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Abstract 

As the Arctic warms, the sea ice regime (phenology and extent) is changing rapidly. Sea ice influences coastal 
geomorphology by reducing wave fetch, and, in the case of shore-fast ice, by shielding shorelines from wave action, 
during autumn storms. In addition to changes in the sea ice regime, the temperature of the ground, air, and ocean are all 
increasing, and this is expected to contribute to permafrost degradation along coastlines. Here we describe the 
conceptual framework for a 1000-km transect in the Bering Sea region that spans a wide range of existing sea ice 
conditions. In most general terms, the purpose of this transect is to assess the potential for lower latitude sites to 
inform us about the future geomorphological trajectories of higher latitude coastlines as climate warms. Specifically, this 
mega-transect will quantify the effects of sea-ice regime on erosion rates along coastal bluffs.  
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Introduction 

The Arctic as a whole contains over 100,000 km of ice-
affected coastline (Lantuit et al. 2011). As the Arctic 
warms, the sea ice regime (phenology and extent) is 
changing. As the seasonal duration of sea ice continues 
to decline at up to 13 % per decade (NSIDC), we need a 
better understanding how coastal dynamics will respond.  

The presence of sea ice influences coastal 
geomorphology by protecting the coast from wave 
action. It does this by simultaneously reducing fetch and 
increasing wind drag (Macklin, 1983), and, in the case of 
shorefast ice by protecting shorelines from wave action. 
Sea ice can also contribute to sediment movement 
onshore through processes of ice push (Kovacs and 
Sodhi 1980) and ice entrainment of sediment (Kempema 
et al. 1989).  

How will changes in sea ice regime affect coastal 
geomorphology? To answer this question we established 
a latitudinal sea-ice transect composed of three study 
areas stretching from the southern Bering Sea to the 
Beaufort Sea along the western and northern coasts of 
Alaska (Figure 1).  

 

 
Figure 1. Study area map showing change in sea ice free days 

along the Alaska coast and at out sites: BRW = Barrow, SHH 
= Shishmaref. PTH = Port Heiden (data source: SNAP). The 
three study sites are circled. 

 
 
Each of the three study sites has a similar fetch 

direction (N-NW) and are characterized by a 
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combination of unconsolidated coastal bluffs, barrier 
islands, and lagoons (Figure 2).  

 
Figure 2. Examples of barrier islands, lagoons, and exposed 

coastal bluffs at each study site: A: the Barrow site, B: the 
Shishmaref site, C: the Port Heiden site.  

 
 
Each study site experiences very different sea ice 

conditions, both in terms of seasonal sea-ice duration 
(for the period 1953-2013) and rate of sea-ice decline 
over recent years (Figures 1, 3). While sea ice currently is 
a major influence on limiting effective fetch (the point at 
which additional fetch has no effect on wave height) at 
the two northern sites, all three study sites will have 
similar effective fetches in the seasonally sea-ice free 
Arctic Ocean predicted to occur by 2030 (Wang and 
Overland, 2003).  

We use these three sites to address the following 
research questions:  

1) Is there a relationship between coastal 
geomorphology and sea-ice duration and extent?  

2) How is sea-ice decline affecting the temporal and 
spatial patterns of wave fetch at each site?  

3) How are these changes in fetch influencing coastal 
dynamics? 

4) Most generally, is this analog-by-latitude approach 
useful in informing us about the potential 
geomorphological trajectories of higher latitude 
coastlines?  

For Question 1, we will use high-resolution satellite 
imagery and digital elevation models to survey the 
length, height, and width of barrier islands, lagoons, tidal 
inlets, and bluffs along a 100 km stretch of coastline in 
each of our study sites. For Question 2, we will use 
available sea-ice concentration data to plot trends in 
changing wave fetch for each study site (Figure 3). For 
Question 3, we will use time series of remote sensing to 
compare rates of exposed bluff erosion over the last half 
a century at each site.  

 
Figure 3. Changes in fetch between 1953 and 2013 for each 

study area (Data source: SNAP). Red boxes indicate fall storm 
season (Atkinson, 2005; Kinsman and Gould, 2014).  
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