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ABSTRACT

This study focuses on hurricane-induced changes in land and vegetation primarily in two study
areas, the Breton Sound Estuary and the Chandeleur Islands, southeast of New Orleans,
Louisiana. Breton Sound Estuary consists of the Caernarvon Diversion, a fresh water diversion
of the Mississippi River that supplies this region with managed pulses of fresh water and
sediments. The Chandeleur Islands are a chain of barrier islands that are uninhabited and
transgressive in nature. A sequence of hurricanes in the past two decades has greatly altered both
areas significantly. Satellite data were analyzed for a period of 24 years (1987-2011) of Breton
Sound Estuary region and for 14 years (1997-2010) of the Chandeleur Islands. Landsat 5
Thematic Mapper data were used to classify and analyze changes using ERDAS IMAGINE 9.3
software. Images were classified into land and water classes using a hybrid classification
technique that is unlike the techniques used in the past. Quantitative spatial analyses of the extent
of land loss, vegetation changes and beach loss/gain over time were performed. Three change
detection techniques were used in this research, which include post-classification spatial
intersection, Change Vector Analysis (CVA) and image differencing. Maximum land loss in the
Breton Sound Estuary region was due to Hurricane Katrina in 2005 when 196 km® of land was
converted to water from November 2004 to October 2005. Marsh area loss in the 24-year time
series coincided with the overall land area loss. An increase in marsh area was detected in three
segments of the time series i.e. 1987 to 1991, 1992 (after Hurricane Andrew) to 2003 (before
Hurricane Ivan) and 2006 (after Hurricane Katrina) to 2010 indicating some recovery between
hurricane years. At the Chandeleur Islands, most of the land loss over the past decade was due to
four major hurricanes since 1997; Hurricane Georges in 1998, Hurricane Ivan in 2004, Hurricane

Katrina in 2005 and Hurricane Gustav in 2008. The most significant hurricane that impacted

Xii



these islands was Hurricane Georges in 1998 that resulted in a land loss of 76.5% measured from
1997. The land area increase after the impact of Hurricane Gustav in 2008 to 2011 was very low
ranging from 0 km® to 2 km®. Shoreline change detection results indicated that the barrier islands
moved westward (landward), a maximum of 1.7 km in the southern section. Seven kilometres of
the linear coastline was lost in the northern tip and 15 km in the southern tip. The change
detection analysis and the shoreline change analysis indicated that the southern section of these

islands has undergone greater damage due to erosion than the northern section.
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CHAPTER 1
INTRODUCTION

1.1. Background

Two study areas were targeted for this research project. The first was the Breton Sound Estuary,
which includes the Caernarvon Diversion of the Mississippi River operated since 1991. The
second was the Chandeleur Island chain, approximately 63 km to the east of the Breton Sound
Estuary. The study area of Breton Sound Estuary region encompassed 2020 km” and the
Chandeleur Islands encompassed 1286 km” (Figure 1.1). These regions were formed from the St.
Bernard Delta lobe of the Mississippi River delta complex one thousand years ago (Penland et al,
1988; Roberts, 1997). Several processes that constitute the delta cycle resulted in the formation

of this delta.

According to Roberts (1997), the main stages in delta development include “(1) Delta
initiation and rapid growth which is the fluvially dominated regressive phase (2) Stream capture
and Lacustrine delta development (3) Bayhead delta stage (4) Shelf-stage delta building and the

(5) Delta abandonment and deterioration: Marine-dominated transgressive phase”.

Penland et al (1988), describe the formation of the barrier islands from a delta in three
stages called “the three stage evolutionary model”. The first stage is called the ‘“erosional
headlands with flanking barriers” during which the barrier progrades seaward. The second stage
is the formation of the “transgressive barrier island arc” when the islands detach themselves from
the delta due to abandonment followed by submergence resulting in the formation of “inner shelf
shoals”. Penland et al (1988) and Koch and Penland (2001) indicate that the Chandeleur Islands

are still in the second stage of the barrier islands model i.e. “transgressive barrier island arc”.



1.1.1. Breton Sound Estuary

Lane et al, (1999) described Breton Sound Estuary as marsh area that consists of freshwater,
brackish and saltwater marsh species extending over 1100 km* (Figure 1.2). This first diversion
of the Mississippi River was created unintentionally during the great flood of 1927. There were
intermittent pulses of fresh water from the Mississippi River to the Breton Sound naturally in the
last century. After construction of the man-made levees on the Mississippi River banks, the
natural sediment and freshwater supply was cut off. In order to supplement this natural process,
the Caernarvon Diversion was built in 1991. It was also built with the intention of protecting the
fisheries industry and increasing the wetlands of coastal Louisiana (Lane et al, 1999; Stokstad,

2005; Day et al, 2007; Howes et al, 2010).

The Caernarvon River diversion is now essential to sustain the freshwater ecosystem of
the habitat in this region (Day et al, 2009). Water inflow in this region is greatly influenced by
the tides, winds, sea level, rise/fall of the river stage (when the diversion is open) and several
other climatic factors (Day et al, 2009). These factors also control the sediment circulation in the
marshes. The opening and closing of the river diversion is operated such that it is in sync with
the natural high and low stages of the Mississippi river which regulates the salinity variations

across the diversion region (Day et al, 2009).

1.1.2. Chandeleur Islands

The Chandeleur Islands are a group of islands that form the eastern most point of Louisiana
(Figure 1.3). They extend about 80 km in length. The importance of these barrier islands is that
they form a protective barrier between the coast and the Gulf of Mexico, protecting the mainland
from the impact of waves and storm surges (Stone et al, 2005). They are also known for their

natural habitat, which provides home for many different species of animals and birds. Some of



the well-known species include nesting sea turtles, brown pelicans, piping plovers and least terns

(Fearnley et al, 2009). These islands act as a wildlife and forest preserve.

Figure 1.1 Aqua MODIS true color imagery of Mississippi River delta on 10/09/2010 showing
location of the study areas (a) Breton Sound Estuary (b) Chandeleur Islands
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Figure 1.2 Breton Sound Estuary region study area, Landsat 5 TM image of 10/07/2010 with true
color composite comprised of bands 1, 2 and 3 as 321 RGB



Hurricane and tropical storm damage has greatly affected the Chandeleur Islands causing
much land loss. It is therefore essential to quantify the land losses and gains that have occurred to
these islands as it may directly affect the erosion along the marshes of Breton Sound Estuary.
Many modeling studies in the past have been carried out to determine the effects of these barrier
islands on the mainland along with their migration towards the coast (Stone et al, 2005). Due to
the low-lying nature of these islands they are likely to be greatly impacted by the global climate

changes especially sea level rise (Williams, 2009).

The coastal subsidence resulting in relative sea level rise has also led to erosion of this
chain of islands (Lavoie, 2009). The fact that this is a “sediment-starved environment” does not
help with the rebuilding (Sallenger et al, 2009). It has been found that the sediment source for
these islands in the earlier times during its evolution was mainly from the Mississippi River
(Sallenger et al, 2009). The morphology of these islands is controlled by the impact and
frequency of the hurricanes (Fearnley et al, 2009). The islands have evolved over time and
undergone a lot of changes due to hurricane impacts along with other factors such as
transgressive submergence (Kahn and Roberts, 1982). Hurricane Frederic (1979) and Hurricane
Camille (1969) were considered the most devastating hurricanes before the past decade (Kahn
and Roberts, 1982). These islands were affected by about 40 hurricanes in the entire century

(Fearnley et al, 2009).

Four major hurricane events are considered in this research. Hurricane Georges in
September 1998 was a category 4 hurricane that made landfall near Biloxi, MS (National
Hurricane Center Report, 1999). Hurricane Ivan in September 2004 was a category 5 hurricane
that made landfall west of Gulf Shores, AL (National Hurricane Center Report, 2005). Hurricane

Katrina in August 2005 was a category 5 hurricane that made landfall in the southern



Plaquemines parish, LA (National Hurricane Center Report, 2006). Hurricane Gustav in August
2008 was a category 4 hurricane that made landfall in Cocodrie, LA (National Hurricane Center
Report, 2009). The satellite images were obtained for each of these hurricanes before and after
the event. The categories listed above are the maximum experienced in the Gulf of Mexico, not

categories at landfall.

