
1 

Arctic Coastal Dynamics 

The Arctic is changing . . .  
what is the effect on the coastline? 

 

 

The Arctic is changing:  what is the effect on the coastline? 
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Petuniabukta, central Spitsbergen 
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Permafrost 
coasts 

 400,000 km 

 34 % of the world‘s 
coasts 

 how much of it is 
monitored?  Less 
than 0.25%, and 
only sporadically 

 

Forbes et al., 2011. State of the Arctic Coasts 2010 
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3 places  
3 stories 

 Alaska’s Beaufort 
Coast 

 Laptev Sea in 
Siberia 

 Shishmaref, Alaska 

Forbes et al., 2011. State of the Arctic Coasts 2010 
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Beaufort Sea 

Coast, USA 
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Beaufort Sea 

Coast, USA 



7 

24% increase in 47 years 

100 km 

100% increase in 52 years 

60 km 

122% increase in 54 years 

12 km 
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8 Günther et al 2013 Biogeosciences 
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Quantifying erosion 

 comparing  historical  to  today‘s  coastline 

 

Günther et al 2013 Biogeosciences 
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Erosion rates over the past 2 
years are almost double 
those observed over the 
past 4 decades. 
 
Extreme events are more 
frequent, and tend towards 
higher erosion. 

thermo-denudation (upper edge of cliff) 

Günther et al 2013 Biogeosciences 
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Muostakh Island, Russia 

 Eroding and stable ice-
rich permafrost 
coastlines 

 Annual record going back 
15 years 

 Meteoroloigcal record 
from Tiksi 

 Sea records from satellite 
imagery 

 Very influential in science 

 

 

 

 

Günther et al 2014 Cryosphere Disc. 
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Air temperature and sea ice during observation 

 Warm temperature season 12% longer over 
past 6 decades 

 Open water season is 15 days longer than 
long-term mean 

Günther et al 2014 Cryosphere Disc. 
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Coastal erosion increases  

  1.26 m per year  

for each °C of warming 
during the positive 
temperature season 

Günther et al 2014 Cryosphere Disc. 
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Land surface 

 Subsidence occurs 
when thaw deepens 
and melts ground ice 

 High hydrological 
gradient near eroding 
coast coincides with 
highest subsidence 

 Sea level rise relative 
to land surface up to 
10 cm per year results 
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Shismaref, 
Alaska 

D. Atkinson 

Oct 2004 

Oct 2005 

D. Atkinson 

D. Atkinson 
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Arctic Climate Impact Assessment (2004) 

These climate changes have increased shoreline erosion of 
Shishmaref, an Inupiat village of 560 people… 
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„Analysis & Anecdote at Shishmaref, Alaska“ 
Reports Analysis 

 
2003:  up to 10 m in storm (Engineer‘s 
report) 

2003:  17 m overnight (New Statesman) 

2004:  15 m in one night (ACIA) 

2005:  film crews from France, Sweden, 
Germany, Switzerland, TIME magazine, 
National Geographic and others  

2006:  7 m per year since 2001 (Science) 

2009:  climate change already seen (CNN) 

2011:  Last Days of Shishmaref (Dutch 
film & book) 

 

 
Aerial photographs from 1950 to 2007, 
studied by 3 groups yielded:  
 
1937 – 2003 about 1 m per year mean 
erosion rate, driven by events: 
 - the late 1940s:  25 m during storms 
 - the early 1970s:  13 m during storms 
 - the early 2000s:  up to 8 m 
 
Engineering solutions 1983 – 2003 led to 
erosion twice as fast as undeveloped 
shorelines 
 

Mason et al 2012 Coastal Res Library 
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What is driving the change we do see? 

 Ice-rich sediment, frozen ocean 

 Both are susceptible to changes that are underway, 
with consequences for the coast 

How do we know what we think we know? 
 A mixture of personal experience, media-filter and 

science?  

 Media delivers the impression of a lot of on-the-
ground science 
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Changing sea ice  wave energy 

 

ice-free period 

Wind-driven wave energy depends mostly on the frequency and 

duration of storms during the ice-free period 
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