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EXECUTIVE SUMMARY

Coastal Louisiana is a complex landscap&he compgaition of the landscape as well as the processes
which influencesaid landscape vary in both space and time. The modelssedin the 2023 Coastal
Master Planmust attempt to reflect that spatial and temporal variability. It is therefore of th&most
importance that the spatialdata setsupon which the moded are initialized are of the highest quality.

This task focused on the compilation and creation of spatidhta sets pertaining to parameters
necessary to initialize models, calibrate themperations, and/or validate their results Spatial data
sets compiled and or created as part of thiseffort include 1) an initial Landscape Composition and
Configuration spatialdata set, 2) an Integrated Topo/Bathymetric Digital Elevation Model 3)veetland
Vegetation Community Type data set, and 4) Historical Marsh Edge Erosion Rates.

Each of thesedata sets constitutes a fundamental descriptor of the coastal landscape, upon which
the models depend.This documentdescribes the data setscompiled andthe methodologiesusedto
create the best-available spatial data describing the landscape in coastal Louisiana. While data
collection dates vary, thalata sets created for this effort ae intended to represent 2018.Thedata
described hereinform initialization data sets upon which most, if not all, models of the 2028oastal
Master Plan depend in one way or another.
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1.0 INTRODUCTION

The data upon which models are initiated and/or calibratedre important determinant of the quality
and utility of the modeling resultsHawed input data will inevitably produce flaad output data.
Consequently, lhe accuracy of those input and calibratiodata setsdirectly influences the confidence
that can be placed in the results.

As such, this effort compild and created input data sets pertaining to the coastal Louisiana
landscape from the best data availableAs the 2023 Coastal Master Plan models are representing
spatially variable phenomena, the data representing those landscapes and processes maisb be
spatial data. The data used in this efforthave been created fromor informed by a variety of sources
including field data, aerial, and satellite imagery.

This document details thedata sets compiled, and the methodoloigs used, to create the best

available inputdata sets pertaining to the coastal Louisiana landscape asput data to various
modelsusedin the 2023 Coastal Master Plan. These include 1) a spatial representation of the initial
land/water composition and configuration, 2) an integrated Topo/Bathymetric Digital Elevation Model
3) a spatial representation ofland use/land cover (LULC) and etland vegetation community types,

and 4) historical marsh edge erosion ratesThesedata setsform vital input data upon which many of
the models used in the 2023Coastal Master Plan depend.
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2.0 METHODS

2.1 STUDY AREA

Whilethe models used for the 2023 Coastal Master Plan typically utilizea domain consistent with the
hydrologiccompartments shown inFigurel1, the intent for this effort was b create landscape data for
an area larger than the hydrologic compartment domain fwrovide information regarding the
conditions present in boundary areas of each hydrologic compartmeAs such, he domain for this
effort (Figurel) is delineated by # 10-digit Hydrologic Unit Codes (HUCSs) intersecting@m
elevation contour landward and a seaward boundary which extended into the Gulf of Mexico to
alleviate bounday condition concerns The domain extends beyond Sabine Lake to the west and
beyond Mobile Bay to the east

95°0'0"W 94°30'0"W 94°0'0"W 93°30'0"W 93°0'0"W 92°30'0"W 92°0'0"W 91°30'0"W 91°0'0"W 90°30'0"W 90°0'0"W 89°30'0"W 89°0'0"W 88°30'0"W 88°0'0"W 87°30'0"W 87°0'0"W
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

. ICM Hydrologic Compartm

ooy [:]Qr:;al omain for lands€ap

.
7%

31°0'0"N =1

30°30'0"N=

29°0'0"N:

28°30'0"N:

Figure 1. Domain for the Landscape Data task and the hydrologic compartments.
Background imagery is a 2018 Normalized Dif ference Vegetation Index median
composite from Landsat 8 included for visual reference only.

2.2 LANDSCAPE COMPOSITIO N

The initial composition and configuration of the landscape forms an important baseline from which
models are initiated and forms a baselinefocomparison for model results. As land area is an
important parameter to many ecological processes and outcomes, accuragylescribing this initial
composition is paramountWhilea parameter as simple as land areaeemssimplistic, the dynamic
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nature of wetland environment necessitatessophisticatedtechniques areused to accurately
describe the landscape.

