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Executive Summary

TheTexas Water Development Board (TWDB) contracted with the coastal ocean modeling team
at College of Marine Sciences and Maritime StudieBexas A&M University( TAMU) to

developa crossscale hydrodynamic model wittigh-resolution grid for all major coastal bays
alongthe Texas coasflhe 3-dimensionahydrodynamic modak to replacehe legacymodel
TXBLEND, developed decades adasks of his project includenodel grid refinement,

development of Python tools for preparing modelirfdes,and analyzing model outputs.

This reportdetailsthe modelconfiguration, efficiency, and performande modeling team at
TAMU has been working closely witif WDB to decide the model domain, mesh resolutaonmg
Python toolsThe model habeen well calibrated in terms of water level, salinity, temperature,
and tidal current in major Texas coastalday well as the shelf curreat the inner Texas shelf
ocean Comparison of salinitpetween observation a2-year simulations (2062019)
suggests excellent and reliable model performapaticularly in Galveston Ba follow-up
work is suggested to further improve the model performansalinity in lower souttwesern
Texas bays such as Missidmansas Estuargndupper and lower Laguridadre, where
freshwater inflow is highly limited and hypersaline condition occurs. Model arraainity for
lower Texas bayarenotableand likely related to the uncertainty of freshwater inpQtupling
with a watershed modé a potential solution to resolve this issDespitesome discrepancies
in salinity, the modehas shown good performanicecurrent velocitiesTherefore, the model
can serve as@liable data source to provide essential velocity fiatail spill moceling.

Based orgoodmodel performancpresented in this repothe TAMU modelingteam believes
the model is ready for operationakus



1 Introduction

To support regional water planning and development of environmental flow regime
recommendationshe GastalScienceprogramat Texas Water Development BogftWDB)
has maintaiada legacy 2D (vertic} integrated) modelTxBLEND, for decadesindrecently
decide to upgraé the modeling system &3D modeling system based SCHISM(Semt
implicit Crossscale Hydroscience Integrated System Mpdkeblng et al. 201%hang et al.
2016. A 3D modelis more robustin resolving baroclinic process(e.g., the tweayerestuarine
circulation due to horizontal salinity gradietitat are important in watexehange between
Texasbays and coastal ocefdu et al. 209). With theincreasing availability of computer
power, running a 3D highesolution modehas becoma common practice for ocean
forecasting.

An accurate hydrodynamic model could serve as a solid plattbaddress variety ofissues
especially in the coastal amahere terrestrial materials from watersheds and pollutants from
coastal industry and community are aggregated, diluted, andrgeathavith the open oceah.
numerical modeloncewell-calibratedjs an efficientool for coastal resources and water quality
managementA reliable numericahydrodynamianodel ishighly demanded for Texamastal
watersgivennumerousexistingenvironnental issuesuch ail spills (Williams et al. 2017)
petrochemicapollutants(Sanschi et al. 2001Lopez et al. 2022 harmful alghbloom (Buskey

et al. 2001 Thyng et al2013, desalinatiorprojects(Hodgeset al. 2006)mercury and
microplastic releasgDellapennaet al. 2022)flooding (Huang et al. 20P), droughtqBruesewitz
et al. 2023)and hurricanefu and Park 2019Yhose issues are likely to bersenedinder a
warming climate anthcreasing populatioalong the coast.

Water movementmixing, andransporiarethefundametal processsfor nearly every marine
environmental issu&imulating theransport ané&xchange processes in the coastal waters
requires a hydrodynamic model to not only resolve the adjoiningsfadf and opemcean
dynamics(Zhu et al. 201pbut also the smaBcale, highly variable processes near the coastline
and inside estuarine bagisthe sheKopen ocean and estuarine bays are closely connected.
Connecting individual bays an ocean model is especialigportant and demanded for Texas
coastalwaters.Extensive studies have shown thaterialssuch as fish laae and microplastic
released at one Texas bay could reach dithgs along the coast (e.ghyng and Hetland 2017;
Steffen et al. 2023 ummers eal. 2024) A seamless, crosscale, 3D hydrodynamic model is

one of the most computationakbgficient solutions when the model domain needs to cover a vast
area.

