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Regional mapping of the surface water mass changes by inversion of Line-of-Sight GRACE acceleration changes
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()bjectives. A new representation based on Regional Surface Harmonic Functions (RSHF) 1s proposed to determine water mass changes by inversion of approximate Line-of-Sight (LOS)

accelerations from GRACE KBRR data reduced for continental hydrology. The basis of orthogonal functions i1s derived by solving the Laplacian operator problem over geographical basins of
arbitrary shape and considering null conditions at the boundary. Water mass anomaly maps are expressed as linear combination of RSHF functions and optimal coefficients to be adjusted from LOS
accelerations for sub-monthly periods. A closed-loop approach with simulation input global hydrology models WGHM and GLDAS 1s used to validate the inversion procedure, leading to exact
recovery when considering noise-free data. In that specific case of data simulation, Regional RSHF coefficients are recovered by applying full-rank pseudo-inverse of the Newtonian operator to
accelerations. Low-pass Butterworth filtering 1s required to reduce high-frequency noise in real LOS acceleration, which 1s derived from real along-track GRACE KBRR. Regularization of the
operator by Singular Value Decomposition (SVD) (e.g. for retaining 99% of the eigenvector energy) enables time series of regional equivalent water height (EWH) to be produced, which describe
flooding episodes in the main drainage basins, such as Amazon river basin.

Methodology. Once the LOS acceleration changes are derived - at first order - from GRACE(-FO) potential differences reduced for continental hydrology, Regional Surface Harmonic
Functions (RSHF) related to the considered basin are used as basis functions to fit coefficients from these data.
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Results 1. Hydrology model-simulated LOS potential or acceleration data for recovering RSHF coefficients

Solutions when inverting different types of synthetic observations Smooting impacts atter low-pass prefiltering of the input LOS data
Absolute error analysis of the recovered RSHF coefficients over the Amazon basin
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Results 2. Inversion of real GRACE LOS acceleration after 30-3600 s filtering
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Real GRACE data issues... and proposed the solutions

Monthly RSHF coeff recovery from real GRACE ACC data for the Amazon basin
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Conclusions.
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LOS acceleration data has been successfully used in a regularized inversion to
recover regional EWH maps. RSHF enable fewer coefficients to be used to
describe sub-basin scale water mass variations than other types of
representation, e.g. considering global spherical harmonics.

Closed-loop simulations. Although inversion of potential differences 1s more
suitable for regularized recovering the very first RSHF coefficients (i.e. the
longest spatial EWH wavelengths), higher-order coefficients are estimated
(slightly) more precisely by considering LOS acceleration differences.

Real data inversions provide regional time series of realistic EWH signals
presenting sub-basin scale hydrological patterns, e¢.g. flooding events.
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