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Abstract: Energetic meteorological events such as frontab@ges and hurricanes often
impact coastal regions in the northern Gulf of Mexihat influence geochemical processes
in the region. Satellite remote sensing data @aghvinds from QuikSCAT, suspended
particulate matter (SPM) concentrations deriveanfi®eaWiFS and the outputs (sea level
and surface ocean currents) of a nested navy t@astan model (NCOM) were combined
to assess the effects of frontal passages betwBe&iB 2vlarch 2005 on the physical
properties and the SPM characteristics in the pontiGulf of Mexico. Typical changes in
wind speed and direction associated with frontalspges were observed in the latest 12.5
km wind product from QuikSCAT with easterly windsfbre the frontal passage
undergoing systematic shifts in direction and spaed turning northerly, northwesterly
during a weak and a strong front on 23 and 27 MareBpectively. A guantitative
comparison of model sea level results with tide ggawbservations suggest better
correlations near the delta than in the western glathe Gulf with elevated sea levels
along the coast before the frontal passage angja thop in sea level following the frontal
passage on 27 March. Model results of surface staguggested strong response to wind
forcing with westward and onshore currents befdre frontal passage reversing into
eastward, southeastward direction over a six daggé&om 23 to 28 March 2005. Surface
SPM distribution derived from SeaWiFS ocean coltador two clear days on 23 and 28
March 2005 indicated SPM plumes to be oriented whih current field with increasing
concentrations in nearshore waters due to resugmeand discharge from the rivers and
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bays and its seaward transport following the froptsssage. The backscattering spectral
slope , a parameter sensitive to particle size distrdbutalso indicated lower values
(larger particles) in nearshore waters that deexkafshore (smaller particles). The use of
both satellite and model results revealed the gtioteractions between physical processes
and the surface particulate field in response t® filontal passage in a large river-
dominated coastal margin.

Keywords: winds, circulation model, suspended particulatettena northern Gulf of
Mexico, Mississippi River, QUIkSCAT, SeaWiFS.

1. Introduction

The northern Gulf of Mexico is a region with largatural resources with its offshore oil and gas
industry supplying approximately 20% of the U.Semrgy demand and the fisheries industry one-third
of its fisheries supply. It is influenced by theddiissippi-Atchafalaya River systeni largest among
the world’s largest rivers in terms of water andliseent discharge that strongly influences the
biogeochemical properties in the northern Gulf afxito. The Mississippi river discharges into the
Gulf of Mexico through the birdfoot delta and thghua secondary outlet to the west, the Atchafalaya
river delta. The combined water and sediment digghaf the Mississippi and Atchafalaya rivers are
about 530 x 109 ty™* and 210 x 1Dtons yi* with 70% of the water and 50 to 60% of sediment
discharged through the birdsfoot delta into deeyers of the shelf while the rest discharges tijinou
the Atchafalaya River to the west onto a broadlshashelf (Meade 1996). Coastal productivity has
been shown to be strongly impacted by suspendatherts through its effect on light availability in
waters influenced by the Mississippi river (Lohregtzal. 1999). Between the months of October and
April the region experiences frequent outbreaksadd fronts or frontal passages that generallyofell
a pattern of changes in surface wind speed anctiing barometric pressure, temperature and
humidity (Roberts et al. 1987; Mossa and Rober8019These fronts are boundaries between streams
of polar air moving southward and warm air flowingrthward that impart energy to coastal and
nearshore shelf environments (Roberts et al. 198fAas been further suggested that these cold fron
passages numbering about 30-40 per year could ddeer cumulative impact along the coast and
the continental shelf than the more energetic bamnes through redistribution of sediments, trartspor
of fluid mud, wave erosion, and other sedimentaalgand geomorphic changes to the coastal and
nearshore shelf environment (Roberts et al. 198032 With approximately 80% of the US wetland
loss having occurred in this region over the ladt bentury (Stone and McBride 1998) improvements
in monitoring the effects of frontal systems on slispended particulate matter (SPM) (sediments and
biogenic material) are important to support strigedor monitoring, response and mitigation in this
coastal environment. In situ field measurements dagye coastal regions are limited by costs and
logistics while river-dominated systems exhibibsty spatial and temporal variations due to terigdstr
inputs to the ocean. The use of satellite rematsisg data in combination with model results cdugd
used to gain better insights on the physical peEsand influences on SPM distribution in the @ast
environment.
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The large quantity of the suspended particulatal Idescharged by large rivers such as the
Mississippi and Atchafalaya rivers and the uncetias in the knowledge of their fluxes to the shelf
and oceanic waters (Wollast 1991) suggests a rmeadderstand their characteristics in these coastal
environments. Remote sensing data from satelbigsh as the advanced very high resolution
radiometer (AVHRR) and sea-viewing wide field sen®eaWiFS) have been useful in providing a
synoptic view of the surface SPM distributions e thorthern Gulf of Mexico (Walker and Hamack
2000; Myint and Walker 2002; Salisbury et al. 2004)these studies, satellite estimates of SPM were
obtained using single channel satellite reflectapaeds of the AVHRR and the SeaWiFS sensors.
Although the use of single reflectance bands invisile have been shown to relate to SPM (Myint
and Walker 2002; Miller and McKee 2004), the metl®aften sensitive to uncertainties related to
atmospheric correction. In contrast errors are mimeéd in algorithms that use ratios of reflectance
bands (e.g., B70/R555) that are close to near-infrared bands usedtfoospheric correction (D’Sa
et al. 2007). Further, the ratio algorithm has abe®n found useful to obtain estimates of the
backscattering spectral slopean optical parameter sensitive to particle sig&ritution (Loisel et al.
2006; D'Sa et al. 2007). Here we apply the ralgpathms to SeaWiFS ocean color data to examine
SPM dynamics (surface distribution and particles stharacteristics) in combination with the outputs
of a numerical model in the northern Gulf of Mexidoring a frontal passage. Numerical models in
conjunction with satellite data have been usedrtwige a better understanding of the processes in
coastal and oceanic waters (Chassignet et al. Zafiget and André 2007; Mohn and White 2007). In
the Gulf of Mexico, regional ocean circulation mizdsuch as the nested Navy Coastal Ocean Model
(NCOM) (Martin, 2000; Ko et al. 2003) and satelliemote sensing have been used to gain a better
understanding of the Loop Current and its eddylfiehich can strongly influence the circulation fe t
northern Gulf of Mexico (Chassignet et al. 2008)tHis work we use the latest 12.5 km Level 2 wind
product from QuikSCAT (Tang et al. 2004; Sharma &i8a 2008), the SeaWiFS derived SPM
concentrations and the spectral backscatteringegpapameter (Loisel et al. 2006; D’Sa et al. 2007)
in combination with a nested high horizontal retiolu (~1.9 km) NCOM coastal model simulation of
sea levels and surface currents to gain betteghihsin the suspended particle dynamics in a lavge r
dominated coastal margin.