1.2. Land Change Analysis for Coastal Louisiana

Barras (2007) in his report on the response of the Louisiana coast to Hurricanes Katrina and Rita
in 2005 measured the land loss over the entire coast of Louisiana using Landsat 5 TM data
mosaics of 2004 and 2005 to generate classified images using a density-slicing technique.
Classified images were then used to generate the changes in area before and after the impact of

the 2005 hurricanes.

Barras et al, (2008) studied the spatial changes in coastal Louisiana from 1956 to 2006
using Landsat TM imagery. After classifying the land and water areas, they performed a
regression analysis between different years to analyze their land area relationship. They found
that the Breton Sound Estuary region had undergone maximum change and land loss compared
to the other parts of coastal Louisiana. They also indicated that new water areas in Breton Sound
Estuary region and at the Chandeleur Islands were permanent whereas it was not the case in

other regions.

Barras (2009) also discussed the impacts of Hurricanes Gustav, Ike, Katrina and Rita in
coastal Louisiana and observed that the land area after the impact of Hurricanes Katrina and Rita

in 2005 exhibited some recovery in 2006 and 2007.
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Figure 1.3 Chandeleur Island arc study area Landsat 5 TM data from 12/19/1997 with a true
color composite comprised of bands 1, 2 and 3 as 321 RGB




Hurricanes Gustav and Ike in 2008 affected the western portions of coastal Louisiana
much more than the eastern parts consisting of Breton Sound Estuary and Chandeleur Islands.
After the passage of these hurricanes in 2008, land loss at the Chandeleur Islands was found to

be 1.02 km? (Barras, 2009).

Barras (2009) also indicated that the land area change after Hurricane events may not be
permanent for long-term analysis but could greatly affect the cumulative land loss over a period
of time. Marsh area, found in the northwestern portion of the Breton Sound Estuary, was greatly
affected and altered due to Hurricanes Katrina, Rita and Gustav (Barras, 2006; Barras, 2007,

Barras et al, 2008; Barras, 2009)

Couvillion et al, (2011) studied the changes in coastal Louisiana from 1932 to 2010. They
utilized Landsat MSS and TM data to analyze the land area changes from 1970 to 2010 and
surveyed toposheets for 1932 and aerial photographs for 1956. They used density slicing
primarily to classify areas using the near-infrared band and supplemented the unclassified areas
with supervised and unsupervised classification. They found that the land area changes began
after 1970 and the region most affected by Hurricanes Katrina and Rita was Breton Sound
Estuary. They have found most of the changes to be persistent. Linear regression was used,
similar to that of Barras et al, (2008), to identify the relationships between land losses from

different times.

Kearney et al, (2011) analyzed the effects of the three river diversions in coastal
Louisiana over a period of 19 years. They used Landsat TM data along with aerial photography
to quantify marsh area with the incorporation of these data into a “spectral mixture model” that
involved developing indices based on near-infrared and red bands of Landsat data. They found

that maximum damage to marsh area in Breton Sound Estuary region was caused from



Hurricanes Katrina and Rita in 2005. They concluded that the diversions in coastal Louisiana did
not fulfill their purpose of increasing marsh/vegetation area due to excessive nutrient load from
the Mississippi River that had led to the roots being weak and susceptible to uprooting by storm
events. They also attributed the Caernarvon river diversion as a cause for the increase in the

“dead zone” in Gulf of Mexico.

1.3. Classification Procedure

Lillisand and Kiefer (1997), indicate classification as the process of grouping pixels of
similar spectral signatures into classes. These classes could be automatically generated using
unsupervised classification or could be user-defined classes known as supervised classification.
The classification procedure involves creating a training signature set which consists of the
classes either automatically generated by the software or user defined. Pixels that cannot be
classified in any of the classes are categorized as unclassified pixels. Output from the
classification is a thematic map layer with all the pixels in the image being classified into
different classes. Supervised classification can be performed using one of the three classifiers

such as “Minimum-Distance-to-Mean”, “Gaussian-Maximum-likelihood” and “Parrellpiped”.

The “Gaussian-Maximum-likelihood” classifier was used in this study to perform
supervised classification. This classifier algorithm essentially assumes that the pixels in the
training classes are normally distributed. Unclassified pixels are classified based on the
“probability density function” i.e. the probability of the particular pixel occurring in a class.
Unsupervised classification is performed using the ISODATA algorithm, which involves

clustering of the pixels into classes (Lillisand and Kiefer, 1997).

Lillisand and Kiefer, (1997) used both techniques in the form of hybrid classification,

which is the classification procedure used in this research. Munyati, (2000) used this hybrid
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technique to classify the wetlands in Zambia. Frazier and Page (2000) utilized maximum
likelihood classification to categorize water bodies using Landsat imagery. They found that it
was far more accurate to utilize the three infrared bands instead of the visible bands. They also
concluded that the supervised classification procedure is more accurate than density slicing

technique.

1.4. Atmospheric Correction for Landsat S TM Imagery

Kawata et al, (1990) found that applying maximum likelihood classification techniques for
image classification on both atmospherically corrected image and uncorrected images yielded the
same classification accuracy. They analysed the Kanazawa area of Japan which is a mixed
landuse consisting of urban areas, water, vegetation and regions of higher elevation. They
concluded that atmospheric correction had little effect on results of the classification procedures.
However, they found that the atmospheric correction improved the classification accuracy for

water bodies such as rivers.

Fraser et al, (1997) studied the effects of atmospheric correction on image classification
techniques based on a study conducted over the Atlantic Ocean on the western coast of Africa.
They used the hybrid classification technique i.e. the image was first classified using “clustering”
which is an unsupervised classification algorithm and the training sites obtained from this were
then used to classify the image using maximum likelihood classifier. They found by comparing
atmospherically corrected and uncorrected images that the effect of atmospheric correction on
the classification procedure was very insignificant. Porter (1974) achieved similar results when

comparing atmospherically corrected and uncorrected imagery.

Song et al, (2000) determined that the atmospheric correction procedure is not necessary

for Landsat imagery when used in classification and change detection techniques. They analyzed
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several atmospheric correction techniques for five different sample images for the Pearl River
Delta of China. Based on their results, they concluded that atmospheric correction techniques are
required when the spectral information is used. In case of classification and change detection, the
spectral data is not used. It is entirely spatial. In this case, they found that the accuracy of the
classification was not affected by the atmospheric correction technique. However, they suggest
that consistency in the type of image used is important i.e. reflectance or radiance. Atmospheric
correction played a major role when the training sites from an image of a particular time were
used for another image of the same area but from a different time. In this case, the images need
to be corrected for atmospheric effects. Atmospheric correction is especially essential for water
environments, quantifying suspended sediments and chlorophyll a (Walker and Hammack,

(2000); Walker and Rabalais, 2006)

1.5. Change Detection

Three change detection procedures were used in this research, including the post classification
matrix change detection technique, principal component change analysis and image differencing.
Macleod and Copgalton, (1998) analyzed these three change detection procedures on Landsat
TM data. They found that the image differencing technique to be most accurate in change
detection and that the post classification change detection was the next best. Post classification
change detection had lesser accuracy when compared to image differencing due to the fact that
the errors in post classification technique are cumulative. On the contrary, Mas, (1999) found
(based on study conducted in the Terminos lagoon region of Mexico) that the post classification
change detection technique had the maximum accuracy when compared to image differencing

technique.
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Lu et al, (2003) analyzed 31 change detection techniques for satellite imagery and
discussed the pros and cons of each technique. In relation to our study, the three change detection
techniques including the post classification, TCAP image differencing and Change Vector
Analysis are of interest. In their discussion about the post classification, they indicate that it does
not require atmospheric correction techniques and generates a change matrix, which indicates the
direction of change. However, the disadvantage of this technique is that it is very time
consuming and the accuracy depends on the accuracy of the classification imagery. In case of
image differencing using TCAP data, it provides basic change imagery but does not contain a
change matrix. Change Vector Analysis technique provides the change magnitude per pixel but

the direction of change cannot be identified.

