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Two-dimensional Modeling and Inversion of MT Data Including Topography
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Abstract : We have developed a two-dimensional (2-D) magnetotelluric (MT) inversion algorithm, which can include
topographic effects in inversion. We use the finite element method (FEM) to incorporate topography into forward
calculation. Topography is implemented simply by moving nodes of rectangular elements in z-direction according to the
elevation of air-earth interface. In the inversion process, we adopt a spatially variable Lagrangian multiplier algorithm in
the smoothness-constrained least-squares inversion. The inversion algorithm developed in this study reconstructs subsurface
resistivity structure quite well when topography variation exists. Also, it turns out to be effective in both resolution and
stability from a model study and field data application.
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Fig. 1. Schematics of finite element mesh including surface
topography. The topography is implemented by moving the nodes
of a quadrilateral element in z-coordinate. The ratio of slope
variation in the mesh gradually decreases from the earth surface to
the top and the bottom of mesh to be finally flat so that 1-D
boundary condition can be applied.
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Fig. 2. Normal and tangential vector with respect to the rugged
surface. The slope is defined as an angle 6 (-90°< < 90°) between
the tangent of rugged surface and x-axis. The direction of increase
in 0 is indicated as the plus sign (+).
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Fig. 3. MT topographic responses (amplitude (b) and phase (c)) for
a cosinusoidal hill (a). Lines represent the results of Wannamaker
et al. (1986) while symbols are from our code.
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Fig. 5. Comparisons of inversion results from (a) non-topographic
and (b) topographic inversion methods for TM mode synthetic data
for a model shown in Fig. 4.
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Fig. 6. Comparisons of inversion results from (a) non-topographic
and (b) topographic inversion methods for TE mode synthetic data
for a model shown in Fig. 4.
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Fig. 7. Comparisons of inversion results from (a) non-topographic
and (b} topographic inversion methods for joint set of T™M and TE
mode synthetic data for a model shown in Fig. 4.
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