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ABSTRACT

The South Bay Salt Pond Restoration Project idatgest tidal wetland restoration on the west coashe United
States. Monitoring vegetation development in thesergent habitats with remote sensing can provddoration
managers with an indication of ecological healttd progress of development. Remotely sensed imagasyused
to monitor vegetation development and to map veigetgatterns and biota changes historically, dyrand after
salt pond construction for ponds numbered A19, A&y A21. Percent vegetative cover was mapped ubimg
Normalized Difference Vegetation Index (NDVI) fromMODIS, Tasseled Cap Greenness (TCG) and NDVI from
Landsat TM, and the Ratio Vegetation Index (RVOnfr ASTER. Field parameters includedsitu measurements
and geographic locations for percent vegetativeegoand site specific species information. Fieldadaere
incorporated into GIS, and vegetation was analymethg spatial statistics methods and a qualitapest-
classification comparison technique. NDVI valuesagied from the Landsat scenes indicated a net gaB135
acres of vegetation cover from February 2006 (leefmmd breaching) to August 2009 for pond A21 ai83@ hcres
and 3.14 acres for ponds A20 and A19, respectitalyreases in vegetation indicate the marsh hds ljuito a
steady-state condition to provide appropriate laathdr endangered plant and animal species andiradsmates the
success of restoration practices.

KEYWORDS: wetlands, NDVI, Landsat TM, MODIS, vegetation cban

INTRODUCTION

The highly productive wetlands of the San FrancBey estuary have decreased in areal extent by 9§08é
1825 due to the development of evaporative saltipoof agricultural areas, and urban expansiondfawer et al.
2004). This loss has contributed to the disapmearaf important marshland vegetation species ss@partina
foliosa (cordgrass),Typha latifolia (cattails), andSalicornia virginica (common pickleweed) all of which
historically have provided refuge for many endaedespecies such as the California clapper raall(s
longirostris obsoletusand salt marsh harvest mouBeithrodontomys raviventris raviveniri@dtwateret al.,1979;
H.T. Harvey & Associates, 2008). Wetland ecosystamssalso valuable for providing flood-protectioegreation,
storm buffering, groundwater recharge/dischargebara sequestration, and biological diversity (Brmndt al.,
2006). Recovery efforts are now underway to restbese sensitive ecosystems in the South San Bcan8ay,
placing great importance on measures, such as eesgoising, to monitor and quantify habitat develeptnauring
marshland recovery without disturbing these seresiicosystems.

The South Bay Salt Pond Restoration Project (ttogeBt) is the largest tidal wetland restorationjgcbon the
west coast and is managed by the California Stasest@l Conservancy (CSCC), California Departmertiisii and
Game (DFG) and U.S. Fish and Wildlife Service (FWBlio et al.,2007). In March 2003, over 15,000 acres of
former commercial salt ponds in the South San FsancBay (Figure 1) were purchased by DFG and FYdgh f
Cardgill Inc. to begin the restoration process. Qe next few decades, the goal of the Projetn iestore these
former salt ponds to a wetland landscape incorpayaharshes, tidal flats, and sloughs, there bgiregg some of
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the diversity originally present in the area, impng flood protection, and increasing wildlife-anted public
access (Trulicet al., 2007). To achieve these goals The Project managieteam has decided on an adaptive
management strategy, where each phase of restomitidoe decided upon and implemented progresgiaslmore
data are acquired (Truliet al.,2007). Effective
planning and identification of scientific needs |
necessary for the success of each phase of
restoration. Monitoring and understandin
patterns of vegetation development is a ki
component needed to inform short-ter
management decisions about the effectiveness
each phase of restoration in regards to t
changing habitats uncertainty.
In March of 2006, the U.S. Fish and Wildlife
Service (USFWS) Don Edwards Natione
Wildlife Refuge and the Santa Clara Valle
Water District took a first step in the restoratic
process and initiated tidal pond inundation
three Alviso salt ponds also known as the Isla
Ponds (Callawat al, 2010). The levees of the
salt ponds A19, A20, and A2l (Figure 1) wel
breached allowing tides to commence tt
restoration process. Tidal waters were allowed

flow daily for the first time in over 100 years Wit . _
the goa| of a||owing natural sedimentatio Figurel. StUdy location of the Ponds A19, A20 and A21.

processes to restore the tidal marsh habitat The salt ponds are located at the southern erttedsan

successful vegetation reestablishment (Callan Francisco Bay, California.

et al, 2010). The dominant plant species found

on the levees of A19, A20, and A21 before breachirag pickleweed and cordgrass which were preditied
colonize the newly developing mudflats (H.T. Han&ssociates, 2005). In a study in 2008, airctefsed color
infrared imagery was used to determine that Porti%, A20, and A21 had established approximately ,62093,
and 4.29 acres of salt marsh vegetation, respégtioe the levees and in the pond by the end oBZ&LVWD and
FWS 2009). Results from our study are comparedh wie results from H.T. Harvey & Associates, and ar
discussed below.