2.2.1 IMAGERY

Whereas previous iterations of the Louisiana Coastal Master Plan hawsed Landsat imagery to
quantify the initial landscapecomposition and configuration, a newly available satellite from the
European Space Agency, Copernicus Senti2elwas chosen for this assessmenfThe sensors on
board Sentinel2 are superior to those of Landsat in several respects including spatial, spedtand
temporal resolution. In terms of spatial resolutiorSentinel2 has four bands at 10m resolutionand

an additional 6 bands at 20 mresolution. This is compared to the spatial resolution of Landsat which
is ~30 m resolution in most bands.

Temporal resolution refers to the revisit period of the satellit§entinel2 has arevisit periodof 5 days
(as opposed to 16 days for the Landsat series of satellites). This increased temporal resolution
increases the likelihood of coverage during a gimeseason, and also providesdditional data
regarding temporal variation, useful in the classification of targets such as vegetati@ne of the only
facets in which SentineR is not superior to Landsat is period of recor(POR) Sentinel2 imagery is
only available from mid2015 through present whereas Landsat is available from 198gresent. As
the objective of this particular task was to create a 2018 baseline landscape composition and
configuration data set,Sentinel2 wasidentified asa superior choi@ for that particular purpose.

Imagery for this efforttherefore consisted of Sentinel imagery from 2018. The surface reflectance
corrected collection of SentineR imagery wasused. As the revisit period of the Sentine? satellite is 5
days, in theorythis led to a collection of 73 images, or more (considering overlap), at any given
location. The following sections will discuss preprocessing techniques which redddbat collection of
images down to only images and pixels which contain quality data.

2.2 .2 PRE-PROCESSING/ CLOUD EXCLUSION

Initial pre-processing ofthe collection ofSentinel2 imagery from 2018 consisted of filtering the

collection of all available images during 2018 usingthd CL OUDY _ Pl XEL_PERCENTAGEO met
provided in the metadata of eachmage. Thismetric wasused to filter the collection of images to

contain only those which were estimated to contain less that0% cloud cover throughougach entire

image. This initial step filters the collection to remove images that aexceptionallycloudy and likely

contaminated.

While portions of an image may be cloudy, that does not mean that image does not still contain

valuable data in other regions. As such, the next step in preprocessing was to condiatid

recognition and exclusioron a perpixel basis.This step attemped to recognize clouds, clouds

shadows, and other sources of noise or erroneous valueand mask out just those specific pixels,

leaving uncontaminated pixelainmasked and available for utilizationFor this process, a miti-stage

approach was takenThe first stepwastousehe 0 QA6 06 band cont adimagellyto n t he Se.
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recognize and exclude cloudand other sources of contaminationThis initial masking stepvas done

on a pixelby-pixel basis, ®, at this stage, a giva pixel likely hal a different number of observations
remaining than its neighborsThose remaining values should be cloufiee, however, tte QA60 band

is not infallible. Previous investigations have shown that clouds and other erroneous values often
remain after masking using theQA60band. A second iteration of masking was therefore conducted by
calculating standard deviations from the mean of the remaining values at each pixel and excluding
dates or observations in which the pixel valuesere more than2 standard deviations from the mean.
This step identifiel and excludeal pixels whichwere likely contaminated in some manner.

Following this iteration of masking, the remaining observations should be relatively cloud and
contamination free, and thosepixels were used as the final population from which a mean composite
was created.Figure2 below is an illustration of a mean composite ddentinel2 imagery at eachstage
of preprocessing. Figur@a is the mean composite following filterindpased solelyon the
OCLOUDY _PI XEL _reE® BduNZb Sheviis @ mean composite following filtering based
onthedo CLOUDY _ Pl XEL _pél peénthdeasGVElas masking based onthe 0 (BAG
band. Figure2c is a mean composite of Sentinel imagery following all three iterations of filtering and
masking.

Figure 2. An example of a Sentinel -2 composite image (bands 8,4,3) in various
stages of pre-processing.
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2.2.3 INDICES
2.2.3A MODIFIED NORM ALIZED DIFFERENCE WA TER INDEX

The Modified Normalized Difference Water Index (MNDWI) (Xu 2005, 2006) was calculated as this
index is particularly informative when distinguishing between land and water cgtgies. The mNDWI
enhances water features while reducing noise from land, vegetation, and soil (Xu, 2006). This index is
a ratio of green and shorwvave infrared (SWIR) wavelengths of light. The mMNDWI is seen in Equation 1
below (Green: ~0.530.60 pum; SWIR~1.5581.75 pm):

MNDWI = (GreetsWIR)/(Green+SWIR)

The mNDWI results in @ata setwith a bimodal distribution representing land and water. The values
of this metric used in the Linear Spectral Unmixing methodology are discussed in Section 2.2.6.

