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ABSTRACT

The South Bay Salt Pond Restoration Project (SB3R&RfPe largest tidal wetland restoration projestthe west
coast of the United States. The purpose of thigeptavas to usén-situ and remote sensing measurements to create
a GIS model capable of predicting sediment demosith restored ponds in the Alviso Salt Pond Comple
sediment transport model, suspended sediment ctaten maps, as well as laboratory analysesineditu
sediment data were used to predict sediment démosiSuspended sediment concentrations from intsitu
samples as well as the USGS’s continuous monitosites were correlated with Landsat TM 5, ASTERd an
MODIS reflectance values using three statisticalhigques—an Artificial Neural Network (ANN), a liae
regression, and a multivariate regression to mapended sediment concentrations in the South Bajtivdriate
and ANN regressions using ASTER proved to be thetrocurate correlation method, yielding\Rlues of 0.88
and 0.87 respectively. Sediment grain size datee vemilected from Pond A21 to determine particletlisgt
velocities, grain size distribution, bulk densitiesd rates of deposition. These data coupled tdti frequencies
and suspended sediment maps were used in the Badimentation (MARSED) model for predicting depiosit
rates for three years. Data from MODIS were useddattk sediment transport pathways in the SouthfBafurther
assessing future marsh development. Results franpthject were applied to the Regional Ocean Madebystem
(ROMS) sediment transport module for understandiediment dynamics in the South Bay. MARSED redfolts
Pond A21 show an RMSD of 66.8mm (<)lbetween modeled and field observations and cerefitre be
successfully used to model future wetland restonagifforts.

KEYWORDS: sediment modeling, GIS tool, Landsat TM, ASTERspanded sediment concentration (SSC)

INTRODUCTION

Development of the San Francisco Bay Estuary dutirglast 200 years has transformed nearly 90% of
historical wetland habitats into agricultural fisldnd industrial salt production ponds (Philip Valiths & Associates
Ltd. and Faber, 2004). Tidal influences in thesmaarwere halted through a system of dikes, subatywtering
the sediment budget and vegetation distribution @mdributing to an overall loss of biodiversityh{ip Williams
& Associates Ltd. and Faber, 2004). The South Baly Bond Restoration Project (SBSPRP), the largedtmost
complex wetland restoration effort on the west t@fishe United States, will convert approximatély,000 acres
of salt production ponds to restored wetland h#bitrakekawa et al., 2005). The SBSPRP is managed
collaboratively by the California State Coastal €enwancy (CSCC), the U.S. Fish and Wildlife Ser{ie#/S), and
the California Department of Fish and Game (DFGjuli@ et al., 2007). Understanding long-term seditme
dynamics within the South Bay is critical for progecumulation estimates and subsequent restonaidgoragement
strategies in newly breached salt ponds (Foxgrevel., 2007). Accumulation rates of breached pafids are
directly influenced by suspended sediment concgots (SSC), water flow paths, and tidally-drivexdsnent re-
suspension (Philip Williams & Associates Ltd. anabEr, 2004). Marshland rise within the breachet mahds
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allows for plant colonization, and establishmentof
healthy wetland ecosystem (Philip Williams ¢
Associates Ltd., 2005). Continued monitoring 1
estuarine sediment accumulation will provic
temporal and spatial development predictions 1
each phase of the restoration process.

The purpose of this project is to use remc
sensing technology to model and analyze sedim,
deposition within Island Pond A21 for the threergee
after its levees were breached in March, 2006 (Eig|
1). Sediment deposition can be estimated from S!
settling velocity, bulk density, and water velocit
(Temmerman et al., 2004). Temmerman et al. (20!
modified an algorithm developed by Krone (1987)
predict sediment deposition using these knoy
variables, and was able to predict sedime
deposition in growing marsh ecosystems at po
locations of known SSC. This project used poi
locations of SSC to calibrate remote sensing

imagery, providing a spatially comprehensiv rigyre 1. Study location in the Alviso Complex in the San
distribution of SSC within Pond A21. Accuratel prancisco Bay, California. Ponds A21 and A6 arensho

mapping suspended sediment concentrations fr i, yellow. Note also the location of Coyote Creek.
remotely sensed images provided a method ...

