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Background and Motivation 

Ground affected by permafrost covers approximately 15 % of the Northern Hemisphere and 
is also present in high mountain regions, such as the Hindukush-Himalaya region. As the global 
climate warms rapidly, the distribution of permafrost is changing continuously, with regional 
to global consequences such as reduced ground stability and increased carbon emissions. 
These impacts underscore the importance of robust and sustained permafrost monitoring. 
While established global monitoring of permafrost as an Essential Climate Variable (ECV) 
through the Global Terrestrial Network for Permafrost (GTN-P) focuses on high-quality in situ 
observations, its scope is limited to a small number of accessible field sites across a large and 
heterogeneous domain. Due to the widespread and often remote distribution of permafrost, 
the limited availability of in situ observations results in high uncertainties for panarctic and 
global-scale permafrost assessments relevant for global models. Progress in permafrost 
simulations driven by combinations of in situ and Earth Observation (EO) data offers a 
promising way to address spatial and temporal gaps in permafrost extent monitoring. 

The Global Climate Observing System (GCOS), a programme of the World Meteorological 
Organization (WMO) responsible for coordinating global climate observations, highlights the 
need for operational techniques to monitor permafrost extent in its Implementation Plan 
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(Activity B3.5; WMO, 2022). Knowledge of changes in permafrost extent is considered critical 
for adapting infrastructure and minimizing losses associated with permafrost thaw (WMO, 
2022, p. 32, Action B3.5). GCOS therefore advocates the use of satellite derived observations 
to complement in situ measurements and enable operational monitoring and modelling of 
the state of permafrost. In addition, permafrost extent has been identified as a target variable 
for a potential future Copernicus mission (Duchossois et al., 2018). 

“Permafrost extent” is directly linked to the concept of permafrost zones, which form the 
basis for widely used permafrost mapping products, most notably the International 
Permafrost Association (IPA) map, as also reflected in the new permafrost dictionary 
(Canadian Permafrost Association, 2025). To support global- to regional-scale permafrost 
research, including climate modelling, the IPA map is commonly converted into gridded 
representations suitable for spatial analysis and model integration. Satellite-based retrievals 
likewise result in gridded products, for example through modelling approaches exploiting land 
surface temperature or freeze–thaw state information (see Figure 1). The need for well-
defined specifications, including accuracy requirements, for such gridded products has been 
addressed by several initiatives. These include a National Research Council (NRC) action 
examining opportunities to use remote sensing in understanding permafrost and related 
ecological characteristics, which resulted in a community review (UAF workshop report; NRC, 
2014), as well as an activity of the WMO Polar Space Task Group that produced a community 
white paper (Bartsch et al., 2014). Further input was provided through a series of user surveys 
conducted within ESA-funded projects; these surveys were combined with findings from 
earlier reviews and summarized in Bartsch et al. (2019), before being submitted to GCOS in 
2020. More recent work has continued to refine requirement specifications (Bartsch et al., 
2023; Loriani et al., 2025). 

Despite these efforts, specific requirements for permafrost extent are not yet implemented 
within the GCOS ECV framework, and the term “permafrost extent” itself is not formally 
defined in the ECV context. The updated permafrost dictionary defines permafrost extent as 
either (1) the area of the permafrost region or (2) the proportion of a specified area underlain 
by permafrost (Canadian Permafrost Association, 2025). While both interpretations are 
meaningful, their coexistence highlights the need for a clear definition within the ECV 
framework. This ambiguity is partly rooted in an inherent scale dependency, long recognized 
by the permafrost community - for example, in discussions regarding the effective spatial 
resolution of the IPA map. It gets increasingly problematic given the growing availability of 
satellite-, modelling-, and machine-learning-based products. Establishing a scale-independent 
definition—analogous to existing Permafrost ECV quantities such as permafrost temperature 
and active layer thickness—would therefore be beneficial and should ideally emerge from the 
permafrost research community with IPA endorsement. Opportunities for harmonization 
with other ECVs should also be explored. In particular, the Snow ECV provides a relevant 
example, where snow extent is commonly used alongside more precisely defined terms such 
as snow-covered area within the ECV framework. A similar approach could help improve 
clarity, consistency, and interoperability for permafrost-related ECV quantities. 
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Figure 1: Examples for representations of permafrost extent based on a) the IPA map, b) transient 
modelling using land surface temperature, c) empirical modelling using surface state and d) 
equilibrium modelling using land surface temperature (source: Bartsch et al. 2023). 
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Objectives and Scope 

To review and further develop the concept of a gridded representation of permafrost, 
including a critical assessment and revision of previously proposed specifications and scale-
dependency in light of recent advances in observation and modelling approaches. 

