
1 

On the Use of Technology to 

Enable the Flow of Digital Rivers 

at the Continental-Scale  

Cédric H. David 

University of California Center for Hydrologic Modeling 

NSF EarthCube Modeling for the Geosciences 

Boulder, CO 

23 April 2013 

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



An EarthCube vision… 

2 Making all geosciences accessible to everybody,  

in an exciting way!!! 



…not science fiction! 

3 Holland Family Student Center – Univ. Texas at Austin 



Help managers 
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Major rivers of California 

5 

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Mapped rivers of California 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Mapped rivers of Orange 

County 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Mapped rivers of Newport 

Beach 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Santa Ana River 

9 

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Where I live 

What if anyone, anywhere could have access to  

the flow in the river next to their home? 

No gage 

available 

here 



Need access to continental-

scale model results 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Unified management for a nation  

General understanding by its citizens 



State-of-the-art continental-

scale river modeling 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

River network of Lohmann et al (1996),  

Mitchell et al. (2004), and Xia et al. (2012) 

Why so 

coarse? 



Scientific legacy -  

We’ve come a long way! 

12 Miller et al. (1994) J. Clim. 



Mapped rivers of Orange 

County 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



State-of-the-art river 

continental-scale modeling 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Mapped rivers of Newport 

Beach 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



State-of-the-art river 

continental-scale modeling 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Santa Ana River 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Where I live 



State-of-the-art river 

continental-scale modeling 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Where I live 



What technology can we use 

to enable the flow of digital 

rivers at the continental scale? 

19 
Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community



Atmospheric modeling 

• Equations of fluid 

mechanics and 

thermodynamics of the 

atmosphere commonly 

solved everyday by 

computer models 

• Temperature, pressure, 

winds, precipitation, etc. are 

available 

• For past, present and future 

• Dynamic maps 
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Animation of precipitation over the U.S. 

Models and datasets available cover the entire U.S.  



Land surface modeling 
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P (precipitation) 

ET (evapotranspiration) 

Rsur (surface runoff) 

Rsub (subsurface runoff) 

Q (river 

flow) 

Bottom boundary conditions for atmospheric models 

Models and datasets also cover the entire U.S.  

Noah land surface model (first version in 

1999), serves as the land model for 

operational weather prediction in North 

America 
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NHDPlus – River and Catchment 

Network for the Nation 

3 million river reaches 

Integration of the National Hydrography Dataset, National Elevation 

Dataset and National Land Cover Dataset completed by EPA in 2006  

137,401 river reaches 

420,000 km2  

Region 18 = California Entire dataset 

Connectivity 

information 

“Blue line” rivers available for the entire U.S.  
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direction, with full daily 
record and one unique
gage per river reach

NHDPlus river reaches
with known flow direction

United States



USGS National Water 

Information System 
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2311 gages total in Region 

18.  433 with full daily data 

for 2000/01/01 – 2007/12/31 

and on reaches with known 

direction 

20,000+ 

gauges 

available for the 

United States 
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Computers and computing tools 

have evolved 

Cray 2 Supercomputer 

World’s fastest 

computer when 

released (1985) 

People in 1880s (Nature, 2008) 

Turing machine 

(1936) 

IBM Portable PC 5155 

(1984) 

Sun Supercomputer 

(Ranger) World’s fastest 

computer for open science 

when released (2008) 

Computing Centers 

Scientific computing libraries 

http://www.google.com/url?sa=i&rct=j&q=cray+2+supercomputer&source=images&cd=&cad=rja&docid=suuJI_Uco-FsNM&tbnid=BJvtZ43urTzILM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.craysupercomputers.com%2Fcray2.htm&ei=nRU5UcvsCsXBqQGvkIDYBg&bvm=bv.43287494,d.aWc&psig=AFQjCNEXDgetJLVAnerbiieR8ATBe2J5eQ&ust=1362781968094344