To address the needs of The Project during thertuphase of restoration, we examined patternggétation
change (Figure 2) for A19, A20, and A21. Our gaalthis project included 1) to broadly examinetgats of floral
colonization within the island ponds and the friggimarsh after breaching of the levees, 2) asbesadt gain or
loss of biotic habitat, and 3) determine if thistptype project is feasible for restoration manageryears to come
as a replacement to costly aircraft imagery. Ineorb assess patterns of floral colonization far $tudy area,
remote sensing methods were used in conjunctioh WHsitu observations to map the current locations of
vegetation for these ponds. Using the Tasseled @apnness Index (TCGI) (Kauth and Thomas, 1976)thed
Normalized Differenced Vegetation Index (NDVI) (Kgleret al., 1969, and Rouset al, 1973) from Landsat TM5
satellite images, the Red Vegetation Index (RVydan, 1969) from Advanced Spaceborne Thermal Eomsnd
Reflection Radiometer (ASTER) on NASA's Terra ditesl and the NDVI from Moderate Resolution Imaging
Spectroradiometer (MODIS) (Krieglet al., 1969, and Rouset al, 1973) on NASA’s Terra and Aqua satellites, a
time-series of vegetation colonization was mappedséasonal and annual changes between the yeats ZTL0.
To quantitatively determine the net gain or lossbimftic habitat, Geographic Information SystemsSGépatial
statistics methods and qualitative post-classificatomparison techniques presented in Tuxen €Ra00) were
used to determine areas of the pond that have djiose vegetation and locations of preferential atagon
development.
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o o Salt Pond A21

(left) with a thick gypsum crust and affeght) of Pond A21 now with sediment and
vegetation (http://www.southbayrestoration.org).
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METHODOLOGY

Three different satellite remote sensing indiceduiding the RVI, the NDVI, and the TCGI were caltald
using ERDAS Imagine 9.3 to map vegetation in poAdS, A20 and A21. Vegetation changes over time were
mapped using a series of satellite images takeneset the years of 2006-2009. To calibrate the -8evges of
image reflectance values to vegetation cover, fieddk was conducted in the three ponds. Field vemksisted of
mapping the visible locations of existing vegetatim the mudflats and the surrounding tidal chankhelatabase of
vegetation GPS locations and species informatios waated in ArcGIS 9.2 for correlation with theeflde
imagery. GIS zonal statistics methods were then tiz@nalyze RVI, NDVI, and TCGI change on thesmatmns
from 2006-2009.

Satellite I ndices and Remote Sensing

Landsat TM5 revisits the same point on the globerei6 days with an equatorial crossing time ofl10am
(Landsat). Both Terra and Aqua revisit the samé spahe globe every day with equatorial crossinges of 10 -
11 am and 12:30 — 1:30 pm respectively (LP DAAChnd.@rocesses Distributive Active Archive Servidglith
these equatorial-crossing times, imagery was saldttat took into consideration tide height alorithwlouds and
sensor anomalies. Scenes were obtained which pomded to tide heights of less than 4 ft above niearat the
nearest tide station (~3.5 km to the west and detwveam of the study area) to allow for an un-intedaiew of all
vegetation within the ponds. Selected scenes Badtldud cover in the study area and surrounding regyon.
Once these criteria were met there were seven bBarstenes, twenty MODIS scenes, and three ASTEResce
available for analysis from February of 2006 to iApf 2010. All Landsat TM 5 images were prepro@sss top-
of-atmosphere reflectance using radiometric guigslioutlined in Chander et al. (2007). All MODISaiges were
corrected using the standard correction coefficieatlined by the LPDAAC. All ASTER images were also
radiometrically and geometrically corrected for study site.

The first index used was the RVI index shown in &tpn 1, which is a ratio of near-infrared to redere NIR
is near-infrared wavelengths (780-860nm) and Reeldsvavelengths (630-690nm) (Jordan, 1969).

