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Geodesy records crustal deformation induced by hydrological
processes
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GNSS datasets contain many sources of seasonal signals

Hydrology-induced——
deformation

«— Non-hydrology-
induced

gefﬂgm%quHECtS

¢ Atmospheric

pressure
Noise & Systematic ¢ Tectonic deformation
& DracorfifiEQignals
¢ Aliasing from mismodelled
tides
¢ Environmental effects



Various sources among hydrology-induced seasonal signals
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How to monitor continental water storage with GNSS and GRACE ?

Step 1: Extract the hydrological signal from GNSS dataset
Step 2: Separate the hydrological signal into its different constituents

Step 3: Refine GRACE continental water storage estimates with GNSS
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Independent Component Analysis (ICA)

¢ ICAis a multivariate statistical E i
technique used to decompose a signal 5 [
into its independent sources. °
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& The sources are characterized in the
space and time domains as follows: > of
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X: data matrix; U: spatial distribution matrix; S: weighing matrix;
V: temporal evolution matrix; M: number of stations;

o
T: number of epochs; N: number of components (sources) > °
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¢ ICA extracts the sources purely from the o i . 5 4 5

data by maximizing their statistical Decomposition of a synthetic GPS time series into its

independence. postseismic and seasarllalocnc:rgponents (Gualandi et



Case Study 1: Arabian Peninsula
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Case Study 1: Perform ICA on GNSS and GRACE model

GNSS displacements
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Case Study 1: Identify seasonal hydrological signal

Hydrological Signal
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Case Study 1: Spatial distribution of hydrological signal
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How to monitor continental water storage with GNSS and GRACE ?

Step 1: Extract the hydrological signal from GNSS dataset
Step 2: Separate the hydrological signal into its different constituents

Step 3: Refine GRACE continental water storage estimates with GNSS



Step 3: Invert GNSS deviations from GRACE model for continental water
storage
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Step 3: Preliminary inversion results

Residual Inversion Results Final EWH distribution
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How to monitor continental water storage with GNSS and GRACE ?

Step 1: Extract the hydrological signal from GNSS dataset
Step 2: Separate the hydrological signal into its different constituents

Step 3: Refine GRACE continental water storage estimates with GNSS



Case Study 2: Ozark Plateaus Aquifer System in Central United States
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Case Study 2: Perform an ICA on the groundwater dataset
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Case Study 2: Compare the first IC across datasets
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Case Study 2: Extract the groundwater-induced vertical deformation signal
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Case Study 2: Extract the groundwater-induced vertical deformation signal
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Summary and Conclusions

®* We have developed a methodology to extract seasonal hydrologic signals from GNSS datasets with ICA.

®* We are working on isolating the different hydrologic components (e.g., surface water, groundwater,
continental and global effects) making up this seasonal signal.

®* We are working on an inversion scheme to improve GRACE water storage maps from the isolated
surface water and groundwater signals.

Future Work

®* Continue developing our methodologies in collaboration with hydrologists and geohydrologists.

®* Make use of the denser GNSS network in Saudi Arabia (particularly on top of aquifer systems).
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