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1
 The Principal Investigator will act as contact person for this Special Project and, in particular, will be asked to register 

the project, provide an annual progress report of the project’s activities, etc. 
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the computer project account assigned previously. 
SP ___________________ 
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Principal Investigator: … Jens Hesselbjerg Christensen ………………………………… 

Project Title: Permafrost in a changing climate: Formulating the proper lower 

boundary condition in EC-Earth 

Extended abstract 

It is expected that Special Projects requesting large amounts of computing resources (500,000 SBU or more) should 

provide a more detailed abstract/project description (3-5 pages) including a scientific plan, a justification of the 

computer resources requested and the technical characteristics of the code to be used. The Scientific Advisory 

Committee and the Technical Advisory Committee review the scientific and technical aspects of each Special Project 

application. The review process takes into account the resources available, the quality of the scientific and technical 

proposals, the use of ECMWF software and data infrastructure, and their relevance to ECMWF’s objectives. - 

Descriptions of all accepted projects will be published on the ECMWF website. 

A fundamental choice is made in the formulation of most if not all comprehensive coupled climate models: 

The lower boundary underlying land surfaces is characterized by a zero flux formulation. This requirement 

makes a lot of sense from many points of view, including the fact that this will avoid spurious or 

unaccountable sources and sinks of energy and moisture to the system that the model is established to model. 

In particular this is a very sensible approach in climate change simulations, where the role of atmospheric 

drivers is under inspection. However, it is also clear that such an approach have some limitation, in particular 

if the lower boundary is not far enough below the surface as the annual temperature signal does penetrate 

rather deep into the ground, depending on the actual location. This challenges the interpretation of the typical 

delta-change approach in studying climate change impacts on climate properties that is not directly handled 

by the model itself. This is particular the case over the major Ice Sheets, where simple soil schemes are not 

representing these realistically and therefore using climate model output to drive an of line Ice Sheet model 

is partially flawed by using input from a too simplistic formulation of the processes used in the climate 

model itself. This has led to a new generation of models, where the Ice Sheets are being treated consistently 

within the climate models as an integral part of the entire climate system (e.g. now available in EC-Earth). 

In cold regions, underlain by permafrost something similar applies. The lowest model level in the soils is 

located less than 5 meters below the surface and thus the atmosphere. This is clearly not deep enough to 

reflect the penetration of transient temperature signals into the deeper layers (Nicolsky et al. 2007; 

Christensen et al. 2008). Little has been done to investigate this in any details and nothing is available in the 

scientific literature in support of firm conclusion about the role of the lower boundary in climate change 

experiments. In this project, we plan a set of simple tests. We will compare a standard coupled EC-Earth 

climate change experiment as it was submitted to CMIP5 with an experiment (historical and future scenario 

amounting to app. 250 simulation years), where we simply replace the lower zero flux boundary condition 

with another formulation in which we relax the deepest temperature to its climatology in regions where 

present day conditions are identified to be underlain by permafrost.. We expect to see a delay in the warming 

in Arctic regions, but we are not able to judge a priory how big this signal will be. The implications in a 

broader context – but beyond this special project – would be to work on a new formulation of the soil 

scheme to enable a better handling of the temperature signal in particular for cold climates. 
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