In collaboration with TWDByresearchers &ollege of Marine Sciences and Maritime Stsdie
Texas A&M University (TAMU)havedeveloped a hydrodynamic model for the entire Texas
coastal waters, resolving detailed bathymetric and geometric features of the coastal bays,
includingall majorand minorbaysand estuariesuch assalveston Bay, Matgporda Bay, San
Antonio Bay, Aransas Bay, Corpus Christi Bay, and Laguna Matheemodel is based on Du et
al. (2019), which use8CHISM (https://github.com/schistdev. Zhang et al. 20168n

advanced, opesource model systethathas been successfully applieebridwide.

In this projectthe TAMU modeling teaml) refined the model mesh for all major bayd usel
updated bathymetry dateom multiple reliable data sourge®) createl Pythonbasedools to


https://github.com/schism-dev

download datgprepare model inputeindanalyze model output$his reportprovidestechnical
detailsand justificationdor all theseworks.A secondary goal of this report is to provide
necessary guidelines for future works (efgrtherrefining themodel grid for specific bays).



2 Grid generation

2.1 Model domainand grid

A relativelylarge model domai(®7.79W-87.00°W; 25.35N-31.12°N) is selected thatovers

the northwestern part of the Gulf of Mexi@&g. 2.1) The modedomainincludesnot orly the
Texascoastbut also the entire Louisiana coast, Mississippi coast, Alabama, @odgportion of
the western Florideoast(Figs. 2.1-2.2). Adoptingsuchalargemodel domains to includethe

great influence of major rivers suchths Mississippi and Atchafalayavers on the salinity in

the Texascoast. In norsummer seasodpwncoast shelf current (moving from Louisiana to
Texas) is prevalent, whiahoves alargeriver plumetowardthe Texas coast. It is thus especially
important to includeuch large rivers the modeddomain With some othe Mississippi River
plumealso mong to the eastand as it is desirable to have a buffer zone in the model domain to
allow the Mississippi freshater to move and mix with surrounding ocean water, we extend the
model domain about 200 km to the east ofNh&sissippiRiver. There arecomplexbathymetric
and geometric features to the easthefMississippi Riveybutthe current model does not

resole all of thenfor computational efficiency

Figure 2.1: Map showing the outline of the model domain (blue line), with Texas highlighted with a
yellow polygon.

The modedomainalsoincludesarelativelylargeportion of the deefulf to 1) allow the impact
of deep ocean dynamics, such as mesoscale eddies cascading into the coastal zone, and 2)
provide a large buffer zone for the sheifle dynamicssuch as the crosshelf mixing of
freshwaterln the current model domain, the deepegtt peas a depth of,804m.

We elected to use an unstructuhgdbrid meshcomposed primarily of triangular elements for

most of the domain, with rectangul ar el ements
ship channel$or better computational efficiency and accuré€iym et al. 2014)For each major

coastal bay, the gridas refined to faithfully resolve thand boundaries (Fig. 2.3n total,

there arel 18,200 nodes and 188,395 elements (see Fig. 2.4 for the #sh).nWth spatial



resolutions varying from0 km in the deep ocean #30 m in the shipping channel$he
following sections will describe the details of mesh generation

Galveston Bay

Houston.-

Figure 2.2: Model domain andontrolling pointgyellow and black dotdpr meshgeneration

Controlling pointsare used to control the grid resolution anid type (quads or triangleBlack dots are
controlling pointgknown as node iAdquaveoSMS)used to define argan arc is controlled by two black
dots) The yellow dots areypically evenly distributed but manually adjusteccapturecomplex
bathymetry and coastal geometry.

Figure 2.3 A zoontin viw of the controlling points for the eGaIveston Baﬂle) andupper
Galveston Bayright). Grid nodeswvere created in a way faithfully represent the lanobundaries and
navigation channels



Lat (deg)

Lon (deg)
Figure 2.4 Model mesh (Version 2.7.®ith red dots indicating thigeshwater input locations.

