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1. INTRODUCTION 

Elevated water levels at the shore, that result from a combination of sea level rise, tides, storm 

surges and waves, cause coastal erosion, wave overtopping and flooding, threatening commu-

nities and infrastructure (Woodworth et al. 2019). More frequent, longer and more severe storm 

events observed in the North Atlantic sector of the Arctic (Feser et al. 2015; Wojtysiak et al. 

2018) bring more energetic waves to beaches. Decreasing extent and duration of the sea ice 

cover increases potential fetch, the distance over which wave-generating wind blows, which 

leads to larger (higher and longer) waves (Overeem et al. 2011). Arctic-wide sea ice extent has 

been decreasing by 12.8 ± 2.3% per decade (Meredith et al. 2019), while at the shore, the num-

ber of ice-free days per year doubled between 1979 and 2012 (Barnhart et al. 2014). Coasts that 

were protected from waves by ice are becoming exposed perennially or over longer time. Mod-

elling suggests that in future sea ice will continue to decrease while the storminess will further 

increase (Forbes 2011). Better understanding of the role of sea ice conditions and offshore wave 

transformations on wave energy delivery to the Arctic shores is needed to predict coastal haz-

ards under changing climate. 

2. SEA ICE, WIND WAVES, AND COASTAL EROSION IN HORNSUND, 

SVALBARD 

Analysis of near-daily binary maps of ice/open water at 50 m resolution in Hornsund fjord, 

Svalbard over 2014–2023 showed a great inter-annual variability in ice timing, extent and cov-

erage with no clear long-term trend. The coldest and iciest seasons were 2019/20 and 2021/22. 

In the main basin the ice coverage was the highest in March which was ascribed to the presence 

of pack ice drifting in cold Sørkapp Current from the Barents Sea/Storfjorden area. In the inner 

bays of Hornsund – Burgerbukta, Brepollen, and Samarinvågen – the ice coverage was highest 

in April, likely representing fast ice. There was a secondary peak in October which was associ-

ated with glacier ice from calving tidewater glaciers (Swirad et al. 2024).   

In 2012–2023, 53% of the fjord ice cover was drift ice, 35% was fast ice, 8.5% was glacier 

ice while the rest was uncertain or masked. Longer sea ice seasons corresponded to lower winter 

water temperatures, while higher ice coverage was related to lower winter air temperature. 
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Colder summer temperatures favored glacier ice persistence in the fjord waters (Swirad et al. 

2025). 

Longer-term analysis suggested that until 2005 pack ice was present outside Hornsund an-

nually over an extended time period, while after 2005 it appeared episodically. This regime 

shift implies that recently energetic waves from the open Greenland Sea have had an access to 

the shores over longer time period (Herman et al. 2025). Comparison of a spectral wave model 

results (Herman et al. 2019) with nearshore wave measurements in Hornsund (Swirad et al. 

2023) shows that sea ice attenuates wave energy decreasing wave energy flux and significant 

wave height, and increasing wave period (Herman et al. 2025). 

An increase in the number and duration of storms was observed outside Hornsund for 1979–

2015 (Wojtysiak et al. 2018). Moreover, an acceleration in coastal retreat was observed between 

1960–1990 and 1990–2011 (Zagórski et al. 2015). It is critical to monitor and model sea ice 

and wave conditions, and coastal change to better forecast the hazard of coastal flooding and 

erosion, as well as the risk of infrastructure damage. 
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