Coppin et al, (2004) discussed the use of various digital change detection technique
available along with their results. They indicated that it was necessary to use more than one
change detection technique simultaneously to achieve best results. Collins and Woodcock (1996)
analyzed several linear change detection techniques such as “Multitemporal Kauth-Thomas
Transformation”, “Gramm-Schmidt Orthogonalization” and “Principal Component Analysis”.

They found that the Principal Component Analysis was the most accurate of the three.

1.6. Tasseled Cap Analysis

Vorovencii (2007) studied the implementation of Tasseled cap analysis on satellite data, which is
a type of principal component analysis. It accumulates the information from six Landsat bands
into three new bands, brightness, greenness, and wetness bands. The brightness band signifies
the presence or absence of vegetation in an area. The greenness band also indicates the
vegetation and their health. The wetness band is an indication of soil characteristics. Two types

of TCAP transformations were developed based on the digital number (DN) and reflectance
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factor. The TCAP transformation based on reflectance factor is used for atmospherically

corrected images.

Crist et al (1986) defined tasseled cap transformation as “adjustment of viewing
perspective”. They indicate that the TCAP transformation essentially translates the data from the
six Landsat bands to the three TCAP bands based on maximum variability in information thereby
effectively incorporating over 95% of the data in those three bands. The near-infrared and visible
reflectance is used for generating the greenness band, which indicates the presence or absence of
vegetation along with their density. The wetness band is primarily generated based on the short

wave infrared band and the visible/near-infrared band.

Allen et al (2008) utilized tasseled cap transformations to classify the Atchafalaya Basin
into land and water classes. They primarily utilized the wetness band to arrive at threshold values
used for the classification procedure. Millward et al (2006), applied tasseled cap transformation
on Landsat and Spot images for the Sanya region in China and found that the near-infrared band

was ideal for discriminating vegetation.

1.7. Motivation

Bourne (2000) estimated that every 50 years Louisiana loses coastal wetlands the size of Rhode
Island. This research focuses on monitoring the coastal wetlands and analyzing the pattern of
land loss in the past using time series. The coastal wetlands play a major role in protecting the
mainland from storm events in several ways. The wetlands brace the mainland against the
impacts of waves thereby greatly reducing the storm surge (Howes et al 2010). Freshwater
diversions protect from wetland loss in several ways. River water provides freshwater, nutrients
and sediments. The freshwater prevents saltwater intrusion into the marshes, which would

destroy the environment. The nutrients ensure healthy marsh growth and the sediment deposits
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help increase the wetland areal extent. They also promote the fisheries and oyster industries

(Sable and Villarrubia, 2011).

This research is a comprehensive study of two areas over time. Land classification
procedures used in this research focus on the use of a hybrid technique, which greatly improves
the accuracy of the classification procedure. Integration of various change detection techniques
revealed the effect of tropical storm and hurricane passage on the study areas. Analyses of water
levels and significant wave heights were needed to assess potential impacts on land area changes.
Field trips to the study areas helped better understand the environments under study and the

challenges facing remote sensing studies such as this.

1.8. Objectives

The goals of this study were to:

1) Perform a time series analysis to quantify changes of the Breton Sound Estuary
and of the Chandeleur Islands using Landsat 5 Thematic Mapper satellite data
using a more accurate technique than those has been used previously.

2) Assess the roles of hurricane and tropical storms to the measured changes

3) Perform shoreline change detection for the Chandeleur Islands over 14 years

4) Collect “ground truth” measurements to better understand the environment
changes

5) Assess the advantages and disadvantages of the new image processing technique

Although previous studies have documented environmental changes in these areas, this research
is unique because, this study is the first systematic integration of quantitative changes in both the
Breton Sound Estuary and Chandeleur Islands using the same image processing technique. In

addition, no other study has documented the details associated with hurricanes in the last two
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decades. This study is unique due to the hybrid classification technique formulated for the image

processing procedure.

1.9. Organization of Thesis

Chapter 1 of this thesis describes the previous research carried out in the Breton Sound Estuary
and Chandeleur Islands regions. The need for atmospheric correction in Landsat 5 TM imagery,
classification and change detection techniques in addition to various spectral analysis methods
such as the tasseled cap analysis described in the past literature were further discussed. This

chapter also includes the motivation and primary objectives of this research.

Chapter 2 discusses the different types of data and methodology utilized in this study.
Chapter 3 focuses on the results obtained in this study. The results are categorized based on

study area.

Chapter 4 is the discussion on the results obtained for the two study areas. Storm surges
and water level data were compared to the results from land classification. Implications of the
results were analyzed in this section. Chapter 5 is the summary and conclusion for all the

findings in this research.

Appendix I illustrate the ERDAS models used for the calculation of reflectance image
and eccentricity of the image. Appendix II is the model used for Tasseled cap analysis. Appendix
IIT comprises of select satellite images used for this analysis. Appendix IV shows the grain size
analysis procedure and results. Appendix V is the MATLAB code used for analyzing water

levels and significant wave height data.
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CHAPTER 2
DATA AND METHODOLOGY

2.1. Satellite Data

Landsat 5 Thematic Mapper (TM) data was used in this research. It was downloaded from
United States Geological Survey (USGS) GLOVIS website. The TM data has seven bands that
include three visible, three infrared and a thermal band.

Table 2.1 Landsat 5 Thematic Mapper bands with their wavelength and resolution
(Quinn (2001) source: http://web.pdx.edu/~emch/ip1/bandcombinations.html)

Landsat 5 (TM sensor) Wavelength(micrometers) Resolution (meters)
Band 1 (reflective Visible Blue) 0.45-0.52 30
Band 2 (reflective Visible 0.52 - 0.60 30
Green)

Band 3 (reflective Visible Red) 0.63 - 0.69 30
Band 4 (reflective Near- 0.76 - 0.90 30
Infrared)
Band 5 (reflective Middle- 155-1.75 30
Infrared)
Band 6 (emissive Thermal 10.40 - 12.50 120
Infrared)
Band 7 (reflective Middle- 208 -2.35 30
Infrared)

Landsat imagery has a spatial resolution of 30 meters and a temporal resolution of 16
days. Imagery used for the study areas is from path 22, row 39 for the Breton Sound Estuary and
path 21, row 39 for the Chandeleur Islands. The most challenging task in the process of obtaining
the Landsat imagery was acquiring data that was cloud free. The Landsat imagery was collected
over a period of 24 years (1987- 2011) for the Breton Sound Estuary that consisted of a total of
20 images. In case of the Chandeleur Islands, the imagery was obtained over a period of 14 years

(1997-2011) with a total of 14 images.

Two different time periods were chosen for the study areas due to the following reasons;

Significant change in Chandeleur Islands was from 1997 to 2005 attributed to the effect of the
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sequence of hurricanes in this period, any change before this time period was in 1979 due to
Hurricane Fredrick (Kahn and Roberts, 1982; Fearnley et al, 2009). In the case of Breton Sound
Estuary, the construction of Caernarvon Diversion in 1991 was a significant event and the first
seven band Landsat 5 Thematic Mapper data that was cloud free was available from winter of
1987.

Table 2.2 Landsat 5 TM Band Combinations used in this research
(Quinn (2001) source: http://web.pdx.edu/~emch/ipl/bandcombinations.html)

This is the “False Color Composite” where
vegetation appears in shades of red, urban areas in
cyan and soils in shades of brown. Dark red colors
indicate healthy and thick vegetation whereas
lighter colors indicate sparsely distributed or
grassland areas.

