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This presentation aims at giving an overview of the porous media related activities of the HiPerBorea project,
an ANR-funded project in its 5th and last year. The objective of this project is to enable quantitative and pre-
dictive modeling of the evolution under climate change cold regions hydrosystems. Arctic and sub-arctic ar-
eas, which are highly vulnerable to global warming, are largely covered by permafrost —soil that is year-round
frozen at depth. Permafrost-affected areas, which represent 25% of emerged lands of the northern hemisphere,
are prone to major biogeochemical and ecological transformations due to permafrost thaw, with strong asso-
ciated feed-backs on greenhouse gas cycling (degradation of previously permanently frozen organic carbon
pools).[1] Permafrost thaw has also important impacts on local populations and activities, for instance by gen-
erating soil instabilities which damage infrastructures above[2]. In order to anticipate these major changes,
there is a need of modelling tools of permafrost dynamics, i.e. of heat and water transfer in variably saturated
and variably frozen soils. The considered porous media are constituted of four phases, the solid phase, the liq-
uid water phase, the ice phase and the air phase. The freeze/thaw processes induce large and abrupt variations
of the transfer properties of the porous media, such as hydraulic conductivity or thermal conductivity. Then
the numerical resolution of this strongly coupled and non-linear problem requires fine spatial and temporal
discretizations, and thus large computation times.[3] To tackle this issue, HiPerBorea develops and uses the
cryohydrogeological simulator permaFoam, an OpenFOAM solver for permafrost modelling,[4],[5] aiming at
quantifying the permafrost evolution under climate change at the headwater catchment scale.[6] Meanwhile,
in order to assess the transfer properties of the porous media relevant to permafrost dynamics, pore-scale
studies on water and heat flow are conducted using tomographical observations and direct numerical simula-
tions as well as pore-network modelling.[7] The main outcomes of the HiPerBorea project will be presented,
and open questions related to the upscaling of numerical results from the pore scale to the headwater catch-
ment scale will be put forward. Finally, the perspective of applications of the developed approaches will be
discussed.
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