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Abstract: Models of trace gas (e.g. ozone-depleting substances or green house gases) transport in
polar firn are used to relate firn air and ice core records of trace gases to their atmospheric history.
Such modeling can be decomposed into three steps: 1) a physical (forward) transport model describes
the gas behavior in the ice lattice; 2) the depth profile of firn diffusivity is identified from measured
gases in the firn with known atmospheric history; 3) the atmospheric history is reconstructed for gases
for which only measurements in firn air are available. Recent developments of these aspects in LGGE-
GIPSA models will be presented, with a focus on the link between physical processes and issues in
their mathematical solving. The main mathematical difficulties arise from the firn diffusivity values,
which vary by several orders of magnitude in a model described by partial differential equations, and
from inverse modeling using sparse measurements (under-constrained inverse problems). Using
methodological contributions from system identification and control theory, we present new results on:
1) the development of a gradient descent method for optimal diffusivity identification; 2) a forward
isotopic ratio model (linear time-varying) that does not require assumptions on the major isotope trend;
3) a new inverse scenario method for isotopes based on 2).
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