River modeling and Computing 

25 

What’s being used: 

Desktop computers 

What could be used: 

Parallel computers 

• Today’s computers are as powerful as supercomputers ten years 

ago 

• Most computers come with multiple cores 

• Parallel computing is becoming increasingly accessible 

 

• Need to know parallel computing 

– A learning curve 

Lonestar 

5,840 processors 

Ranger 

62,976 processors 

http://www.tacc.utexas.edu/resources/hpcsystems/images/ranger.jpg
http://www.tacc.utexas.edu/resources/hpcsystems/images/lonestar.jpg


• Miller et al. (1994) 

• Lohmann et al. (1996) 

• Olivera et al. (2000) 

• Oki et al. (2001)  

• Goteti et al. (2008) 
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Existing Large-scale River 

Routing Models 

Almost no vector-based 

(GIS) hydrography, 

Almost no parallel 

computing 
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Integrated River Modeling 

Atmospheric Model 

or Dataset 

“Blue Line” River Network -  

High-Performance Computing 

River Network Model 

Land Surface 

Model 

First presented at AGU FM 2006… 



From available technology to 

applications 
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The Muskingum method 
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IBM Portable PC 5155 (1984) 

Price : $4,225 (256 - 640K RAM) McCarthy (1938) 



Meaning of the Muskingum 

parameters 

30 

A 

B 

k is a time (k ≥ 0) related to the celerity of the 

flow wave 

 

x is a non-dimensional parameter (0 ≤ x ≤ 0.5) 

related to diffusion of the flow wave 

Direction of flow 

Time (s) 

Flow 

(m3/s) 

Time (s) 

Flow 

(m3/s) 

k k 

x = 0.5 x = 0 

A 

A B B 



A vector-matrix version of the 

Muskingum method 

31 
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Identity matrix 

Network matrix, computed based on network connectivity information 

Parameter matrices, computed based on the values of k and x 

Vector of flow rates at the outlet of each river reach (output of RAPID) 

Vector of flow rates from outside the network into upstream of 

each river reach 

(First formulated in 2007) 



River model 

• RAPID (Routing 

Application for Parallel 

computatIon of Discharge) 

• Computes flow and 

optimizes model 

parameters 

• Model code, input data and 

animations are available 

online 

• Can run on 

supercomputers 

http://www.ucchm.org/david/rapid.htm 32 



Existing Applications (1/3) 

33 

David et al.  

2011b 

Hydrol. Proc. 

David et al.  

2011a 

J. Hydromet. 



Existing Applications (2/3) 
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David et al.  

2013a 

Env. Mod. & Soft. 



Existing Applications (3/3) 

35 
So fast theory had to be revised!!! 

David et al.  

2013b 

Water. Resour. Res. 



Animation of Upper Mississippi 

Basin 

36 



Challenges remain!!! 
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Human influence on surface 

water 

38 



New domain = New data 

processing 
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River networks of California 

Existing WRF-Hydro domain  

over California 



Land/river connection 
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David et al.  

(2011a) 

David et al.  

(2013a) 

Parallel re-

gridders 



Workflow opportunities 
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Inclusion in existing coupling 

frameworks 

42 

CSDMS-enabled 

RAPID  

 

Re-think the 

organization of the 

model code 

 

Teaches you model 

servitude! 



Near real-time modeling??? 
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Microsoft Booth at AGU Fall Meeting 2012 

Near real-time model input available 

Can we automate all modeling steps? 

• Pre-processing of data 

• Model run 

• Post-processing of data 



What if we did the whole world? 
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Rio Beni, Bolivia 



Summary 
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Vision 

Society Science 

Technology 
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Thank you! 

Questions? 

More information on RAPID at: 

http://www.ucchm.org/david/rapid.htm 

chdavid@uci.edu   

Want to  

collaborate??? 

http://www.ucchm.org/david/rapid.htm
mailto:chdavid@uci.edu