2.2 Resolving ship channels

One of the most criticalementsn generatinghe model gridis resolving the deep but narrow
ship channelsThe deep ship channglaysa key rolein the movement of water and solufesy.,
salf). Thestrengthof estuarine circulationwhich determines the strengthesichangédlow, is
proportional to the cube of depiacCready 2004)Then thecirculationstrengthin a channel
with 15 m d@thwould be 125 times strongeghanthatovera shallowshoalof 3 m degth. We
henceput greatefforts into resolvingthe channelscarefully (andoftenmanually aligning grid
nodesto the channel edgesing 5 and.0 m isobath, respectivelyas theupper and loweedges

of the channel slop@-ig. 2.5). A minimumof 5 grid nodes are used to resolve the channel, with
2 nodes at both the upper and lower sdgehe channel and 1 node at the middle the channel
(Ye et al. 2018)To better resolve the channel bathymetry, weSuged nodes in the deep
channed and 4 grid nodesn the slopes, i.e., a total of 9 grid nodes (Fig). 4.0 ensurghe

same number of grid nodasrossachannebverthe entirdengthof the channel we usehe
guads (rectangular gsavith four verticesn each elementanelement refers to the area
enclosed byrid lines.
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Figure 2.5: Diagram showing theontrollinggrid nodesacrossa ship channelGrid nodegred dots)re

manuallydefinedat 5 and10 m isobathswhile the vertices (green dots) between nodes areyevenl
distributedbetweerthe lower edgeof the channe(10 misobath)and between the 5 and 10 m grid nodes

We follow thefollowing sequencevhen resolving ship channels:tb)get the bathymetry
contours, specifically the 5 and 10 m contours from ArcGIS (or other software such as QGIS); 2)
to import the contours into thequaveoSMS by addinghe contours shapefiles; ®8)add
controlling grid nodeslong the5 and10 m isobath (Fig. 26). Typically, multiple patch
polygors (used to generate quads in SM$& used along the ship chaniiels essential to keep
the numbeopf verticesthe samen both sides aéachpatch polygon. Otherwise, some bad
guality andhighly skewedquadsor triangle grig will be generatedn some caseslthough
rare), usingan uneven number of vertices on opposite SwkRgbe necessary. Farstancejn

the areawhere the channel tseavily curved perfect quads are nfaasiblenearthe curvaure of
ship channelg§Fig. 27). Examplesof the grids around ship channels in major Texays are
shown in Fig2.8.



Figure 2.6: Mesh controllingvertices (yellow dots)along a ship channei lower Galveston Bay
(29.3N, 94.82W). The yellow lines are theontrolling arcsThe black thin lines denote the 5 andm0
isobatfs. The 10m isobath in the right panel is hardly visible because the contraltzgare aligned
closely with the isobath.
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Figure 2.: Grid in the uppeGalveston Bay, highlightig how the quads are used to represent the curved
ship channel. Thin black lines are the 5 andnli@obatls.
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~ Galveston Bay g ,~*"'v-M'atagorda Bay |

Figure 2.8: Zoomin view of the gridof ship channels in Sabine Lakz9.68\, 93.83V), GalvestorBay
(29.34N, 94.73N), MatagordaBay (28.43N, 96.38W), Port AransasZ7.8N, 97.bW), and Port Isabel
(26.06N, 97.15V).

2.3 Resolvingntracoastal Waterway

One major feature that conngdifferent bays irthe modeldomainis the Intracoastal Waterway
(ICW), a 3,000mile (4800 km) inland waterway along the Atlantic and Gulf of Mexico coasts
of the United States. Some sections of the waterway consist of natural inlets, saltwater rivers,
bays, and sounds, while others are artificial canals. It provides a navigable routiésakmgth
without many of the hazards of travel on the open sea.

The ICW is typically deepdB-5 m)thanthe shoal¢2-3 m)in Texasbays. We use elongated
guads to resolve the ICW, with 3 grid nodes acrossviterway includingl controlling node at
the deepest part of the watety (Figs. 29-2.10). Using quads has the advantageldfcapturing
the deepest part of the chanr®l usingfewernumber of elementsnd3) having better
compuational efficiency.
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Fire .1(1 Grid or Introastal Waterwaiy the open wategn exapleat Aransas Bay.
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2.4 Resolvingsmallcreeksand embayment

Hydrodynamics in small creelksd embaymerns less sensitive to the grid doguration.
However thesurfacearea of these open wateaffects the tidal prism and, therefdardal
currentsThemore coastal embayment and crefitksa given baythelarger he tidal basin and
the stonger thdidal current at the bay entrance.

