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Context: The aim of this project was to bring together the French scientific community interested in completing 

the development of the new generation ice-sheet model Elmer/Ice-sheet. A meeting of all the participants 

involved in the writing of the ANR project EIS took place in Grenoble the 21st and 22nd of March 2017.   

 

Objectives / scientific questions: The objective of this kick-off meeting between Elmer/Ice-sheet developers and 

users was to ensure that (i) no important process has been missed, (ii) help to define an optimal roadmap for the 

developments and their balance with envisaged and forthcoming applications, (iii) initiate the development of 

the most urgent processes to be included. 

 

Main results: The meeting took place in Grenoble the 21st and 22nd of March 2017.  The objective of the 

meeting was to improve the submission of the ANR project EIS, already submitted in 2016, and rejected with a 

very good evaluation (“The committee of experts has recommended the project for funding by ANR if possible for 

reinforcing the leading role of the French scientific community regarding polar research. But due to the high level 

of competition, the reservations did not permit the funding of this project.”).  

 

During this meeting, we discussed the content of the different work-packages in details and some technical points 

(isostasy, calving, capabilities of the model to perform paleo-simulations). We also defined which applications 

would be the most appropriate to valorise the proposed model developments.   

 

Here is summarized the main questions rose in the ANR EIS.  First, the overall objective of the EIS project is to 

improve the projections of Antarctica, including a better estimation of high-end scenarios. 

 

Ice-sheet models (ISM) were initially developed to reconstruct the extension of ice sheets during the Quaternary 

period. These first generation ISMs used low resolution (typically coarser than 20 km) and simplified physics 

(asymptotic equations). Although known to present some biases in coastal regions, these ISMs were well adapted 

to reproduce long and large-scale ice sheets variations. However, besides not being capable of explaining rapid 

changes during deglaciations, these ISMs have been further disproved by being unable to reproduce the 

contemporary state of Greenland and Antarctica. The lack of representation of small-scale processes was clearly 

pointed out. Therefore, improving the physics included in ISMs is a priority before any reliable projection can be 

produced, and is one of the main objectives of the EIS project (Task 1). 

 

The difficulty to represent grounding line (the boundary between the grounded and floating parts of the ice 

sheet) dynamics in the first generation of ice sheet models led to specific developments focusing on the dynamics 

of outlet glaciers. Subsequent improvements of models allowed to better capture rapid paleo events such as melt 

water pulses during deglaciation or Heinrich Events. Recently, attempts to calibrate future Antarctic discharge on 

periods presenting very high sea-level stand periods, lead DeConto and Pollard (Nature, 2016) to propose hydro-

fracturing and ice cliff collapse as potential mechanisms able to further enhance rapid retreat of marine based 

sectors of Antarctica. Although this latter result remains controversial within the ice sheet modelling community, 

all these past studies indicate that modelling paleo ice sheets is crucial in the identification and the quantification 

of the different processes governing their evolution and their rapid large scale retreat. Hence, paleo simulations 

help constraining physical parameters and therefore improve the reliability of future simulations. EIS will model 

large and fast retreat of former ice sheets (Task 2) to better constrain projections (Task 3). 



It is now acknowledged that the most significant threats regarding SLR stands in the potential instability of marine 

based sectors in Antarctica (the so-called Marine Ice-Sheet Instability, MISI), the Amundsen Sea Embayment 

being most probably the most vulnerable region. However, the rate of the forthcoming retreat of the glaciers 

feeding the Amundsen Sea Embayment remains highly uncertain and the conditions for initializing and 

maintaining an unstable retreat remains to be evaluated. EIS will improve estimations of the evolution of this 

specific region (Task 3). Moreover, part of the uncertainty in ice-sheets projections also comes from the absence 

of ocean/ice-sheet coupling, inducing a poor connection between ocean warming and changing ice shelf melt 

rates, as well as a poor representation of the feedbacks of changing iceberg calving and meltwater fluxes on the 

global climate system. This requires to progressively integrate dynamical ice-sheet models into Earth-System 

Models and therefore optimize the ergonomy of ice flow models to extend their use from their initial developers 

to a wider community interested in climate sciences. EIS will contribute to boost the coupling of ISM with 

numerical representations of other components of the climate system (Task 3) and will offer to the national (and 

international) climate community the next generation of ISM, namely Elmer/Ice-Sheet, with a robust 

representation of fast dynamical changes, ready to be coupled to IPSL-CM and CNRM-CM global coupled climate 

models. 
 

 

 

Figure: Illustration of the evolution in applications 

performed with Elmer/Ice during the last years: (a) 

grounding line dynamics for 2d flow-line synthetical 

geometries (Durand et al., 2009), (b) grounding line retreat 

of Pine Island Glacier (Antarctica, Favier et al., 2014), (c) 

prognostic Stokes simulations of the whole of Greenland for 

the next 200 years (Gillet-Chaulet et al., 2012) and (d) SSA 

inversion of the basal d                                       

                       ., 2016, Seroussi et al., 2019). 
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