This is called the “True Color Composite” as the
features appear as visualized by human eye.
Vegetation appears in shades of green. This band
combination has the maximum water penetration
and thereby used to identify suspended sediments.
This is a composite containing entirely of Infrared
bands. It is best used to identify different types of
vegetation in shades of brown, green and orange.
It’s the best indicator for land/water interfaces and
used to identify soil moisture as infrared band has
the maximum water absorption.

All the imagery was acquired for the fall and early winter seasons within the period from
late September to early December, when the floating aquatic vegetation is minimal. This reduces
the potential of false positives, as the floating vegetation could be interpreted as land area during
the growing season. Anniversary or near anniversary images were obtained for both the study
areas which indicates images obtained for different years but in the same season usually fall or

winter.

Previous studies have demonstrated that using anniversary images is very beneficial in

terms of reduction in the errors generated due to sun angle and reflectance from “phenology”
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(Song and Woodcock, 2003). Errors due to reflectance from phenology are those affected by the
changes in the vegetation during the different seasons of the year. This error can be greatly
minimized by using images from the same season. Furthermore, these errors were found to affect
processes involving spectral analysis such as principal component analysis, tasseled cap analysis
and so on. In case of spatial analysis such as land classification and change detection, the results

were not affected by the atmospheric errors. (Song and Woodcock, 2003; Song et al, 2006).

The cloud free Landsat imagery that was downloaded from USGS was in the form of
separate bands that were projected in Universal Transverse Mercator (UTM) with WGS 1984
datum. The first step was data preparation and preprocessing. The separate Landsat bands were
“Layer Stacked” using ERDAS IMAGINE 9.3. This process created a composite image of all the
bands. The band combination used for this analysis was 4, 5 and 3 for the red, green and blue
gun. These bands were chosen, as they were the least correlated of all the reflective Landsat TM
bands (Lillisand and Kiefier 1997). In addition, the near and mid-infrared bands best distinguish
the vegetation types. Band 5 is the middle infrared band, which is primarily used to delineate
land from water but also has unique vegetative reflectance compared to band 4. From previous
studies it is evident that band 5 has the lowest reflectance and maximum absorption in water
when compared to the visible bands, which makes it ideal for land-water classification (Wu et al,

2008; Richards and Jia, 2006).

The next step was to subset the scene to the study area. The Breton Sound Estuary study
area extended from 29.89°N to 29.44°N and 90.02°W to 89.43°W. The Chandeleur Islands study
area extended from 30.06°N to 29.62°N and 89.04°W and 88.76°W. The area of interest (aoi) for
the Breton Sound Estuary was created from the center of the Mississippi river to the Breton

Sound and that for the Chandeleur Islands was created using a rectangle around the chain of
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islands. Due to the extensive expanse of water in the Chandeleur Islands study area the images
were biased by water. This was corrected by creating an aoi around the land area and the image
statistics were recalculated for the metadata. All of the subsets were reprojected to the Universal

Transverse Mercator (UTM) projection with zone 15 and WGS 1984 datum.

2.2. Digital Orthophoto Quarter Quadrangles (DOQQ)

The Digital Orthophoto Quarter Quadrangles are aerial photographs taken with an infrared
camera from an aircraft. They have a spatial resolution of 1 meter. They cover a 4 by 4.5 mile’
area on the ground. The imagery were available through the ATLAS website of Louisiana State
University for the years 1998, 2004 and 2005. The 2010 Digital Ortho Quarter Quarter
Quadrangles (DOQQQ) have a spatial resolution of 6 inches to 1 foot and were obtained from
Governors Office of Homeland Security and Emergency Response (GOHSEP). These data are

projected in UTM zone 15, NAD-83 datum (http://atlas.Isu.edu). The DOQQ were mostly used

for accuracy assessment of the classification.

2.3. Water Level Data
Water level data were obtained from the USGS stations in the Breton Sound Estuary and the

Breton Sound (Figure 2.1). The stations used were:
1. USGS 295124089542100 Caernarvon Outfall Channel at Caernarvon, LA
2. USGS 073745253 Reggio Canal near Wills Point, LA
3. USGS 07374527 Northeast Bay Gardene near Point-A-LA-Hache, LA
4. USGS 07374526 Black Bay nr Snake Island nr Pointe-A-La-Hache, LA

The data from these stations were obtained in ASCII format that had information about

water level, precision, date and time of data acquisition in UTC. The water level was analyzed
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using MATLAB software and the deviations from the long-term means (anomalies) were
calculated for each station. Data were acquired from 1993-2011 for Northeast Bay Gardene and
Black Bay near Snake Island. In case of the Caernarvon Outfall Channel and the Reggio Canal
data, were available from 1999 to 2011. The water level data from the Snake island station were

used for the Chandeleur Islands analysis since this was the closest station with a long-term

record.
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Figure 2.1 Water level stations indicated with red asterisk overlaid on Landsat 5 TM data on
10/07/2005
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2.4. Wave Height Data

The wave height data were obtained from station 42007 (22 nm SSE of Biloxi, MS) operated by
the National Data Buoy Center (NDBC) (Figure 2.2). This was the closest station to the
Chandeleur Islands that had all the historic data for the years of image acquisition. The wave
height analysis was primarily performed to analyse the potential effect of waves on the image-

derived land area changes.

Figure 2.2 Station 42007 of NDBC; in the left panel red diamond indicates the station 42007 and
the yellow diamonds are other stations nearby, right panel is a picture of the buoy at this station
(source: http://www.ndbc.noaa.gov/station_page.php?station=42007)

2.5. Sediment Sample Data

The sediments from the Chandeleur Islands beach (Figure 2.3 a, b) were sampled at five places
in a single transect that ran through the coordinates:

Sample 1: 29.95331 N, -88.82396 W
Sample 2: 29.95332 N, -88.82386 W
Sample 3: 29.95329 N, -88.82357 W
Sample 4: 29.95338 N, -88.82285 W
5. Sample 5: 29.95343 N, -88.82257 W

These samples were then analysed for grain size.

b
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Figure 2.3 a Sites on Chandeleur Islands used for sample collection in a transect overlaid on
Landsat TM data on 06/13/2011
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Figure 2.3 b Sites on Chandeleur Islands used for sample collection in a transect overlaid on
Landsat TM data on 06/13/2011
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2.6. Atmospheric Correction

In previous studies, it has been shown that atmospheric correction is not always required for
Landsat 5 TM data when performing classification and image differences, as it has little effect on
the accuracy of classification for land or vegetation studies (Kawata et al, 1990; Fraser et al,

1997; Song et al, 2001).

Song et al, (2001) also provide sufficient proof that this is a necessary step only when the
classification of multiple images is performed using the same training sites. However, in the case
of spectral analysis methods such as Tasseled cap analysis, it is essential to correct for the

atmospheric effects (Song and Woodcock, 2003).

2.6.1. Reflectance Calculation

The Digital Number (DN) pixel values in the Landsat images were converted to reflectance. By
converting DN to reflectance, the pixels have a meaningful value, which can be effectively used
for spectral image analysis such as image differencing and comparing time series of images with
one another (Edwards et al, 1999). A model was created on ERDAS IMAGINE to calculate the
reflectance values, which incorporated the sun elevation and distance. The distance was
calculated by using a separate model that generated the value in Astronomical Units using the
Julian date of the image. The model also incorporates the exo-atmospheric solar irradiance for
each band. The input for the model was the Landsat radiance values calculated from gains and
offsets in each band derived from the literature on Landsat 5 TM revised recalibration table
(Chander and Markham, 2007). This step is particularly necessary for the Chandeleur Islands
imagery as three quarters of the imagery is covered by water area. There is a higher chance of it

being affected by the atmospheric effects (Song et al, 2001).
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2.7. Hybrid Classification on ERDAS IMAGINE

The classification procedure utilized in this study was a hybrid technique that incorporated both
the supervised and unsupervised classification procedures. This involves a series of steps after

which the image is classified to its maximum accuracy.