determining sediment concentrations without dishgtecologically sensitive areas. Additional inpaofsseasonal
variations in SSC, distance from the levee brebalk density, settling velocity, marsh height, timeinundation,
and a high-volume array of SSC data points (obthifinem the satellite-produced images) were therd usethe
Marsh Sedimentation (MARSED) model for sedimentuacglation (Temmerman et al., 2004). Modeled results
were compared with field measurements of sedimectiraulation obtained by Callaway et al. (2009). asrof
interest to the SBSPRP addressed in this projettde understanding sources and sinks for sedinodthjning
sediment accumulation locations, establishing &Iltime of marsh development for yet-to-be breachandPA6, and
providing managers with a more reliable GIS mapgow for sediment accumulation estimates. This Gi&lel
can be applied to a variety of environments andaidl in future restoration efforts.

METHODOLOGY

Remote sensing has previously been used to caibefiectance values of SSCs in the visible and-imdeared
spectral range to in-situ measurements, thus ogeatiarge spatial data range (Munday and Alfd8i9; Chen et
al., 1992; Baban, 1995; Miller and McKee, 2004; €keal., 2006). Three different satellite sensdise-tandsat-5
Thematic Mapper, the Advanced Spaceborne Thermabdion and Reflection Radiometer (ASTER), and the
Moderate Resolution Imaging Spectroradiometer (ME&)Btwere used in this project to map suspended sadim
in the South San Francisco Bay. Reflectance valuese statistically correlated with suspended sedime
concentrations fronin-situ field data collected during the summer of 2010 &aen the USGS Water Quality
Dataset. Linear regression, multivariate regressama Artificial Neural Networks (ANNs) were useal ¢orrelate
pixel reflectance values with corresponding SSCaueaments. The finalized SSC maps were then ingatthe
MARSED model in order to model deposition in Pong1Afor three years post-breach. GIS values of naoblel
marsh accumulation were then compared to previadstpmented point measurements of sediment acctionla
heights in the breached Island Pond A21 (Callawaple 2009) to assess model accuracy. Finallyjnseot
transport was modeled and visualized in the Souwtly Bsing the ROMS model and input datasets from our
laboratory analysis and GIS/remote sensing results.

Field Methods

Various studies have developed methods for monigosediment accumulation rates, with a wide-range o
techniques and accuracy. Installed monitoring desvisuch as: sediment traps (Gardner et al., 198i@;, B998),
graduated pins (Reed, 1989; Cahoon and Lynch, 1@@illaway et al., 2009), anchored tiles (Reed, 1989
Pasternack and Brush, 1998), and sediment eroaidest (SETs) (Boumans and Day, 1993; Childers.efl893;
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Cahoon et al., 2002) are inexpensive and effectie¢hods for estimating accumulation rates, but idelimited
sampling points. SSC estimates are often used dwently measure sediment accumulation rates, ard e
obtained throughn-situ measurements and remote sensing techniques (SamdpPennock, 1989; Froidefond et
al., 1993; Ruhl et al., 2001; Li et al., 2003; Milland McKee, 2004). Surface water samples foresdgd sediment
analysis were collected at 24 locations in the B&4dy over the course of two field days that cqroesied with
Landsat and ASTER overpasses. Samples were prdcassthe USGS Western Coastal and Marine Geology
Laboratory (WCMGL) for suspended sediment concdioma. In addition, sediment samples were colledteth
Pond A21 to characterize the physical propertieseafiment in the South Bay. These samples weren takéive
representative locations along the perimeter am@rsdocations on the interior of the pond. Each @anwas
processed at the USG®/CMGL for grain size distribution, settling velogit and organic content. These
characteristics, along with suspended sedimentesdrations, are inputs for the MARSED model (Termmer et
al., 2003; Temmerman et al., 2004).

USGS Laboratory Analysis

Samples were processed at the USGS WCMGL in Meal&, RCalifornia. Water samples were analyzed for
suspended sediment concentration, and sedimeniesampre analyzed for grain size distribution,|seftvelocity,
and organic carbon content (Table 1). A value fakl@lensity was generated from a reference deusity set of
clay and mud densities (S| Metric, 2009). The résgldata were input into the MARSED model.

