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Why do we care about streamflow? 

 Water resources 

 Flood hazards 

 Transportation 

 Hydropower generation 

 Ecology 

 Understanding the Water Cycle 



River Discharge Measurement Locations in the 

Global Runoff Data Centre Database 

We don’t have good quality, current data on rivers for much of the world. 

Lakes are even more poorly measured.  



Measuring River Discharge 

Fundamental Parameters in River Discharge (Q, m3/s):   

 Depth(d), Velocity(v), Width(w) 

Q=wdv 

 

 

 

w=aQb    d=cQf     v=kQm 

These power-law relationships have been recognized for well over a 

century but were fully explored by famous hydrologists Luna Leopold 

and Thomas Maddock in the 1950s 

Each of these variables can also be individually related to discharge: 



Which Path Will You Choose???? 

Width Depth Velocity 



River Width 



Monitoring River Discharge 

Depth = cQf 

http://www.dgs.udel.edu/delaware-geology/stream-gages-usgs 

Stream gauge 

Traditionally, we monitor discharge 

on the ground using rating curves 

between discharge and river depth: 

Can we monitor discharge 

via river widths?  



Estimating River Discharge From Widths 

Smith et al, WRR, 1996 

First demonstration of width-discharge 

measurements from radar satellite images 

Ashmore and Sauks, WRR, 2006 

Demonstration that ground-based optical 

imagery can be used to estimate discharge 

Smith and Pavelsky, WRR, 2008 

Used daily satellite-derived optical imagery to 

track river width/discharge. 



Estimating River Discharge From Widths 

Pavelsky, Hyd. Proc., 2014 

It is possible to estimate 

discharge from space using 

the same approach we use 

on the ground: rating 

curves.  

 

Requirements: 

 On-the-ground discharge 

training data 

 Satellite-based river 

widths 

Results for the Tanana River in Alaska 

suggest that, at least for some rivers, 

satellite-derived width-based rating 

curves can be just as accurate as 

traditional depth-based curves. 



Width = aQb 

http://www.dgs.udel.edu/delaware-geology/stream-gages-usgs 

Stream gauge 

The exponent (b) and coefficient 

(a) in the hydraulic geometry 

equations are highly related.    

 

As a result, the equation can be 

reformulated with a expressed as 

a function of b. 

Gleason and Smith, PNAS, 2014 

A New Paradigm: At-Many-Stations Hydraulic Geometry 



A New Paradigm: At-Many-Stations Hydraulic Geometry 

Using a genetic algorithm, discharge 

can be predicted from variations of 

width in space and time. 

Limitations:  only works for some 

rivers, errors of 20-40% 

Gleason and Smith, PNAS, 2014 



Next Steps: 

GRWL+AMHG 
7.94 M measurements 

6.20 M measurements 

12.14 M measurements 

Coming 2015… 

Gleason & Smith Algorithm 

+ 



River Discharge from Depths/Elevations 

Verdict: 

 
There are intriguing new developments that suggest we can get 

river discharge from width measurements alone in many cases.  

More development needed, but we’re on the right track. 



River Depth 



Can we Measure River Depth from Space? 

Yes, but only when the water is clear and 

not too deep.  To my knowledge, no one 

has yet tried to estimate river discharge 

this way. 



TOPEX/Poseidon, JASON, and 

JASON 2: 

Altimeters designed for measuring 

sea surface heights.  Can also be 

used for large lakes and rivers 

 

• Work for some rivers wider 

than 100 m 

• 10 day repeat orbit 

T/P river crossings in the 

Amazon Basin 

Water Surface Elevation from Space 

Analogy: sort of like giant laser 

range finders from space 



Alsdorf et al., Rev. Geophys., 2007 

Water Level Derived From TOPEX/Poseidon 

Ghaghara River, India 

You can get this kind of data for global reservoirs, lakes, and rivers at :  

http://www.pecad.fas.usda.gov/cropexplorer/global_reservoir/ 

http://www.legos.obs-mip.fr/soa/hydrologie/hydroweb/Page_2.html 

Water Surface Elevation from Space 



IceSAT (LiDAR): 

Altimeter designed for measuring 

ice, cloud, and land elevations.  

Can be used for river and lake 

elevation as well. 

