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Abstract 

The Lower Mississippi River Delta (MRD) is dominated by Phragmites 
australis which provides a stabilizing force, protecting marsh 
communities from erosion and storm-related impacts. Starting in 2016, 
massive die-offs of Phragmites were first observed in the MRD coinciding 
with observations of Nipponaclerda biwakoensis (Phragmites scale), an 
exotic insect originating from Asia. Concurrent with the insect invasion, 
many previously healthy stands have died or experienced stunted growth, 
resulting in conversion to understory species or to open water features. 
This study utilized remote sensing methods to assess vegetation in scale-
impacted areas of the MRD. The Normalized Difference Vegetation Index 
(NDVI) was used to evaluate historical changes in vegetation health, and 
species classifications were used to discriminate Phragmites from non-
target species to better understand vegetation impacts, especially in cases 
where Phragmites haplotype impacts may have differed. Moderate spatial 
resolution NDVI analyses provided rapid and cursory examinations of 
vegetation health while a proof of concept approach for differentiating 
Phragmites haplotypes and other species provided a preliminary way to 
assess potential species-specific stress or injury. These preliminary data 
show that extensive areas of Phragmites stands in the MRD were severely 
impacted (potentially by the scale) and some Phragmites haplotypes were 
more susceptible than others. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

Extensive injury and die-off of Phragmites australis (common reed) have 
recently been observed in the Mississippi River Delta (MRD) in south 
Louisiana, prompting the investigation of impacts associated with the 
infestation of the exotic Nipponaclerda biwakoensis (Kuwana) insect. This 
research focused on the evaluation of moderate and high-resolution 
satellite imagery and techniques to quantify and monitor conditions of 
impacted plant communities. Specifically, it included a time series of plant 
health as well as a proof of concept (POC) to differentiate target 
Phragmites haplotypes from non-target plant species. The development 
and advancement of these techniques provide means for rapid tracking of 
areal extent and severity of vegetation impacts and ultimately provides 
decision support information to enhance pest and resource management. 

Since the 1930s, the Louisiana MRD has experienced dramatic loss of 
wetlands and significant reductions in ecosystem goods and services (Day 
et al. 2000; Couvillion et al. 2011; Suir et al. 2014). The loss of wetland 
structure, function, and services are due in large part to a complex 
interaction of spatial and temporal factors, including reduced riverine 
inputs, flood control measures, altered wetland hydrology, saltwater 
intrusion, subsidence, wave erosion, reduced river sediment load, and sea-
level rise (Day et al. 2000). These conditions have resulted, in part, in the 
expansion of Phragmites australis, which now dominates approximately 
two-thirds of the low-relief exterior marshes of the MRD (Hauber et al. 
2011). The monotypic stands of Phragmites have played a major role in 
stabilizing the outer reaches of the MRD, thereby buffering and protecting 
the more diverse and susceptible interior marsh communities (Coleman et 
al. 1998; Hauber et al. 2011). There are four haplotypes of Phragmites 
australis in the MRD. These include the introduced Delta haplotype 
(North African origin), which is the most abundant in the MRD; the 
introduced Greeny haplotype (European origin); the invasive European 
haplotype (European/Asian origin); and the Gulf haplotype (Central and 
South American origin) (Hauber et al. 2011; Lambertini et al. 2012). 
Differences in haplotype morphology and anatomy, as well as 
physiological tolerances, are of major concern since they could have 
significant implications on long-term ecosystem resilience and function 
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(Saltonstall 2002; Howard et al. 2008; Meyerson et al. 2010). Though 
previous studies have evaluated Phragmites expansion, recovery, and 
salinity tolerance, few have evaluated and compared the impacts of biotic 
stressors (i.e., predation, disease, allelopathy, and parasitism) on 
Phragmites haplotypes (Chabreck and Palmisano 1973; Burdick and 
Konisky 2003; Achenbach and Brix 2014).  

