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Active Layer

Permafrost
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Ground that is at or below 0° C for at least 2 consecutive
years

ECVs: active layer thickness, permafrost temperature
Subsurface phenomenon, hard to measure with EO

Modeling needed

EU Polar Science Week | 05/09/2024 | Slide 2

111l D O e BRIl = D B2 w4 European Space Agency

€Sd



permafrost extent
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Permafrost: Necessary Processes and

@) Properties

Time series:
. Surface temperatures
« Snowdepth

Site Specifics:
« Ground properties
Snow properties

. Vegetation
. Topography
® .
Geothermal heat flux
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How most (current) permafrost maps are W

@) produced =esa

Input data 1, Input data 2, Input data X,
e.g. climate e.g. vegetation e.g. topography

Permafrost map
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Site Specifics:

. Ground
properties

e Snow
properties

Github.com/CryoGrid/CryoGrid
Langer et al. (2013)
Westermann et al. (2017)
Westermann et al. (2023)
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Time series:
« Surface temperature

(2, ;
' 0z

a1

Geothermal heat flux
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« Snowdepth

Temperature
Field T(z,1)

Temperature
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CryoGrid: Community Model

modular structure with inherent compatibility through
defined interfaces between «model classes»
CryoGrid stratigraphy

FORCING - D snow class

STRATIGRAPHY /
P class 1
~

TILE1

class 2

- class 3

%= | LATERAL

o
(¥

RUN_INFO e - {'
.w
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single point/area
simulations

variety of processes
ensemble simulations

data assimilation
(particle filter, etc.)
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Research article | @® 26 Jan 2024

Later 187 ¢.{1750-1800)

The evolution of Arctic permafrost over [a

the last 3 centuries from ensemble 2
simt Cryogrid modelling of permafrost temperature in the

perr Maritime Antarctic (Barton Peninsula, King George
voriz.. Island)
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CryoGrid CCI model

Time series:
« MODIS LST + ERA-5 « ERA-5 Snow

| s | . Temperature
. Landcover ‘ & —— " . Field T(z,1)
CCl in-situ E L i
: . 1 2 « 1km resolution
Stratigraphies a2 (ks =0 . g . (1980) 1997-2021
- Landcover CCI . Ground temperatures
snow model at defined depths
Time . Active layer thickness
Github.com/CryoGrid/CryoGrid M Per_mafrost fractio_n
Langer et al. (2013) derived from subpixel
o) representation of
Geothermal heat flux snow and landcover
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CryoGrid CCI workflow e &&;esa

«Data vyorkflow» qf ESA CCI processing chain added to . single point/area
CryoGrid community model : :
_ _ . simulations
already used in several mountain permafrost projects : I
(G. Viera (Portugal), C. Hauck (Switzerland), F. Magnin - spatially distributed
(France), B. Etzelmiiller (Norway)) simulations
CryoGrid stratigraphy . ensemble simulations
FORAlE A B srow ciase . data assimilation
SIRATIGRARHY e . aeadi (particle filter, etc.)
TILE 1 / i
— ' - Siaged . dedicated cla§ses to
- R translate spatial data
class
- \\ = | LATERAL sets (e.g. DEM,
landcover) to model
ee - ouT setttings
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Subpixel spatial variability Qk €Sa

for each grid cell run
ensemble to generate

27 % Bare subpixel statistics

Landcover + snow

- different subsurface
stratigraphies and snow
properties

LST has no subpixel
varibility
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Ground surface temperature

ESA UNCLASSIFIED - For Official Use

— 01 hw c= ™ 4 I = = "Il - - S == B2 11 T =2 e

Ground temperature in 1m depth
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Results: Ground temperature {cesa

1.5

2m ground
temperature 05
difference from .
2000-2009
average 05
-1
-1.5
-2
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« Landcover
CCl in-situ
stratigraphies

« Londcover CCI
snow model

based on CROCUS

Github.com/CryoGrid/CryoGrid
Langer et al. (2013)
Westermann et al. (2017)
Westermann et al. (2023)
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Time series:

. LST_CCl

H=—]

a1

Time

Geothermal heat flux
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Temperature
Field T(z,t)
g
“g . 0.1° resolution
S o . (1980) 1997-2021

. Ground temperatures
at defined depths

. Active layer thickness

. Permafrost fraction
derived from subpixel
representation of

snow and landcover
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Current state of the art: static TTOP map

from GlobPermafrost (Obu et al., 2021)
Challenge 1: “normal” permafrost on
Antarctic peninsula vs. “Dry valley
permafrost” —use snow extent products

Challenge 2: Antarctica is not covered by
snow extent products
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permafrost extent
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PERMAFROST
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