Table 1.Variables and laboratory processing procedure

Variable Field Collection Method Laboratory Processng Technique
Suspended sediment

concentration (mg/L) Water samples from South Bay Filtration
Grain size distribution Sediment samples from PAgd | Coulter LS100Q using laser diffraction
Settling velocity (cm/s) Sediment samples from PAgd Modified Gibbs equation

CO, coulometer and combustion
chamber

Organic carbon content (9
organic carbon)

’ Sediment samples from Pond A21

USGS Continuous Monitoring Stations and Monthly Cruses

Calculated suspended sediment concentrations framualy, 2000 to May, 2010 were obtained from the
USGS’s Water Quality of San Francisco Bay datalfassampling stations 30 to 36, south of the Sated®ridge
(USGS, 2007). Outliers due to sensor interferenam fbiological fouling, especially during summer mites, were
excluded (Buchanan and Lionberger, 2007). Seasoaah averages were computed and compared to thieatO-
average of 35.20 mg/L. The ratio between seasorerge suspended sediment concentrations and tyeatO
average was calculated to be 1.08 for winter, fat6spring, 0.95 for summer, and 0.81 for fall. Flseasonal
variation in suspended sediment concentrationsheaexplained by high rainfall in the winter andisgr Re-
suspension of sediments may have also contribotedyher concentrations in the spring and summarthsy when
the South Bay’s strong winds drive re-suspensioncfianan and Lionberger, 2007). These seasonalicents
were applied to seasonally adjust predicted susgbsddiment concentrations for input into the MARSHEodel.
Historical suspended sediment concentrations frowm ©USGS’s Water Quality of San Francisco Bay and
Continuous Monitoring in the San Francisco Bay Bretta datasets were used for further analysis afidration of
the satellite imagery.

Satellite Remote Sensing
All satellite imagery was geometrically and radidriwally corrected to reflectance and re-projectedthe

UTM WGS 84 North projection to ensure tonal anctigshaomparability between each scene using EaetboRBrces
Data Analysis System (ERDAS) Imagine software. Taate SSC maps, images were imported into a Geloigedp
Information System (ArcGIS), and pixel reflectan@dues were extracted and correlated with SSC gadtigpoint
locations. Using known UTM coordinates, the locatal eachin-situ measurement was identified on the corrected
satellite images. A 3x3 pixel grid closest to eaehitu location was selected and reflectance values axzeaged.
These representative values were calibrated witlwknSSCs using the statistical techniques outlbeddw to map
the distribution of suspended sediment throughbat $outh Bay. These maps were used in the MARSE® Gl
model for the SSC variable.
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Landsat TM5 and ASTER. Imagery from the Landsat TM 5 and ASTER were usett¢ate predictive maps of
SSCs at the water surface. Imagery was calibragedyuata from the USGS Water Quality of San FisowiBay
monitoring program (USGS, 2010a; USGS, 2010b) aowh four own sampling campaign. Values were detegchin
at both the original resolution and at an averagsolution to reduce signal noise. Linear, muliisa;, and ANN
regressions were compiled for both sensors to whiter the best statistical technique for correlatidth SSC.
Using these relationships a SSC map was createdo8eand bands used, resolution, and purposeesaceiloed in
Table 2.

MODIS. MODIS images were downloaded and applied with adsied data correction coefficient. There were
two objectives for using MODIS imagery: to calitratith SSC values, and to map sediment transpatpiume
after a storm event. Band 2 (841-876 nm) repredetite most statistically significant correlation 85C
reflectance, and was therefore used to track flwection of a sediment plume during cloud-free d@ecipitation
data were obtained from the National Oceanic ando&pheric Administration’s (NOAA) National Climaiata
Center (NCDC), and storm events were selected basedily precipitation totals from 35 stationsdted in the 20
northern California counties near the San Frandgmy Two moderate storm events were identifiednagsociated
cloud-free MODIS images, occurring on January 26866 and January’12009, respectively. The 2006 sequence
included MODIS images from two, four, and sevensdfmjlowing the storm event, and the 2009 sequémdaded
MODIS images from eight, nine, and ten days follogvihe storm event (Figure 2). MODIS images wes® al
calibrated using data from the USGS Water Qualitgan Francisco Bay monitoring program (USGS, 2010b

Table 2. Satellite sensors used, bands, resolution, datelssource of data.