2.8. Supervised Classification

The first step was the creation of training sites for the subset image. For the Breton Sound
Estuary region, training sites were created for three land classes (forest, marsh, developed
/unvegetated) and a water class. For the Chandeleur Islands, training sites were created for three
land classes (vegetation, mudflat and beach) and a water class. Multiple training sites were
created for each of these classes and the signatures were analyzed for homogeneity, normality,
and separability. Signatures that had a very low separability were merged and those with a very

low point count were deleted.

Supervised classification was then performed based on these training sites. This is
essentially a tool that is used to train the software to recognize and classify pixels within the
satellite imagery based on user-defined classes. Training sites are also created such that “all the
classes are represented”. The classification process was performed using the maximum
likelihood technique. This is an algorithm where training sites are assumed to have a normal
distribution and each pixel is classified into a user specified class based on the highest
probability that the pixel belongs to a particular class (Lillisand and Kiefer, 1997). The output of
this step is the supervised “classified image” and a “distance image”. Both were used for the next

step.

Following the supervised classification, a threshold image was created using the
“threshold” function of ERDAS IMAGINE 9.3. This function identifies the “incorrectly
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classified pixels” in the supervised calculation by using a chi-square table. This chi-square table
is automatically generated and can be altered based on the confidence interval that is entered by
the user. The input for this function is the supervised classified image and the distance image.
The distance file essentially contains the “Mahalanobis distance” of the initial pixel of the input
raster from the signature it was assigned (ERDAS field guide). The output shows the unclassified
pixels as black areas in the Breton Sound Estuary region (Figure 2.4). The unclassified pixels in
the threshold image were selected in the raster attribute table and converted to an aoi (area of
interest) file format. This aoi was used as a “mask” for the pixels, which were correctly

classified.

Figure 2.4 Threshold image showing the correctly classified pixels in color and the black
indicates erroneously classified or unclassified pixels
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2.9. ISODATA Algorithm — Unsupervised Classification

The “mask” aoi from the previous step was used to mask the correctly classified pixels in the
unsupervised classification procedure. The TM reflectance image was used as input to create a
signature set with 25 classes in 25 iterations with a threshold of 0.97. The output from this step
was a signature set containing 25 classes for all the unclassified pixels from the supervised
classification. A-priori probabilities were estimated based on the number of pixels in each
signature, and a Maximum Likelihood decision rule was performed on the signature set using the
unclassified aoi as mask. Since some of the signatures were non-normal due to the fact that many
were outliers, a first-pass Parallelepiped decision rule was used prior to applying Maximum
Likelihood (Figure 2.5). The supervised threshold and unsupervised classified images are spatial
complements. These images were merged using a model to add them together, creating a final
classified image of the study area (Figure 2.6). A majority filter using a 3 * 3 kernel was
performed on the merged classified image. The classified images were generated for every time

period to determine the temporal changes.

The advantage of the hybrid technique is that spectral variation that was not estimated
using known training fields was accounted for using the ISODATA algorithm. Since both
classified images complement each other a classification was produced for the complete study

arca.

2.10. Post-Classification Change Detection

The final classified images were used to identify changes in land area after hurricane impact. A
spatial cross-tabulation (matrix algorithm) is an effective tool to analyze two multi-temporal
classified images for changes. The output is a change detection image that clearly illustrates all

the types of changes between the two time periods. Since the only change of interest is land
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loss/gain, the land cover classes were collapsed to two categories in each image: land or water. A
change detection matrix was generated with four possible outcomes: no land change, no water
change, land change to water, water change to land. The result of this function produces an
image with four attribute classes (Table 2.3).

Table 2.3 Matrix algorithm cross-tabulation for post classification change detection analysis

Land - no change Land to Water

Water to Land Water — no change

2.10.1. Breton Sound Estuary

The change detection was performed for the entire time series from 1985 to 2011, along with
major hurricane years (Figure 2.6) including 03-04 (Hurricane Ivan), 04-05 (Hurricane Katrina)

and 07-08 (Hurricane Gustav).

2.10.2. Chandeleur Islands

The change detection was performed for the major hurricane years 97-98, 03-04, 04-05 and 07-
08 for Hurricane Georges, Hurricane Ivan, Hurricane Katrina and Hurricane Gustav, respectively
(Figure 2.7). Comprehensive change detection over 11 years was also calculated from 1997-

2011.

2.11. Tasseled Cap Analysis

The tasseled cap analysis (TCAP) was performed on the reflectance images generated by the
reflectance model. The model for generating the TCAP is shown in Appendix II. The output of

the TCAP analysis consists of three bands; brightness, greenness and wetness.
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Figure 2.5 Image generated using ISODATA unsupervised sinaturés as input for supervised
classification incorporating both parametric and non-parametric rules
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Figure 2.7 Final classified image output from the model
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Figure 2.6 Example of change detection analysis output for Breton Sound Estuary Region for
2004-2005 (Hurricane Katrina)
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The TCAP analysis is a type of Principal Component Analysis in which the information
from the six bands of Landsat 5 TM was transformed to represent the three bands of the TCAP.
Band 1, which is the brightness band of the TCAP, indicates the presence or absence of
vegetation. Band 2, the greenness band, also signifies the amount of vegetation present. Band 3,
wetness band, essentially indicates the state and moisture content of soil in the image

(Vorovincii, 1998). This was performed for all the images in both study areas (Figure 2.8).

2.12. TCAP Change Detection

The TCAP change detection was performed on the greenness and the brightness bands of the
TCAP results. The change detection was primarily performed for the major hurricane years along
with a comprehensive change over the time period of 26 years. The change detection was
performed using the KT transformation change detection technique by computing a simple
difference between the TCAP greenness bands of image 2 from image 1 (Figure 2.9). A similar
technique was applied to the brightness band as well (Lu et al, 2003; Han et al, 2007; Jin et al,

2004).

The Tasseled cap analysis was performed for Breton Sound Estuary region on the
reflectance output (Figure 2.8). Two types of change detection were performed for the tcap of
images 2004 and 2005 since maximum change was observed between these years using previous
methods. The first method involved a direct subtraction of the greenness band of 2005 from

greenness band of 2004 (Figure 2.9).

Another change detection analysis was performed using the “Change Vector Analysis”
function. This was used to calculate the change between two images using their brightness,

greenness and wetness bands. The formula used for this calculation is:
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Change Magnitude ﬂ(brightness; — brightness,)” + (greeness; — greeness;)” + (wetness; —

2
wetness:)

It is identified as “Pythagorean alteration” for the tcap change detection. The output i.e.
Change Magnitude, generates an image that has areas of maximum change and change value. A
threshold value is chosen to eliminate changes that are not significant thus retaining only the

regions of highest change (Parmentor et al, 2003; Baker et al, 2007).

This was performed to identify the change due to the effect of Hurricane Katrina from
2004 to 2005. The individual tasseled cap images were first generated. Then the raster calculator
function in ArcGIS was used to calculate the change magnitude. This output represents the
regions of maximum change (Figure 3.31). This was then used to generate a mask for the
unchanged pixels. The direction of change was identified using the spatial intersection change

detection technique implemented earlier for both the study areas.

