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When investigating subsurface temperatures at different depths, thermal orbits
are are a useful tool to visualize and analyze the propagation of the annual
surface air temperature (SAT) wave into the subsurface. Under linear conditions
the hodograph of SAT against subsurface temperature at a given depth can be
approximated by an ellipse, equivalent to a linear transfer function in the
Fourier domain. In this case a simple inverse problem can be formulated to
invert for average thermal diffusivities between the observation levels, and the
orbits can be used to show long-term temporal changes in the coupling between
SAT and subsurface conditions. When freezing/thawing is involved, e.g. in
permafrost environments, the relation is no longer linear due to the processes
associated with the phase change of water. Numerical experiments are used to
demonstrate the use of thermal orbits in this case, and to explore the
possibility of including these effects in a nonlinear sequential inversion
scheme. First results from field data will be shown.