1.2 Objective 

During the summer of 2016, Nipponaclerda biwakoensis (Phragmites 
scale), an exotic insect native to China and Japan (McConnell 1954), was 
first observed on Phragmites plants in the MRD (Figure 1). This insect, 
which settles on stems of Phragmites, can injure or kill the plant by 
extracting its sap; in large numbers the insect can deplete the plant’s 
energy reserves (Kaneko et al. 2004; Diaz et al. 2017). Preliminary aerial 
and ground-based surveys were conducted by Louisiana State University 
(LSU) to evaluate the occurrence and distribution of Phragmites scale and 
Phragmites australis injury throughout southeast coastal Louisiana. 
These surveys showed an outbreak of the exotic insect and a distribution of 
Phragmites scale beyond the MRD and into portions of the Deltaic Plain 
(Figure 1). The surveys also identified other possible stressors (i.e., plant 
pathogens, sediment toxins, changes in salinity, and high water levels) that 
may be impacting Phragmites australis populations. Preliminary 
observations also indicated that Phragmites haplotypes differ in their 
tolerance to these stressors. However, these differences have not 
previously been observed or examined (Diaz et al. 2017). Therefore, the 
objectives of this study were to (1) evaluate the use of moderate and high 
spatial resolution satellite imagery to quantify vegetation biomass as a 
means of monitoring vegetation health within the MRD; (2) evaluate the 
use of high spatial resolution satellite imagery in a POC approach for 
differentiating Phragmites haplotypes from other plant species and 
species/haplotype-level injury; and (3) provide products (i.e., maps, data, 
and reports) to support decision making for pest control, navigation, and 
ecosystem management. 
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Figure 1. Phragmites scale distribution map (left panel) and study site (right panel) POC area 
(dark gray polygon) and areas of interest (AOI) (white boundaries) within the MRD 

(black boundary). 

 

1.3 Approach 

Traditionally, field assessments like those performed in the preliminary 
surveys by LSU have been used to monitor infestations and conditions in 
coastal wetlands (Cardoch et al. 2002). However, in situ measurements of 
condition, function, and sustainability across large geographic areas can 
be impractical. Remote sensing data and techniques provide tools that are 
beneficial for landscape analyses because they supply metrics for 
detecting, quantifying, and monitoring coastal ecosystem structure and 
function at a multitude of spatial, spectral, and temporal scales. The 
Normalized Difference Vegetation Index (NDVI) is a primary measure of 
condition, function, recovery, and sustainability. Since the NDVI has 
traditionally been used to assess impacts from anthropogenic, natural, and 
invasive disturbances (An et al. 2013; Bianchette et al. 2009; Couvillion 
and Beck 2013; Klemas 2013; Steyer et al. 2013), it was used in this study 
as a measure of primary productivity and plant vigor.  

The detection and classification of coastal wetland features utilizing 
satellite imagery is a standard approach for assessing expansive areas 
where ground-based survey methods would be costly and time prohibitive 
(Lane et al. 2015; McCarthy et al. 2015; Suir et al. 2011). In particular, the 
use of high-resolution satellite imagery, such as those collected from the 
WorldView (WV) satellite series, provides the advantage of increased 
spatial and spectral capability that is crucial for differentiating species in a 
coastal ecosystem (Suir et al. 2018). Previous studies have utilized high-
resolution spatial and spectral imagery, ground-based survey data, and a 
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combination of image classification techniques (i.e., spectral indices and 
supervised/unsupervised) to differentiate wetland plant species in areas of 
rapid change (Lane et al. 2015; McCarthy et al. 2015; Rapinel et al. 2014). 
Similar approaches, using WV imagery, ground, and other ancillary data, 
were evaluated in a POC (Figure 1). 
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2 Methods 

2.1 Study area 

The preliminary ground surveys were used to identify regions experiencing 
the most severe impacts. The impacted regions, which are dominated by 
the Delta haplotype, exhibited either stunted growth (e.g., reduced height 
with symptoms of chlorosis and browning); lodged dead stems; or 
converted to open water. The preliminary surveys also showed these 
hotspots were along four primary waterways in the MRD. The regions of 
high impact were used to establish AOI for this study (Figure 1), and they 
include the MRD (also known as the Bird’s Foot or Plaquemines-Balize 
Delta) and four primary AOIs: Southwest Pass, South Pass, Pass a Loutre, 
and Main Pass (Figure 1). In addition, a POC AOI (within the Pass a Loutre 
AOI) was established based on image availability, presence of Phragmites 
haplotypes and non-target plant species (e.g., floating and submerged 
aquatics, shrub and woody vegetation), and supplemental ground data 
collected by LSU (Figure 1).  

