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Large eddy simulation (LES) dynamically captures the effect of changes in land cover
on atmospheric flow and hence is a very useful tool for modeling of the non-linear
land-atmosphere interaction over heterogeneous terrain. However, to be faithful to the
physics of atmospheric boundary layer (ABL) flow over heterogeneous and complex
terrain, the LES needs a fully local subgrid-scale (SGS) model that does not require
any directions of statistical homogeneity for averaging. We have implemented such
an SGS model, the Lagrangian dynamic scale-dependent model, in LES and validated
the code against classic results for flow over homogeneous terrain and against field
experimental results (Bradley’s 1968 experiment) for flow over an abrupt change in
surface roughness.

Subsequently, we performed LES of ABL flow over random distributions of surface
roughness and looked at the effect of roughness heights and heterogeneity distribu-
tion on land-atmosphere interaction. The ‘effective surface roughness’ and ‘blending
height’ were computed to quantify momentum transfer at the earth surface. An ‘inte-
gral length scale’ was defined to characterize the spatial scale of surface heterogeneity,
based on the structure function (variogram) of the surface roughness.

As one expects, for surfaces with low variation of the roughness heights, land-
atmophere interaction is rather insensitive to the spatial distribution of the roughness
and the effective surface roughness changes little with the scale of heterogeneity. On
the other hand, for surfaces with significant variation of the roughness height, momen-



tum transfer at the earth surface is significantly enhanced as the heterogeneity scale
is decreased. Furthermore, we show that the effective surface roughness for random
patches can be well estimated using a parameterization we previously developed and
tested for regular patches.