We includeall coastal embaymeiaind creeksvith awidth (or length) exceeding 108. One

good example is thew-lying area to the east of Sabine Ldké&y. 2.11), where a largéagoon
typeopen waters connected to Sabine Lake by a narrow chafi&) m wide)

Water bodies connected
to Sabine Lake

1

Figure 211 Grid for theaoontype openter to the east of Sabine Lakéote the narrow channel
(barely seen in the plot) that conreettte lagoontype water and the main Sabine Lake.
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2.5 Resolving small islands

The existence of islands affects water movement and exchange between bays and coastal oceans
There are numerous islands near the Intracoastal Waterway created from dredge spoil deposits
These islands, despite their smalksizhae the potential to influence the current velocity. We

resolve islands witl width or length larger than 100(see examples in F8g2.122.13)

Antonioc
CBay<

* - -~

Figue 212 Grid showin isldsbeeeri\/latorda Bay and Saint Antonio B&38(40N, 96.42W)
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97.2W).

2.6 Vertical grid

SCHISM has the flexibility ofising different types of vertical gsdincluding SZ grid and
LSC? (Localized SigmaCoordinates with Shaved Cellhang et al. 200)5LSC? is amore
advanced vertical grid, which allovier a different number of sigma layers depending on the
local depth.It has twoadvantagesl) faithfully representing bathymetry; and 2) leading to bette
computational efficiencygspecially when thetig avast shallow areahere one can appby
small number of vertical layers. The second advantagspecially important when simulating
flooding (i.e., inundation)Although the current moddevelopmentioes not includthe
flooding simulation componentasing the LSEwill make it easier fofuture developmerfor
flooding. In the LSC, one can determine the minimum number of lay&fter tesing different
minimumnumbes of layers wedecide to us&0 minimum layers$or accuracyFigures 214 and
2.15show he vertical grid fromthe deepGulf to the Texas coast and acrase HoustonShip
Channel.Compared tahe SZ grid, using LS€allows toavoidstrong curvature of the vertical
grid across a shichanne(Fig. 216).
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Figure 2.14: Vertical grid along a transefited line in the subsetjom thedeep Gulf tahe Texas Coast.
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Figure 2.15: Vertical gridalong a crossectionacross Houston Ship Charelthe lower Galveston Bay
Grid nodes whose vertical layers are plotted are marked with a black cross in thelbtittarmset.
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3 Bathymetry

3.1 Bathymetry data

Bathymetry datdrom foursources are useohcludingETOPOL1 (1 areninute global relief
model developed by the National Geophysical Data Center
https://www.ncei.noaa.gov/products/eteglobalreliei-mode), CUDEM (3 arcsecond
Continuously Updated Digital Elevation Modataintained by NOAA
https://chs.coast.noaa.gov/htdata/raster2/elevation/NCEI_ninth_Topobathy 2014irBdi&3
surveys byGeodynamicsinc. undera contract with TWDB, an@hannel survey data by USACE
(United States Army Corps of Enginepré/hen assigning the bathymetry to each model grid
node,these datdhave beemsed one by oneith later ons havingahigher priority That is,the
model grid was first assigned with bathymetry from ETOF&t those gridwithin the
CUDEM coveragetheir bathymetryasoverwritenwith data from CUDEMwith the same
process repeated with data from Geodynamics and then USACE

Of the four bathymetry data souscéhe CUDEM is thenajor one CUDEM covers the
nearshore regiwalong the US coagFig. 3.1)and tas avery high resolution (~3n), high
enough to resolve small bathymetric features including the. W€ contours (e.g., 5 and f&®
isobatls) used in mesh generatianebased on the CUDEM dat@UDEM uses the NAVD88
vertical datum (Amante et #023)

WVEREE

Ui PENNSYLVANIA
lllllllllll

ILLINOIS . IND A OHIO
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Atlanta

ustin

1
y
JThe
Bahamas
hMAlLIPA

Figure 3.1 Coverage of CUDEMwith each black rectangle indiag a tile of bathymetry data
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3.2Recentsurvey datafrom TWDB

