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Global River Water Storage from Space

Cerbelaud et al., Nature, 2026

River water storage 

measurements 

from SWOT 

observations, not 

from a global 

model.



Overview

Major recent and upcoming advances:

● OPERA DSWx

● Commercial Satellites

● SWOT

● NISAR

● SWOT + NISAR

● Future Directions



NISAR + SWOT Water Surface Elevations



RiverScope Model (segmentation w/ 3 m Planet)
Daroya et al 2025 (CVPR)

• ML Architecture 30x faster than DSWx workflow
• Substantially improves skill of water masking validated against hand-labelled 

images
• Deployable globally- runs automatically inside Confluence SSC module and has 

been run for every river with SWOT data (to help validate SWOT)

Mean Abs Err (m) Median Abs Err (m) Bias (pred-gt) (m) % Bias F1

Sentinel-2 Model 120.0 79.2 98.1 70.3% 74.7%

PlanetScope NDWI 50.4 38.8 8.9 9.9% 66.6%

OPERA DSWx 70.6 41.2 61.2 43.6% 75.0%

RiverScope Model (Ours) 16.1 9.1 -2.8 -1.6% 92.3%

Pretrained Neural Net 
(ImageNet, SatlasPretrain)

Finetune with manual 
label training 

Classify water area 
(and measure rivers)



SWOT: Moving from Validation to Science

The Surface Water and Ocean Topography Mission (SWOT) 

uses Ka-band radar interferometry to measure water surface 

elevation and inundation extent in oceans, rivers, lakes, and 

wetlands. Launched December 16, 2022.

▪ 339 papers using SWOT data published to date

▪ 5 papers in Nature/Science in 2025-26

▪ Canonical hydrology validation papers are in press, in 

review, or soon to be submitted.

▪ SWOT data are actively being used for science across a 

broad range of domains including:

• River Discharge

• Flood Dynamics

• Reservoir Management

• Lake Monitoring

• Quantifying Surface Water in the Global Water Cycle



SWOT Validation: Rivers & Lakes

|68%ile| SWOT WSE vs. In Situ for ~200 

m river nodes: 7-13 cm 
|68%ile| SWOT WSE vs. In Situ for 

lakes: 9-11 cm 



SWOT Discharge 

Remove data out of 

mission design

Use SWOT’s quality 

flags
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Confluence
Discharge

Do scienceGet data

Latest discharge: Version 4.  50-70% more accurate than 

Version 2 (Andreadis et al., 2025) 

Use SOTA 

ML as a 

prior



SWOT Discharge

● At 2,138 gauges, SWOT discharge 

clearly outperforms the ML prior

● NSE: 1 is perfect, 0 is equivalent 

skill to the data mean

Map of which discharge is better SWOT and ML on matched gauges/time periods



SWOT Lake Storage 2



NISAR Hydro Intro Slide





SWOT + NISAR
Middle Congo River, DRC

DEM + SWOT WSE 2D hydraulic model

(very dense 

forested 

floodplain)

SWOT + NISAR

SWOT floodplain anomaly

Narrow 

floodplain

December 16, 2025



Take-home Messages

● Optical & SAR Surface Water Extent are mature and 

now regularly used operationally
○ Ongoing improvements using high-res commercial imagery

● SWOT has recently moved from understanding 

signals to doing big science, including river 

discharge

● NISAR is still in the understandings signals phase, 

but exciting science will come soon. 

● SWOT + NISAR has the potential to change how we 

monitor floods, wetlands, and other processes



Supplemental Slides



SWOT Lake Storage 1



SWOT + NISAR



Long-standing capabilities

Exciting future directions

Inundation Extent from Optical and Radar Imagery

Water Surface Elevation from Nadir Altimetry

Inundation extent from high-res commercial imagery

Global river discharge from SWOT

Global lake water storage from SWOT

Inundation extent and global wetland dynamics from NISAR

Fusing SWOT and NISAR for expanded scientific capabilities
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