2. Methods and Data
2.1 Study site and data

The study area located in the Gulf of Mexico extefim 27-30.5° N latitude, 88.2-95.5° W
longitude and includes coastal and oceanic watéthe coastal states of Mississippi, Louisiana and
part of Texas (Figure 1, rectangular inset). Sealsdischarge from the Mississippi and Atchafalaya
Rivers through the birdsfoot and Atchafalaya deftsults in a major region of freshwater influence
along the coasts of Mississippi, Louisiana and $exalditional outflows from the bays and smaller
rivers can also contribute to a lesser extent mimgmaterial and sediments to the inner shelf. High
river discharge and the outbreak of cold frontsrdtie coastal region characterized the 23-28 March
2005 period considered in this study. Satelliteadatodel results and field data from tide gaugeks an
NDBC buoys (significant wave height) in Figure & aonsidered in this study.
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Figure 1. The study region in the northern Gulf of Mexicasling the domain (27-
30.5°N latitude, 88.2-95.5°W longitude) of the mekttoastal (MsLaTex) model and
remote sensing data analysis (rectangular insb®.Mississippi River (MR) discharges
through the birdsfoot delta while the Atchafalay@eR (AR) lies to the west of MR.
Smaller rivers and outlets include the Calcasieabir® Lakes and the Trinity-San
Jacinto estuary (G) located west of AR. The bluis dorrespond to the location of three
tide gauges located in Galveston (G)-Texas, Graled(I5S)-Louisiana and Waveland
(W)-Mississippi. Also shown are the locations afeth NOAA NDBC buoys within the
study region.

2.2 Remote sensing data

Satellite remote sensing data used in this stucludie winds from QuikSCAT and ocean color data
from SeaWiFS during the frontal passage in Marc®52QTable 1). The Seawinds microwave
scatterometer on QuikSCAT provides estimates of-sedace wind speed and direction over an
1800-km wide continuous swath. The latest QuikSAR&T5 km wind product (Tang et al. 2004) from
Jet Propulsion Laboratory (JPL) (http://podaac-wywlnasa.gov/) was downloaded and processed
during the period of the frontal passage. This pobavas evaluated and found to be highly correlated
to buoy measurements in the Gulf of Mexico (Shaand D’Sa 2008). For ocean color, SeaWiFS
Level L1A data was downloaded from NASA DAAC andgessed using NASA’'s SeaDAS 5.1
processing software using a regional SPM algorifiita et al. 2007). SPM concentrations were
found to be strongly correlated to atmosphericaltyrected SeaWiFS reflectance band ratio
R670/R555 suggesting that the relationship could be tseatkerive surface SPM concentrations for
the study region (D’Sa et al. 2007). The speclgdes of particulate backscattering which was found
to be correlated to the reflectance ratigglR0/R:555 has been indicated to be sensitive to padizie
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distribution with a decrease inbeing attributed to increasing role of larger diparticles (Loisel et al.
2006). Thus SPM and (spectral backscattering slope) estimates werévatkerfrom SeaWiFS
atmospherically corrected reflectance data (Gordod Wang 1994) for two cloud free SeaWiFS
imagery of 23 and 28 March using the empiricaltreteships given by (D’Sa et al. 2007)