To define requirements for a spatial representation of permafrost that are independent of 
the retrieval technique, while ensuring compatibility with established mapping products, 
modelling frameworks, and remote sensing–based methodologies. 

To develop strategies for uncertainty characterization, including the identification of suitable 
dataset types and methodological approaches for quantifying and communicating 
uncertainties in permafrost extent products. 

Work Packages & Deliverables 
The goal of this action group is to establish a community-consensus baseline that supports 
the GCOS process for revising the Permafrost ECV. This baseline shall include target and 
threshold requirements in accordance with GCOS guidelines. 
The primary deliverable of the action group will be a community paper that reviews and 
synthesizes the current state of gridded representations of permafrost and discusses scale-
dependency issues for permafrost extent mapping. This review will cover existing concepts, 
techniques for deriving gridded permafrost products from in situ observations, modelling, and 
Earth Observation data, as well as the quantities required to meet GCOS objectives. This 
includes the consideration of the GCOS target (WMO 2022) of supporting infrastructure 
adaptation and loss minimization in regions affected by permafrost degradation. 
 
The work will be organized into the following three work packages: 
 
WP 1: Scrutinising ‘permafrost extent’ within the ECV framework, including clarification of 
terminology, scale dependency, and specification of target and threshold requirements. 
 
WP 2: Establishment of a benchmarking scheme for EO derived Permafrost ECV quantities, 
supporting uncertainty characterization and further product developments.  
 
WP 3: Community synthesis and dissemination, culminating in the preparation and 
publication of the community paper as the main deliverable, including engagement with 
relevant stakeholders and coordination with GCOS. 
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Action Group Members 
 

Name 
 

Contact Position Affiliation Country 

Antonio 
Bombelli 

abombelli@wmo.in
t 

Scientific Officer 
for TOPC  

WMO Italy 

Wenying 
Su 

wenying.su-
1@nasa.gov 

Ex-officio Member 
for WGClimate at 
WMO 
 

NASA USA 

Philippe 
Schoeneich 

philippe.schoeneich
@univ-grenoble-
alpes.fr 

Ex-officio Member 
for GCOS at GTN-P 

Grenoble Alpes 
University 

France 

Guido 
Grosse 

guido.grosse@awi.
de 

Head of the AWI 
Permafrost 
Research Section 

AWI Germany 

Birgit 
Heim 

birgit.heim@awi.de EO senior 
researcher 

AWI Germany 

Sonia 
Dupuis 

sonia.dupuis@unib
e.ch 

PhD student, 
PYRN member 

University Bern Switzerland 

GTN-P ECR  To be selected    
 

Proposed Timeline 

● April 2026: Online kick-off meeting to initiate the action group and align on objectives, 

scope, and roles. 

● May 2026: Hybrid coordination meeting held in conjunction with EGU 2026, focusing 

on discussion of the current state of permafrost specifications (Part I). 

● June 2026: Open, in-person community meeting at ACOP 2026 to present current 

specifications to a broader audience and to launch a structured community survey. 

● October 2026: Closure of the community survey and consolidation of responses. 

● November 2026: In-person drafting workshop at AWI Potsdam to develop the review 

and requirement formulations (budgeted activity). 

● December 2026: Finalization of the draft review paper, including refined phrasing of 

requirements and preparation for submission. 

● March 2027: Conclusion of the project and submission of the results to the IPA and 

publication of the community review paper in a scientific journal.  
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Budget 
We request 3,000 € to support the activities of the proposed 1-year IPA Action Group. The 
funds will be used primarily to cover costs associated with a three-day, in-person drafting 
workshop planned for November 2026 in Potsdam. 

This workshop will be essential for consolidating community input, drafting the review paper, 
and formulating the proposed ECV requirements in a collaborative setting. The requested 
budget will mainly support travel and local expenses for key contributors to ensure effective 
participation and timely delivery of the Action Group’s outputs. 

Secretarial support 
We would appreciate the IPA secretariat providing the standard information for IPA Action 
Groups on the IPA website. We would like to request assistance in disseminating our action 
group activities and products through the IPA listserv and social media channels. 

IPA Frozen Ground 

The Action Group acknowledges its responsibility to provide a 500-word progress report for 
inclusion in the IPA’s annual Frozen Ground Newsletter and commits to preparing and 
submitting the report by the required deadline. 
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