2.13. Water Level Data Analysis

The water level data were processed using MATLAB to generate graphs of storm surge
associated with each hurricane. The water level fluctuations were studied to identify potential
relationships with land area change results. A regression analysis was also performed to
determine if the land area changes were related to the changes in water level. This was done
using the statistical software SAS 9.2. The land area was considered as the ‘y’ variable and water
level was considered as the ‘x’ variable and a 95% confidence interval was used in order to get
the p value. Correlation coefficients were also determined for these two variables and plots

generated.
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Figure 2.7 Example change detection analysis for the Chandeleur Islands for 2004-2005
(Hurricane Katrina)
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Figure 2.8 TCAP Output Image with 3 bands (brightness to Red, greennes to Green and wetness
to Blue of RGB composite) for 2005 with shades of yellow and orange indicating marsh areas,
blue indicating water and red indicating other land areas
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Figure 2.9 TCAP Difference Image with brighter areas showing maximum difference for 2004-
2005 (Hurricane Katrina)
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2.14. Wave Height Data Analysis

Regression analysis was performed on the wave height data as well with the land area as the y
variable and the significant wave height as the x variable. The results were plotted and p value

was obtained.

2.15. Field Trips to the Study Areas

Field trips play a major role in any remote sensing study as it serves to verify the information
obtained from satellite data. The Breton Sound Estuary was visited twice, March 2009 and
November 2009. Chandeleur Islands were visited in June 2011. The first field trip to Breton
Estuary was performed in March 2009 on an airboat, to verify results from SPOT data analysis. I
was a part of the other two field trips in November 2009 and June 2011. During our field trip to
Breton Sound Estuary in November on a boat, we identified several species of marsh plants in
varying state of senescence. Important aspect of both the field trips to Breton Sound was the
large deposits of rolled up marsh debris. An aerial view of the Breton Sound Estuary was
observed during our field trip in June 2011 from a seaplane. Sediment samples were collected
from Chandeleur Islands during this field trip. However, we were not permitted by the USWF to

take plant samples from these islands

2.15.1. Grain Size Analysis

The sediments were collected at 5 points along the transect. The sediments were then weighed on
the electronic scale, which was linked to a computer to record the readings. The sieves that were
used for this analysis ranged from 0.026 mm to 1 mm. The sieve sizes were first entered into the
computer. The sieves were individually weighed and the values recorded by their respective
sieve size. Then the sediments were run through the different sieves individually with the help of
automatic sieve shaker to make sure that the sediment passes through all the sieves. The sieves
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were then weighed again after the sediments were run through them. Now the new weights were
recorded in a table along with the initial weight. The grain size was then calculated with

MATLAB using these values based on the technique developed by Folk and Ward (1957).
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CHAPTER 3
RESULTS

3.1. Breton Sound Estuary

The results from the classification of 15 images from 1987 to 2011 indicate a varying trend in
land loss/gain in the Breton Sound Estuary (Figure 3.1). The blue color in this classification
indicate water area, brown indicates marsh area, green indicates forest area and yellow indicates
other area such as developed areas, roads and unvegetated/barren land. The marsh area in the
northwestern portion of the diversion deteriorated most rapidly through the time series. This
region has undergone maximum change. The most significant change was seen in the Figure 3.1
(c) classification of the October 2005 image, which was after the passages of Hurricanes Katrina
and Rita. Figure 3.1 (d) is the classification of the image from October 2006 that showed an
increase in unvegetated/ barren land by 39 km”. This increase in unvegetated land was due to the
rolled up marsh debris that was found in the area after the passage of the Hurricanes in 2005
(Barras, 2006). This rolled up debris was caused by the storm surge, which uprooted the marsh
plants area primarily in the northwestern and central portions of the diversion. Several areas of
marsh accumulation was observed on the field trip in March 2009 (Nan Walker, personal

communication)

The total area considered for the Breton Sound Estuary classification was 2025 km®. A
bar graph was generated to exhibit land area changes from 1987 to 2011 (Figure 3.2). An overall
land loss of 271 km? was observed from 1987 to 2011. In 1992, there was a decrease in land area
by 21 km?, which could be attributed to the passage of Hurricane Andrew in 1992. Decrease in
land area by 41 km” in 2002 could be attributed to Hurricanes Isidore and Lili. In 2004, there was

a decrease in land area by 20 km? caused by the passage of Hurricane Ivan. The biggest change
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was due to Hurricane Katrina in 2005 that led to a total decrease in land area 0f196 km® from
November 2004 to October 2005. This amounts to 27% of the total area lost from 1987 to 2005
image. The Mississippi River flooding in 2011 led to abnormally high water levels in this region,
which gave the false impression of additional landloss totaling 90 km®. It must also be noted that
the most recent image is not from fall 2011, as the rest of the images in the time series, but it is

from June 2011.

There was some recovery of the marsh in the upper portions of the diversion by October
2009, which was sustained through December 2010 (Figure 3.1 b). The June 2011 image
revealed decrease in land/marsh, however this was likely due to flooding of the Mississippi

River, which peaked on May 14, 2011 (US Army Corp of Engineers, 2011) (Figure 3.1 g).

Some marsh types were clearly identifiable in the images as they each had unique
spectral signatures. However, due to lack of ground truth and ground control points the different
types of marsh were not considered in this classification procedure. Marsh area changes were
similar to the land area changes (Figure 3.2 and Figure 3.3). Over 80% of the land area was
marsh. After the construction of the diversion in 1991, there was an initial loss of marsh area by
94 km” in 1992 attributed to the passage of Hurricane Andrew (Figure 3.3). Thereafter, there was
a steady increase in marsh area until 2002, when there was a decrease in marsh area by 42 km®
possibly due to Hurricane Lili. In 2004, Hurricane Ivan caused a decrease in marsh area by 47
km®. As in the case of the total land area, Hurricane Katrina caused the maximum decrease in

marsh area in 2005 reducing the marsh area by 173 km”* (Figure 3.3).
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Figure 3.1 Classification of the Breton Sound Estuary (a) 10/08/1987 (b) 10/07/2010

42




2004

20°400"N

29°300"N

29°50°0"N

29°40°0"N

-~ |.czend
Water
Forest
Marsh

I Other Land Area

T T T T
90°00"W 89°30'0"W 89°40'0"W 89730'0"W

Figure 3.1 Classification of the Breton Sound Estuary (c) 11/07/2004 (d) 10/09/2005
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Figure 3.1 Classification of the Breton Sound Estuary (e) 09/26/2006 (f) 10/01/2008
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Figure 3.1 Classification of the Breton Sound Estuary (g) 06/04/2011
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Figure 3.2 Land area changes for Breton Sound Estuary from 1987 to 2011in km®
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Figure 3.3 Marsh area changes for Breton Sound Estuary from 1987 to 2011 in km*

By 2006, the marsh had not recovered. The storm surge due to these hurricanes led to
rolling up of the marshes into mounds of debris that appeared as unvegetated land area in the
Landsat image, therefore a decrease in marsh area on the graph (Figure 3.4). The marsh
recovered somewhat in 2008 by 100 km” and regained another 35 km? in 2009. The flooding of
the Mississippi river led to further decrease in the marsh area by about 92 km® This was
obtained from the most recent image considered for the study from June 04, 2011. This image
was obtained on the day of our field visit to the Chandeleur islands when we flew through the
Breton Sound Estuary. It was also interesting to note that there were land/marsh losses in years

with no major hurricane passage for e.g. 1987-1991, 1994-1997 and 2009-2010.
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Figure 3.4 Change over the time series from 1987-2011 for other areas in the classification such
as unvegetated/ barren land and developed areas

Figure 3.4 indicates the changes in other land areas such as barren/unvegetated or
developed land area in Breton Sound Estuary. The graph indicates that maximum gain in area
occurred in 2006, which could be due to the rolled up marsh debris. Due to this reason, there was
an increase in other land area immediately after the passage of Hurricane Katrina in 2005. This is
also attributable to the residual water areas after passage of Hurricane Rita in the end of

September 2005, which lead to decreased area in 2005 and thereby a dramatic increase in 2006.

