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Sub-Canopy processes and parameterization in the CCI Permafrost model

Boreal f orests affect ~23% of the 
continuous permafrost zone and 
strongly modify permafrost 
thermal and hydrological 
dynamics:

�™regional differences in dominant 

plant functional types

�™reflection & absorption of 

incoming radiation in   summer 

�™rain & snow fall interception and 

wind blocking

�™shaping thermohydrological

impact

Boreal forests and snow dynamics are 
only implicitly modeled in the CCI 
permafrost model:

�™driven by remote sensing (MODIS land 

surface temperature) and auxiliary data 

(CCI land cover, CCI Permafrost 

landcover (CALU), ERA5, soil 

stratigraphy)

�™land cover classes impact wind speed 

scaling, snowfall and density, and soil 

parameter

�™parameterization of snow insulation 

properties and timing of snow melt

Sparse data on permafrost in forests Cluster averages fit well

Point simulations for climate -zone and plant functional type -based clusters show 

good agreement with spatially explicit CCI simulation ensemble means

CCI ensemble overestimate ALT in Canada

(A) The CCI model has overall a broader 

range in Active layer thickness (ALT).

(B) (C) 

(A) 

(B) For the Siberian sites, the range of 

the point simulations is within the range 

of the CCI ensemble member.

(C) For the Canadian sites, the CCI 

ensemble member show distincly 

deeper ALT, with the point simulations 

being outside the 25/75 % range.

Improve snow and distinct regional differences

�™site -comparisons show biggest off -set in winter, while summer temperatures 

fit well

�™more detailed site -studies are needed to improve the snow parameterization

�™differences are bigger in North America, where evergreen needleleaf and 

broadleaf deciduous dominated forest stand are present, with differing 

impacts compares to Eastern Siberian Larch stands
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Permafrost Zonation : Westermann et al. (2024 ): ESAPermafrost Climate Change Initiative

(Permafrost_cci ): Permafrost extent for the Northern Hemisphere , v4.0. NERC EDS Centre

for Environmental Data Analysis, 04 April 2024 .

doi :10 .5285 / 93444 bc1c4364 a59869 e004 bf 9bfd 94 a

Landcover : Bartsch et al. (2024 ). Circumarctic Landcover Units (2.0) [Data set ]. Zenodo .

doi :10 .5281 /zenodo .14235736

ESA. Land Cover CCI Product User Guide Version 2. Tech. Rep. (2017 ). Available at :

maps .elie .ucl .ac.be/CCI/ viewer / download /ESACCI-LC-Ph2-PUGv2_2.0.pdf

CALM Sites : Circumpolar Active Layer Monitoring (CALM), available at

https ://www 2.gwu .edu/~calm/

Basemap : Lawrey (2013 ). Bright Earth eAtlas Basemap v1.0 (AIMS, GBRMPA, JCU, DSITIA,

GA, UCSD, NASA, OSM, ESRI). eAtlas . License : Creative Commons Attribution 3.0 Australia .

Available https ://eatlas .org .au/data/uuid/ac 57 aa5a-233 b-4c2c-bd 52 -1fb 40 a31 f639

Representation of canopy effects in 
global -scale monitoring of permafrost
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Summers fit well, while winters are off

Point Simulations ("site -specific" setup with forest (green) and without any 

vegetation (red)) versus CCI ensemble (different landcover classes, representing 

the cell spatial heterogeneity: forest (greens), tundra (grey) and bare (orange)).

(A) Winter mean temperatures (Oct �²Apr, solid lines) are too high in the CCI 

ensembles, summer mean temperatures (May �²Sep, dashed lines), are slightly too 

low.

(B) Active layer thickness (ALT) are in the same range.

(A) 

(B) 


