g. Sentinel-1 SAR observations, which can provide 
information during polar night and through clouds. It is intended that this 
research will underpin systematic analyses of the climatic drivers of 
coastal erosion and other permafrost thaw impacts across the Arctic, 
which in turn, paves the way for projections of future permafrost thaw and 
its impacts on global climate via the release of buried carbon.

Data & Methods
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