3.1.1. Change Detection

A 24-year change detection analysis was performed for the time series from 1987 to 2011
(Figure 3.5). The blue color indicates water areas that did not undergo any change, red color
indicates the areas that were converted to water, yellow indicates areas that were water and

converted to land, and gray indicates land areas. The maximum change in land area to water was
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observed in 2005 due to the effect of Hurricanes Katrina and Rita, although most of the damage

1s attributed to Hurricane Katrina.
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Figure 3.5 Change detection analysis for Breton Sound Estuary (a) 2000 to 2002 for Hurricanes
Isidore and Lili (2002) (b) 2003-2004 for Hurricane Ivan
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Figure 3.5 Change detection analysis for Breton Sound Estuary (c) 2004-2005 for Hurricanes
Katrina and Rita (2005) (d) 2006-2008 for Hurricane Gustav
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Figure 3.5 Change detection analysis for Breton Sound Estuary (f) long-term change between
1987 and 2010 images

The areas that were transformed from land to water do not necessarily imply a net land
loss as the water to land area conversion must be considered for the analysis. Figure 3.6 depicts
land to water conversion as a bar graph for the major hurricane events. Maximum land to water
change occurred in 2005 due to Hurricane Katrina totaling 208 km®. This was higher than the
overall land to water conversion from 1987 to 2010 which was 201 km®. Hurricane Gustav in
2008 resulted in a land to water transformation of 77 km®, which was mostly observed in the
northwestern portion of the diversion. Although, the land to water conversion was due to Gustav,
there was no significant net land loss. This was due to the fact that the areas that were converted
to water were compensated by water areas that became land in the central portion of the

diversion (Figure 3.5 d, Figure 3.6).
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Hurricane Lili in 2002 caused a land to water conversion of about 74 km”. The Mississippi River
flooding in 2011 resulted in a land area inundation of 107 km”. An overall land change to water
of 281 km” was observed over the 24 years from 1987-2011. This was different from the results

from 1987-2010 due to the Mississippi River flooding in May 2011.
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Figure 3.6 Land to water conversion observed in the Breton Sound Estuary due to the passage of
major hurricanes from 1987 to 2010 in km”
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Figure 3.7 Water to land area conversion observed in the change detection analysis
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The water to land conversion graphs in Figure 3.8 indicates that the maximum occurred after
passage of Hurricane Gustav. This was attributed to the new marsh regions along with the

barren/unvegetated land in the central portion of the estuary (Figure 3.6 d).

3.1.2. Field Trip on 11 November 2009

Ground truth of the Breton Sound Estuary was performed on 11 November 2009. The points
visited during the field visit are shown in Figure 3.8. The regions that indicated “new land area”
or few that indicated “no change in land area” in the change detection analysis were actually
found to be marsh debris rolled up in huge mounds that have a signature of land in the satellite
imagery. In these cases, “new land” areas were created from the marsh debris. Some of the water
within channels in the diversion region was covered with floating vegetation that mostly
consisted of duckweed and water hyacinth. The diversity of plant species that were identified at
each of these field sites is presented in Table 3.1. The most predominant type of vegetation that
was observed during the visit was Panicum dichotomum florum. This is commonly referred to as
the fall panic grass, which is a freshwater marsh grass that grows in regions that have undergone

stress (Stutzenbaker, 1996).

Figure 3.9 (a) shows an aerial view of the diversion and Figure 3.9 (b) is the
southernmost point of Breton Sound Estuary called Mozambique Point. Several aerial
photographs that were taken in the Breton Sound Estuary region indicated a very flooded and
fragmented marsh environment (Figure 3.9 (c) and (d)). Field trips helped better understand the

fragmented nature of the marsh environment and diversity of marsh plants.
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Figure 3.8 Field points considered for the ground truth on November 11, 2009 overlaid on “true
color composite” imagery with 321 band combination where green indicates vegetation, brown is
marsh/land areas, white indicates developed areas, shades of black is water and tan indicates
river water
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Table 3.1 Different plant species identified during the field trip on 11 November 2009 (plant
species scientific name source: USDA, NRCS, 2011, Urbatsch, 2011)

29.83° N

29.82° N

29.83° N

29.81° N

29.81° N

29.80° N

29.80° N

29.80° N

-89.92° W

-89.93° W

-89.96° W

-89.94° W

-89.94° W

-89.95° W

-89.95° W

-89.95° W

Cerratophyllum (hornworts), Caltha palustris(marsh
marigold), Salix nigra (black willow), Eichhornia crassipes
(water hyacinth), Panicum dichotomum florum (fall panic
grass), Sagittaria lancitolia (bulltongue arrowhead),
Salvinia, Najas guadalupensis (southern waternymph),
Lemnaoideae(duckweed), Sacciolepis striata (american
cupscale)

Ludwigia leptocarpa (anglestem primrose-willow),
Lemnaoideae(duckweed), Salix nigra (black willow),
Ludwigia peploides (floating primrose-willow),
Hydrocotiles ranuncaloides (floating marshpennywort),
Eichhornia crassipes (water hyacinth), Vigna luteola
(hairypod cowpea)

Caltha palustris (marsh marigold), Panicum dichotomum
florum (Fall panic grass), Salix nigra (black willow),
Acernegundo (box elder), Triadiaca sebifera (chinese
tallow tree), Cynodon dactylon (bermuda grass), Vigna
luteola (hairypod cowpea), Sesbania macrocarpa (yellow
bladderpod), Celtis laevigata (sugarberry), Morus rubra
(red mulberry)

Alternanthera philoxeroides (alligator weed), Sacciolepus
(glenwood grass), Polyganum (knotweed), Vigna luteola
(hairypod cowpea), Salix nigra (black willow)

Hurricane built piles of organic matter

Panicum dichotomum florum (fall panic grass), Salix nigra
(black willow), Baccharis halimifolia (eastern baccharis),
Sesbania macrocarpa (yellow bladderpod), Sesbania
drummondii (rattlebush)

Panicum dichotomum florum (fall panic grass), Baccharis
halimifolia (eastern baccharis), Salix nigra (black willow),
Sesbania macrocarpa (yellow bladderpod), Ludwigia
leptocarpa (anglestem primrose-willow), Vigna luteola
(hairypod cowpea), Eichhornia crassipes (water hyacinth),
Triadiaca sebifera (chinese tallow tree), Melia azedarach
(china berry tree), Celtis lavigata (sugarberry)

Panicum dichotomum florum (Fall panic grass), young Salix
nigra (Black willow), Seshania macrocarpa (Y ellow
bladderpod)

Panicum dichotomum florum (fall panic grass), Baccharis
halimifolia (eastern baccharis), young

Salix nigra (black willow) Table cont.
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Celtis lavigata (sugarberry), Baccharis halimifolia (eastern

29.76° N 189.95° W baccharis), Triadiaca sebifera (chinese tallow tree)

Panicum dichotomum florum (fall panic grass)
29.76° N -89.90° W

Figure 3.9 (a) aerial photograph of the Breton Sound Estuary (b) aerial photograph of the
Mozambique Point in Breton Sound Estuary, which is the southernmost tip of the diversion (c)
and (d) aerial photographs of the flooded and fragmented marshes in the Breton Sound Estuary

3.1.3. Water Level Analysis

Water level data were analysed for four stations in the Breton Sound Estuary region. These data
were mainly studied to assess the possibility of false positives in the fluctuations of land area
changes that could be due to the fluctuations in water level (Morton et al, 2005). The water level

digital data were on different time scales ranging from once every 6 minutes to hourly data. For
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example, the Caernarvon Outfall station had data for every 15 minutes, Reggio Canal was
hourly, Gardene was every 6 minutes for some years and hourly for the rest, Snake Island had
data every thirty minutes. The daily means were calculated for each of the water level stations
from 1997 to 2011 since every station had a different time interval. Figure 3.10 depicts the time
series of daily mean of water levels from the four stations in meters. One meter was added to all

the measurements, as some of the values were negative.

Figure 3.10 (a) is the daily mean plot for Caernarvon Outfall station. Note the water level
peaks during Hurricanes Lili and Ivan (Figure 3.11 a). These water level peaks are not “real
maximum” high water levels, as the stations were not functioning at the time of the storm
leading to a gap in the time series. Therefore, the water level peaks identified are the highest

water level attained before the station stopped functioning.

