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ESA CCI+ Permafrost – data access and use
Annett Bartsch + ESA project teams (>50 scientists directly involved)

DUE Permafrost (2009-2012)
DUE GlobPermafrost (2016-2019) 

CCI+ Permafrost: 
Phase I (2018-2021)

Phase II (2022-2025)
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September sea ice extent –
source: seaiceportal.de

2 m depth ground temperature – derived based on Obu et al. 2021 (CEDA archive) 
using Landsurface temperature + CryoGRID model

Bartsch et al. (2023)

CCI+ Permafrost results
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CCI+ Permafrost results
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© ESA, based on Obu et al. (2020)
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History & Status
GlobPermafrost
(2016-2019)

J. Obu, S. Westermann, A. Bartsch, 
N. Berdnikov, H.H. Christiansen, A. 
Dashtseren, R. Delaloye, B. 
Elberling, B. Etzelmüller, A. 
Kholodov, A. Khomutov, A. Kääb, 
M.O. Leibman, A.G. Lewkowicz, 
S.K. Panda, V. Romanovsky, R.G. 
Way, A. Westergaard-Nielsen, T. 
Wu, J. Yamkhin, D. Zou (2019). 
Northern Hemisphere 
permafrost map based on TTOP 
modelling for 2000-2016 at 1 
km2 scale. Earth-Science Reviews, 
Volume 193, Pages 299-316.

+ southern hemisphere 
→ AWI WebGIS

https://globpermafrost.info/products-and-data-access
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History & Status

CCI+ Permafrost Phase I
(2019-2021) CCI+ version CryoGRID

S. Westermann

Transient modelling 
is required to produce 
time slices 

– need of long-term records of 
• Land Surface Temperature,
• Snow, and
• suitable soil parameterization
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Overview CCI+ Permafrost products

Current version (May 2021): 1997-2019, CRDPv2Baseline products for northern 
hemisphere (1km):

v Permafrost Temperature 
v Active Layer Thickness
v Permafrost extent 

v Harmonized borehole temperature records 
database for calibration and validation 

Animation: 2003-2017, CRDPv0
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Overview CCI+ Permafrost products

Baseline products for northern 
hemisphere (1km):

v Permafrost Temperature 
v Active Layer Thickness
v Permafrost extent 

v Harmonized borehole temperature records 
database for calibration and validation 

MAGT 1997-2019 at depths: 
0,0.25,0.5,0.75,1,1.5,2,2.5,3,3.
5,4,4.5,5,10,20 m

In situ data publication 
in preparation
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ESA Permafrost_cci validation

Permafrost_cci MAGT<1°C good performance bias 0.2°C (0,1,2,5,10,20m), stable across years.
Permafrost_cci MAGT discontinuous to non permafrost zones too cold, MAGT bias -1.47°C.
Majority of Permafrost_cci ALT trends match GTN-P ALT trends (60 %), large geographic data gaps.
Majority of Permafrost_cci PE match-up pairs in agreement (70 %), stable across years.

MAGT match up
Permafrost extent PE
match up

n = 14.107 data points
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CCI+ Permafrost Phase I

Permafrost_cci Phase I (2018 - 2021) 
Extensions Phase 1 (-2023)

MODIS LST use as input for transient
modelling

Use: Comparison to lake change, 
landsurface model evaluation, trend
extraction

Circumpolar implementation of
GlobPermafrost landcover prototype
(10m, ongoing)

Comparison freeze/thaw

Homogeneous inventories of rock glaciers, 
kinematics from InSAR

Extension of InSAR ground subsidence 
for seasonal and long-term signals

Dissemination via CEDA and AWI WebGIS

GlobPermafrost
(2016-2019)

Obu et al. (2019)
Earth-Science Reviews

+ lake change along transects 
(Nitze et al. 2018) 
+regional InSAR studies (Strozzi et 
al. 2018, Bartsch et al. 2019)
+AWI WebGIS
+several user workshops

Landcover data 
publication in preparation
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CCI+ Permafrost Phase I

Permafrost_cci Phase I (2018 - 2021) 
Extensions Phase 1 (-2023)

MODIS LST use as input for transient
modelling

Use: Comparison to lake change, 
landsurface model evaluation, trend
extraction

Circumpolar implementation of
GlobPermafrost landcover prototype
(10m, ongoing)

Comparison freeze/thaw

Homogeneous inventories of rock glaciers, 
kinematics from InSAR

Extension of InSAR ground subsidence 
for seasonal and long-term signals

Dissemination via CEDA and AWI WebGIS

GlobPermafrost
(2016-2019)