2.2 Remote sensing 

2.2.1 Data acquisition and processing 

The remote sensing assessments were performed using moderate-
resolution satellite imagery (i.e., Landsat, 2008 to 2017) for all AOIs and 
high-resolution satellite imagery (i.e., WV, 2012 to 2017) for specific areas 
of concern. Sensor specifications are provided in Table 1 (Allen and Suir 
2014). Landsat Thematic Mapper (TM) satellite imagery provides 
moderate spatial (28-meter) and temporal (16-day return) resolution data 
that are useful for estimating short-term landscape variation linked to 
disturbance events and/or prevailing environmental conditions (Suir et al. 
2011). Landsat data sets were acquired using the Google Earth Engine 
(GEE) service, which provides a platform for planetary-scale 
environmental data analysis using historical and current global satellite 
imagery. GEE utilizes its image collection to apply radiometric, 
atmospheric, and geometric corrections and creates image composites by 
using pixel median values to remove outliers (i.e., cloud cover from 
neighboring scenes) (Strahler et al. 1999; Chander et al. 2009). The 
WorldView-2 (WV2; 46 centimeter [cm] panchromatic and 185 cm 
multispectral, launched 2009) and WorldView-3 (WV3; 31 cm 
panchromatic and 124 cm multispectral, launched 2014) sensors are the 
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most spectrally diverse commercial satellites available. Archived data from 
these sensors, which collect eight multispectral bands (coastal, yellow, 
blue, green, red, red edge, near-infrared 1, and near-infrared 2 [NIR2]), 
were acquired using the DigitalGlobe Enhanced Viewer Web Hosting 
Service. ENVI version 5.4.1 (Exelis Visual Information Solutions, Boulder, 
CO) was used to radiometrically and atmospherically correct all satellite 
data. This process consists of transforming digital numbers to spectral 
radiance values at top of atmosphere (TOA) and then transforming 
radiance into TOA reflectance by applying corrections for solar 
illumination geometry (Strahler et al. 1999; Chander et al. 2009; 
Tarantino et al. 2012).  

Table 1. The remote sensing platforms utilized in this study. (courtesy of Allen and Suir [2014]) 

Satellite/Sensor  Spectral Bands  

Spatial Resolution 
(m)* Swath 

Width 
(km)** 

Repeat 
Orbit 
(days) Taskable Availability Pan Multispectral 

Landsat 5 
TM/MSS  

6 multispectral + 
pan + thermal  15 30 185 16 N Free 

Landsat 8  
(Feb 2013)  

6 multispectral + 
pan + thermal  15 30 185 16 N Free 

Digital Globe 
WorldView-2  

8 multispectral + 
pan  0.46 1.8 16.4 1 Y cost / AGC 

Digital Globe 
WorldView-3 

8 multispectral + 
pan + SWIR/CAVIS 0.31 1.24 13.1 1 Y cost / AGC 

*meter 
**kilometer 

2.2.2 Normalized Difference Vegetation Index (NDVI) 

NDVI values were calculated on all moderate- and high-resolution imagery 
using the standard equation (Rouse et al. 1974): 

NDVI =  
NIR − Red
NIR + Red

 

This equation utilizes a band ratio of satellite imagery between a near-
infrared (NIR) and red band to measure an ecosystem’s ability to capture 
solar energy and convert it to organic carbon or biomass (An et al. 2013). 
Since healthy green vegetation absorbs light in the red portion of the light 
spectrum and reflects light in the NIR portion of the spectrum, the NDVI 
has well-established correlations to photosynthetic activity, aboveground 
biomass, and leaf area index (Carle 2013). The NIR2 band was utilized for 
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all WV-derived NDVI data. The NIR2 band contains atmospheric 
absorption properties that enable the index to better detect the spectral 
signatures of floating and submerged aquatic vegetation. 

Optical inspections were performed on all scenes and composites to identify 
and remove satellite images of poor quality. All non-wetland vegetation and 
newly constructed restoration (Beneficial Use of Dredged Material at Pass a 
Loutre) features within the MRD were excluded from each satellite image. 
NDVI values less than zero (< 0) are typical of non-vegetation features (e.g., 
water, cloud, impervious surfaces) (Reif et al. 2011; Carle 2013) and were 
also excluded from each image. Since floating and rooted aquatic vegetation 
are common in the MRD, a frequency function was used to exclude all 
remaining water and areas with intermittent vegetation (pixels that were 
classified as land in <50% of all images; i.e., floating aquatics). ESRI ArcGIS 
version 10.5 (Redlands, CA: Environmental Systems Research Institute) 
was used to calculate zonal statistics (i.e., mean value) for all Landsat-
derived NDVI images using the MRD and AOI assessment boundaries. 
Relative changes in NDVI values were determined over a period of interest 
for each AOI, in which values from a later date were subtracted from an 
earlier date. 

2.2.3 Classification methods 

The POC approach for differentiating target Phragmites haplotypes from 
non-target plant species using high spatial resolution satellite imagery was 
accomplished through a hybrid approach. This approach utilized spectral 
indices and pixel-based classification methods informed by ground and 
aerial survey data as well as high-resolution aerial photography and satellite 
imagery. Two cloud-free WV3 satellite images collected on 1 October 2016 
were used for vegetation classification. Prior to classification, the images 
were radiometrically calibrated and atmospherically corrected, then 
mosaicked and color balanced in ENVI 5.4.1. In August and September of 
2017, LSU scientists performed two POC ground-based surveys. These 
surveys, which identified two Phragmites haplotypes (Delta and European) 
within the POC AOI, were used to evaluate methods capable of detecting 
Phragmites haplotypes. In addition, ancillary data (i.e., unmanned aircraft 
system-based video [11–12 October 2016], National Agriculture Imagery 
Program aerial photography [2 May 2015], WV2 and WV3 imagery 
[26 October 2014, 20 April 2017, and 17 July 2017]), along with expert 
opinion, were used to aid in the mapping of Phragmites and other non-
target species. Seven categories were identified for detection within the POC 
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AOI: open water/floating and submerged aquatic vegetation, Delta 
Phragmites (less dense or intermixed with water), Delta Phragmites 
(dense), European Phragmites, shrub/woody vegetation, developed, and 
recently restored land. 