NIR
RVI= Red Equation (1)

The RVI index was applied to the ASTER 15-me&&T_07 Surface Reflectance prodmcages from April 2006,
September 2006, and October 2008 (https://wist.eelsa.gov/). ASTER is an on-demand product frorNASA

Terra satellite meaning new images must be reqdiestee RVI ratio is based on the amount of vegetatiithin a
pixel where larger NIR values increase this ratexduse of the high correlation with the presencéezlthy
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photosynthesizing plants (Lillesand and Kiefer, @00n this study, the RVI index was used to detbetpresence
and relative abundance of vegetation within thedgaat specific time markers during the restoration.

The second index used in this study was NDVI appleeboth Landsat TM5 and MODIS images. The NDVI
calculates the normalized ratio of the NIR to Rsihg Equation 2:

NIR-Red
NDVI " NIR+Red Equation (2)

The NDVI values range from -1 to 1 where water llguanges from -0.8 to -0.3 and vegetation is tgethan
0. MODIS MOD09GQ and MYDO09GQ surface reflectance proddetsCalifornia from February 2006 to May
2010 were used in calculating NDVI (Equation 2)eTWODIS products are provided as surface spedcifiatance
and are geometrically corrected. The NDVI index wai® applied to Landsat TM5 30-mel&IT terrain corrected
productsobtained from the USGS Global Visualization Viewettp://glovis.usgs.gov/) ranging from June 2006 t
April 2010. The L1T product has been geometricalhd radiometrically processed in a digital numbmmiat.
Additional radiometric correction was applied tbialages obtained to provide additional accuractha scene-to-
scene comparison for the change-detection andgaries analysis. Landsat TM5 L1T products are plexyias at-
sensor radiance, and additional processing follgvtire methods of Chander et al. (2007) was usexrwert the
scenes to at-sensor reflectance. An ERDAS Imagideirwas used for these processing steps.

Once reflectance was calculated for the Landsagéma the TCGI was calculated from the Landsat TM5
reflectance images to provide a secondary assessheagetation colonization throughout the pondauth and
Thomas, 1976). The TCGI calculates the weighted sfihandsat bands 1-5 and 7 and calculates thévesla
amount of greenness for a given pixel (Equation 3):

TCGI = Bandi(~0.2728 + Band2(~0.2174 + Band3(-0.5508 + .
Band4(0.722) + Band5(0.0733 + Band7(~0.1648 Equation (3)

The TCGI is one output from the Tasseled Cap ppalocomponent analysis. The Tasseled Cap (TC) rdedlsm
provides Wetness and Brightness as additional ipahcomponents. The TC method uses all of the sandands
and is based on the analysis that the data whasftramed into orthogonal axes to each other witivite a clear
spectral delineation of greenness, wetness antithggs (Crist and Cicone, 1984).

Field Data Collection

The purpose of choosing ponds A19, A20 and A21wasacea of study reflects the necessity of momitpri
emergent vegetation in ponds that have alreadyrgode breaching. Data were collected in the figldMay 2,
2010 and May 14, 2010, which corresponded as gl@epossible to satellite overpasses and low.titles interior
of each pond was examined for existing vegetatiomfthe levees, as the mud of the borrow ditchestava thick
to cross. Ponds A19 and A20 showed almost no vegetdue to the seasonal effect where the annuglls et
emerge until July/August and because A19, and A& developed marshes and mudflats at a slowetthate

Figure 3. Triangulation method (left) used in ArcGIS for idelating edges of vegetation patches for Pond A21.
A team member is shown (right) in the field usihgstmethod to locate patches of vegeta
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A21 (Callawayet al, 2010). Pond A21, however, has had significamttye vegetation development and provided a
wide range of cover categories for collection. Whegetation was seen, a GPS coordinate was takeaufo
location on the levee, and a compass bearing kas tward the center of the vegetation. This @sscrepeated
at least 3 times per patch, was used to triangtit@teeographic position of small vegetation clsste the middle

of the ponds (Figure 3). The triangulation imagé&igure 3 (left) shows an elevation map for a portof A20 and
the image on the right shows a small vegetatiostpan the mudflat. For larger patches, bearingewaken to
denote the perimeter of the patches from varioustp@long the levee. All vegetation was notedadireld map
containing a recent GoogleEarth image. Additionally recorded vegetation species data, the exterst, and
homogeneity of the vegetation cover.