Sensor Purpose Bands Wavelengths Resolution Dates used Image
Used (um) (m) Source
Detect relative 1/4/06, 1/6/06,
MODIS © sscstotack o 250 1/9/06, 1/9/09, wIST
sediment transport ) ' 1/10/09, 1/11/09
ASTER Glovis
on Terra Detect SSCs 3 0.52-0.86 15 10/8/04, 10/29/0?USGS, 2010a)
Landsat 5 8/18/94, 8/22/07, .
™ Detect SSCs 3 0.45-0.69 30 8/27/09, 7/5/10 Glovis
Hyperion  Detect relative 20 0.548
fodnsiost SO 52 0.874 30 3/26/10, 7/7/10 Glovis
104 1.184

Suspended Sediment
Concentration MODIS IMAGERY
!High: 250 mg/L .
= Sediment Transport
& Low: 10 mgiL January 2006
. % o

=, oy

¢ X - by i i \

2 Navs After Starm (01/04/06) 4 Navs After Starm (01/06/06) 7 Davs After Starm (01/09/068)

Figure 2. MODIS sediment transport time series. High sedincencentrations begin 2 days after the storm
with the highest concentrations seen one week. after
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Statistical Techniques

Three different  statistical
techniques were used to establis
correlations between SSCs an
reflectance values (Teodoro et al
2008): linear regression, multivariat
regression, and an ANN. For lineg
regressions, the band that produc
the best statistical correlation fo
each sensor was determined a
then used in subsequent calculatior|
For multivariate regressions an 15 5000 16000 55000
artificial neural networks, all lterations
available visible and near-infrare
bands were used. The ANN wa
implemented using an adaptiv
linear combiner (Wilde, 2009). The ANN estimates BSC by multiplying each band by a weight. Aftaclke
iteration the residual is calculated, and the wesigite adjusted until the error is minimized (Fgg8). Essentially,
the ANN takes the data and learns from it untpridduces the lowest possible error. Field SSC neasnts as
well as data from the USGS’s Water Quality of tren $rancisco Bay Project were correlated with otdlece
values from multiple satellite images using alltleése statistical techniques (USGS, 2010b). Thed fimaps were
then used in the MARSED model for predicting seditrdeposition.

Weights

Figure 3. ANN linear combiner weights

Sediment Deposition Model

A goal of this project was to model sediment dejpmsiin Pond A21 and compare modeled results véagults
obtained by Callaway et al. (2009). Modeling tecjueis can be used to estimate future sediment adationurates,
and account for factors including wetland age,a@felevation, and sea level fluctuations (All&990@; French and
Spencer, 1993; French et al., 1995; Allen, 1997nMerman et al., 2003; Temmerman et al., 2004). Ww-ze
dimensional time-stepping marsh sediment accunwiathodel (MARSED) has been used to predict wetland
development based on particle settling velocitpetidependant SSC, and sediment bulk density (Temareet al.,
2003; Temmerman et al., 2004). To effectively mamaliment accumulation over several tidal cyclabyears, the
MARSED model developed by Krone (1987), and moditiy Temmerman et al., (2004),was implemented i@ Gl
to predict sediment accumulation for Pond A21, toeth an accuracy assessment was run to verify atetitesults
from Equation 1.

dE _ dS(grain) N dS(organic) _ dP
dt dt dt dt

Equation (1)

Where:

dE/dt = final marsh height rise (m/year)

dS(grain)/dt = rate of mineral sediment deposition (m/year)
dS(organic)/dt = rate of organic content deposition (m/year)
dP/dt = resuspension/compaction (m/year)

Equation 1 was solved falE/dt by summing the rates of deposition for mineralirsest and organic content
and subtracting re-suspension and compaction. @rgamtent was obtained from the laboratory analyamid
solving for the addition of sediment graird§(grain)/dt, required further calculation in Equation 2. Eqoati2
provides the total grain deposition by calculatadeposition for each tidal cycle and subsequenttyefach year.
Equation 2 produced a final estimate of marsh di@miuduring the three years post-breach as a fomatif the
concentration, the settling velocity, and the hagksity of the sediment grains (Krone, 1987).

dS(grain):j ,[ w, * C(t)dt

Equation (2) Gt

Year Tide p
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Where:

dS(grain)/dt = rate of mineral sediment deposition (m/year)

ws = particle settling velocity (m/s)

C(t) = time dependant concentration from Equation 3n(Ry obtained here using remote sensing
p = bulk density (kg/m)

To obtain theC(t) term in Equation 2, the initial concentration \&alt(0) was taken from the remote sensing
image, and then the ordinary differential equa(igquation 3) was solved faC/dt for initial conditions at = 0.
Euler's Method was used for solving the equatioritbration through each time step to obtain thalfE(t) at each
time step until the solution reached a steady-stabee (Figure 3). To initially model the changiogncentration
with the incoming tide, Equation 3 was solved atetisteps of 0.001s in Matlab (Krone, 1987; Temmaerstaal.,
2003).

