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COASTAL PROTECTION A ND 
RESTORATION AUTHORIT Y 
This document was developed in support of the 2023 Coastal Master Plan being prepared by the 

Coastal Protection and Restoration Authority (CPRA). CPRA was established by the Louisiana 

Legislature in response to Hurricanes Katrina and Rita through Act 8 of the First Extraordinary Session 

of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties, and 

responsibilities of CPRA and charged the new authority to develop and implement a comprehensive 

coastal protection plan, consisting of a master plan (revised every six years) and annual plans. CPRAõs 

mandate is to develop, implement, and enforce a comprehensive coastal protection and restoration 

master plan.  
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EXECUTIVE SUMMARY 
Coastal Louisiana is a complex landscape. The composition of the landscape, as well as the processes 

which influence said landscape, vary in both space and time. The models used in the 2023 Coastal 

Master Plan must attempt to reflect that spatial and temporal variability. It is therefore of the utmost 

importance that the spatial data sets upon which the models are initialized are of the highest quality.  

This task focused on the compilation and creation of spatial data sets pertaining to parameters 

necessary to initialize models, calibrate their operations, and/or validate their results. Spatial data 

sets compiled and/ or created as part of this effort include 1) an initial Landscape Composition and 

Configuration spatial data set, 2) an Integrated Topo/Bathymetric Digital Elevation Model 3) a Wetland 

Vegetation Community Type data set, and 4) Historical Marsh Edge Erosion Rates.  

Each of these data sets constitutes a fundamental descriptor of the coastal landscape, upon which 

the models depend. This document describes the data sets compiled and the methodologies used to 

create the best-available spatial data describing the landscape in coastal Louisiana. While data 

collection dates vary, the data sets created for this effort are intended to represent 2018. The data 

described herein form initialization data sets upon which most, if not all, models of the 2023 Coastal 

Master Plan depend in one way or another. 
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1.0  INTRODUCTION  
The data upon which models are initiated and/or calibrated are important determinants of the quality 

and utility of the modeling results. Flawed input data will inevitably produce flawed output data. 

Consequently, the accuracy of those input and calibration data sets directly influences the confidence 

that can be placed in the results.  

As such, this effort compiled and created input data sets pertaining to the coastal Louisiana 

landscape from the best data available. As the 2023 Coastal Master Plan models are representing 

spatially variable phenomena, the data representing those landscapes and processes must also be 

spatial data. The data used in this effort have been created from, or informed by, a variety of sources 

including field data, aerial, and satellite imagery.  

This document details the data sets compiled, and the methodologies used, to create the best 

available input data sets pertaining to the coastal Louisiana landscape as input data to various 

models used in 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 of land use/land cover (LULC) and wetland vegetation community types, 

and 4) historical marsh edge erosion rates. These data sets form vital input data upon which many of 

the models used in the 2023 Coastal Master Plan depend. 
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2.0  METHODS 

2.1  STUDY AREA  

While the models used for the 2023 Coastal Master Plan typically utilize a domain consistent with the 

hydrologic compartments shown in Figure 1, the intent for this effort was to create landscape data for 

an area larger than the hydrologic compartment domain to provide information regarding the 

conditions present in boundary areas of each hydrologic compartment. As such, the domain for this 

effort (Figure 1) is delineated by all 10-digit Hydrologic Unit Codes (HUCs) intersecting a 10 m 

elevation contour landward and a seaward boundary which extended into the Gulf of Mexico to 

alleviate boundary condition concerns. The domain extends beyond Sabine Lake to the west and 

beyond Mobile Bay to the east. 

 

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 baseline of comparison for model results. As land area is an 

important parameter to many ecological processes and outcomes, accuracy in describing this initial 

composition is paramount. While a parameter as simple as land area seems simplistic, the dynamic 
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nature of wetland environments necessitates sophisticated techniques are used to accurately 

describe the landscape.   

