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The Physical Cause of Seasonal Surface Deformation
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of Earth Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA
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Abstract: The causes exploration of surface deformation is greatly significant to environ-
mental monitoring, the study of climate change and maintaining of high precision terrestrial
reference frame. This paper mainly summarize physical causes of those non-techtontic 3D
surface deformation. Firstly, by comparison between the observation and predictions based
on geophysical modeling, we find that on average 50% vertical and 20% horizontal displace-
ments (amplitude and phase) of the GPS stations, can be explained by surface mass loading
from the atmosphere, ocean, ground water, snow, glaciers, canopy, etc. And the latest work
shows that the thermal expansion deformation contribute 7% to the annual GPS displace-
ments in vertical and 8% ~ 9% in horizontal direction, respectively. Then the potential
physical mechanism of 3D seasonal surface deformation is discussed. Although the accuracy
of thermoelastic deformation estimation can be enhanced by a more realistic thermoelastic
deformation model, the improvement is unlikely dramatic. Some additional physical mech-
anisms must be involved in producing the surface deformations. As part of future work, we

discuss in perspective the extension of the thermoelastic model to poroelastic deformation
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to include the terrestrial water system into the cause of the 3D surface deformation.

Key words: Terrestrial reference frame; mass-loading effect; thermoelastic deformation;
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