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Horizontal Deformations Detected by GNSS Observations as Precursory
to Large Earthquakes

Gu Guohua

Institute of Earthquake Forecasting,China Earthquake Administration, Beijing 100036, China

Abstract The paper focuses on the horizontal deformations detected by the GNSS measurement
before and after 6 typical large earthquakes of parculiar characteristics, particularly huge
earthquakes, to explore crustal deformations precursory to earthquakes for the purpose of
earthquake forecasting. They are the Wenchuan earthquake of M8.0, the earthquake of M8.8 in
Chile, the Tohoku earthquake of M9.0 in Japan,the M8.1 earthquake in Nepal, the 2016 M7.3
Kyushu earthquake of and the doublet earthquakes of both M7.8 in 2023 in Turkiye. The regional
reference frames are used in studies on the crustal deformations precursory to earthquakes to keep
alignment for the requirement. And the coseismic horizontal displacements are the key phenomenon
in exploring crustal deformations precursory to earthquakes. No accumulations of vertical and
horizontal shear displacements were detected at or near the epicenters. There have been two
patterns of precursory horizontal displacements at and near the epicenters of large earthquakes , that
is, they reached peak values or were locked with no horizontal displacements. The media at and
near the epicenters were non-elastic,but the media far from the epicenter were elastic. The GNSS
observations showed that the epicentral areas were compressed before the events and there were
shear break at the time of the earthquakes. The processes were similar to the rock failures in the
rock tests. Therefore the “compression-shear” ( elastic) rebound model is in agreement with the
results of GNSS observations. But till now there were imminent precursory crustal deformations for
only quite few earthquakes. Obviously even though there are problems in detecting imminent
precursory deformations, GNSS has been one of the main observation techniques in earthquake
forecasting. Because imminent precursory deformations are closely related with critical phenomenon
in the failure process of earthquake faults,the critical phenomenon or imminent precursors are the
key for the breakthrough in earthquake forecasting. Different observation techniques of multiple
disciplines should be used to detect the imminent precursors.

Keywords: Earthquake forcasting; GNSS; GPS; Crustal deformation; Coseismic horizontal

displacement



