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The circumpolar 
changescape:  
a view from above 



Credit: Andrew Balser (image), Joe Hughes (methodology) and Doug Kaylor (term coinage) 



“The Map is Changing” – M. Sturm, pers. comm. 

Goetz et al. (2007) Sturm et al. (2001) 



“The Map is Changing” – M. Sturm, pers. comm. 

A – Thermokarst collapse, B – Thermokarst lakes, C – Salt-burned tundra at coast, D – Tundra fire, E – 
Active layer detachment slide, F – Gravel pad with oil extraction facility, G – Drained lake  

(G. Grosse: A, B, E, F, G; C. Arp: C; P. Higuera: D) 
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Remote sensing in the study of changing northern 
high latitude terrestrial and aquatic ecosystems 

Accomplishments, findings, challenges and opportunities… 

"Remote Sensing of Changing Northern 
High Latitude Ecosystems" 

A special issue of Remote Sensing (ISSN 2072-4292).  

 

http://www.mdpi.com/journal/remotesensing


Outline  
 

• Disturbance in Arctic-Boreal Ecosystems 
– Drivers, impacts and consequences of disturbance 
– Disturbance characteristics 

• Remote Sensing of Arctic-Boreal Landscape Changes 
– Overview of methods & review of literature 
– Trends in vegetation productivity, composition and structure 
– Changes in the cryosphere: snow and ice 
– Changes in hydrology: lakes, rivers and coastal systems 
– Pulse disturbances: fire, insects, land use 
– Press disturbances: active layer thickening and permafrost thaw 

• Challenges and Opportunities 
– New methods 
– New applications 

 
 

 

Remote sensing in the study of changing northern 
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Socio-ecological Vulnerability / Resiliency 
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Vulnerability: Permafrost 

Climate 
Warming 

Permafrost 
Thaw 

Infrastructure / 
Transportation; 

Water and 
Habitat; 

Carbon Release 
Infrastructure 

Investment; 
Water & Wildlife 

Management; 
Climate Policy 



Vulnerability: Reindeer 

Reindeer 
Grazing 

Loss of 
Lichen  

Decline in 
Reindeer 

Resources 

Impacts on 
Herders 



Characteristics of Disturbance 
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Characteristics of Disturbance 
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Disturbance Interactions 
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The role of remote sensing 
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Remote Sensing of Disturbances 
Large and severe “pulse” disturbance (deforestation) on Landsat imagery 

Hayes and Sader (2001) PERS 



Remote Sensing of Disturbances 

Change Detection Techniques 
 

• Before 2009: 
– Discrete comparison (differencing, thresholding, classification, etc.) 

between each specific image (airphoto or satellite) acquisition date 
(two or more years)  

 

• Since 2009: 
– Trend analysis over a more full and continuous archive of satellite 

imagery 



Remote Sensing of Ecosystem Dynamics 
Trends in arctic vegetation productivity 

Beck and Goetz (2011) ERL 



Remote Sensing of Ecosystem Dynamics 
Trends in arctic vegetation productivity 



Remote Sensing of Disturbances 
Trends in disturbance and recovery:  

exploiting the full historical Landsat archive 

Kennedy et al. (2010) RSE 



Circumpolar Remote Sensing 

remote sensing AND (arctic or tundra or boreal or circumpolar) 



Circumpolar Remote Sensing: Change 

remote sensing AND (arctic or tundra or boreal or circumpolar) 

AND change 



Changes in the cryosphere: snow and ice 

 

Deitz et al. (2012) Rem. Sens. 



Changes in hydrology: lakes, rivers and 
coastal systems 

 

Jones et al. (2013) ERL 



Pulse disturbances: fire, insects, land use 

 





Remote sensing in the study of changing northern 
high latitude terrestrial and aquatic ecosystems 

Accomplishments, findings, challenges and opportunities… 

"Remote Sensing of Changing Northern 
High Latitude Ecosystems" 

A special issue of Remote Sensing (ISSN 2072-4292).  

 

http://www.mdpi.com/journal/remotesensing


www.ornl.gov 
Oak Ridge National Laboratory: 
Meeting the challenges of the 21st century 

Thank You! 

Dan Hayes 
 

hayesdj@ornl.gov 
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