High-resolution bathymetrgurvey (througla contract tocompanyGeodynamicsinc.) in

Nueces Bay, San Jacinto River, Houston Ship Channel Shallows, and Lower GalvesimréBay
conducted between August and November of ZB&8 32). The survey productsere re-
processed bthe TAMU modeling teamwhichwerereprojected intahelon/lat format and
interpolatednto apredefined mesh witlaresolution similar to the original datdote that the
survey data imower Galveston Bay does not include the ship chaforelvhich weuseal the
USACE survey datdl he bathymetry data provided by&@lynamic, Inc. usehevertical datum

of NAVDS8S.

o 29.92 o
27.901 Nueces Bay Sajht Jacinto River
29.90 A
27.88 - -1 -1
- . 29.881 :
© 27864 - 2 2
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—4  29.84- —4
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-5 29.82 - -5
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Figure 3.2: Repraessed athymetrydata(unit of the color sae: m)based ortherecent surveys by
Geodynamicsinc. Not all the survey data are shown here.
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3.3 Processing USACE survey data

TheUSACE survey data covensostship channels andCW (Fig. 3.3) Therehave been 1400+
surveys conducted by USACE since January 2623 exascoastawaters.We downloaédthe
raw survey data fronthe USACE data porteandmappedthe data from its origindbrmat
(scatted data pointgnto a predefined meshwo additionalchallengesrosewhen processing
the datal) the challenge of downloading the 14flp files; and 2) thelifficulty of excluding
invalid interpolateddata The second challengeas espeially hard toresolve.ln the recent
USACE and TWDB survegatg the ship channglare typically deeper thanagein the
CUDEM dataIn theHouston ShigChanne] for examplethe USACE bathymetris deeper by
up to3 m than the CUDEMFig. 3.4)

The USACE bathymetry data use tlean Lower Low Water (MLLW) datuprwhich is lower

than the NAVD88 by 0.1 atthe Galveston Bay mouth (at NOAA station 8771341), 0.19 m at
Port Aransas (at NOAA station 8775241), and 0.26 m at Port Isabel (at NOAA S$&T91"70).

The difference is much less than the difference between different datasets (Fig. 3.4), and the
datum difference is unlikely to impact modeling results significantly. Currently, the bathymetry
data were used without any datum correction. A ctimeds suggested for future upgrades.
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29.0 - .
28.5 - b ’
= > 29.45 4
()] / 8
S 28.0 d
= e 29.40 -
o 6
27.5 - / \f
) 29.35 - .
| / N
27.0 - —
| 29.30 -
2
26.5 -
—94.90-94.85-94.80—94.75—-94.70 0
26.0 — ' ' '
_ o8 ~97 -96 —95 —94 -

Lon (deq)
Figure 3.3: Coverage ofhe 14@ U.S. Army Corps of Engineers (USACE)rveyssinceJanuary2023
for TexascoastalWwaters. A zoomin view of theprocessedathymetrydata (unit of the color scale: m)
near Galvesto Bay mouth is shown in the subset.
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(a) With updated DEM

(b) With original DEM
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Figure 3.4: Model bathymetry witlupdated and originddEM (Digital Elevation Modeldata(unit of the
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(c) Difference
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color scale: mjor Galveston Baywith the last pnel showng the differencgupdated’ original).

3.4 Finabathymetry in the model
Examples oftie assigned bathymetry f6iTexasbays are showrnn Figs. 3.5-3.10. It is
important toersure thathe ship channslare clearlyepresented in thmodelbathymetry
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Figure 3.5: Model grid and bathymetrunit of the color scale: mipr Sabine Lake.

19

-93.7




Lat (deg)

30.0

-94.4

29.9 A
29.8 A
29.7 +
29.6 A
29.5 A
29.4 A
29.3 A
i
29.2 A wg'%}?g:"i
-
29.19 7 el 3 %g‘%’g%:;%ﬁy ﬁ"’ ;“:%
5 e {
29_0_Z 5 }ﬁﬁhﬁm.m a&
—-954 -—-952 -—-95.0 -94.8 -94.6
Lon (deq)

-95.4 -95.2 -95.0 -948 -946 -944

Figure 3.6: Model grid and bathymetrfunit of the color scale: nipr Galveston Bay.
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Figure 3.7: Model grid and bathymetrunit of the color scale: nfpr Matagorda Bay
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Figure 3.8: Model grid and bathymetrfunit of the color scale: nfpr Corpus Christi Bay.
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Figure 3.9: Model grid and bathymetrunit of the color scale: nfpr MissionAransas Estuary.
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Figure 3.1Q Model grid and bathymetr§unit of the color scale: nipr Lower Laguna Madre.
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4 Model input files

To drive the modekeveral types of input filemre needeébr: 1) model gric (horizontal and
vertical) 2) stream flow and water temperature at river boundaBjesalinity, temperature,
water level and velocity at ocean boundariasd4) atmospheridorcing such as air pressure,
wind, humidity,solar radiation, and precipitationhe input files are either in ASCII or netCDF
format.

