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Importance of Permafrost / Thermokarst

● Estimated 1700 billion 
tons of organic carbon 
stored in northern soils

● Amount, rate, and form 
of carbon release is 
unknown, but is tied to 
permafrost thaw

● Permafrost thaw & 
subsidence are also tied 
to habitat change

Schuur & Abbott, Nature, 2011
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“Black brant have increased dramatically in number on the
North Slope...sags in permafrost are changing hydrology 
and favoring the salt-tolerant plants that are most beneficial
to brant...”
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Integrated Ecosystem Model

The Integrated Ecosystem Model is 
a decision support tool to:

• Aid in understanding the nature 
and rate of landscape change

• Illustrate how landscapes are 
expected to respond to climate 
driven changes

• The Alaska Thermokarst Model 
is being developed as part of the 
IEM project



  

Alaska Thermokarst Model 

● 1 km2 resolution, 1-year time step

● Simulation period ~100 years from 
current

● Landscape transitions include: arctic 
tundra, boreal forest, and lakes

● State-and-transition model

● Frame-based methodology to track 
cohorts

– Unique, representative landscape unit 

● The ATM tracks cohorts by fractional 
area of model element (NOT spatially-
explicit)
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Alaska Thermokarst Model: Arctic Tundra



  

Alaska Thermokarst Model: Arctic Tundra

IPA Website

L. HinzmanV. Romanovsky

B. Jones J. Boike T. Sachs

Non-Polygonal Ground Low Centered Polygon
Coalescent Low Centered 

Polygon

Flat Centered Polygon High Centered Polygon Lakes



ATM Data Requirements
 Protective 

Layer Depths

IPA Website

Drainage Efficiency

Julia Boike

Jessica Cherry

Landform Distribution

Lake Depth

Soil Properties
Bob Busey

Ice Content and Structure
Hubbard et al [2013]

Active Layer
Depth



  

Protective Layer
The 'protective layer' is the distance between the land surface and 

ice-rich soils or the top of massive ice bodies. 

Active Layer

Ice Lenses

PermafrostPermafrost
Ice Wedge

Ice Wedge

Protective Layer

➔ Effectively the 'protective layer' is the maximum active layer depth over time.
➔ Provides a buffer between surface processes and the subsurface.



  

ATM - Arctic Tundra Assumptions

● Lakes and Ponds
➢ Thick permafrost ≠ Vertical 

drainage

➢ Lakes and Ponds expand at a 
prescribed rate ( and )

➢ Lakes  Ponds is determined 
by the Lake/Pond depth  :  Ice 
thickness ratio

➢ Climatic events  Lateral 
drainage  Non-polygonal 
ground [meadows]

● Terrestrial Cohorts
➢ 1-directional transitions

➢ Transition occurs when the 
Active Layer Depth > 
Protective Layer Depth

➢ Coalescent Low Center 
Polygons & High Center 
Polygons  Ponds



Cohort Frame Example



  

ATM Test Area: Barrow Peninsula

Lara et al., 2014

The Barrow Peninsula (1972 km2) is being used to 
develop transition rates for all of the Wetland Tundra 

cohorts, Lakes and Ponds. 



Alaska Thermokarst Model Output



  

Discussion

● Thermokarst has an important 
role for both  climate scientists 
and resource managers

● Input data sets are spatially 
variable and often difficult to 
measure

● Few studies document 
landscape change in the Arctic

● Creative approaches are needed 
in order to develop 
parameterizations and to test the 
model
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