SPM = 17.783 (R670/R:555)- 1)

and, =3.46 -6.62 (R670/Rs555). ()

Table 1. Dates in March 2005 (indicated by an ‘x’) when @eikSCAT and SeaWiFS
data were acquired and processed for the study area

Satellite sensor/dates 3/21/05 3/23/0% 3/26/05 1BR7 3/28/05
QUIKSCAT X X X X
SeaWiFS X X

2.3 MsLaTex (Mississippi-Louisiana-Texas) coastadleh

The Navy Coastal Ocean Model (NCOM) is a hybridregz vertical coordinate system based on
the POM model that uses a nested modeling appr@deintin 2000; Ko et al. 2008). The high
resolution Louisiana-Mississippi-Texas (MsLaTexpst@al model used in this study is nested within
and receives boundary conditions from the regid@4° (~6 km) horizontal resolution NCOM
circulation model (Intra Americas Sea Nowcast/Fas¢System or IASNFS) in operation for the Gulf
of Mexico (e.g., Figure 2), the Caribbean, and paftthe western North Atlantic Ocean (Ko et al.
2003). The IASNFS regional model which assimilatsd-time sea surface height anomaly data from
three satellites (GFO, Jason-1 and ERS-2) and wséace temperature data from AVHRR has been
shown to produce realistic ocean circulation and kel variations in the Gulf of Mexico and
adjacent oceanic regions (Ko et al. 2003). Theete372 x 200 grid MsLaTex model has 1/72° (~ 1.9
km) horizontal resolution and vertical resolutidnl® layers on the shelf and 36 offshore. It sphes
region between 27-30.5° N latitude and 88.2-95.36Wgitude (Figure 1, inset) that encompasses the
Gulf coast states of Mississippi, Louisiana and aBeand includes shelf and oceanic waters in the
northern Gulf of Mexico. Three hourly wind stressesa level air pressure and surface heat fluxes
including solar radiation are applied for surfaoecing from the Navy's Coupled Ocean/Atmosphere
Mesoscale Prediction System (COAMPS) and the Rieeherical Meteorology Center (FNMOC).
The model used the daily river discharge from timétédl States Geological Service (USGS) stations.
The MsLaTex coastal ocean nowcast/forecast systdraing developed to provide a 2-day forecast of
sea-level, 3-d salinity, temperature and currentslaas been run from 2002 with 3-hourly outputs of
modeled results. In this study we examine seleatedel results on 23 and 28 March 2005 of sea level
and surface currents of the study area during mtdrgpassage. Model derived sea level results are
compared to tide gauge measurements at three aigigegocations in Galveston (Texas), Grand Isle
(Louisiana) and Waveland (Mississippi) (Figure d)assess the performance of model results with
field data.
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3. Results and discussion
3.1 Physical properties in the northern Gulf of Néex

Discharge from the Mississippi-Atchafalaya rivestgyn, wind-induced coastal circulation, slope
eddies and frontal systems are important physidalences on plume dynamics, optical properties,
particle transport and mixing in the northern GafiiMexico (Nowlin and Parker 1974; Roberts et al.
1987; Walker et al. 1996; Wiseman et al. 1997;sBaliy et al. 2004; Walker et al. 2005; D’Sa and
Miller 2003; D’'Sa et al. 2006; 2007). Seasonal kissge from the Mississippi River with high
discharge in the spring and low discharge in sumsigmificantly influences the spatial extent of
plume waters and the fluxes of freshwater, sedimdribgenic material and nutrients to the coastal
waters. With tides in the northern Gulf of Mexiceifg diurnal and microtidal (tidal range less than
0.5 m), tidal currents are weak (Murray 1972). Ashsexternal forcing for the coastal currents are
mainly wind stress and buoyancy flux from the rsv@Viseman and Kelly 1994). Annual mean flow
over the shelf is westward due to the persistesteds winds over the northern Gulf of Mexico
(Cochrane and Kelly 1986). However during the summeesterly winds over the shelf cause a
reversal of flow in the upcoast or easterly dir@ttiacross the shelf (Nowlin et al. 2005). The
seasonally shifting eastwards or westwards aloedf-shirface currents generally tends to restrigrri
impacts to the continental shelf (Wiseman et a@7)90n a seasonal scale, it has been shown that th
spatial extent and orientation of the SPM distilrutare significantly correlated to the wind fieddd
the buoyancy of the river plumes (Salisbury e2@b4).

During winter and early spring the northern Gulf MExico is strongly influenced by frontal
passages that transfer energy to coastal watersirdiugnce their physical and biogeochemical
properties (Roberts et al. 1987; 2003; Moellerd e1293; Walker et al. 2000). Frontal passages aftay
important role in inducing large variations in $&zel along the northern Gulf of Mexico. For instan
in the pre-frontal phase easterly, southeasterlydsvicause coastal setup with a rising sea level
followed by dropping water levels due to wind shifb the frontal phase that can induce current
reversals (Walker et al. 2005), marsh drainageddscharge of sediment-laden waters from bays onto
the inner continental shelf (Mossa and Roberts 188@eller et al. 1993). Resuspension of bottom
sediments by strong winds during cold fronts, amel $eaward-directed currents have been shown to
transport suspended clays to the outer shelf (Rokerl. 2003). Offshore, waters in the northeutf G
of Mexico are oligotrophic and often influenced the eddy field associated with the presence of
anticyclonic warm-core and cyclonic cold-core rirthat are located over the continental slope and
often impinge on the shelf (Nowlin et al. 2005).