Equation (3) [h(t) - E] z—f =-w,C(t) +[C(0) - C(t)] %

Where:

h(t) = time dependant water surface elevation (m)
E = Elevation of the marsh surface (m)

dC/dt = rate of concentration change (kg/s)

ws = particle settling velocity (m/s)

C(t) = time dependant concentration (kd/m

C(0) = initial concentration (kg/f)

dh/dt = velocity of incoming flood tide (m/s)

For the purposes of this study, the Euler methettigid sufficiently accurate results. The numeraggroximation
for solving Equation 3 at time steps of 0.001s &A¢D00+ iterations ensured a steady-state solutis reached
(Figure 3). Euler's method was appropriate for smMEquation 3 because the Euler global error apertional to
the time step—approximately + 0.001mg/l in thisecabhis error is insignificant to the overall SS@hcentration
values because the accuracy of the SSC concentiiatit0.01 mg/l. Because the magnitude of errorHaler's
method was much lower than the accuracy of our $Bfcentrations, this method provided a reasonable
approximation to the final suspended sediment autnaton values.

A conceptual model of the MARSED model is showtrigure 4. All of the inputs are considered in thlisdy
as directly affecting marsh sedimentation and wagplied to the GIS model. Variables such as digtanom
breach, and initial marsh height directly affectraiasedimentation because sedimentation will chdrzged on
these variables. Suspended sediment concentr&{py,was the most influential variable in this studydawvas
provided by the remote sensing images. For eacdl,[fiX0) was provided by the image and was allowed to run
through Equation 3 to determine the final rate ariaentration changdC/dt. Once the rate of concentration change
was obtained, the concentration at any specifie tinereafter could be solved.

Change in Concentration with Time

T T ! I
Time of Inundation Asymptotic Equilibrium Distance from Breach
® o Accumulation with
Sea-Level
Suspended Sediment

Organic Matter Content Concentration

Marsh Rate of Mineral
i Season - Accumulation _ Deposition
8 -

Tidal Density

= i Velocity
Water Depth ] [ Grain Size ] Marsh Height Settling Velocity

Figure 3. The change in concentration with Figure 4. Conceptual model of Marsh Accumulation.
each time step.

Concentration {mg/L)
| |

moow
=]
2
&
ol
I
g

Time (sec)
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ROMS Hydrodynamic Model

Final sediment deposition locations and transpavehbeen modeled using multiple applications, mosibly
the Regional Ocean Modeling System (ROMS) whichutates non-linear flow dynamics (Haidvogel et 2008).
To better understand the forces affecting sedindgn@amics in the study area, an ocean circulatiodehavas
programmed for the San Francisco Bay. ROMS waserhas an appropriate model due to its high accumady
adaptability (Haidvogel et al., 2008). Although tinedel output was course due to the small scalbeo$tudy area,
the simulation was useful in identifying possibtaiges of sediments and to explain trends in S®Cekample,
the calibrated sediment maps consistently showesjian of higher than average SSC in the North Bamcisco
Bay. After the ROMS simulation was allowed to etpudte, an eddy formed in this region of the BapisT
circulation pattern, along with the high influx sédiments from the Sacramento-San Joaquin RiveaD&duses
sediment to accumulate possibly accounting for high SSC in the North Bay. Future study would iweol
expansion and refinement of the model and the simuof a sediment transport module.

RESULTS AND DISCUSSION

Field and Laboratory Results

All of the field samples were processed at the USBSMGL. The average values from this analysis tiarte
used in the MARSED model are shown in Table 3. Agersurface suspended sediment concentrationsfat p
A21 were 46.16 mg/L. This is consistent with th&uea provided by the multivariate regression fondP@21 using
the RS images. This field validation of the multiaée correlation is another source of informatibat provides the
best possible SSC map for input into the MARSED ehod

Table 3. Average values of field, laboratory, and referedata.

