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The Surface Water and Ocean Topography (SWOT) mission is expected to revolutionize river discharge estima-
tion globally and a series of discharge algorithms have been developed to retrieve discharge from interferometer
measurements. Due to the nature of the estimation problem (e.g. unknown channel geometry), the skill of these
discharge algorithms will strongly depend on the quality of the a priori discharge that is estimated separately.
Therefore, building a global best-quality a priori discharge database is critically important and urgently needed for
the mission.
However, spatio-temporally continuous global river discharge across the full spectrum of stream orders remains
poorly constrained, despite a long history of gauging and modeling. Here we present a carefully designed large-
scale hydrologic/hydrodynamic modeling effort (VIC/RAPID) to estimate global discharge at very high resolu-
tions:
(1) The 0.1◦ global precipitation forcing (MSWEP V2.1, recently published) optimally combines gauge-,
reanalysis-, and satellite-based data. (2) A set of global runoff characteristics maps (i.e. runoff at various ex-
ceedance probability percentiles) trained from machine learning are used to constrain model runoff estimation in
two ways: model parameter calibration and percentile-wise bias correction. (3) The underlying hydrography for
river routing, including 2.94 million river flowlines and unit catchments, is derived from the most comprehensively
corrected global 3 arc-second (∼90 m) MERIT-Hydro product.
The modeling results over the historical period (35+ years) are evaluated against >14,000 gauges globally, showing
that 32% (64%) of them have a Kling-Gupta Efficiency (KGE) ≥0.6 (0.2), and 34% have a percentage bias within
±20%. The data record, albeit with local uncertainties, represents the best-constrained global river discharge sim-
ulation using the state-of-the-art datasets and modeling practice. Near real-time implementation of this a priori
discharge estimation system is being developed and tested for the production phase of the SWOT mission.