GIS Analysisand Change Detection

The goal of the GIS portion of the analysis wastp existing vegetation using data gathered ddi@hdwork
to calibrate the three remote sensing indices thighknown areas of vegetation. This qualitativeshold method
will allow for a comparison of areas of vegetatiwith previous years where field data do not existteate a
change-detection series and to quantify the amoiuvmegetation change since levee breaching. Tdigo all of the
field data were imported into a GIS database, aedetation polygons were created using the triatigula
measurements along with our field maps for eacldgbigure 3). Landsat TM5 NDVI images from AprD,12010
were then used for calibrating NDVI values to catégs of ground cover types (Table 1). Calibraticas done by
extracting NDVI pixel values for categories of knowater, saturated mud, wet mud, salt, semi-dry,ralghe, low
density vegetation (<30% cover), and high denségetation ( >30% cover) (Hardislket al, 1984) by using the
results from the field work. These vegetation cotlasses reflect an arbitrary distinction betweéghtand low
density vegetation, and the 30% threshold was gypjate for this study because vegetation was eithestered in
patches of many individual plants or found as afividual plant separated from clustered patcheqréximately
50-60 pixel values were extracted for each categoiy univariate statistics were run for each catedbable 1).
Areas of overlap were accounted for by adjusting thresholds and reanalyzing the image until arurate
representation for that category was obtained Woflg the qualitative post-classification comparigechniques
outlined by Tuxen et al. (2008). Once the calilmativas created for the most recent image, the redilim was
applied to all the Landsat TM5 images to obtaiinzetseries of vegetation, and calculated for pereegetative
cover. This same method was used for obtaining tatiga maps for ASTER RVI images, and MODIS NDVI
images.

Table 1. NDVI thresholds used to classify all Landsat imaffem 2006-2010

NDVI Category Mean NDVI 2 Standard Deviations Low Téheld  High Threshold
Water -0.277 +0.102 -0.379 -0.175
Saturated Mud -0.154 +0.054 -0.208 -0.100
Wet Mud -0.052 +0.058 -0.110 0.006
Salt 0.006 +0.004 0.002 0.010
Slightly Wet Mud 0.053 +0.048 0.005 0.101
Algae 0.113 +0.0016 0.111 0.114
Low Density Vegetation 0.223 +0.104 0.119 0.327
High Density Vegetation 0.379 +0.114 0.265 0.493

RESULTSAND DISCUSSION

Results of the remote sensing and GIS analysis dstnrade a general increase in total vegetation fiioma of
levee breaching. The combination of remote sengidigces and sensor pixel sizes provided both detadnd
homogenous views of the salt pond vegetation laamiscPercent vegetation cover was calculated fon gaar
from the satellite indices demonstrating the effestess of using remote sensing for wetland moinigor

Landsat
Results from the NDVI classification are shown igufe 4. In this time-series, changes in NDVI disttion
are shown from June 2006 to August 2009, and timergé increase in vegetation cover is noticeable dark
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green patches are estimated to be densely vegetaad ( >30% cover) because of the linear relstipnbetween
NDVI and Leaf-Area Index. The dense patches haweaneed geographically consistent along the leve€ke
light-green areas comprise the low density vegmtatiass representing vegetation cover of appraeiyna30%.
The low-density vegetation cover class is an inmguarcategory because not all vegetation in thia aezurs in
closely spaced homogenous patches. The majorityeofegetation is sparse, with most of the distiitsuoccurring
in random non-heterogeneous clusters. In the fibld,category was classified by the occurrencenaf single plant
surrounded by mud. The lightest green areas reprasgae and bio-films giving an indication thaga/bio-films
reflect somewhat in the NIR. Interestingly, mud vedassified in both the positive and negative NDMlues.
Intuitively, wet mud is classified close to the watategory with a negative NDVI value because mwedlects
more in the visible spectrum than in the NIR; sated/wet mud falls in this category. However thmiséry mud
category is assumed to be a well-drained mudfetabse an understanding of the geography of tleiafieems us
that these areas are generally higher than thewding channels and this allows the water to diaira longer
period of time. Also, since algae are found in tfemeral vicinity, this mud category may be influethdoy the
reflectance of scattered algae on the surface afde of vegetation change in acres in Pond A2hass in Figure
5, and each year shows greater total vegetatiopratyan the previous year. In April of 2010, PonglAshows
13.12 acres of algae and 7.78 acres of low dewsijgtation. The low-density vegetation cover isnested to have
a density of approximately 1%, and this represartistal vegetation cover of 0.08%. Eight month®pto this in
August 2009, Pond A21 had 28.02 acres of low-dgnsgitgetation and 10.23 acres of high-density veigeta
representing total vegetation cover of 2.65%. Rereegetation cover changes calculated with Land&at| for all
three ponds are shown in Table 2.