Two distinct spectral indices, the WorldView Water Index (WV-WI) and 
the WorldView Improved Vegetation Index (WV-VI) were used to classify 
open water and floating and submerged aquatic vegetation areas in the 
image. The WV-WI utilizes the WV3 coastal and NIR2 spectral bands to 
detect areas of standing water greater than a pixel in size and is 
represented by the following equation (Wolf 2012):  

WV − WI =  
Coastal − NIR2
Coastal + NIR2

 

WV-WI values are represented as a range from -1 to 1, where -1 denotes 
areas that do not contain water and 1 signifies areas of open water. From 
visual inspection, open water and some floating and submerged aquatic 
vegetation areas were best detected when WV-WI values were >- 0.75.  

As mentioned previously, the WV-VI equation, presented below, utilizes 
WorldView’s NIR2 and Red bands (Wolf 2012; Tarantino et al. 2012). WV-
VI values are represented as a range from -1 to 1, where -1 denotes areas of 
open water and 1 signifies areas that display enhanced biomass signatures. 
From visual inspection, most floating and submerged aquatic vegetation 
areas were best detected when WV-VI values were > 0.89. 

WV − VI =  
NIR2 − Red
NIR2 + Red

 

When using the WV-VI method, some shrubs/woody vegetation were 
incorrectly classified as floating and submerged aquatic vegetation due to 
similar spectral signatures. To address this class confusion, regions of 
interest (ROI) were identified to assign woody shrubs into a separate class. 
The remaining pixels were included in an iterative process of unsupervised 
classification using the ISODATA classification algorithm and supervised 
classification using the Maximum Likelihood Classification algorithm and 
training sites (based on ancillary data). The ROIs were used to train the 
classifier and distinguish Phragmites haplotypes from other non-target 
species. Prior to classification, the spectral signatures of all training 
samples were compared in a pair-wise ROI separability algorithm in ENVI 
5.4.1 to ensure class separation and accurate identification. 
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3 Results and Discussions 

3.1 Moderate resolution data 

As described in the Methods section, moderate resolution imagery from 
Landsat-5 TM and Landsat-8 OLI sensors, within the period of analysis 
(2008 and 2017), were acquired from the GEE service. Visual assessments 
were performed on 92 scenes to determine image quality (i.e., clouds and 
spatial coverage) (Figure A1, Appendix A). Any scenes (or composites) 
containing appreciable cloud cover or data gaps were omitted. The 
qualifying scenes were used to create composites, resulting in 22 data 
points within the period of analysis. Though it is customary to concentrate 
NDVI evaluations on imagery collected during the vegetation growing 
season (May to September), all available imagery was considered since 
uncertainties exist regarding secondary stressors (i.e., changes in 
vegetation condition during winter senescence and recovery during the 
next growing season). The MRD and individual assessment unit 
boundaries were used to calculate summary NDVI statistics for each AOI. 
Figures 2 and 3 provide examples of the NDVI calculations and consist of 
those that bracket the initial observation (summer 2016) of the 
Phragmites scale. The remaining 20 NDVI figures are provided in 
Appendix B (Figures B-1–B-20).  

Figure 2. October 2015 Landsat-8-derived NDVI of vegetation within the MRD 
and project AOI; red areas indicate vegetation with low plant vigor while green 

areas indicate healthy vegetation. 
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Figure 3. October 2016 Landsat-8-derived NDVI of vegetation within the MRD and 
project AOI; red areas indicate vegetation with low plant vigor while green areas 

indicate healthy vegetation. 

 

The end points from each sequential data pair (e.g., March 2008 to 
October 2008, October 2008 to January 2009, etc.) within the overall 
period of analysis were used to compute the change in NDVI for that 
period. Figure 4 provides an example of the NDVI changes from October 
2015 to October 2016. In Figure 4, the green-blue color ramp represents 
increasing NDVI values, and the yellow-orange-red colors represent 
decreasing NDVI values. This figure shows the wetlands along the fringe of 
at least a portion of each major pass (waterway) experienced reductions in 
NDVI (productivity/health). The most severe impacts are observed along 
the Southwest Pass AOI, followed by Main Pass, Pass a Loutre, and South 
Pass. The remaining NDVI change figures are provided in Appendix B 
(Figures B-21–B-27). 

