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• New description of error propagation 
from land to rivers

• Better knowledge of river flow errors
• First estimates of land runoff errors
• Revealed critical error covariances 
• New river data assimilation

Estimated errors in runoff 
(from land surface model)

Estimated errors in 
river flow 

(from river model)

Actual errors in river flow 
(from observations)

David et al. (2019, GRL)

Newly-developed equation Validated

First-ever estimates of runoff errors

National Aeronautics and Space Administration
Jet Propulsion Laboratory
California Institute of Technology

Uncertainty Quantification and Data Assimilation for 
River Discharge

Cédric H. David (JPL/Caltech) and colleagues

Emery et al. (in rev. JHM)

Data assimilation 
enabled by knowledge 
of model uncertainty

New Data Assimilation
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Key Advancements

New Approach to Quantify Runoff Uncertainty and Propagate 
into River Discharge Uncertainty

New River Data Assimilation Approach



5

Global Best-quality High-res River Modeling (PI: Wood/Pan, Princeton)

LSM (VIC) Routing (RAPID)

Optimally Merged
Multi-Source Precip

Runoff

Global Runoff
Characteristics

Bias 
Correction

Calibration

90 m MERIT-derived 
Hydrography

(~2.94 million river reaches)

Discharge   (1979 – present)
Quality Assessment
(@ >14,000 gauges)

Daily &
Monthly

KGE

Potential for 
Near Real-Time 

Key Advancements

Global River Network Based on MERIT DEM

New Global High-Resolution River Discharge Model to Assess, 
Use or Improve SWOT Discharges



1M Landsat 
obs. of river 

width
SWOT-like 
Discharge

Princeton 
discharge

you just saw
New 

discharge

Route
together

Run BAM

Real satellite data
Orbit geometry issues
Cloud/environmental issues
Most rivers too small to see
Mass conservation issues

Mean improvement in NSE is 0.1
Validated across 403 gauges, daily, for 2002-2010

29k reaches

Using Landsat as a template for SWOT
Gleason et al. “Missouri River Application”

Key Advancements

SWOT-like River Discharge Algorithm Based on LandSat

New SWOT-like Discharge Assimilation Approach Provides 
Network-Wide Discharges and Improves River Discharge 
Estimates
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