2.2.1 IMAGERY 

Whereas previous iterations of the Louisiana Coastal Master Plan have used Landsat imagery to 

quantify the initial landscape composition and configuration, a newly available satellite from the 

European Space Agency, Copernicus Sentinel-2, was chosen for this assessment. The sensors on 

board Sentinel-2 are superior to those of Landsat in several respects including spatial, spectral, and 

temporal resolution. In terms of spatial resolution, Sentinel-2 has four bands at 10 m resolution and 

an additional 6 bands at 20 m resolution. 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 satellite. Sentinel-2 has a revisit period of 5 days 

(as opposed to 16 days for the Landsat series of satellites). This increased temporal resolution 

increases the likelihood of coverage during a given season, and also provides additional data 

regarding temporal variation, useful in the classification of targets such as vegetation. One of the only 

facets in which Sentinel-2 is not superior to Landsat is period of record (POR). Sentinel-2 imagery is 

only available from mid-2015 through present whereas Landsat is available from 1984-present. As 

the objective of this particular task was to create a 2018 baseline landscape composition and 

configuration data set, Sentinel-2 was identified as a superior choice for that particular purpose. 

Imagery for this effort therefore consisted of Sentinel-2 imagery from 2018. The surface reflectance 

corrected collection of Sentinel-2 imagery was used. As the revisit period of the Sentinel-2 satellite is 5 

days, in theory this led to a collection of 73 images, or more (considering overlap), at any given 

location. The following sections will discuss preprocessing techniques which reduced that collection of 

images down to only images and pixels which contain quality data. 

2.2 .2 PRE-PROCESSING/ CLOUD EXCLUSION  

Initial pre-processing of the collection of Sentinel-2 imagery from 2018 consisted of filtering the 

collection of all available images during 2018 using the òCLOUDY_PIXEL_PERCENTAGEó metric 

provided in the metadata of each image. This metric was used to filter the collection of images to 

contain only those which were estimated to contain less than 40% cloud cover throughout each entire 

image. This initial step filters the collection to remove images that are exceptionally cloudy 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 conduct cloud 

recognition and exclusion on a per-pixel basis. This step attempted to recognize clouds, clouds 

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

leaving uncontaminated pixels unmasked and available for utilization. For this process, a multi-stage 

approach was taken. The first step was to use the òQA60ó band contained in the Sentinel-2 imagery to 
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recognize and exclude clouds and other sources of contamination. This initial masking step was done 

on a pixel-by-pixel basis, so, at this stage, a given pixel likely had a different number of observations 

remaining than its neighbors. Those remaining values should be cloud-free, however, the QA60 band 

is not infallible. Previous investigations have shown that clouds and other erroneous values often 

remain after masking using the QA60 band. 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 values were more than 2 standard deviations from the mean.  

This step identified and excluded pixels which were likely contaminated in some manner.   

Following this iteration of masking, the remaining observations should be relatively cloud and 

contamination free, and those pixels were used as the final population from which a mean composite 

was created. Figure 2 below is an illustration of a mean composite of Sentinel-2 imagery at each stage 

of preprocessing. Figure 2a is the mean composite following filtering based solely on the 

òCLOUDY_PIXEL_PERCENTAGEó metric. Figure 2b shows a mean composite following filtering based 

on the òCLOUDY_PIXEL_PERCENTAGEó pixel percentage, as well as masking based on the òQA60ó 

band. Figure 2c 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 categories. The mNDWI 

enhances water features while reducing noise from land, vegetation, and soil (Xu, 2006). This index is 

a ratio of green and short-wave infrared (SWIR) wavelengths of light. The mNDWI is seen in Equation 1 

below (Green: ~0.52ð0.60 µm; SWIR: ~1.55ð1.75 µm): 

mNDWI = (Green-SWIR)/(Green+SWIR) 

The mNDWI results in a data set with 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 identify floating aquatic vegetation (FAV), discussed further in Section 2.6. The NDVI 

formula is detailed in Equation 2 below (NIR: 0.772-0.898 µm; Red: 0.631-0.692 µm): 

NDVI = (NIR-Red)/(NIR+Red) 

 

2.2.4 ANNUAL COMPOSITE  

Following the previously discussed preprocessing and calculation of indices, a mean composite was 

calculated from all remaining values during the 2018 observation period. By using a mean composite 

to quantify landscape composition and configuration, this helps ensure the resulting data set is more 

indicative of ònormaló conditions and lessens the chance of including ephemeral events such as 

flooding. A visualization of the 2018 mean annual composite Sentinel-2 imagery is shown below in 