3.2 Cold front passage — wind forcing effects anlsgel and currents

The prevalent winds observed before the passagewsdak cold front on 23 March 2005 (Figure
2b) were predominantly easterly as indicated byQué&SCAT wind field on 21 March 2005 (Figure
2a). Following the weak frontal passage, eastemylgvagain prevailed over the northern Gulf (Figure
2c) that was followed by the passage of a muclgaofront on 27 March with winds speeds up to
about 17 m $. Figure 2d provides a snapshot of the frontalesysas it moved southeastward at an
oblique orientation to the coast due to an eastwagiating low-pressure system (Georgiou et al.
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2005). Frontal passages are accompanied by a sateshift in wind direction, atmospheric pressure
and a large drop in air temperature (Roberts e1987). In this study for the first time the laté&t5

km QuikSCAT wind product has been used to providen@e synoptic view of the wind field
associated with the frontal passages. Winds weoagtand to the southwest reaching values of up to
about 17 m & at the boundary of the front. The front extendé&dhmre for about 200 km from the
coast being strongest nearshore and decreasingomdfs A similar pattern was observed in the
COAMPS winds (not shown) that were applied for acefforcing of the MsLaTex coastal model.

Figure 2. Sequence of QuikSCAT images for 21, 23, 26 and1ag&h 2005 showing
wind speed (image) and direction (vectors) durhregftontal passage.

Effects of such frontal passages have previoustysh@nted changes in water levels and increase in
significant wave heights (Georgiou et al. 2005)i#¢ NDBC buoy station 42035 near the Texas coast
(Figure 1) significant wave height increased from ® 1.8 m following the peak wind speeds on 27
March that then relaxed within eight hours on 2&d&hato 5 m & wind speed and 0.2 m significant
wave height, respectively. Similarly at NDBC Buoy0@7 located along the Mississippi coast
significant wave height increased to 1.43 m follogvthe same frontal passage potentially contrilgutin
to resuspension in the region. Effects of the sfrofishore winds have also been shown to result in
seaward-directed currents that transport suspesdduonents and river discharge to the outer shelf
(Roberts et al. 2003). A notable feature observedhikSCAT imagery were the increased wind
speeds over the warmer waters of the warm-coreeeddcated just below the delta and in the western
Gulf (not shown).



Sensor008 8 4256

Wind data from weather stations in the northernf GuMexico have been used to assess the impact
of frontal passages in the northern Gulf of Mex{&woberts et al. 1987; 2003; Walker et al. 2000;
2005). The QuikSCAT wind data (Figure 2) howevarviided a more synoptic view of the wind field
and its potential effect on water levels along @Gdf coast. A comparison between modeled and tide
gauge sea level data were made at three locatiotieistudy area: Galveston-Texas on the western
part of the Gulf, Grand Isle-Louisiana on the wsesgte of the birdsfoot delta, and Waveland-
Mississippi on the eastern side of the birdsfodtad@&igures 1, 3). Overall, the comparisons ingida

Figure 3. Sea level variations from model simulations (bliree) and tide gauge
observations (red line) at (a) Galveston, Texa}, Gbande Isle, Louisiana and (c)
Waveland, Mississippi (shown in Fig. 1b) for theripgé 21-29 March 2005
corresponding to the frontal passages.
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the model to realistically simulate sea leweith highest observed correlations near the dslta

Waveland and Grand Isle tide gauge stations. Sstallariations in sea levels (£ 0.25 m) were
observed at the Grande Isle station which is imatedi to the west of birdsfoot delta and therefore
less impacted by the wind fetch. At this statiatalivariations appear to be dominant. There was a
good agreement between observed and simulatedeseks lindicating that the model reproduced
reasonably well the effects of the frontal systdine gauge measurements of sea level at Galveston
and Waveland indicated higher water level setupgtbe western Gulf in the Texas coast and east of
the birdsfoot delta along the Mississippi coasbbethe weak frontal passage of 23 March. Following
the weak frontal passage, water levels droppedaoota-0.30 m in Galveston and -0.4 m in Waveland
and less than -0.15 m in Grand Isle (Figure 3).s8gbently easterly winds maintained more elevated
sea levels (coastal setup) in the western Gulf th@neastern Gulf as indicated by the tide gauge
measurements at the three stations. Following the imtense frontal passage of 27 March, tide gauge
measurements indicated the largest drop in watesideof about 0.8 m at Galveston and 0.6 m in
Waveland and the lowest drop of about 0.25 m atnGrisle. However at both Galveston and
Waveland model predictions were lower than thosasmesd by the tide gauge station while they
compared closely at the Grand Isle tide gaugeostdfigure 3). These results suggest that the NCOM
model still needs to be fine tuned during eventhsas frontal passages.