Obu et al. (2019)
Earth-Science Reviews

+ lake change along transects 
(Nitze et al. 2018) 
+regional InSAR studies (Strozzi et 
al. 2018, Bartsch et al. 2019)
+AWI WebGIS
+several user workshops

Rock glacier inventory 
available (IPA action group)
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Phase II

Permafrost_cci Phase I (2018 - 2021) 
Extensions Phase 1 (-2023)

Permafrost_cci Phase II
(2022-2025)

MODIS LST use as input for transient
modelling

Adjustment to LST_cci (Sentinel-3) 
and Snow_cci as input

Use: Comparison to lake change, 
landsurface model evaluation, trend
extraction

Higher level products generation for 
enhanced user uptake

Circumpolar implementation of
GlobPermafrost landcover prototype
(10m, ongoing)

Use of landcover for model 
parameterization, in situ evaluation

Comparison freeze/thaw

Homogeneous inventories of rock glaciers, 
kinematics from InSAR

updates

Extension of InSAR ground subsidence 
for seasonal and long-term signals

R&D for InSAR use in CryoGRID

Dissemination via CEDA and AWI WebGIS Dissemination via CEDA and AWI 
WebGIS

Dedicated user workshops, 1st at 
EUCOP 2023

GlobPermafrost
(2016-2019)

Obu et al. (2019)
Earth-Science Reviews

+ lake change along transects 
(Nitze et al. 2018) 
+regional InSAR studies (Strozzi et 
al. 2018, Bartsch et al. 2019)
+AWI WebGIS
+several user workshops
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Information gained based on CryoGRID

• Obu (2021), GRL: 15% of NH underlain by 
permafrost (based on GlobPermafrost dataset)

• Miner et al. (2022), NREE: ground temperature 
increase pronounced along Arctic coasts
• Bartsch et al. (2023): Since 2000, NH 
permafrost ground temperatures (2m) have 
increased on average by about 1ºC

• Brouillette (2021), Nature: ALT increased on 
average 2.5cm across NH during 2007-16 
compared to the previous decade
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Examples of site specific use

Bartsch A., Ley S. Nitze I., 
Pointner G., Vieira G. (2020): 
Feasibility Study for the 
Application of Synthetic 
Aperture Radar for Coastal 
Erosion Rate Quantification 
Across the Arctic. Frontiers in 
Environmental Science 8, 143 

Change at sites with 
high coastal erosion 
rates
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Examples of site specific use

Bartsch, A., G. Pointner, I. 
Nitze, A. Efimova, D. Jakober, 
S. Ley, E. Högström, G. Grosse, 
P. Schweitzer (2021): 
Expanding infrastructure and 
growing anthropogenic impacts 
along Arctic coasts. 
Environmental Research 
Letters. 
https://doi.org/10.1088/1748-
9326/ac3176

Trends versus 2019 
status at locations 
with infrastructure
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Visualization of CRDPv0
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Data access and use tutorial overview

• Focus on CryoGRID results
• There is one data download portal (CEDA)

• There are two visualization options (AWI WebGIS and ESA 
‘Climate from Space‘)

• Access examples:
1. Download of annual northern hemisphere dataset and use in QGIS
2. Extraction of ground temperature for a specific coordinate from 

data portal

3. Visualization of data and manual extraction of value for a specific 
site through WebGIS

Can be 
done with 
a mobile
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Data access

• Search for CCI Permafrost
• https://climate.esa.int/en/projects/permafrost/data/
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Future updates here
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Link to CEDA
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CRDP – Climate research data package

CRDPv0 is dataset v1.0
CRDPv1 is dataset v2.0

…
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File naming

Level 4 - Data sets are 
created from the analysis 
of lower level data, 
resulting in gridded, gap-
free products

Area 4 – Northern 
Hemisphere

One file – one year
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Manual download
Subset download
(only spatially, 
bands)

Bulk download options
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Example 1

Permafrost 
extent
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• Note, issue with NetCDF metadata 
projection information for all datasets in the 
current version on CEDA

• Python fix available on GitHub
•https://github.com/bgeosgit/permaf
rost_cci.git

• will be solved in next upload later this year
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Setting the layer coordinate system in QGIS, e.g. in version 3.12 for windows (not 
all versions work)
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Example 2
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Resolution is 927m!

X -1.000.000
Y 2.000.000

(e.g. projection 
number EPSG:3995 in 
QGIS)

Grid 
X 5516
Y 2282
-> ‘get ASCII’
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Resolution is 927m!

=-4.15°C
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CRDPv1
(ends 2018)

e.g. via www.globpermafrost.info
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CCI portal – Climate from Space
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CCI portal – Climate from Space
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