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1. NASA’s decision to proceed with the SWOT mission will not 
occur until completion of the National Environmental Policy Act 
(NEPA) compliance process. SWOT is a proposed NASA mission at 
this time and the information in this paper is pre-decisional, to be 
used for planning and discussion purposes only



Motivation

River gauges are disappearing (http://grdc.bafg.de) Mystery between gauges (David et al. 2013)

Runoff is uncertain (from D. Lettenmaier) SWOT should help (Biancamaria et al. 2016)



Background (1/4)

Saint Venant (1843)
 the golden equations

Miller et al. (1994)
 the first global scale river model 

Modeling across scales involves a variety of simplifications



Background (2/4)

A world of grids A world of features

Both approaches are equally frequent



Background (3/4)

A variety of equations is used



Background (4/4)

Anthropogenic effects are often not represented

Lake Shasta, CA



Objectives
Understanding the best integration methods between expected SWOT 
terrestrial retrievals and existing global hydrologic/hydrodynamic 
models
1. How can we best prepare for the expected SWOT continental to 

global measurements before SWOT even flies? That is, how can 
we understand the relationships between existing surface water 
variations and expected SWOT capabilities? 

2. What is the added value of including SWOT terrestrial 
measurements into global hydro models for enhancing our 
understanding of the terrestrial water cycle and the climate 
system? Are current global hydrologic models ready to ingest 
expected SWOT data? What SWOT variable(s) or SWOT-derived 
product(s) offer the best promise for integration and for data 
assimilation?  



Approach

Justification
• Low barrier of entry to engage 

many
• Consistency among 

simulations despite model 
differences (apples/apples)

• Consistency among 
simulations despite basin 
differences

• Some expertise of the core 
team in study areas

• Walking before running

Consequence
• Datasets readily available 

online
• Same runoff forcing, related 

topography & river network, 
related hydraulic parameters

• Global availability of data 
products or modeling methods

• Start with river basins with 
existing team publications

• Increasing complexity



Modeling paradigm



Such a system could be used to generate 
SWOT-like data before SWOT launches

River model SWOT-like data



Such a system could be used to assimilate 
SWOT data when SWOT launches

SWOT data River model



Four basins in four years

The basins studied in this project benefit from existing studies: 
a) the Mississippi [David et al., 2015], 
b) Saint-Lawrence [Fry et al., 2014], 
c) Niger [Pedinotti et al., 2014], 
d) Amazon [Beighley et al., 2009].



Many models
• CaMaFLOOD (D. Yamazaki)
• HRR (E. Beighley)
• LISFLOOD (K. Andreadis)
• RAPID (C. David)
• MGB-IPH (R. Paiva)
• Lohman et al. (C. Fisher)
• TRIP (H. Kim)
• ISBA-TRIP (A. Boone)
• WATFLOOD (J. M. Fiset)
• Others?



Experimental design

We will combine an inter-comparison framework consisting of a series of six 
horizontal water transfer schemes: CaMa-Flood [Yamazaki et al., 2011], HRR 
[Beighley et al., 2009], ISBA-TRIP [Decharme et al., 2012], LISFLOOD-FP [Bates 
and de Roo, 2000], RAPID [David et al., 2011], and WATFLOOD [Kouwen et al., 
1993]. These models will be fed by runoff produced by the four land surface 
models of NASA’s GLDAS [Rodell et al., 2004].



RivMIP website

http://rapid-hub.org/intercomparison.html
Current membership
Experimental design

Agenda for monthly telecons
Presentations
Meeting minutes

http://rapid-hub.org/intercomparison.html


Design table



File formats

As specified in experimental design table: 
http://rapid-hub.org/docs/SWOT_ST_WG_Mississippi_Experimental_Design.pdf

14 locations 
throughout the 
Mississippi River 
Basin

http://rapid-hub.org/docs/SWOT_ST_WG_Mississippi_Experimental_Design.pdf


Processing toolbox

https://github.com/c-h-david/rrr
Currently being updated with the 
Python scripts for analysis

https://github.com/c-h-david/rrr


Preliminary results



Outlet of Missouri 
River



Outlet of Upper 
Mississippi River



Outlet of Ohio River



Parallel: the variety of Land Surface 
Models

Noah MP Mosaic

VIC CLM

We have a similar variety 
in the river modeling world



NASA’s Land Information 
System (GSFC)

… is a crucial component of GRACE studies

Available on Goddard’s DAAC (GES DISC)



A similar system can be built with 
multiple river/lake models for SWOT…



Thanks!
Questions?
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