With model simulation of sea level comparing readiy well with tide gauge measurements at
three locations, model results of surface currantselevations during the frontal passage on 23and
(1800 hours UT) March 2005 should be well represgbity the model predictions (Figure 4) which
coincided with SeaWiFS satellite overpass throughstudy area. Although the model simulation on
23 March followed the weak frontal passage (Figtbig the surface elevation map suggested a small
setup west of the Atchafalaya shelf. The weak &bsystem did not influence the current field as
westerly, southwesterly flows influenced by thetedyg wind field still prevailed over the entireedh
in the northern Gulf of Mexico. However in the Atdhlaya shelf, weak easterly flows were simulated
suggesting that the wind field may have influenttezlflows in the shallow shelf waters. Flow speeds
were variable with higher flows west of the birdstfdelta suggesting enhanced buoyancy driven flows
associated with the freshwater discharge from thissiSkippi river. However, the eddy field
comprising of anti-cyclonic warm core rings (seegelehighs) and cyclonic cold-core rings (sea level
lows) observed in the outer shelf and slope watktse northern Gulf of Mexico (Figure 4a) appeared
to influence the current field offshore. The stresigeasterly current flows were observed to be
associated with the anticyclonic warm-core ringtsoaf the birdsfoot delta (Figure 4). East of
birdsfoot delta, the projection of the delta inte tGulf interfered with the currents which flowed
southwards and then southwesterly. Some of the flowever turned easterly under the influence of
the same warm-core anticyclonic eddy (Figure 4agmally influencing the transport of particulate
and dissolved organic matter offshore into theattigphic waters of the northern Gulf of Mexico.

Following the strong frontal passage of 27 MarcH #re change in wind direction (Figure 2d) the
model simulation of 28 March indicated a strong detvn in surface elevation and an easterly,
southeasterly reversal in the current flows duaéostrong influence of wind forcing. Although mbde
simulated surface elevations indicated a set déwwughout the coast, the largest decrease in surfac
elevations were observed west of the Atchafalayta @eigure 4b). The large drop in surface elevatio
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was also confirmed by the tide gauge measuremecased at Galveston, Texas (Figure 1, Figure 3). A
more complex current field was modeled offshoreeissed with the large anticyclonic warm-core
eddy south of birdsfoot delta and two smaller esldiiethe west. The model also indicated a westward
drift of the large anti-cyclonic eddy, a common pbeenon observed in the northern Gulf of Mexico
(Hamilton et al. 2002; Oey et al. 2005).

Figure 4. Model simulation of currents and surface elevafon23® and 28' March
2005. Current vectors are shown superimposed ocdilloeed surface elevation map.

3.3 Frontal passage effects on particle dynamics

Plume dynamics and transport of dissolved and quagtie material are strongly influenced by
physical forcing such as circulation in the studgion (Walker et al. 1996; Wiseman et al. 1997,
Walker and Hammack 2000; Georgiou et al. 2005; Défal. 2007; Green et al. 2008). Modeled
current flow field could thus provide an understagdon the redistribution of suspended particulate
matter field (sediments and biogenic material) eisded with the frontal passage in the northernf Gul
of Mexico. SPM estimates derived from SeaWiFS oceaor data on 23 and 28 March (Figure 5)
suggest strong linkages between the surface SPivibdison and the corresponding current field
(Figure 4). A westward, southwestward oriented aefflow field simulated by the model was
reflected in a similar orientation of the SPM ire thearshore and plume waters (Figure 5a). Highest
estimates of SPM concentrations were observeceisitallow Atchafalaya delta and to the east around
the birdsfoot delta associated with the outflowmrfrthe Atchafalaya and Mississippi rivers. Smaller
plumes are also observed from outflows from thestzmyd smaller rivers and lakes located throughout
the coast in the northern Gulf of Mexico. In theodnt shallow Atchafalaya delta, higher SPM
concentrations following the weak frontal passafj@3®March could be associated for example with
resuspension of sediments or discharge from thibafataya river (Roberts et al. 1987).

A change in the current flow field to a more edgiesoutheasterly direction (Figure 4b) following
the strong frontal passage of 27 March was refteictehe SPM plumes which appeared to be oriented
similarly (5b). SPM plumes from the Atchafalaya @ahd Mississippi rivers, and smaller plumes from
Calcasieu, Sabine rivers and the Trinity-San Jaastuary west of the Atchafalaya are also observed
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to be oriented in the southeastward direction (feédib). The plumes appear elongated and oriented
further offshore potentially from greater dischacj&SPM from the rivers and bays suggesting seaward
transport of SPM (Walker and Hamack 2000). An iaseein SPM concentrations was also observed
all along the nearshore coastal waters. East obitlsfoot delta within the island chain (Bretordan
Chandeleur Sounds), higher SPM concentrations eavbberved most probably due to a drop in sea
level (Figure 4b) and resuspension in the shalloatevg associated with the high wave heights
observed in the region. South of the birdsfodtiadde outline of the warm-core eddy ring (Figdty

is weakly revealed by the low SPM concentrationswé#ter mass with higher SPM concentrations
southwest of birdsfoot delta can be observed atkint the southeasterly direction suggesting ofisho
transport under the influence of the counter-claskveurrent field of the large warm core eddyhds
been suggested that the Louisiana-Texas slope sddie provide mechanisms for material to be
transported from the shelf to the deep basin acetversa (Hamilton et. al. 2002).

