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Integrated Ecosystem Model (IEM) 
for Alaska and Northwest Canada

The IEM is a decision support tool 
designed 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 
(ATM) is being developed as part of 
the IEM project 
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Components of the IEM

Pilot Study: 2010 - 2011 Phase 2: 2011 – current
Fire Dynamics
[ALFRESCO]
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100 yrs

Fire Dynamics
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Annual

Vegetation Dynamics
[TEM]
Monthly

Permafrost Dynamics
[GIPL]
Monthly

Generation 2 – Cyclical Coupling Generation 1 – Linear Coupling 



  

Components of the IEM

Model Inputs
● Air temperature, relative 

humidity
● Precipitation
● Initial vegetation 

distribution
● Slope, aspect, elevation
● Radiation, cloudiness
● Soil properties

Variables Passed Between 
Models

● Vegetation distribution
● Area burned, fire severity
● Vertical soil temperature, 

soil moisture content
● Organic layer thickness
● Biomass



  

Spatial Domain of the IEM
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Example output –  Initial Land Cover



  

Example output –  Changes in 
Treeline



  

IEM Products and Deliverables

● https://www.snap.uaf.edu
/projects/iem

● Climate Products
● Ecosystem Dynamics 

Products
● Disturbance Products
● Landcover and Landscape 

Products
● Soil Properties Products
● Model Code and 

Documentation

● Indication of availability 
(date)
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Alaska Thermokarst Model



  Philip Martin

Alaska Thermokarst Model

“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...”



  

Alaska Thermokarst Model

Fire Dynamics

Vegetation
Dynamics

Permafrost 
Dynamics

Alaska Thermokarst Model
[ATM]

Vegetation type, Soil structure, 
Thaw depth and permafrost dynamics

Landscape type/position, Age, Size

● State-and-transition model
● Framed-based methodology to 

track cohorts
● Unique representative 

landscape unit
● Tracks cohorts by fractional 

area of a model element (NOT 
spatially-explicit)

● 1 km2 resolution, annual time 
step

● Simulation period ~100 years 
from present

● Landscape transitions for the 
arctic tundra, boreal forest, 
and lakes



  

Predisposition Model

Hélène Genet

Proportion of the landscape where thermokarst could initiate and expand.

● Presence of 
permafrost

● Ice content of the 
soils

● Physiography (upland 
vs lowland)

● Presence of histels 
(organic layer > 40 
cm overlying 
permafrost)

http://ckan.snap.uaf.edu/dataset/thermokarst-formation



  

Initiation and Expansion Modules

Arctic Tundra Frame Boreal Forest Frame



  

Landscape Examples

B. Jones J. Boike L. Hinzman

Drained lake / 
Meadow

Low Centered
Polygon

M. Lara M. Lara

High Centered
Polygon

M. Lara

Old Bog
Gradient of Fen → Young 
Fen → Permafrost PlateauOld Bog



  

Cohort Frame Example



  

Expected Output (examples)



  

Discussion

● IEM Phase 3 

– Focus on code completion/coupling 

– Application of IEM to address specific 
resource manager needs

● ATM 

– Arctic Coastal Plain

– Yukon & Tanana Flats

– Yukon-Kuskokwim Delta 

– Seward Peninsula

● Alaska Climate Science Center Pilot Project

– Co-production of science framework

– Working with resource managers to ensure  
useful science / products

https://www.snap.uaf.edu/projects/iem
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