Variable Average Value
Surface suspended sediment
; 46.16
concentration (mg/L)
Grain size (um) 4.72
Settling velocity (m/s) 5.06 x 10
Organic carbon content (%
. 2.08
organic carbon)
Bulk density (kg/m) 1600

The low organic content of sediment in our sampkes be attributed to the fact that Pond A21 is @tinaously
developing marsh with little biological activityh& sediment is dominated by clay sized particles¥%-92 particle
diameters fall below 1gm.

Statistical Techniques for Predicting Suspended Sedent

The accuracy of detecting SSCs through the usembte sensing is dependent on many factors inauihe
resolution of the satellite image, the ability togaire and process the image, and hydrodynamiadanfies. The
three remote sensing instruments used in this SWBYER, Landsat TM 5, and MODIS) show varying aecy in
correlating reflectance values with SSCs (Table RBflectance values in clear water are generallyp,zand
predictably increase with rising suspended sedinsamcentrations (Li et al., 2003). Regressions c#ffely
correlated pixel values with SSCs in each -
the sensors, and were subsequently appl
to each image in ArcGIS to create
Suspended sediment map. The most effect Sensor Linear Multivariate ANN
band for SSC correlations from ASTER ar

Table 4. R? values by sensor and statistical technique.

andzat 5 T 57 (Band 3 .8 .6
Landsat TM 5 was band 3, while band Landsal L. D=7 Bamni2) 0.8 0.64
provided the most accurate correlation fi ASTER 0.65 (Band 3) 0.88 0.87
MODIS. These bands all occur in the nes N a2 '

infrared range, which has been proven to MODIS 0.84 Band 2) 0.84 0.84
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the most effective spectral range for mapping sudpeé sediment (Li et al., 2003). Multivariate andNM
regressions using ASTER imagery proved to be thet axxcurate correlation method, yieldingvlues of 0.88 and
0.87 respectively. A proportional relationship beén image resolution and SSC mapping accuracy wesrg.
The 15 m resolution of ASTER produced the most eateuresults in correlating SSC concentrations.

MODIS imagery was used to effectively monitor plumevement within the entire San Francisco Bay syste
Tracking the movement of plumes following majorretcevents aids in detecting the source of sediraadtthe
time it takes for sediment arrival. Due to the searesolution of MODIS (250 m) and the frequencyinodge
acquisition (daily), it is best suited for trackisgdiment movement rather than mapping SSCs. MODEzar
regressions show a’Ralue of 0.68 for band 1 and & Ralue of 0.84 for band 2. MODIS multivariate reggien
show a R value of 0.84 for bands 1 and 2 combined. MODIS\ANgressions show &Ralue of 0.84 for bands 1
and 2 combined. MODIS transport maps created fto@se regressions also demonstrates that sedimeonlyo
originates from the Sacramento-San Joaquin Deliaalso from Coyote Creek.

GIS Model Results
The MARSED model can accurately predict marsh sedtation in the newly breached salt ponds in thatlso
San Francisco Bay. The accuracy of the MARSED mdglelependent on field data and GIS inputs. Roadme
square deviation (RMSD) was used to measure tliereifce between marsh accumulation values comyinyteie
model and those measured by Callaway et al. (2@08)re 5a). Linear regression with band 3 of ASTiBvided
the most accurate results, yielding a RMSD of 6&td (Table 5). This is less than 3 inches of demmaindicating
that this is an acceptable model for predictingshaedimentation. In this case, the linear teclnjgwduced the
lowest RMSD for the model, whereas multivariateresgion produced the best correlation between S8C a
reflectance (Table 4). Furthermore, linear regmsdieing the simplest statistical method used, veagxpected to
produce the most accurate marsh accumulation gssmahis discrepancy could have resulted from biathe
model, which  systematically overestimated mar
accumulation. This overestimation most likely arbseause
the model does not account for compaction or reemsion
of settled sediment—processes which inhibit maiekiation

Table 5. Accuracy assessment of the GIS
modeled results.