Figure 5. Suspended particulate matter (SPM) concentratiorg ') derived from
SeaWiFS data for the study region on (a) 23 Marzh(a) 28" March 2005. Clouds are
masked to black.

Effects of the frontal passage on surface SPM diecgmmvere further examined using SeaWiFS
ocean color derived estimates of the backscattespertral slope (Figure 6) which provides an
indication of the particle size distribution (Lois# al. 2006). With low being associated with larger
sized particles and increasing trend invith decrease in particle size, low(large particles) were
observed nearshore and in the plume waters of thhafalaya and Mississippi rivers. Very low
values are observed in the shallow waters of tltbh#tlaya bay and close to the river dischargetpoin
suggesting larger particles in plume waters (FigireWith increasing distance offshorancreases
suggesting a decrease in particle size distributitmwever, based on distribution in the satellite
imagery, three regions can be discerned — a naarshgion with very low strongly influenced by
river plume waters, resuspension and discharge thenvarious bays and smaller rivers, an offshore
region with high values of (low particle size distribution) and an intermediaegion lying between
the more oligotrophic waters and the nearshoretabasters comprising of particles intermediate
between the offshore and nearshore waters. Thetatien of the larger sized particles nearshore als
suggests the strong influence of the southwestwanent flows as indicated by the model simulation
(Figure 4a) obtained at the same time as the satellerpasss (Figure 6). A distinct front in peldi
size distribution is observed between the interatedi between 1.2 and 2, green region) and the more
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offshore region ( greater than 2, red region). The intermediateoregs inshore of the 100-m isobath
and may correspond to the wind-influenced shallbelfsegion off the Louisiana-Texas coast wherein
a significant positive wind stress-SPM correlativmas observed aligned with the 50-m isobath
(Salisbury et al. 2004). In shelf waters influendsdboth the Atchafalaya and Mississippi rivers the
particle front extends further offshore than thgioa west of the Atchafalaya delta with reduceciriv
influences. The pattern however suggests that #éngcfe front may indicate a region of freshwater
influence along the shelf (Wiseman et al. 1997} twuld also be influenced by enhanced surface
concentrations of particulate matter such as plidgon.

Following the frontal passage of 27 March, the sleare low distribution pattern changed to the
southwesterly direction, appeared aligned withflbw field and its greater areal extent suggeshed t
potential for the seaward transport of the largeed particles from the various rivers and baysalo
the Lousiana-Texas coast (Figure 6b). In the shvall@ters east of the birdsfoot delta values of
decreased suggesting an increase in particle Erédtion most probably due to resuspension eelat
to wave activity following the frontal passagethe offshore region we observed a general decirase

suggesting a small increase in particle sizeibigion that could potentially be due to greatexing
in the surface waters following the frontal passage

Figure 6. SeaWiFS derived imagery of spectral backscattesioge for (a) 23 March
and (b) 28 March 2005.

4. Conclusions

The northern Gulf of Mexico receives large amouwftsuspended particulate matter (sediments and
biogenic material) from the largest river system North America that along with energetic
meteorological events such as frontal passagesgiyrampacts the biogeochemical processes in the
region (Roberts et al. 1987; Lohrenz et al. 199%IRar et al. 2000; 2005). The latest 12.5 km
QuikSCAT data provided a good representation ofvirel field during a frontal passage in March
2005 that in combination with selected outputs dfigh resolution numerical circulation model and
SPM estimates from SeaWiFS ocean color data allawvieeétter understanding of the SPM dynamics
in the region. Model results of sea levels compavell with tide gauge measurements, however small
differences were observed between tidal locationexas, Mississippi and Louisiana, with the best
comparisons obtained at Grand Isle tide statiorattmt just west of the birdsfoot delta. Easterly,
southeasterly winds observed before and after #ssgme of a weak frontal system on 23 March
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resulted in slightly elevated sea levels and westwaurrents along the coast. Following a strong
frontal passage on 27 March, model results inditategeversal in the coastal currents to eastward,
southeastward direction. An examination of the Steld indicated the orientation of the current flow
strongly influenced the SPM distribution and itaward transport which appeared enhanced following
the frontal passage. In addition, the frontal systiefluenced the backscattering spectral slopa
parameter shown to be sensitive to the suspend@idi@aize distribution. SeaWiFS estimates of
suggested an increase in nearshore particle sizgume and nearshore waters probably due to
increased discharge, mixing and resuspension assdcwith the frontal passage. In the offshore
region model results of sea levels indicated thesqgmce of an eddy field comprising of a large
anticyclonic warm-core eddy below the birdsfoottalehat from the current and SPM imagery suggest
an offshore transport of particulate matter. Thislg demonstrated that the combined use of satellit
and model results provided a better understandirtbeophysical processes and its influence on the
SPM dynamics in a large river-influenced coastalgima

Acknowledgements

This work has been supported by a NASA grant NNAQIZA (Applied Sciences Program) and by
a Minerals Management Service-LSU Coastal Marinstitine Cooperative Agreement 1435-
0104CA32806. The authors would like to thank Dr. Kbrobkin for help in processing the satellite
data.