The trajectory of mean NDVI values for each AOI through time is provided 
in Figure 5. These represent all qualifying data, regardless of season, and 
illustrate three distinct periods. The period from 2008 to 2011 where the 
mean NDVI values exhibited significant fluctuations due to considerable 
climate events (i.e., hurricanes), the period from 2011 to 2015 (pre-scale 
observation) where NDVI values were more stable (possible hurricane 
impacts observed in 2013), and the 2015 to 2017 period where the mean 
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NDVI values exhibited increased fluctuation—probably injuries due to 
Phragmites scale (especially in Southwest Pass, which was confirmed by the 
preliminary field surveys). Though NDVI data provide a means of 
identifying periods of stress (stressors can be inferred from ancillary data), 
it is suspected that Phragmites recovery occurred after initial observed 
impacts in 2015, followed by another mean decrease in 2017. The fate of 
Phragmites haplotypes in relation to Phragmites scale impacts requires 
higher-resolution assessments. Furthermore, observed stress through NDVI 
calculations, while capturing Phragmites impacts, also includes impacts to 
other vegetation types. Thus, it is not possible to separate Phragmites 
impacts from other vegetation stress or injury without additional 
information about the location of individual species or species composition. 

Figure 4. Change analysis based on Landsat-8 derived NDVI of vegetation within the MRD 
from October 2015 to October 2016; green-blue color ramp represents increasing NDVI 

values, and the yellow-orange-red colors represent decreasing NDVI values. 
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FFigure 5. Graph showing mean NDVI trajectories for all Landsat-derived data points in the MRD, Main Pass,
Pass a Loutre, South Pass, and Southwest Pass assessment units.

 

3.2 High-resolution data 

3.2.1 NDVI assessments 

One area of concern is within the Pass a Loutre AOI. Field surveys were 
used to identify areas where the robust European Phragmites haplotype 
(healthy, green) was adjacent to the severely impacted Delta Phragmites 
haplotype (stressed, brown). These impacts were potentially due to stress 
and injury from the Phragmites scale. Figures 6 and 7 consist of the high-
resolution WV-derived NDVI calculations from 2014 and 2016 and show 
sites where these conditions were observed. At the western end of the Pass 
a Loutre AOI and north of the Pass a Loutre waterway are neighboring 
stands of Phragmites haplotypes. Figure 6 shows that these haplotypes 
had high NDVI values (high productivity and health) in November of 2014. 
However, by October 2016 (Figure 7), large Phragmites stands were 
severely impacted (potentially due to Phragmites scale) and exhibited low 
NDVI values (orange and red — indicative of stressed vegetation). The 
remaining WV-derived NDVI figures are provided in Appendix C (Figures 
C-1 and C-2).  
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Figure 6. November 14 WV-derived NDVI of vegetation within the MRD and project 
AOI; red areas indicate vegetation with low plant vigor while green areas indicate 

healthy vegetation. 

 

Figure 7. October 2016 WV-derived NDVI of vegetation within the MRD and 
project AOI; red areas indicate vegetation with low plant vigor while green 

areas indicate healthy vegetation. 

 

As with the Landsat NDVI calculations, change analyses were performed 
using the WV-derived NDVI calculations. Figure 8 illustrates the severity 
of NDVI change in the Pass a Loutre AOI and further highlights the utility 
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of higher-resolution data for distinguishing NDVI differences in small 
patches of impacted and stressed vegetation. The remaining WV-derived 
NDVI change figures are provided in Appendix C (Figures C-3 and C-4). 

Figure 8. Change analysis based on WV-derived NDVI of vegetation within the Pass a Loutre 
AOI from November 2014 to October 2016; green-blue color ramp represents increasing NDVI 

values, and the yellow-orange-red colors represent decreasing NDVI values. 

 

