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Integrated Ecosystem Model (IEM) for 
Alaska and Northwest Alaska

● Goal of this project is to develop and apply an 
ecosystem model for Alaska and NW Canada that is 
capable for forecasting how landscape structure 
and function might change in response to how 
climate change influences interactions among 
disturbance regimes, permafrost integrity, hydrology 
and vegetation succession and migration.

● The IEM is a tool for forecasting ecosystem 
change and informing natural resource 
management [decisions].
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Components of the IEM
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● Model Inputs
– Air Temperature, RH

– Precipitation

– Initial Vegetation

– Slope, Aspect, Elevation

– Radiation/Cloudiness

– Mineral Soil Texture

● Variables Passed 
Between Models
– Vegetation Type/Carbon

– Area Burned/Fire 
Severity

– Vertical Soil Temp/SMC

– Organic Layer Thickness
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Spatial Domain of the IEM



  

Alaska Thermokarst Model [ATM]

● 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
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Alaska Thermokarst Model
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Alaska Thermokarst Model
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Alaska Thermokarst Model: Boreal Forest



  

Alaska Thermokarst Model: Arctic Tundra



  

Arctic Tundra Thermokarst Model



  

Alaska Thermokarst Model - Cohorts

Eco-Type + Landform

Wetland Tundra - 
Lake

Wetland 
Tundra - 
Pond

Wetland Tunda - Low 
Centered Polygon

Wetland Tunda – 
Coalescent Low 
Centered Polygon

Jessica Cherry



Alaska Thermokarst Model - Initialization
 Protective 

Layer Depths

IPA Website

Drainage Efficiency
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Ice Content and Structure
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Alaska Thermokarst Model – 
Landscape Transitions



  

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



Alaska Thermokarst Model
 Initialization

 Main Program Loop
 Check Climatic Event
 Pond & Lake Expansion
 Terrestrial Cohort Frames
 Pond & Lake Frames
Eco-type Transitions

 Output Results
Temperature, converted into Thawing and Freezing 
Degree-Days, is the primary driver of the ATM. TDD 

and FDD drives many processes including ice 
thickness, and active layer depth.
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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



  

Alaska Thermokarst Model Output



  

Alaska Thermokarst Model Output



  

Moving Forward
● Function development/ 

parameterizations for each cohort to 
describe landscape transition rates 
from field observation, fine-scale 
numerical experiments, and literature.

➢ Develop parameterizations & 
calibrate: 1901-2006

➢ Scenario simulations: 2006-2100

● Development of frames & data sets for 
application:

➢ Arctic Coastal Plain

➢ Boreal forest (Tanana/Yukon Flats)

➢ Seward Peninsula

● Couple ATM with the IEM

Image courtesy Ethan Coon, LANL.
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