2.2.3B N ORMALIZED DIFFERENCE VEGETATION INDEX

A Normalized Difference Vegetation Index (NDVI) was also used as an informative index indicating the
presence (or absence) and vigor of vegetation. This index, and the variability of this index, was
primarily used to dentify floating aquatic vegetatio(FAV) discussed further in Section 2.6. The NDVI
formula is detailed in Equation 2 below (NIR: 0.772.898 um; Red: 0.631:0.692 um):

NDVI = (NIRRed)/(NIR+Red)

2.2.4 ANNUAL COMPOSITE

Following the previously discussepreprocessing and calculation of indices, a mean composite was
calculated from all remaining values during the 2018 observatioperiod. By usinga meancomposite

to quantify landscape composition and configuration, this helgnsure the resulting data seis more
indicative of Onormal 6 condi t i onnseralevedts suchass en s
flooding. A visualization of the 2018 mean annual composit8entinel2 imageryis shown below in
Figure3.
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Figure 3. Mean 2018 composite Sentinel -2 image (bands 8,4,3).

2.2.5 AQUATIC VEGETATION

Aquatic vegetation, particularly floating aquatic vegetatiqiFAY is one of the greatestobstacles to
accurately categorizing land and water categories in coastal Louiséa Targets containing FAV have
strong vegetation signals, a characteristic usually indicative of land. Unless FAV is identified correctly
and recoded to water, a transient vgetation signal can be misinterpreted as land change. In the past,
areas of FAV have often been recoded via useterpretation. In this case, the scale of the analysis
made userinteraction with each imagdampractical. For this reason, wesought to recogrize and

account for aquatic vegetation in an automated manner

The recognition or classification of aquatic vegetation can be complicated by the fact that species that
can occur in freefloating, aquatic conditions can also occur in attached marsand/or appear

spectrally similar to other species of marstwhich occur in attached conditionsWe therefore

developed an approach based on variability in bothe NDVI and mNDWI indice®urapproach is

based largely orthe observation that targets containing aquigc vegetation are generally

characterized by variation irthese indicessignals through time. In other words, as the vegetation
moves or dies during various times of year, the reflectance values with respect to vegetation and
water signals will vary tremedously. We therefore created an aquatic vegetation mask by querying
pixels that contained a combination of variable NDVI and mNDWI signals through the period of record.
An example of thedata sets quantifying this variability is shown ifrigure4 below. Figure4 (upper)
displays standard deviations of alNDVI véues (remaining after preprocessing)during 2018, and

Figure4 (lower)is a similar measure for thenNDWIin 2018. The higher values in the lighgray and
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white symbdogies indicate higher variability in these indices throughout the year and are indicative of
the possibility of aquatic vegetation in those locations.

91°10'0"W 91°5'0"W 91°0'0"W 90°55'0"W

mNDWI SD

I 0.0072 - 0.0237
I 0.0238 - 0.0433
I 0.0434 - 0.0629
I 0.063 - 0.0825
I 0.0826 - 0.1021
B 0.1022-0.1217
B 0.1218-0.1413
B 0.1414 - 0.1608
[ 0.1609 - 0.1804
[ 0.1805- 0.2
[ 0.2001 - 0.2196
[ 0.2197 - 0.2392
[ 0.2393 - 0.2588
[ 0.2589-0.2784
[Jo2785-0298
[Jo2981-0.3176
[Joa177-0.3372
[Joa37r3-0.7197

90°45'0"W

NDVI SD

I 0.0072 - 0.0237
I 0.0238-0.0433
I 0.0434 - 0.0629
I 0.063 - 0.0825
I 0.0826 - 0.1021
B 0.1022-0.1217
B o0.1218-0.1413
I 0.1414 - 0.1608
I 0.1609 - 0.1804
I 0.1805-0.2
[ 0.2001 - 0.2196
[ 02197 - 0.2392
[ 0.2393-0.2588
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Figure 4. Standard deviations of the NDVI (upper) and mNDWI (lower) during
2018 from Sentinel -2 imagery.