3.2.2 Proof of Concept (POC) 

The POC classification scheme was applied to WV3 images that were 
collected on 1 October 2016 (Figure 9). To determine the accuracy of the 
image classification, 165 sample points were generated using the stratified 
random sampling method in ArcGIS 10.5. The method distributed the total 
number of sample points among each class proportional to the class area. 
Then, each point was verified using the ancillary ground and airborne 
data. Table 2 shows the number of sample points, the percentage of 
classification accuracy, and the percentage of total area for each class 
within the POC AOI. The open water/floating and submerged aquatic 
vegetation class accounted for 55.6% of the total area, and of the 
76 sampling points identified, 85.5% were classified correctly. Most 
misclassified pixels were due to spectral similarities to areas consisting of 
water intermixed with Delta Phragmites (less dense). The Delta 
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Phragmites (less dense) class comprised 13.5% of the total area of the POC 
AOI, and 84.2% classification accuracy was noted for the 19 sample points. 
The majority of errors were due to the close proximity of the class edge to 
floating aquatic and other plant species. The Delta Phragmites (dense) 
represented 21.8% of the total area of the POC AOI. A total of 30 sample 
points resulted in an 80% classification accuracy with most errors due to 
class confusion with floating aquatic plants. The European Phragmites 
represents 0.1% of the total area of the POC AOI with a 50% classification 
accuracy across 10 sample points. Differentiating between the European 
and Delta Phragmites haplotypes was difficult through spectral 
identification alone; however, field verification was useful for manually 
identifying European Phragmites patches. Improved species detection via 
WV imagery could be achieved using multi-seasonal and temporal 
classification to exploit differences in genotypic characteristics. The 
shrub/woody vegetation, developed, and recently restored land classes 
represent 0.9%, 0.1%, and 8.0% of the total POC AOI area, respectively, 
with 10 sample points per class. The sample points of each class were 
verified with 100% accuracy.  

Overall, the classification methods performed for this study were effective 
for detecting Phragmites from non-Phragmites within the POC AOI. This 
allows for targeted evaluation of Phragmites community trends, such as 
changes in plant health and stress fluctuations using NDVI analyses and 
other spectral indices. In addition, two separate density metrics, less dense 
and dense, of the European Phragmites were identified through 
classification. Density metrics are important indicators of vegetation 
quality and could be useful for monitoring impacts to vegetation through 
time. Phragmites species level identification proved more difficult and 
could benefit from the collection and analysis of hyperspectral imagery to 
isolate spectral signatures. Also, improved classification methods could be 
achieved by incorporating object-based feature extract methods based on 
textural, spectral, and spatial characteristics. 
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Figure 9. WV3 satellite image (color infrared composite) of the POC area (top image) 
acquired on 1 October 2016 and the derived classification image (bottom image). 
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Table 2. Classification accuracy assessment listing the total number of assessment sample 
points per class, the accuracy percentage of the classification per class, and the percentage 

of total POC AOI area for each class. 

Class Samples Accuracy % % of Total Area 

Open Water/Floating and Submerged 
Aquatics 76 85.5% 55.6% 

Delta Phragmites (less dense) 19 84.2% 13.5% 

Delta Phragmites (dense) 30 80.0% 21.8% 

European Phragmites 10 50.0% 0.1% 

Shrub/Woody Vegetation 10 100.0% 0.9% 

Developed 10 100.0% 0.1% 

Recently Restored Land 10 100.0% 8.0% 
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4 Conclusions 

In summary, the short-term efforts from this study yielded preliminary 
remote sensing methods to assess vegetation in scale-impacted areas of 
the MRD. The products were developed in coordination with the 
U.S. Geological Survey, which likewise investigated the use of NDVI to 
map recent, relative biomass changes from 2014 to 2017 (Ramsey and 
Rangoonwala 2017). As a result of coordinated efforts and findings, as well 
as discussions with LSU and the USACE New Orleans District, it was 
determined that historical changes in NDVI prior to 2014 as well as 
methods to discriminate Phragmites from non-target species are 
necessary to better understand vegetation impacts, especially in cases 
where Phragmites haplotypes experience different impacts and where new 
species are colonizing impacted Phragmites habitat. While NDVI trend 
analyses are a valuable data source, providing a rapid and cursory 
understanding of vegetation health, they are limited in that they do not 
explain which particular species are stressed or injured. Thus, the POC 
illustrates how field data can be utilized with high-resolution satellite 
imagery to identify species of interest in the MRD.  

The methods described in this report are useful for evaluating scale 
impacts in areas where vegetation provides important benefits (i.e., 
protection from erosion). Rapid decline of Phragmites and recolonization 
by other plant species has unclear implications for surrounding ecosystem 
integrity, navigation, and flood protection. With regard to navigation, 
there are five federal navigation channels and four ports in the impacted 
area. Southwest Pass, for example, is a primary shipping channel in the 
United States and could face increased wave action if the Phragmites 
marsh lining the channel should collapse. Other potential negative effects 
could include increased flooding, erosion, and storm-related damage. The 
data provide operational value for future assessments of vegetation and 
wetland loss on navigation (dredging) and flood risks. In addition, they are 
useful for prioritizing future data collections and analysis efforts in nearby 
studies, such as the Louisiana Coastal Area Beneficial Use of Dredge 
Material West Bay and Tiger Pass Projects. 

