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Laser altimetry waveforms measure within-footprint relief due to ground slope and
roughness, structures and vegetation cover. In order to validate waveform-derived el-
evation parameters and footprint geolocation results, we have developed a grid-based
waveform simulation capability to compare observed ICESat waveforms to synthetic
waveforms produced from high resolution (1-5 m) Digital Elevation Models (DEMs).
We simulate the instrument’s response to complex topographic surfaces, including the
laser far-field energy pattern, boresight field-of-view alignment, and detector impulse
response. Comparison to synthetic waveforms derived from high-resolution airborne
laser mapping data demonstrates that ICESat waveforms provide detailed and accu-
rate information on the within-footprint distribution of surface heights. The location
of maximum correlation between observed and computed waveforms provides a high-
resolution assessment of geolocation accuracy on a footprint-by-footprint basis. Using
DEMs produced from Airborne Topographic Mapper (ATM) data acquired in Green-
land and Antarctica, and the best geolocation estimates for ICESat data obtained after
applying corrections for long-period (orbital to seasonal) pointing biases, we apply
this simulation capability to assess geolocation accuracy and ranging errors due to
waveform distortion introduced by atmospheric forward scattering and saturation.