 

~70 m footprint 

Died in 2009 

Courtesy David Harding, 

NASA GSFC 

IceSAT Profile 

Water Surface Elevation from Space 



Birkett, C.M., L.A.K. Mertes, T. Dunne, M.H. Costa, and M.J. Jasinski,Journal of Geophysical Research, 107, 2003. 

Hirsch, R.M., and J.E. Costa, EOS Transactions AGU, 85, 197-203, 2004.  

Topex/POSEIDON: ~70 points 

USGS Coverage: ~7000 gauges 

Two somewhat similar sized areas 

Profiling altimeters like TOPEX/Poseidon can only 

observe really big rivers (~>500 m wide) 

 

Rivers/lakes are only observed ~3 times per month. 

 

Altimeters miss about a third of major rivers entirely. 

 

The fraction of global lakes observed is even 

smaller—only about 25% of medium and large lakes 

are observed. 

 

For most of the altimeters (IceSAT aside), vertical 

precision isn’t all that great. 

 

Conclusion:  profiling altimeters are a useful and 

interesting tool, but they aren’t going to give us 

enough information to understand variations in the 

global water cycle by themselves. 

Water Surface Elevation from Space 



River Discharge from Depths/Elevations 

Verdict: 

 
Although we can measure depths and heights from space under 

some circumstances, no one has yet shown how you can 

practically use this information to measure discharge without 

ground-based training data.  



River Velocity 



Flow Velocity from Along-Track InSAR 

SAR Amplitude Image Flow Velocity Map 

Problems: 

1. Wind can substantially alter surface currents 

2. Surface currents often differ from overall flow velocities 

Source:  M. Ruegg and E. Meier, University of Zurich 



Flow Velocity from Suspended Sediment Concentration 

There seems to be a 

relationship between the 

reflectance of water in the PAD 

(associated with sediment) and 

the flow velocity of the water. . .   



Flow Velocity from Feature Tracking 

Caveat:  only works when you have a substantial amount of floating debris that can 

be tracked  

ASTER Stereo imagery of ice breakup on the St. Lawrence River, Quebec 



River Discharge from Depths/Elevations 

Verdict: 

 
Methods for measuring velocity from space are highly 

experimental and limited to certain circumstances.  They’re not  

ready for primetime yet.  



What About the Future? 



National Aeronautics and 

Space Administration 

 

Jet Propulsion Laboratory 

California Institute of Technology 

Pasadena, California 

SWOT:   

The Surface Water  

and Ocean Topography Mission 



SWOT Measurement Concept 

SWOT is a Ka-band 

Radar Interferometer 

with twin 50 km swaths 

pointing 1-4.5° off nadir. 

 

Average temporal 

sampling of ~11 days 

 

Total Budget: ~$1.1B 

 

It will measure: 

 The extent of surface 

water  

 The elevation of the 

water surface 

 The slope of the water 

surface 

 

  

Launch planned for 

October, 2020. 

 



SWOT Measurement Capabilities for Rivers 

• Inundated Area/River 

Width: 

– 15% error for 100 m 

wide rivers over 10 

km reach. 

• Water surface elevation:: 

– 10 cm error for 1 km2 

area and 25 cm error 

for between (250 m)2 

and 1 km2. 

• Water surface slope: 

– 17 mrad error for 100 

m wide river over 10 

km. From Allen and Pavelsky, GRL (2015) 



1. To provide a global inventory of all terrestrial surface water 

bodies whose surface area exceeds (250m)2 (lakes, reservoirs, 

wetlands) and rivers whose width exceeds 100 m/50 m. 

2. To measure the global storage change in terrestrial surface 

water bodies at sub-monthly, seasonal, and annual time scales. 

3. To estimate the global change in river discharge at sub-

monthly, seasonal, and annual time scales. 

SWOT Hydrology Goals 



SWOT 
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A Comparison:  Tide Gauges vs. TOPEX/Poseidon 

Global Sea Level Observing System 

(GLOSS):  290 high-quality tide 

gauges from around the world.  

Provides state of the art in situ sea 

surface height measurements 

TOPEX-POSEIDON:  provided global 

measurements of sea surface height anomalies 

at a resolution of 3-5 km with a repeat cycle of 

10 days 



SWOT 
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Questions? 