- Water

- Saturated Mud

I semi-saturated Mud

[ ]san

[ semi-Dry Mud

[ | migaesmiofim

|:| Low Density Vegetation (1% cover)
- High Density Vegetation (=30% cover)

June 2006

0 300 600 1.200 Meters

Figure 4. Time-series of vegetation changes for the IslamdB from 2006—2009 using Landsat TM. A21
in located on the left, A20 in the middle, and Ad®the right.
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120 4 ‘ Table 2. Percent Vegetation Cover derived from

Landsat imagery.
100 - W High Density Vegetation ' . 9o
O Low Density Vegetation
" D Algae Vegetation  Percent Vegetation
'@* _ [ Pond A21 coverage (acres) Cover (%)
& 6 ] April 2010 0.08 0.06
o August 2009 3.35 2.65
% July 2009 2.34 1.85
July 2008 1.21 0.96
20 - May 2008 0.18 0.15
ﬂ | H July 2007 1.96 1.55
"y E , ‘ - June 2006 0.00 0.00
\0027’006 \u\‘llgcﬂ “\a*ll()diS \u\*loo% \o\‘“’looqwa,\ﬁ‘l@q p-v"‘\leﬂ Pond A20
April 2010 0.36 0.56
Figure5. Changes in area (acres) of vegetation classes August 2009 1.33 2.07
for Pond A21 calculated from Landsat ND July 2009 1.17 1.82
Landsat TCGI calculations generally agree with theluly 2008 3.03 4.72
NDVI when mapping locations of vegetation. However,May 2008 0.61 0.95
the TCGI estimates lower percent vegetative coveerw July 2007 0.76 1.18
compared with the NDVI. A possible explanation fois  June 2006 0.00 0.00

is that the NDVI uses only two bands, NIR and Red,
whereas the TCGI takes into account all Landsat TMPond A19

bands and uses positive coefficients for the NIR #re  April 2010 3.61 1.33
Short-Wave Infrared (SWIR) bands and negativeAugust 2009 3.14 1.16
coefficients for all other bands. Bright soils suah the  July 2009 3.81 1.40
semi-dry mud category in the salt ponds reflect imuc Jjuly 2008 5.31 1.96
higher in the SWIR region than vegetation. Thiseefff Mmay 2008 3.59 1.32
plus the heterogeneous spatial distribution of bmaljuly 2007 8.62 3.18
vegetation patches allows the mud to dominate &ed/'s  june 2006 1.38 0.51

the overall TCGI value (Goward, 1985). This comkimma
of bright soils and vegetation reflectance in thgIB contributes to the final TCGI value for the @ixwhich may
underestimate actual vegetation cover. These sesuiggest that in wetland areas NDVI is bettereduifor
classifying vegetation cover.

MODIS

NDVI values obtained from the MODIS scenes indidaegain of 0.77 acres of vegetation cover fronr&aty
2006 to May 2010 for pond A21. A sediment accuttimastudy conducted by Callaway et €009) confirmed
vegetation recruitment in Pond A21 within the fitstee years of the levee breach. Small amountegétation
growth were observed in the first two years, wieltensive patches of vegetation were seen in P@idb4 year
three following the levee breach (Callawnetyal. 2009).

The sharp increase in vegetation cover in Noverob&008 and 2009 indicates seasonal vegetationityctif
the newly colonized plants in Pond A21 following threach. The MODIS NDVI values from November 2608
2009 show high density vegetation cover particularlithe southeastern region of the pond that vea®hserved in
November of previous years. This seasonal phegaaggests the area may be colonized by annuatsptach as
the Salicornia europeadannual pickleweed). In a vegetation survey cotetidy H.T. Harvey & Associates
(2008), they observed vigorous and healthy pickilvgrowth in 2008 in the south bay marsh regiortufeu
fieldwork should be conducted during November tdHer investigate the southeast region of Pond #&2terify
this seasonal vegetation activity.

ASTER

The ASTER RVI analysis shows similar vegetatiomd® when compared with the Landsat NDVI maps.
Although only two scenes were available from ASTHER: corresponded with low tides, these two scenegided
a higher-resolution snapshot of how total vegetatias changed for the three Ponds from 2006—2089.ER
defines the locations of vegetation patches andidlaéchannels much more precisely than Landsd®©DIS. The
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ASTER RVI analysis calculated a percent vegetatiomer of 0.56% in October 2008 (Table 3). The dbse
comparison can be made with the Landsat scene Jubyr2008 (Table 2) which calculated 0.96% vegetatiover.
Because of the lower spatial resolution of Landsanpared with ASTER, it is possible that Landsayhsly
overestimates the total amount of vegetation.