A mask was createdo identify areas in which the standard deviation dDVIvalues in 2018
exceededa value 0f0.22, and the standard deviation of thenNDWIin 2018 exceededa value of0.2.
These values werehosen as analysis using ancillary data sources regarding FAV identified these
threshold values as indicative of FAV (NOAA, 2028pectral unmixing was thenused to identify and
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guantify aquatic vegetation within this mask anavill be further discussed inSection 2.26.

2.2.6 HIGH-RESOLUTION IMAG ERY FOR ENDMEMBER
DEVELOPMENT IN WETLA ND AREAS

OEndmembes 6 are spectral values (in particular bands or
homogenous composition of a class of interesEndmember values folSentinel-2 were developed

using aerial imagenypased land/water classifications (1 mresolution) to calibrate the mNDWI values

representing fractional land and water categories. The land/water products used for calibration

consisted of 2015/2016 land/water classifications of coastal Louisiana created fahe Coastwide

Reference Monitoring System (CRMS) (Couvillion et al., 2018a; 2018hile there is now a 2018

high-resolution data set forCRMS land/water it was not available at the time oéndmember

developrent for this effort and as suchthe 2015/16 CRMSdata was compared to 201316

Sentinel2 imagery.

Mean mNDWI values were calculated during time periodghich most closely matched the periods of
acquisitionthe highresolution assessments. Aerial imageslyased land/water products were
aggregated from 1m resolution to10 m resolution to match theSentinel2 pixels and the percent
land/water in each 10 m pixel was recorded. Mean and standard deviation values of mNDWére
recorded in 1% intervals from 1% water to 99% water. The results are showigure5.

01

mNDWI

-0.15 |

y=0.18726873x* - 0.14665385x" + 0.20227525x - 0.27378932
R*=0.99655101

-0.35
0 01 02 03 04 05 06 o7 08 05 1

Fraction Water

Figure 5. Sentine I-2 based mNDWI values vers us 1 m aerial imagery -based
fraction water.
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Endmember values were calculated from the line which best fit the calibration data. The values of
these lines at 0% water and 100% watewere-0.2738 and +0.0302, respectively.

2.2.7 ENDMEMBER DEVELOPMENT IN DE VELOPED AND SANDY
AREAS

While the aboveendmembers work well in vegetated wetland environments, they do not work well in
developedor sandy areas ThemNDW!Ivalue alone can lead to misclassification of these areas as
containing high amounts of waterAs sich, it is important to recognize developed and sandy targets
and estimate their composition by other meansthrough a process similar to that described above,
endmembers were developed for sandy and develed areas using National Oceanic and Atmospheric
Administration (NDAA Coastal Change Analysis Program-GCAPR015-2017 Beta-evel data (NOAA,
2022). The endmembers for sand and developed areas are shown belowlzblel.

Table 1. Sentinel -2 Endmembers for Sand and Developed Areas

CODE

DESCRIPTION

B3

B4

B5

B6

B7

B8

B11

B12 NDVI mNDWI
SND SAND 2129.58 | 2355.42 | 2535.90 | 2598.51 | 2673.43 | 2738.41 | 3178.59 | 2861.81 | 0.0710 -0.1223
DLI DEVELOPED, | 900.37 863.51 1299.27 | 2194.32 | 2498.89 | 2665.60 | 2277.34 | 1551.78 | 0.2550 -0.2460
LOW
INTENSITY

DMI DEVELOPED, | 1151.33 1184.90 1502.22 2065.22 2272.16 2392.48 2354.22 1818.86 0.1694 -0.1742

MEDIUM
INTENSITY

DEVELOPED, | 1648.21 1802.76 2017.48 2243.51 2357.42 2447.43 2738.57 2307.47 0.0823 -0.0986
HIGH
INTENSITY

2.2.8 FRACTIONAL LAND/WATE R ESTIMATION

A combination of Linear Spectral Unmixing (LSU) and Multiple Endmem@gectral Mixture Analysis
(MESMA)Was used toestimate the relative abundance of targetof interestin a given pixel of

imagery In this case those targets of interest were the fraction of lan&AV submerged aquatic
vegetation(SAV)and water in a given pixelThe determination of g i x eohténts is based on the
target sd sctemstcs infarmed byithee ermember discussed in previous sectionhis
method assumes the reflectance of each pixel of the image is a linear combination of the reflectance
of each target (or endmember) within that pixel. The result of linear spectraimixing is an image in
which pixel values indicate a fractional estimate of the composition of the target class within that
pixel. The output of this step was a 4and raster data set, with the four bands representing the
fraction ofland, water, FA\And SAVin each pixel
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