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Permafrost Coasts of the Northern Hemisphere
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~30% of Earth’s coastlines



Historic Patterns of Permafrost Coastal Erosion
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Influence of Ground-Ice Content on Erosion
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Figure 3. Retreat rate as a function of volumetric ground ice

contents.
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Primary Mechanisms of Permafrost Coast Erosion

Thermo-denudation
(Thaw Slumps)

Tend to result in
higher, long-term,
mean annual retreat
rates

Thermo-abrasion
(Erosional niches
and block collapse)

Couture et al. 2008



Thermo-abrasion and Block-collapse




Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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‘ime-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Time-lapse Images Showing Erosional Process
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Historic Erosion along Beaufort Sea Coast
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Presenter
Presentation Notes
Place TLSA into the context of historic erosion rates along the Beaufort Sea coast. Lead into to recent study indicating doubling of coastal erosion along the beaufort coast.


Increase In the Rate and Uniformity of Erosion
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Increase in the rate and uniformity of coastline erosion
in Arctic Alaska
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Presenter
Presentation Notes
Discuss finding of knuckleheads in GRL


Time-series of erosion along block-failure coastal bluffs

*also note increase in pit formation



But what has happened since 20077?

Have the heightened erosion rates continued since 20077

Does the short term mean from 2002 to 2007 represent a
new decadal-scale trend?

Can repeat high-resolution optical and radar satellite
Imagery be used to assess annual erosion patterns?

What is causing the reported increase in erosion at this
Site?



Acquisition of High-Resolution Optical Images

ZUSGS 2

science for a changing world :
CRSSP Imagery-Derived Requirements (CIDR) Tool
Home User's Guide What's New CRSSP Website

Welcome to the CRSSP Imagery Derived Requirements (CIDR) Tool

With this tool, you can
« Enter CRSSP Data Requirements (Federal Users)

Note: This system is not a recommended tool for entering sensitive requirements.
When you log in using your USGS usermname and password, information in your profile can be used to access a specific USGS site or to place orders for USGS
products.

Login with USGS Registered Username

AU I LS LTRSS Lruaunn MRS PULMCTESSLET ILTIET LA LI 1

myl > One Stop >

Search

| M UNIVERSITY OF MINNESOTA

Driven to Discover®

Data entry assistan Search U of M Web sites

4 { COLLEGE OF
# ¢ Science ineering CSEHome | CSE Directory | Giveto CSE | Student Dashboard
[§
' DO|ar abo find maps web apps [
( D antarciuc maps mager eWers
center ord
Quick Links
Founded in 2007, the Polar Geospatial Center is an NSF-funded research organization supporting About Us
polar science and operations. We solve geospatial problems at both poles by working with Antarctic Maps

AirPhoto Viewer

researchers on mapping and remote sensing projects in the most remote locations on Earth.
Contact Us



70°52'N 70°54'N

70°50'N

Data Acquisitions between 2008 and 2013
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High-Resolution Imagery Time Series
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High-Resolution Imagery Time Series
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High-Resolution Imagery Time Series

20 July 2009
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High-Resolution Imagery Time Series

Worldview-1



High-Resolution Imagery Time Series

25 May 2011| 4= g )




High-Resolution Imagery Time Series

21 July 2011
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High-Resolution Imagery Time Series
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High-Resolution Imagery Time Series
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High-Resolution Imagery Time Series
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Example of Coastal Change Rate Extraction
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U.S. Geological Survey, Digital Shoreline Analysis System, ArcGIS extension
(http://woodshole.er.usgs.gov/project-pages/DSAS/)



Imagery, Dates, Resolution, Error, and Erosion

Spatial Resolution Mean RMS Error Digitization Error

Dilution of

Image Source Date (m) (m) (m) Accuracy (m) Mean Erosion (m)
Quickbird 6-Apr-08 0.6 0.78 0.14
1.48 10.9
Ilkonos 20-Aug-08 1.0 0.44 0.14
Ilkonos 20-Aug-08 1.0 0.44 0.14 136 5.9
Geoeye 1 20-Jul-09 0.5 0.61 0.14 ' '
Geoeye 1 20-Jul-09 0.5 0.61 0.14
Worldview 1 9-Jul-10 0.5 0.63 0.14 1.14 19.4
Worldview 1 9-Jul-10 0.5 0.63 0.14 118 6.7
Worldview 2 25-May-11 0.5 0.67 0.14 ' '
Worldview 2 25-May-11 0.5 0.67 0.14 116 113
Worldview 1 12-Sep-11 0.5 0.60 0.14 ' )
Worldview 1 12-Sep-11 0.5 0.60 0.14 127 57
Worldview 1 9-Oct-11 0.5 0.85 0.14 ' '
Worldv!ew 1 9-Oct-11 0.5 0.85 0.14 128 225
Worldview 2 22-Jun-13 0.5 0.61 0.14

DOA(m)=+/(SR,)’ +(SR,)’ +(RMSE, )" +(RMSE,’ +(DE,)* +(DE,



Update on Mean Annual Erosion at Drew Point
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Has the Erosion Mechanism Changed Here?

Photo from 1901 Photo from 2011

Schrader, 1904

» This mechanism has likely been acting upon this coast for quite some time
» Recent increase in erosion is likely a result of an increase in the number of block-
collapse episodes per year



Annual Erosion vs. Environmental Conditions
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Recent Patterns of Erosion at Drew Point

The erosion rate between 2002 and 2012 was 16.3 m/yr but
ranged from 6.7 m to 22.5 m between 2008 and 2012

Erosion at this site appears to respond directly to the number
of ice free days and the number and magnitude of storms

While this seems like an obvious connection...It’s the first site
In the Arctic that directly links the decline in sea ice with an
INcrease In erosion

High spatial resolution optical imagery acquired at high
temporal resolution provides a great tool for conducting Arctic
coastal studies - however, the frequency of image acquisition
will be limited in most areas...so other image sources may be
needed to paint a fuller picture....



Future Analyses...Incorporation of TerraSAR-X Imagery

TerraSAR-X Image 4 September 2013

15 June 2010 e Acquisition of 8 images between

b T A Sohe 2010 and 2013

e Ability to distinguish bluffline
influenced by wind
direction/waves and snow drifts

e 50to 75 m of erosion here
between 2010 and 2013 which is
on par with optical dataset
measurements

e TSX data can be used to target
specific events...
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Loss of fishing and hunting camps located near the coast




Loss of cultural and historical sites




Tapping of thermokarst lakes and ponds




Storm-surge flooding, salt-burned tundra, and lake salinization

Arp et al., 2010, Polar Biology



Dalton wellhead clean-up operations in 2004 and 2005

Figure 3 — J.W. Dalton wellhead during the summer r of 1[l'[ll--=l



Dalton wellhead clean-up operations in 2004 and 2005

Figure 4 — Sleigh Camp used for J.\WW. Dalton operations April 14, 2004




Dalton wellhead clean-up operations in 2004 and 2005
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Figure 5 — Excavation of the well cellar



Dalton wellhead clean-up operations in 2004 and 2005
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Figure 7 — Eefup"fur diesel displacement operations



Dalton wellhead clean-up operations in 2004 and 2005
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