Studies conducted in regions with high temporal amdeorological variations such as marshlands faary
challenges that limit the number of available sié¢escenes that are suited for analysis. Factmsinfluence the
number of suitable scenes includes but is not dichito the diurnal variation of the tides, coasta),fas well as
satellite sensor anomalies such as banding and myezffects associated with cloud coverage and biogfects in
the coastal region. For example, among the 77 ¢a#ntM scenes captured from January 2006 to APAD2 only
9 scenes were available with low tides, cloud fred without sensor anomalies. MODIS on Aqua andale
however, offered a total of 523 scenes with 86 esesuitable for analysis for these four years. M®pioducts are
often used for large scale studies of terrestgjetation since MODIS has a high temporal resalubiot a coarse
spatial resolution compared with ASTER and Land$db. The consistent temporal advantage of MODISvedid
our study to capture the seasonal phenologicaligctf the vegetation in the salt ponds that was abserved by
ASTER nor Landsat TM5 due to the temporal coverage.

When comparing the ability of all three satellinsors to detect and map vegetation cover, eadoishas its
strengths and has a different capability for edfimgaseasonal and annual vegetation trends. Taldko®s the
comparison of the three sensors with the four difieindices and the estimation of percent vegmiatover at a
specific period of time. The Landsat NDVI clagsifion shows an increase in percent vegetativerdowem 0% in
2006 to 2.65% in August 2009. Similarly, the LartdB&GI calculated an increase in percent vegetatoxeer of
2.30%. The NDVI calculated with MODIS between 202869 shows an increase in vegetative cover fromrd%
2006 to 0.852% in July 2009. The ASTER scene dtesvsan increase in vegetation; however it cannot be
compared with 2009 values from the other sensorause the only ASTER scene available was from 2868as
in the middle of the pond showed the most notieaklgetation increases, however areas around timeamannel
which surrounds the middle mudflat generally shoveede decreases in vegetation between these tars.ye
For Pond A21, a seasonal trend for spring and sunisnebserved from Landsat imagery; this trend estdy
observed with MODIS imagery. Generally, summer rhen@uly-August) have higher vegetation coveragédewh
spring months (April-May) have lower vegetation emage. When compared with the amount of vegetafiowth
estimated by H.T. Harvey & Associates (2008) of dctes, these values compare well because H.T.eMakv
Associates estimated this value based on the wegegrowth for the levees as well as the mudfldte values in
Table 3 show vegetation growth only for the mud§lagjgesting the levees experienced increased Viegetgowth
compared with the mudflat.

Table 3. Comparison of percent vegetation cover for Pondl Aging the four satellite indices.
Vegetation coverage (acres) Percent Vegetation Gévgr

ASTER RVI October 2008 0.70 0.56

Landsat NDVI August 2009 3.35 2.65

Landsat TCGI August 2009 291 2.30

MODIS NDVI July 2009 1.11 0.88
CONCLUSION

Percent vegetation cover was mapped in this stgilyguthree different satellite sensors, and fodfedint
vegetation indices. The Landsat TM5 satellite drel ASTER and MODIS sensors on the NASA Terra andaAq
satellites provided images for numerous days fer yhars 2006-2010. The RVI index was applied to BST
scenes, NDVI applied to both Landsat and MODIS esegand the TCGI applied to all Landsat scenesthdl
sensors used were able to detect vegetation chdogeke Ponds A19, A20, and A21with increases gahe
around 1-2% from the time of levee breaching in®0Dhe Landsat NDVI index calculated the highestest
vegetation cover in August 2009 at 2.65%, wherbasTiCGI estimated this value slightly lower at 280The
MODSI NDVI calculated percent vegetation cover 8852% during July 2009. Even though the lower gpati
resolution of MODIS obscures the delineation of poad and vegetation edges, the temporal resolofidhfODIS
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allowed us to find a seasonal trend in vegetatltemges that was not as easily noticed with LanalsdtASTER.
November of 2008 and 2009 showed large increaséiseiMDVI providing evidence that the vegetatiortliese
ponds is annuals rather than perennials. It ismeeended that MODIS be used for understanding sehsbanges
for the salt ponds, and the Landsat and ASTER ed fos mapping actual locations and extant of vestgt.
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