Major input files and their purposeselisted below.

a) hgrid.gr3andhgrid.ll: model mesh files witihodecentered spatial data and mesh
connectivity.If usingthelon/lat coordinate, these two files are identical.

b) TEM_nudge.gr3 and SAL_nudge.gr3: nudging coeffig@mthe nudging zone 60 km
from the ocean bouwary).

c) watertype.gr3water type. A constant value of 1 (open water) is used.

d) albedo.gr3spatially varying albeddA constant value dd.15 is used.

e) draggr3:dragcoefficient. A constant value of@25is used.

f) diffmin.gr3: minimum diffusivity. Aconstant value of@® is used.

g) diffmax.gr3: maximum diffusivity. A constant value obiis used.

h) windrot_geo2proj.gr3used to rotate winds in case they do not align with coordinate axes. A
constant value d is used since no rotation is needed.

i) xlcsgr3: used to define the surface mixing length scale. A constant value of 0.5 is used.

j) tvd.prop:switch forthe2" order TVD transport schema.constant value of 1 is used.

k) vgrid.in: vertical grid.

[) bctides.in: file specifying theoundary conditionsTidal amplitude and phase information
comes from FES2014Larrereet al. 2015)

m) hotstart.nc: n&€DF file specifying the initial conditiosifor salinity, temperaturgnd
surface elevatiorData fromglobal HYCOM reanalysig used

n) elev2D.th.nc: time sexs of subtidal water level at the ocean boundaaya from global
HYCOM reanalysiss used

0) SAL_3D.th.nc and TEM_3D.th.nc: time series datastdmity and temperature at the ocean
boundaryData from global HYCOM reanalysis used

p) SAL_nu.nc and TEM_um.nc: time series data for salinity and temperature in the nudging
zone.Data from global HYCOM reanalysis used

g) source.ncsourcésink file specifying the volume, temperature, and salinity for freshwater
inputs.Data from USG/NOAA gauging stations used

r) sflux: a directory containing the atmospheric forcings for wind, air pressure, precipitation,
humidity, and solar radiatiofor hindcast simulatigiNARR is used.

S) param.nml: main parameter indué.

More information regarding the model inpues can be found in the SCHISM manual (available
at https://ccrm.vims.edu/schismweb/SCHISM vbd@nual.pdf https://schism
dev.github.io/schism/master/index.hjml

4.1 Input file for river discharggsource.nc)
The model domaifFig. 2.4)includes 29 rivers. For each river, we ob&aifreshwater inflow
data fromthe corresponding USGS stations (availablétgbs://waterdata.usgs.qdvlo address
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missing datata given USGSstation we use interpolation based on information from nearby
USGS stationsvithin 200 km We first filled data gaps using data frahe nearby station with

the strongest linear relationship. If gaps still remained, we used data from stations with weaker
linear relationships. Only stations with linear relationship with R? greater than 0.8 were used.

In the model, river inpgtare treated as point sourcéseach point sourcelata forvolume flux
salinity (Ofor freshwatey and water temperatuegeneededTheflow injectionlocatiors, along
with theUSGS gauging statiarfor flow andthe USGS/NOAA statios for water temperature,
are shown in Table 4.Eortheflow, themost downstream stations are seleckext.some rivers,
thereareno USGS gauging statierFor these rivershe freshwater inflows calculated based
on its watershed area relativeitoneighboringiver watershed. For instandggsed on theatio
of watershed areathe flow from Carancahua Creek is 12% of filoev from Lavaca Riverand
Caney Creek flow is 32% of the flow from San Bernard RiVaere coulde resultant model
bias wherusing freshwater input based on the watershed area ratio, but the impact from these
rivers is mostly localized and minimal to the baigle conditionsas theseingagged rivers are
relatively smallcompared to major rivedischarging tadhe coastal bay$.or water temperature,
data fom nearbyUSGSstationg(within 100 km)with water temperature measuremearts used.
For those withou& nearby USGS water temperature station, data &@#A station closest to
the flow station are used.

