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Abstract. The aerodynamic roughness of heat, moisture and momentum of a natural surface is an important parameter in
atmospheric models, as it co-determines the intensity of turbulent transfer between the atmosphere and the surface.
Unfortunately this parameter is often poorly known, especially in remote areas where neither high-resolution elevation models
nor eddy-covariance measurements are available. In this study we adapt a bulk drag partitioning model to estimate the
aerodynamic roughness length (Zg,) such that it can be applied to 1D (i.e. unidirectional) elevation profiles, typically measured by
laser altimeters. We apply the model to a rough ice surface on the K-transect (western Greenland ice sheet) using UAV
photogrammetry, and evaluate the modelled roughness against in situ eddy-covariance observations. We then present a method
to estimate the topography at 1 m horizontal resolution using the ICESat-2 satellite laser altimeter, and demonstrate the high
precision of the satellite elevation profiles against UAV photogrammetry. The currently available satellite profiles are used to map
the aerodynamic roughness during different time periods along the K-transect, that is compared to an extensive dataset of in situ
observations. We find a considerable spatiotemporal variability in z5,, ranging between 10 m for a smooth snow surface over
107" m for rough crevassed areas, which confirms the need to incorporate a variable aerodynamic roughness in atmospheric
models over ice sheets.
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