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mospheric 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

Animation of precipitation over the U.S.

Models and datasets available cover the entire U.S. 2
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Noah LSM in NCEP Eta, MMS5 and WRF Models
(Pan and Mahrt, 1987; Chen et al., 1996; Chen and Dudhia, 2001
( EK et al., 2003)
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oah land surface model (first version in
1999), serves as the land model for
operational weather prediction in North
America
Bottom boundary conditions for atmospheric models 2

Models and datasets also cover the entire U.S.
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3 million river reaches 68,143 river reaches

465,000 km?

Integration of the National Hydrography Dataset, National Elevation
Dataset and National Land Cover Dataset completed by EPA in 2006

“Blue line” rivers available for the entire U.S.
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(9,434 sites)

Real-time data are time-series (recorded at

fixed intervals) data from automated

equipment and represent the most current
Y gi iti are
commonly recorded at 15- to 60-minute
intervals and transmitted to the NWIS
database every 1-4 hours. Real-time data
are available online for 120 days.

Daily values are summarized from time-
series data for each day for the period of
record and may represent the daily mean,
median, maximum, minimum, and/or other

quality-assured data that may be

USGS Surface-Water Data for the Nation

Introduction

Nationally, USGS surface-water
data includes more than 850,000
station years of time-series data that
describe stream levels, streamflow
(discharge), reservoir and lake
levels, surface-water quality, and
rainfall. The data are collected by
automatic recorders and manual
measurements at field installations

.
(25,749 sites) across the Nation.

Data are collected by field
personnel or relayed through
telephones or satellites to offices
where it is stored and processed.
derived value. Daily values include approved, The data relayed through the

Contact USGS
Search USGS

and more recent provisional data, whose
e
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NHDPlus Region 12

USGS gauges with full daily
flow record for 2000/01/01 -

e 2007/12/31 and located on
river reaches with known
flow direction

NHDPlus river reaches with

known flow direction

773 gages total in Region 12
248 with full daily data for
2000/01/01 — 2007/12/31
and on reaches with known
direction
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Noah LSM in NCEP Eta, MMS5 and WRF Models
(Pan and Mahrt, 1987; Chen et al., 1996; Chen and Dudhia, 2001
EK et al., 2003)
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Model code, input data and
animations are available
online

e Canrunon
supercomputers

T

File Edit View Favorites Tools Help
Home
Résumé m
Publications e
R Description

——————— | RAPID (Routing for Pasallel of Discharge) is a river souting model. Given surface and grouadwater
RAPID Training Course inflow to rivers, this model can compute flow and volume of water everywhere in river networks made out of many thousands
Contact ofreaches. The design of RAPID aflows it to be adapted to any river netwﬂrk, |fguen basic connectivity information. RAPID

bses a matrix version of the thod, and has procedure that allows to finding
optimal model parameters based on available page measurements_ This e e e e e
can be un.on as well as on y-parallel . with acteal parallel speedup. RAPID has
the ability to run and/or optimize model parameters on any subbasin included in its computing domain. If major man-made
infrastructures are present on the river nefwork, RAPID allows to easll) substitute vpstream flow by gage measurements
during both ion of river flow and of on RAPID can be found in the
related publications,

Development history

Designing, developing and testing RAPID were  large part of my Ph. D. work at the Center for Research in Water Resources
at the University of Texas at Austin. The development of this model started in September 2007 as I joined the Ceater for
Geosciences at Ecole des Mines de Paris (Mines Paristech), France for 2 6-month visit. RAPID was originally developed as a
substitute for the river routing scheme of SIM-France, the operational hydro-metearological model used by Meteo France (the
French weather service). The code has since then been adapted to ron on the NEIDPlus dataset that provides a "blus line”
Gescription of the river astworks in the USA. For the current NHDPlus version of RAPID, several land surface models can be
used to compute inflow to the river netwark.

Code
The source code for RAPID can be downloaded here. Input data including network connectivity, lateral inflow from the land
surface (computed with Noah-MP) and gage measurements (from USGS NWIS) for  4-year run (between 2004-01 and 2007-
12) in the Guadalupe and San Antonio River Basin in Texas can be downloaded here Input data ing to the river
network of SIM-France is available here for 10 years between 1995-08 and 2005-07.

Documents

A suceinct guide on how to compile and run RAPTD for the test-case provided is available here Some information on the data
model used for inputs in RAPID can be found here. Explanations on the input and output files used in RAPID are available
here A guide on how to download USGS NWIS observations and format them for RAPID is here

Animations
In the following animations of stream flow, the thickness of iver reaches varies with the magnitude of flow rate going
through them, One can see the flow waves All these were prepared using 3-hourly
outputs from RAPID. They can be played directly from this webpage (full-screen mode available) or downloaded in .avi, v
and mpd formats. The latter can be uploaded to and played on iPhones.

This first animation is of the San Antonio and Guadalupe Basins in Texas, USA. over four months (between 2007-06-01 and.
2007-09-30). 3-hourly surface and subsurface runoff was produced by the Noah-MP land surface model using a combination
of NARR and NEXRAD for atmospheric forcing, RAPID was run at a 15-minute time step, Download avi, v or mpd.