rise. Re-suspension may be wind-generated (driyeshlear RMSD

velocity and water depth) or tidally generated (wiebb tide ASTER Linear 66.84
moves water and sediment out of the ponds). Therémt \ sTER ANN 8232
error of the model can also be attributed to theiadien of B 97 94
the reflectance values from the true SSC valuefie®ance -*5TER Multivariate o
values are measured to the fifth decimal placereaeSSC LandsatLinear 12041
concentrations are reported as whole values. Tissa&bancy 1 andeat ANN 131.83
could result in multiple reflectance values for g@mme SSC . 0 - g,
value, increasing error in the analysis. The cutivdamarsh Landsat 1\-1.111t1\-311at.e lﬁ(‘gj'
sedimentation curve is shown in Figure 5b. The ma MODIS Linear 274.11
initially rises rapidly, but sedimentation rate®wl as the NODIS ANN 27541
marsh nears a stable elevation that allows for tetige MODIS Multivariate 281.24

colonization.

450 ASTER Linear Predicted Marsh Growth

Marsh Sedimentation (MARSED) Deposition

50 100 150 200 250 300 350

Callaway Field Data Set - Marsh Growth after 3 Years (mm)

400

Time after breach (months)

Figure 5.a) GIS predicted sediment deposition vs. fieldadsat, b) Marsh height modeled over time.

ASPRS 2011 Annual Conference
Milwaukee, Wisconsin May 1-5th, 2011

"
S 400 300

L °

o

5 350 _## 250

% ok =

g 300 . e £ Lo

3 _ 250 - o o ° & " = /

5E O N S 150

< £ 200 L% = /

{dd o o

g 150 e o o &5 % 100

3 h u g |

g 100 . & . 50

2 ° ,,‘. I

= 50 i

& 57 0 ‘ ‘

© 0 ‘ 0 5 10 15 20 35 40



Although the model produced acceptable resultslieosit indicate a need for further assessment of
environmental variables. Four outliers greatly usdémated sediment accumulation in the model, \wace not
included in the RMSD calculations. These outliemaesponded with locations along the southeasterimgter of
Pond A21, where unaccounted influences from thal wthannel and from pond geometry may have signifly
heightened true marsh accumulation. When outlienewexcluded, the model’'s RMSD of 66.84 mm fellhivitone
standard deviation of actual accumulation valuescaBise of this high accuracy, the model is a udefll for
studying future wetland restoration efforts.

Pond A6 Model Run
The MARSED model was applied to Pond A6 in tl
Alviso complex, which is scheduled for levee bréaghin ST L e
the Fall of 2010. An initial run-through of the nedwith the - <
same rates of deposition and initial conditionsf@sPond
A21 did not yield marsh equilibrium levels to prdei a
stable habitat for vegetation colonization withirB&month
time frame. The model was then run for a longeetimame,
yielding equilibrium levels after 60 months. On
interpretation is that a longer time frame was Beagy

because SSCs are consistently lower (by about aetdf)nd ” g
A6 than around A21, leaving less sediment for ditjoosand e N

A\
\
\
Levee breaches

location of the levee breaches also factored ihto longer
time frame for marsh establishment in A6 (Figure Bynd

A6 has two proposed breaches along the relativalync
Coyote Creek, as well as one breach connectindgdmel to

the relatively strong tidal currents of the SouthyBThe tidal
influences from the breach on the west side of Pa®ianay

increase the potential for erosion and further bithinarsh

accumulation from the rates observed in Pond A21.

b

Figure 6. Pond A6 showing the locations of the
three proposed levee breaches. The South Bay
flows into Coyote Creek near Pond A6.

CONCLUSION

In this study, suspended sediment concentrationg waccessfully calibrated to remote sensing reftex
values using three statistical techniques: linegrassion, multivariate regression, and ANN regoes$/ultivariate
correlations with ASTER provided the best\Rlue of 0.88. The output suspended sediment maps then used
in the MARSED model to predict sediment deposifionPond A21. Model results show excellent corietawith
observed sedimentation rates from Pond A21 withMSR of 66.8 mm. This is less than 3 inches of diémmBafrom
the observed values. Overall, the model is an atewredictor of sedimentation for the salt porads] can be a
useful and successful tool for future managemecisams. These tools can aid restoration managedediding not
only the ideal spots to place a breach, but cao ptsvide an idea of the time frame for the pondré¢ach
equilibrium levels.
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