Future work should continue with the development of NDVI calculations 
and map products using collections of Landsat and WV imagery to track 
and monitor potential Phragmites die-off areas as expressed through 
relative biomass changes. Future work should also expand upon 
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preliminary species-based classification testing and development 
conducted at Pass a Loutre to other AOI utilizing high-resolution remotely 
sensed data where rapid decline in Phragmites has resulted in new species 
establishment. Additionally, to better quantify and understand haplotype 
and species impacts as well as tolerance to environmental stress, direct 
linkages between Phragmites die-off areas and species classifications are 
necessary. Comparison of species composition information coupled with 
change in plant biomass would (1) improve summary statistics for 
impacted and changing vegetation types since species impacts are not 
uniform; (2) improve the understanding of the Phragmites haplotype 
impacts on a regional perspective; and (3) provide an approach to monitor 
non-target species that are likewise changing in response to declining 
Phragmites-dominated habitats. Future work should also integrate 
biomass and species level data with landscape metrics (i.e., connectivity, 
interspersion, edge density, and core area), vegetation quality indices, and 
suitability/susceptibility models to evaluate hotspots and ecosystem 
integrity to support pest and resource management.  
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Appendix A: Imagery Catalog  
Table A-1. Catalog of moderate (white cells) and high resolution (grey cells) imagery for the MRD, Southwest Pass 

(SW), South Pass (S), Pass a Loutre (Loutre), and Main Pass (Main) assessment units. 

Satellite 
Collection 

Date 
Scene / 

AOI Satellite 
Collection 

Date 
Scene / 

AOI Satellite 
Collection 

Date Scene / AOI 

Landsat-8 30-Mar-17 Barataria Landsat-5 30-Sep-11 MRD Landsat-5 21-Mar-08 Barataria 
Landsat-8 6-Mar-17 MRD Landsat-5 6-Sep-11 Barataria Landsat-5 13-Mar-08 MRD 
Landsat-8 16-Nov-16 MRD Landsat-5 13-Aug-11 MRD Landsat-5 2-Feb-08 Barataria 
Landsat-8 31-Oct-16 MRD Landsat-5 10-Jun-11 MRD Worldview 3 20-Jul-17 Main and Loutre 
Landsat-8 7-Oct-16 Barataria Landsat-5 2-Jun-11 Barataria Worldview 3 1-Oct-16 SW, S, Loutre, Main 
Landsat-8 22-Apr-16 MRD Landsat-5 15-Apr-11 Barataria Worldview 3 3-Apr-16 SW, S, Main 
Landsat-8 21-Mar-16 MRD Landsat-5 7-Apr-11 MRD Worldview 3 13-Aug-15 SW 
Landsat-8 13-Mar-16 Barataria Landsat-5 30-Mar-11 Barataria Worldview 3 8-Apr-15 SW 
Landsat-8 5-Mar-16 MRD Landsat-5 14-Mar-11 Barataria Worldview 3 8-Mar-15 SW, S, Loutre, Main 
Landsat-8 26-Feb-16 Barataria Landsat-5 18-Feb-11 MRD Worldview 3 14-Nov-14 SW, S, Loutre, Main 
Landsat-8 18-Feb-16 MRD Landsat-5 10-Feb-11 Barataria Worldview 3 26-Oct-14 SW, Main 
Landsat-8 10-Feb-16 Barataria Landsat-5 19-Dec-10 MRD Worldview 2 20-Apr-17 S , Loutre, Main 
Landsat-8 17-Jan-16 MRD Landsat-5 1-Nov-10 MRD Worldview 2 12-Apr-17 Main, Loutre 
Landsat-8 17-Nov-15 Barataria Landsat-5 16-Oct-10 MRD Worldview 2 15-Jun-15 SW 
Landsat-8 8-Oct-15 MRD Landsat-5 30-Sep-10 MRD Worldview 2 10-Nov-14 SW 
Landsat-8 14-Sep-15 Barataria Landsat-5 22-Mar-10 Barataria Worldview 2 17-Jun-14 Main, Loutre 
Landsat-8 21-Aug-15 MRD Landsat-5 18-Feb-10 MRD Worldview 2 16-Jan-14 SW, S, Loutre, Main 
Landsat-8 20-Jul-15 MRD Landsat-5 2-Feb-10 MRD Worldview 2 3-Nov-13 SW, S, Loutre, Main 
Landsat-8 22-Mar-15 Barataria Landsat-5 9-Nov-09 MRD Worldview 2 7-Nov-12 SW 
Landsat-8 2-Feb-15 Barataria Landsat-5 1-Nov-09 Barataria Worldview 2 11-Oct-12 SW, S, Loutre, Main 
Landsat-8 25-Jan-15 MRD Landsat-5 24-Oct-09 MRD Worldview 2 6-Oct-12 SW, S, Loutre, Main 
Landsat-8 1-Jan-15 Barataria Landsat-5 16-Oct-09 Barataria Worldview 2 5-Oct-11 SW 
Landsat-8 11-Dec-14 MRD Landsat-5 29-Aug-09 Barataria Worldview 2 28-Aug-11 S, Main, Loutre 
Landsat-8 25-Nov-14 MRD Landsat-5 18-Jun-09 MRD Worldview 2 1-Aug-10 Main, Loutre 
Landsat-8 17-Nov-14 Barataria Landsat-5 2-Jun-09 MRD GeoEYE 18-Nov-12 SW 
Landsat-8 1-Nov-14 Barataria Landsat-5 15-Apr-09 MRD GeoEYE 2-Oct-12 SW, S, Loutre, Main 
Landsat-8 28-Jul-14 Barataria Landsat-5 2-Feb-09 Barataria GeoEYE 3-Mar-10 SW, S, Loutre, Main 
Landsat-8 17-May-14 MRD Landsat-5 25-Jan-09 MRD GeoEYE 17-Feb-10 SW and S 
Landsat-8 1-May-14 MRD Landsat-5 17-Jan-09 Barataria QuickBird 2 24-Oct-14 SW, S, Loutre, Main 
Landsat-8 7-Apr-14 Barataria Landsat-5 9-Jan-09 MRD QuickBird 2 23-Apr-14 SW 
Landsat-8 17-Jan-14 Barataria Landsat-5 16-Nov-08 Barataria QuickBird 2 23-Oct-10 S, Loutre, Main 
Landsat-8 9-Jan-14 MRD Landsat-5 31-Oct-08 Barataria QuickBird 2 24-May-10 Loutre 
Landsat-8 11-Dec-13 MRD Landsat-5 23-Oct-08 MRD QuickBird 2 15-Mar-06 SW and Main 
Landsat-8 24-Oct-13 MRD Landsat-5 29-Sep-08 Barataria QuickBird 2 11-Sep-05 SW 
Landsat-5 9-Nov-11 Barataria Landsat-5 28-Aug-08 Barataria - - - 
Landsat-5 16-Oct-11 MRD Landsat-5 16-May-08 MRD - - - 
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Appendix B: Landsat-Derived NDVI  
Figure B-1. March 2008 Landsat-8-derived NDVI of vegetation within the 