Rives flow in the San Antonka and Guadalupe Basins, TX
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http://www.geo.utexas.edu/scientist/david/rapid.htm
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Mississippi River Network

Tavakoly et al., in preparation



Legend

Flow (m3/s)

#  USGS stream gages
NHDPIlus flow lines

£.000295 -17.800000
——— 17.300001 - 63.400000
——— 58.400001 - 134.000000
——— 134.000001 - 192.000000
—— 192.000001 - 467.000000

'\/J\\, NHDPlus subbasins

Flow calculated everywhere

3.00E+03

2.50E+03

2.00E+03

1.50E+03

Flow {m3/s)

1.00E+03

5.00E+02

0.00E+00

R
&
A WA g

——Observations
—Lumped Noah runoff
—RAPID simulation

N | "

o
o &

&
¥
o

S fo
&

Y
o &
\d v \ Y \Y
S\ N

Time

Guadalupe River at Victoria




nio

R’llver flow in the San Antonio an Guadalupe Basins, TX
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http://www.geo.utexas.edu/scientist/david/rapid.htm
David et al. (2011), Journal of Hydrometeorology, DOI: 10.1175/2011JHM1345.1

NHDPIus rivers, Noah-MP land surface model, atmospheric forcing from
NEXRAD and North American Regional Reanalysis
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http://www.geo.utexas.edu/scientist/david/rapid.htm

David et al. (201x), in preparation

NHDPIus rivers, Noah-MP land surface model, atmospheric forcing from
North American Land Data Assimilation Sytem
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Operational System:
Runs every day at the
French Weather
Service (Meteo France)

David et al. (2011b)
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80% of flow is from
groundwater at low
flow, 25 % at high
flow

Infiltration from rivers
to aquifers is
Important as well

Courtesy of Florence Habets
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(— Sl = ftp://hydrol sci.gsfe.nasa.gov/data/sdpa/NLDAS/NLDAS_MOS0125 HO02/ O = B & X 2 FTP directory /data/stpa/MN... %

File Edit View Favorites Tools Help

FTP directory /data/s4pa/NLDAS/NLDAS_MOS0125_H.002/ at hydrol.sci.gsfc.nasa.gov

To view this FTP site in Windows Explorer: press Alt, click View, and then click Open FTP Site in Windows Explorer.

Up to higher level directory

08/21/2009 12:008M Directory 1879

08/20/2009 12:00AM Directory 1980

08/20/2009 12:00AM Directory 1981

Se/aaia00s 1oioom o 1o Runoff from the Nort
08/20/2009 12:00AM Directory 1983

08/20/2009 12:00AM Directory 1584 -

08/20/2009 12:00m4  Dizectory 1985 American Land Data
08/20/2009 12:00RM Directory 1986

08/19/2009 12:00AM Directory 1987 - . -

e Assimilation System (NLDAS
08/18/2009 12:00AM Directory 1989 y

08/18/2009 12:00AM Directory 1990

08/18/2009 12:00BM Directory 1991

IS available in near real-time
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(j W = ftpi//hydrol.sci.gsfe nasa.gov/data/sApa/NLDAS/NLDAS MOS125 H.002/2012/038/ 0 v B & X | 2 FIP directory /data/stparN... [l F e bru ary 7th d at a av al | ab I e O n

File Edit View Favorites Tools Help

FTP directory /data/s4pa/NLDAS/NLDAS_MOS0125_H.002/2012/038/ at hydro1.sci.gsfc.nasa.gov Febru ary 11th (~4-d ay Iag)

To view this FTP site in Windows Explorer: press Alt, click View, and then click Open FTP Site in Windows Explorer.

Up to higher level directory

02/11/2012 05:50PM 5,505,830 I
02/11/2012 05:50PM 58,904
02/11/2012 05:50PM 5,201,478
02/11/2012 05:50PM
02/11/2012 05:50PM

MOS50125 H
LS _MOS0125
MOS50125
M0O50125
M050125

.grb.xml

.grb.xml

02/11/2012 05:50BM MO50125 -grb.xml
02/11/2012 05:50PM MO50125 grb
02/11/2012 05:50PM MO50125 .grb . xml
02/11/2012 05:50PM MOS50125 grb

02/11/2012 05:50PM
02/11/2012 05:50PM
02/11/2012 05:50PM
02/11/2012 05:50BM
02/11/2012 05:50PM .gri . xml
02/11/2012 05:50PM
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ftp://hydro1.sci.gsfc.nasa.gov/data/s4pa/NLDAS/NLDAS_MOS0125_H.002/

of the atmosphere, land
Ivers can be integrated Iinto
ale river modeling

his can be made Into a near real-time
tool

« Some modeling of aquifers would be
beneficial
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River flow in lthe Mississippi Flllver Basin
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Tavakoly et al. (201x), in preparation

RAPID run by Ahmad Tavakoly
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Questions?

Area of Texas: 261,231.71 mi? (i.e. 261,231.71 x 1.6093442 = 676,587.02 km?)
(from http://quickfacts.census.gov/qgfd/states/48000.html)

Area of France: 643,801 km?
(from https://www.cia.gov/library/publications/the-world-factbook/geos/fr.html)

Difference: 1 - 643,801 /676,587.02 = 0.048 = 4.8%
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