Table 4.1 Freshwater inputs at major rivers included in the model.

NO.| River Name Lon Lat | Flow station Flow | Temperature | Note
ratio station
1 | San Fernando -97.773| 27.401|USGS0821190( 1.00 NOAA8776604
Creek

2 | Nueces River -97.605| 27.869 | USGS0821120( 1.00{ USGS0821120

3 | RioGrand River |-97.290| 25.936 | USGS0821190( 1.00| NOAA8776604| Using San
Fernando Cree

4 | Aransas River -97.284| 28.095| USGS0818970( 1.00| NOAA8774770

5 | Mission River -97.196| 28.186| USGS0818950( 1.00| NOAA8774770

6 | Guadalupe River|-96.842| 28.468| USGS0818881( 1.00 NOAA8773037

7 |Lavaca River -96.576| 28.870| USGS0816400( 1.00| NOAA8773259

8 | Carancahua Creqd -96.422| 28.772 | USGS0816400( 0.12| NOAA8773146| Ratio based on

watershed

9 | Tres Palacios -96.147| 28.812| USGS0816260( 1.00| NOAA8773146
River
10 | Colorado River |-96.035| 28.862| USGS0816250] 1.00| NOAA8773146

11 | Caney Creek -95.670| 28.829 | USGS0811770} 0.32| NOAAB773146| Ratio based on
watershed

12 | San Bernard Rive -95.557| 28.951 | USGS0811770] 1.00 NOAA8773146
13 | Brazos River -95.530| 29.036 | USGS0811665( 1.00{ NOAA8773146
14 | Buffalo Bayou -95.355| 29.762 | USGS0807360( 1.00{ NOAA8B770777
15 | Chocolate Bayou| -95.229| 29.260 | USGS0807800( 1.00 NOAA8771972

16 | San Jancinto -95.131| 29.918| USGS0807200( 1.00| NOAAB770777
River
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17 | ClearCreek -95.179| 29.520| USGS0807699] 1.00| NOAA8771013
18 | Dickinson Bayou | -95.102| 29.430| USGS0807699] 1.00 NOAA8771013
19 | Trinity River -94.745| 29.877| USGS0806725] 1.00| USGS0806725
20 | Neches River -94.087| 30.103| USGS0804178( 0.25| NOAAB770475| Ratiocalibrated
21 | Sabine River -93.702] 30.114) USGS0803050( 0.25| NOAA8770475| Ratio calibratec
22 | Calcasieu River | -93.284| 30.200 USGS0801550( 1.00| NOAA8767961
23 | Atchafalaya River -91.490| 30.040 USGS0738149( 1.00|USGS0738160
24 | Mississippi River | -91.198| 30.491] USGS0737400( 1.00|USGS0737400
25 | Pearl River -89.638| 30.287| USGS0248950( 1.00| NOAAB747437
26 | Alabama River | -87.952] 31.115/USGS0242840( 1.00{ NOAA8737048| To Mobile Bay
27 | Tombigbee River| -87.952| 31.115 USGS0246976] 1.00| NOAA8737048| To Mobile Bay
28 | Fish River -87.810| 30.443| USGS0237850( 1.00| NOAAB737048
29 | Bon Secour River -87.709] 30.319 USGS0237850( 0.50{ NOAA8737048| Ratio based on

watershed

4.2 Input filesfor ocean boundary condition
42.1 Tide
At the ocean boundarizES2014Carrere et al. 2015aglobal tideproduct is usedto specify

the tidal harmoniconstantgtidal phase and amplitude) for 8 tidal cteerts, including O1,

K1, Q1, P1, M2, S2, K2, and N2. Among th&skdal constituents, O1 and K1 (both diurnal
tides) are dominanin the model domairhaving a much larger amplitude comparethtise of
semidiurnal tidesNi2 and S2 (Fig. 4.7). We speciy not only the surface elevation but also the
tidal velocity (both eastward and northwa@mponentsrom FES201falong the ocean
boundary The tidal boundary condition can be found in the file bctides.in.
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