References and Notes

1. Chassignet, E.P.; Hurlburt, H.E.; Smedstad, ©Bdrron, C.N.; Ko, D.S.; Rhodes, R.C.; Shriver,
J.F.; Wallcraft, A.J.; Arnone, R.A. Assessmentlafa assimilative ocean models in the Gulf of
Mexico using ocean color. IrCirculation in the Gulf of Mexico: Observations amdodels
Geophysical Monograph Series, 2005; pp. 87-100.

2. Cochrane, W.S.; Kelly, F.J. Low-frequency ciation on the Texas-Louisiana shelburnal of
Geophysical Researd®86 91(10), 645-10, 659.

3. D'Sa, E.J.; Miller, R.L. Bio-optical propest in waters influenced by the Mississippi River
during low flow conditionsRemote Sensing of Environm@003 84, 538-549.

4. D’'Sa, E.J.; Miller, R.L.; Del Castillo, C. Bioptical properties and ocean color algorithms for
coastal waters influenced by the Mississippi Rigdering a cold frontApplied Optics2006 45,
7410 -7428.

5. D’Sa, E.J.; Miller, R.L.; McKee, B.A. Suspendpdrticulate matter dynamics in coastal waters
from ocean color: Applications to the Northern Gaoff Mexico. Geophysical Research Letters
2007, 34, L23611, d0i:10.1029/2007GL031192.

6. D’Sa, E.J.; Ko, D.S.; and Korobkin, M. Compansaf sea surface heights derived from the navy
coastal ocean model with satellite altimetry in @@lf of Mexico. Proceedings, 12 Conference
on IOAS-AOL2008 P2.9.

7. Forget, P.; André, G. Can satellite-derived ahpdyll imagery be used to trace surface dynamics
in coastal zone? A case study in the northwestexditdrranean Se&ensor007, 7, 884-904.



Sensor008 8 4262

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Georgiou, l.Y.; FitzGerald, D.M.; Stone, G.W. eTtimpact of physical processes along the
Louisiana coastlournal of Coastal Resear@®05 44, 72-89.

Gordon, H. R.; Wang, M. Retrieval of water-legayiradiance and aerosol optical thickness over
oceans with SeaWiFS: A preliminary algorithApplied Opticsl994 33, 443-452.

Green, R.E.; Gould, R.W.; Ko, D.S. Statisticabdels for sediment/detritus and dissolved
absorption coefficients in coastal waters of thetheyn Gulf of Mexico.Continental Shelf
Researct?008 28, 1273-1285.

Hamilton, P.T.; Berger, T.J.; Johnson, W. Gngtructure and motions of cyclones in the northern
Gulf of Mexico.Journal of Geophysical Resear202 107, 3208, doi: 10.1029/1999JC000270.
Ko, D.S.; Preller, R.H.; Martin, P.J. An Expeental Real-Time Intra Americas Sea Ocean
Nowcast/Forecast System for Coastal PredictRmceedings, AMS 5th Conference on Coastal
Atmospheric and Oceanic Prediction and Proce&883 97-100.

Ko, D.S.; Martin, P.J.; Rowley, C.D.; and IRmr R.H. A real-time coastal ocean prediction
experiment for MREAO4Journal of Marine SystenZ)08 69, 17-28.

Lohrenz, S.E.; Fahnenstiel, G.L. ; Redalje;D.Lang, G.A. ; Dagg, M.J. ; Whitledge, T.E.;
Dortch, Q. Nutrients, irradiance, and mixing astde€ regulating primary production in coastal
waters impacted by the Mississippi River plun@antinental Shelf Researct999 19, 1113-
1141.

Loisel, H.; Nicolas, J.-M.; Sciandra, A.; Sty D.; Poteau, A. Spectral dependency of optica
backscattering by marine particles from sateli@mote sensing of the global ocedaurnal of
Geophysical Resear@006 111, C09024, doi:10.1029/2005JC003367.

Martin, P.J. Description of the Navy Coastak@t Model Version 1.0Technical Repor200Q
NRL/FR/7322-00-9962, 42 pp.

Meade, R.H. River-sediment inputs to major alin Sea-level rise and coastal subsidence;
causes, consequences and stratediddiman, J.D. and Haq, B.U., Eds.; Kluwer. New ¥or
1996; pp. 63-85.

Miller, R. L.; McKee, B.A. Using MODIS Terra @5m imagery to map concentrations of
suspended matter in coastal wat&smote Sensing of Environm@004 93, 259-266.

Moeller, C.C.; Huh, O.K.; Roberts, H.H.; GumlayE.; Menzel, W.P. Response of Louisiana
coastal environments to a cold front passdgarnal of Coastal Researd®93 9, 434-447.

