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Motivation
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River gauges are dlsappearlng (http://grdc.bafg.de) Mystery between gauges (David et al. 2013)
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Runoff is uncertain (from D. Lettenmaier) SWOT should help (Biancamarial. 2016)
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- the first global scale river model
Saint Venant (1843)

- the golden equations

Modeling across scales involves a variety of simplifications
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A world of grids A world of features

Both approaches are equally frequent
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A variety of equations is used
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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
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Such a system could be used to generate
SWOT-like data before SWOT launches
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River model ﬁ SWOT-like data
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Such a system could be used to assimilate
SWOT data when SWOT launches
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SWOT data ﬁ 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)



Experimental design

Inter-comparison
of hydro models

Multi-forcing variab.

Intra-model variab.

Inter-model variab.

2016 2017 2018 2019
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applying the Low resolution
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Simulations 1

Investigating the
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all hydro models
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We will combine an inter-comparison framework consisting of a series of six
horizontal water transfer schemes: CaMa-Flood [Yamazaki et al., 2011], HRR

‘ Legend \

Niger

Saint-Lawrence
Amazon

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

Data sources

Design table

Type Variable Source Spatial res. Temp. res. |Download link
Surface runoff NASA NLDAS2 VIC 1/8° 1h ftp://hydrol.sci.gsfc.nasa.gov/data/s4pa/NLDAS/NLDAS_VIC0125_H.002/
Subsurface runoff NASA NLDAS2 VIC 1/8° 1h ftp://hydrol.sci.gsfc.nasa.gov/data/s4pa/NLDAS/NLDAS_VIC0125_H.002/
Surface and subsurface only (grad files)  |[NASA NLDAS2 VIC  [1/8° 1h http://hydro.iis.u-tokyo.ac.jp/~yamadai/tmp/SWOT-MIP/grads.tar.gz
Runoff Surface and subsurface only (geotiff files) [NASANLDAS2VIC  |1/8° 1h http://hydro.iis.u-tokyo.ac.jp/~yamadai/tmp/SWOT-MIP/gtiff tar.gz
Gridded DEM HydroSHEDS 15 arcsec - http://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=15demg
Gridded Flow Accumulation HydroSHEDS 15 arcsec - http://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=15accg
Gridded Flow Direction HydroSHEDS 15 arcsec - http://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=15dirg
Gridded DEM (changed format) Computed 15 arcsec - http://hydro.iis.u-tokyo.ac.jp/~yamadai/tmp/SWOT-MIP/mil.condem.tif
Topography Gridded DEM (adjusted for no negative ele|{Computed 15 arcsec - http://hydro.iis.u-tokyo.ac.jp/~yamadai/tmp/SWOT-MIP/mil.elevtn.tif
River reach length Computed 15 arcsec (HydroSHEDS river network) |- 777 (to be computed after projection to North America Albers Equal Area Conic)
Catchment area Computed 15 arcsec (HydroSHEDS river network) |- 777 (to be computed from river reach centroid lon/lat, the number of upstream cells, and a spherical Earth of radius a-f/3 for WG584 spheroid)
Bankful Discharge Computed 15 arcsec {HydroSHEDS river network) http://doi.org/10.5281/zenodo.61758
Bankful Width Computed 15 arcsec (HydroSHEDS river network) |- http://doi.org/10.5281/zenodo.61758
Hydrographic  |Bankful Height Computed 15 arcsec {HydroSHEDS river network) |- http://doi.org/10.5281/zenod0.61758
|geometry Floodplain width 77? 227 - 777
Manning's n Constant 15 arcsec (HydroSHEDS river network) |- 0.03
Muskingum k Computed 15 arcsec (HydroSHEDS river network) |- 777 (to be computed from river length, bankful width, bankful height using TBD equation)
River hydraulics |Muskingum x Constant 15 arcsec (HydroSHEDS river network) |- 0.3
Land hy Manning's n Constant 15 arcsec (HydroSHEDS river network) |- 0.1
Observations River discharge USGS NWIS DV Irregularly spaced points 24h |http:f,o'waterdata.us .gov/nwis/dv_& http://rapid-hub.org/docs/SWOT_ST_WG_Example_Outputs.csv & http://rapid-hub.org/docs/SWOT_ST_WG_O
Model outputs |River discharge All of us Irregularly spaced points 24h |See example given above
Simulation
[Domain [start time [End time [Output temp res. [variable | [Last update 12/6/16]
[Mississippi 1/1/00] 12/31/03 | hourly to daily lam¥ys) |
Analysis
[Locations [Start time (CST) [End time (CST) [Resolution |

|14 gauges of Dav{

1/1/00]

12/31/09]daily
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File formats

hydrographs_HSmsp_USGS.c
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As specified in experimental design table:
http://rapid-hub.org/docs/SWOT ST WG Mississippi Experimental Design.pdf
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http://rapid-hub.org/docs/SWOT_ST_WG_Mississippi_Experimental_Design.pdf

Processing toolbox

O Personal Open source Business Explore Pricing Blog Support ~ This repository
c-h-david / rrr ® Watch
<> Code Issues 0 Pull requests 0 Projects 0 Pulse Graphs

Reproducible Routing Rituals (RRR)

D 49 commits ¥ 1branch 21releases 22 3 contributors

Branch: master ~

sc-h-david New tests for David et al. (2015, WRR).

src Removed extra blank spaces.
tst New tests for David et al. (2015, WRR).
B .gitignore Added tracking for testing scripts.
B .travis.yml Updated year to 2017.
[E) CONTRIBUTING Updated contributors.
[E) LICENSE Updated year to 2017.
B README.md Modified for new HydroSHEDS scripts.
B requirements.txt Updated year to 2017.
B version.sh Updated year to 2017.

README.md

build ' passing

sanin (S0

1 % Star 1 YFork 4

sfs BSD-3-Clause

Find file

Latest commit 3578746 a day ago

a day ago

a day ago

13 days ago
19 days ago
8 months ago
19 days ago
2 months ago
19 days ago

19 days ago

The Reproducible Routing Rituals (RRR) is a Python and bash shell toolbox that combines many repetitive pre and
post-processing tasks that are common to studying the movements of water on and underneath the land surface.

Such tasks include the preparation of files corresponding to:

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
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Parallel: the variety of Land Surface
Models
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NASA’s Land Information
System (GSFC)

Topography.
Soils
(Static)

Land Information System

o
Land Surface Models (LS I)\

(15 min-1 hour)

oah, CLM, VIC

Surface Fluxes

Qnet,Qle,Qh,Qg
Swnet, LWnet

|

4 N\

Vegetation,
LAI

(Monthly)

N/
)

Meteorological
“Forcings”
(Hourly-3 hourly)

| ——

Land Surfac
(Variable)

States|,]

—

Exsporstioe

-]
@
]
a8
g

Evanoratior

Soil Stat h
Moisture,

Temperature

Profiles

e/

)
Water Balance:

Runoff, Drainage,
Baseflow (some)

|
Surface States:

Snow
kin Temperature

LAT (some)
0/

is a crucial component of GRACE studies
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A similar system can be built with
multiple river/lake models for SWOT...
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