Figure 3. 
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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 vegetation (FAV) is one of the greatest obstacles to 

accurately categorizing land and water categories in coastal Louisiana. Targets containing FAV have 

strong vegetation signals, a characteristic usually indicative of land. Unless FAV is identified correctly 

and recoded to water, a transient vegetation signal can be misinterpreted as land change. In the past, 

areas of FAV have often been recoded via user-interpretation. In this case, the scale of the analysis 

made user-interaction with each image impractical. For this reason, we sought to recognize 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 free-floating, aquatic conditions can also occur in attached marsh and/or appear 

spectrally similar to other species of marsh which occur in attached conditions. We therefore 

developed an approach based on variability in both the NDVI and mNDWI indices. Our approach is 

based largely on the observation that targets containing aquatic vegetation are generally 

characterized by variation in these indices signals 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 tremendously. 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 the data sets quantifying this variability is shown in Figure 4 below. Figure 4 (upper) 

displays standard deviations of all NDVI values (remaining after pre-processing) during 2018, and 

Figure 4 (lower) is a similar measure for the mNDWI in 2018. The higher values in the light gray and 
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white symbologies indicate higher variability in these indices throughout the year and are indicative of 

the possibility of aquatic vegetation in those locations. 

 

Figure 4. Standard deviations of the NDVI (upper) and mNDWI  (lower) during 

2018 from Sentinel - 2 imagery.  

A mask was created to identify areas in which the standard deviation of NDVI values in 2018 

exceeded a value of 0.22, and the standard deviation of the mNDWI in 2018 exceeded a value of 0.2.  

These values were chosen as analysis using ancillary data sources regarding FAV identified these 

threshold values as indicative of FAV (NOAA, 2022). Spectral unmixing was then used to identify and 
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quantify aquatic vegetation within this mask and will be further discussed in Section 2.2.6. 

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

òEndmembersó are spectral values (in particular bands or indices) representative of a pixel of 

homogenous composition of a class of interest. Endmember values for Sentinel-2 were developed 

using aerial imagery-based land/water classifications (1 m resolution) 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 for the Coastwide 

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

high-resolution data set for CRMS land/water, it was not available at the time of endmember 

development for this effort and as such, the 2015/ 16 CRMS data was compared to 2015/ 16 

Sentinel-2 imagery.  

Mean mNDWI values were calculated during time periods which most closely matched the periods of 

acquisition the high-resolution assessments. Aerial imagery-based land/water products were 

aggregated from 1 m resolution to 10 m resolution to match the Sentinel-2 pixels and the percent 

land/water in each 10 m pixel was recorded. Mean and standard deviation values of mNDWI were 

recorded in 1% intervals from 1% water to 99% water. The results are shown in Figure 5.  

 

Figure 5. Sentine l- 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% water were -0.2738 and +0.0302, respectively.   

2.2.7 ENDMEMBER DEVELOPMENT IN DE VELOPED AND SANDY 

AREAS 

While the above endmembers work well in vegetated wetland environments, they do not work well in 

developed or sandy areas. The mNDWI value alone can lead to misclassification of these areas as 

containing high amounts of water. As such, it is important to recognize developed and sandy targets 

and estimate their composition by other means. Through a process similar to that described above, 

endmembers were developed for sandy and developed areas using National Oceanic and Atmospheric 

Administration (NOAA) Coastal Change Analysis Program (C-CAP) 2015-2017 Beta-level data (NOAA, 

2022). The endmembers for sand and developed areas are shown below in Table 1. 

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, 

LOW 

INTENSITY 

900.37  863.51  1299.27  2194.32  2498.89  2665.60  2277.34  1551.78  0.2550  -0.2460  

DMI DEVELOPED, 

MEDIUM 

INTENSITY 

1151.33  1184.90  1502.22  2065.22  2272.16  2392.48  2354.22  1818.86  0.1694  -0.1742  

DHI DEVELOPED, 

HIGH 

INTENSITY 

1648.21  1802.76  2017.48  2243.51  2357.42  2447.43  2738.57  2307.47  0.0823  -0.0986  

 

2.2.8 FRACTIONAL LAND/WATE R ESTIMATION  

A combination of Linear Spectral Unmixing (LSU) and Multiple Endmember Spectral Mixture Analysis 

(MESMA) was used to estimate the relative abundance of targets of interest in a given pixel of 

imagery. In this case those targets of interest were the fraction of land, FAV, submerged aquatic 

vegetation (SAV), and water in a given pixel. The determination of a pixelõs contents is based on the 

targetsõ spectral characteristics, informed by the endmember discussed in previous sections. This 

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 spectral unmixing 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 4-band raster data set, with the four bands representing the 

fraction of land, water, FAV and SAV in each pixel. 

 




















