Mohn, C.; White, M. Remote sensing and modeliigbio-physical distribution patterns at
Porcupine and Rockall Bank, Northeast AtlanBontinental Shelf Resear@907, 7, 1875-1892.
Mossa, J.; Roberts, H.H. Synergism of riverarel winter storm-related sediment transport
processes in Louisiana’s coastal wetlandisansactions of the Gulf Coast Associations of
Geological Societie$99Q 40, 635-642.

Murray, S.P. Observations on wind, tidal anchsitg-driven currents in the vicinity of the
Mississippi River delta. Iishelf sediment transpoi$wift, D.T.P., Duane, D.B., and Pilkey, O.H.,
Eds.; Dowden, Hutchinson and Ross: Pennsylvaniz2; 8. 127-142.

Myint, S. W.; Walker, N. D. Quantification ofugace suspended sediments along a river
dominated coast with NOAA AVHRR and SeaWiFS measerds: Louisiana, USA.
International Journal of Remote SensR@P2 23, 3229-3249.



Sensor008 8 4263

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nowlin, W.D.; Parker, C.A. Effects of a cold-autbreak on shelf waters of the Gulf of Mexico.
Journal of Physical Oceanograpii@74 4, 467-486.

Nowlin, W.D.; Jochens, A.E.; DiMarco, S.F.; &eiR.O.; Howard, M.K. Low-frequency
circulation over the Texas-Louisiana shelfQmculation in the Gulf of Mexico: Observations and
models Geophysical Monograph Series 161, 2005; AGU 249-240.

Oey, L.-Y.; Ezer, T.; Forristall, G.; Cooper,, ©iMarco, S.; Fran, S. An exercise in forecasting
loop current and eddy frontal positions in the GaflMexico. Geophysical Research Lettét805

32, 112611, doi:10.1029/2005GL023253.

Roberts, H.H.; Huh, O.K.; Hsu, S.A.; Rouse lIrJ.; Rickman, D. Impact of cold-front
passages on geomorphic evolution and sediment dgesaoh the complex Louisiana coast. In
Proceedings of Coastal Sediments’ 87, New Orldamssiana, 1987; pp. 1950-1963.

Roberts, H.H.; Beaubouef, R.T.; Walker, N.Cigre, G.W.; Bentley, S; Sheremet, A.; Heerden,
V.; Sandrich bay head deltas in the Atchafalaya @ayisiana): winnowing by cold front forcing.
In Proceedings of Coastal Sediments’03, Clearwgterida, 2003.

Salisbury, J.E.; Campbell, J.W.; Linder, E; kexe L.D.; Muller-Karger, F.E.; Vorosmarty, C.J.
On the seasonal correlation of surface particldgigvith wind stress and Mississippi discharge in
the northern Gulf of Mexicddeep-Sea Researchda004 51, 1187-1203.

Stone, G.W.; McBride, R.A. Louisiana barridamgls and their importance in wetland protection:
forecasting shoreline change and subsequent respoinsvave climateJournal of Coastal
Researcii998 14, 900-915.

Sharma, N.; D’'Sa, E.J. Assessment and anafsgiikSCAT vector wind products for the Gulf
of Mexico: A long-term and hurricane analyss&nsor008 8, 1927-1949.

Tang, W.; Liu, W.T.; Stiles, B.W. Evaluation High-Resolution Ocean Surface Vector Winds
Measured by QuikSCAT Scatterometer in Coastal RegicEE Transactions on Geoscience
and Remote Sensir2§04 42(8), 1762-1769.

Walker, N.D.; Huh, O.K.; Rouse Jr., L.J.; MayrS.P. Evolution and structure of a coastal squir
off the Mississippi River delta: Northern Gulf ofeMico.Journal of Geophysical ReseartB96
101(20), 643-20,655.

Walker, N.D.; Hammack, A.B. Impacts of wintéorsns on circulation and sediment transport:
Atchafalaya-Vermilion bay region, Louisiana, USFaurnal of Coastal Resear@00Q 16, 996-
1010.

Walker, N.D.; Wiseman, W.J.; Rouse, L.J.; BalBinEffects of river discharge, wind stress, and
slope eddies on circulation and satellite-obsersedcture of the Mississippi River plume.
Journal of Coastal Resear@®05 21, 1228-1244.

Wiseman, W.J.; Kelly, F.J. Salinity variabilitgthin the Louisiana coastal current during th&2.9
flood seasonEstuaries1994 17, 732-739.

Wiseman, W.J.; Rabalais, N.N.; Turner, R.Enrei, S.P.; MacNaughton, A. A seasonal and
interannual variability within the Louisiana codstarrent: stratification and hypoxidournal of
Marine System$997, 12, 237-248.



Sensor008 8 4264

38. Wollast, R. The coastal organic carbon cyclexds, sources and sinks. [Dcean Margin
Processes in Global Chang®lantoura, R.F., Martin, J.-M., Wollast, R., EdgVjley: London,
1991; pp. 364-382.

© 2008 by the authors; licensee Molecular Diver$irgservation International, Basel, Switzerland.
This article is an open-access article distributedier the terms and conditions of the Creative
Commons Attribution license (http://creativecommong/licenses/by/3.0/).