Mississippi River Delta and project AOI. 

 

Figure B-2. October 2008 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-3. January 2009 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-4. July 2009 Landsat-8-derived NDVI of vegetation within the Mississippi 
River Delta and project AOI. 
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Figure B-5. October 2009 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-6. February 2010 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-7. September 2010 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-8. March 2011 Landsat-8-derived NDVI of vegetation within the Mississippi 
River Delta and project AOI. 
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Figure B-9. April 2011 Landsat-8-derived NDVI of vegetation within the Mississippi 
River Delta and project AOI. 

 

Figure B-10. June 2011 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 



ERDC/EL TR-18-9 29 

Figure B-11. September 2011 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-12. December 2013 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-13. April 2014 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-14. November 2014 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-15. January 2015 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-16. August 2015 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-17. January 2016 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-18. February 2016 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Figure B-19. March 2016 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 

 

Figure B-20. March 2017 Landsat-8-derived NDVI of vegetation within the 
Mississippi River Delta and project AOI. 
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Landsat-Derived NDVI Difference 

Figure B-21. Change analysis based on Landsat-8 derived NDVI of vegetation within 
the MRD from October 2008 to October 2009. 

 

Figure B-22. Change analysis based on Landsat-8 derived NDVI of vegetation within 
the MRD from October 2009 to September 2010. 
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Figure B-23. Change analysis based on Landsat-8 derived NDVI of vegetation 
within the MRD from September 2010 to September 2011. 

 

Figure B-24. Change analysis based on Landsat-8 derived NDVI of vegetation 
within the MRD from September 2011 to December 2013. 
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Figure B-25. Change analysis based on Landsat-8 derived NDVI of vegetation 
within the MRD from December 2013 to November 2014. 

 

Figure B-26. Change analysis based on Landsat-8 derived NDVI of vegetation 
within the MRD from November 2014 to October 2015. 
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Figure B-27. Change analysis based on Landsat-8 derived NDVI of vegetation 
within the MRD from March 2016 to March 2017. 
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Appendix C: WV-Derived NDVI   

WV-Derived NDVI 

Figure C-1. October 2012 WV-derived NDVI of vegetation within the Pass a 
Loutre project area. 

 

Figure C-2. August 2017 WV-derived NDVI of vegetation within the Pass a 
Loutre project area. 
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WV-Derived NDVI Difference 

Figure C-3. Change analysis based on WV-derived NDVI of vegetation within the 
Pass a Loutre assessment area from October 2012 to November 2014. 

 

Figure C-4. Change analysis based on WV-derived NDVI of vegetation within the 
Pass a Loutre assessment area from October 2016 to August 2017. 
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