During the passage of Hurricane Katrina all the stations stopped functioning, thus there is
a gap of ten days in the data during that period. In the case of Hurricane Gustav, the stations
Caernarvon, Gardene, and Snake Island had a loss of data for ten days. Hurricane Gustav did not
affect the Reggio Canal. Figure 3.10 (b) is the daily mean for Reggio Canal, which is
geographically close to the previous station (Figure 2.1). The water level peaks for Hurricanes
Lili, Ivan and Katrina were noticeable. The daily means at the Gardene station clearly indicates
the high water levels during Hurricanes Lili, Ivan, Katrina and Gustav (Figure 3.10 c). Similarly,
Figure 3.10 d is the daily mean for Snake Island station depicting the high water levels during all

the four hurricanes.

Plots were generated for individual hurricanes to assess the high water level events with
the water level for the respective time intervals (from every 6 minutes to every hour). For

Hurricane Lili, plots were generated from October 1, 2002 to October 3, 2002. In case of
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Figure 3.10 Water levels as daily mean in meters from 2001 to 2011 for (a) Caernarvon Outfall
(b) Reggio Canal stations (locations are shown in Figure 1.1)
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Figure 3.10 Water levels as daily mean in meters from 1998 to 2010 for (c) Gardene (d) Snake
Island stations (locations are shown in Figure 1.1)




3.1.4. Regression Analysis

A regression analysis was performed to assess the relationship between the land area changes
and the water level changes with land area as the dependent ‘y’ variable and water level as the

independent ‘x’ variable. This was performed for all the water level stations.

Null Hypothesis:
The null hypothesis states that the slope is equal to zero indicating that there is no significant
relationship between the independent and the dependant variable.

Ho:B1=0
Alternate Hypothesis:
Slope is not equal to zero indicating that there is a significant relationship between the
independent and the dependant variable.

HoIBl?/:O

Figure 3.11 shows water levels at the Caernarvon Outfall station and the land areas for all
images. The regression analysis resulted in a p value of 0.52, which is greater than the
confidence interval of 0.05. Thus, we fail to reject the null hypothesis and the slope is equal to
zero. Therefore, the x and the y variables are not linearly related. The correlation analysis

resulted in a correlation coefficient of 7%.

The regression analysis of the water level from Gardene station with the land areas in
Breton Sound Estuary resulted in a p value of 0.25, which is greater than the confidence interval
of 0.05 therefore, we fail to reject the null hypothesis and the slope is equal to zero. The water
levels and the land areas are not linearly related (Figure 3.12). The correlation coefficient

resulted in a value of 15%.
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The regression analysis for the Reggio Canal station (Figure 3.13) resulted in a p value of
0.69, which is greater than the confidence interval of 0.05. Therefore, we fail to reject the null
hypothesis and infer that the water level fluctuations from Reggio Canal are not linearly related

to the land area changes. The correlation coefficient was 2%.

The regression analysis for the Snake Island station (Figure 3.14) resulted in a p value of
0.88, which is greater than the confidence interval of 0.05. Therefore, we fail to reject the null
hypothesis and infer that the water level fluctuations from Snake Island are not linearly related to

the land area changes. The correlation coefficient was 0.1%.

3.1.5. Tasseled Cap Analysis

Tasseled cap is similar a principal component analysis, which accumulates the information from
the 6 Landsat bands into three bands (Vorovencii, 2007). Figure 3.15 indicates the tasseled cap
analysis results for the 2004 and 2005 images depicting the changes due to Hurricane Katrina.
The grey to white tones indicate higher values and darker tones indicate lower values in the three
bands. The greenness band is the indicator for presence of vegetation and health. Similarly, the
brightness band depicts the presence of base dryness. The wetness band is the indicator of water

content.

The brightness band is a clear indicator for the presence or absence of vegetation from
the 2004 and 2005 images respectively (Figure 3.15). Figure 3.16 is the RGB composite with the
brightness, greenness and wetness bands of the TCAP analysis. The composite clearly indicates
the regions of damaged marsh in the 2005 image after passage of Hurricanes Katrina and Rita.
Healthy marsh was found to have a bright yellow color where as damaged marsh was orange and

darker in color. Bright red colors in both the images are clouds and blue indicates water areas.
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Figure 3.11 Water levels vs. Land Area for Caernarvon Outfall Station
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Figure 3.12 Water levels vs. Land Area graph for Gardene Station
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Figure 3.13 Water levels vs. Land Area graph for Reggio Canal Station
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Figure 3.14 Water levels vs. Land Area graph for Snake Island Station
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Change detection between the two brightness bands indicates the areas that were most

affected by the hurricane (Figure 3.17). This is a valuable tool to visualize the areas of change.

The result from the Change Vector Analysis (CVA) indicates the areas of maximum change,

which can be used to identify persistent change over a period of time (Figure 3.18). However, the

change direction cannot be identified using this technique.

2004 Greenness
band

0°00"W 9°500"W

2005 Greenness
band

89°400"W

89°300"W

2004 Brighitness
band

90°00"W

2005 Brightness
band

89°400"W

Figure 3.15 Tasseled cap Analysis image results with Greenness, Brightness and Wetness for

2004 Wetness
band

89°300"W 90°00"W 89°400"W 89°300"W

2005 Wetness
e band

Breton Sound Estuary Images 11/07/2004 and 10/09/2005 where the bright shades of grey
indicate high values of greenness, brightness and wetness while darker shades of grey indicate
low values or absence of features such as vegetation or water
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Figure 3.16 RGB composite of the three bands of TCAP analysis for 11/07/2004 and 10/09/2005
indicating the region of destroyed/damaged marsh after Hurricanes Katrina and Rita

64



90°0'0"W 89°50'0"W 89°40'0"W 89°30'0"W

29°50'0"N
29°50'0"N

29°45'0"N|
29°45'0"N

29°40'0"N
29°40'0"N

29°35'0"N|
29°35'0"N

- High : 0.443079 25 S300°N
29°30'0"N Igh - 9-
Low : -0.886891

29°25'0"N

29°25'0"N
90°0'0"W 89°50'0"W 89°40'0"W 89°30'0"W

Figure 3.17 Tasseled cap change detection for Breton Sound Estuary between the brightness
bands of 11/07/2004 and 10/09/2005 Images
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Figure 3.18 Maximum change areas detected using Change Vector analysis where the red color
indicates areas of maximum change, darker red indicate greater change magnitude

66




3.2. Chandeleur Islands

All 13 images from 1997 to 2011 were classified using the Hybrid technique. In this
classification the blue, cyan, red and brown colors represent water, beach, vegetation and
mudflat, respectively (Figure 3.19). The results from the classification of the area into land and
water over a period of thirteen years indicate that the maximum land loss occurred from
Hurricane Georges in 1998 when a total of 41 km? (72%) land was lost (Figure 3.20). From 1998
to 2003 a period of land gain was identified amounting to 9 km”. Hurricane Ivan hit these islands
in 2004 and caused a land loss of 7 km®. Hurricane Katrina in 2005 greatly impacted these
islands reducing it to nothing but shoals and destroying the lighthouse in the northernmost tip of

the islands. It caused a land loss of 12 km®. By 2006, there was no change in the land area.

Hurricane Gustav in 2008 resulted in further land loss of 3 km® (50% of the remaining
area). Immediately after the passage of Hurricane Gustav, the islands became almost non-
existent due to erosion and this situation persisted through 2009. Some land gain was identified
in February 2010, which further increased to a total of 6 km® by December 2010. This increase in
land area was not due to natural processes but rather due to artificial beach nourishment by a
combined measure of United States Wildlife and Fisheries services and British Petroleum
(USWF, personal contact). The land that was gained towards the end of 2010 was found to
decrease in June 2011(most recent image) by 50%. This decrease in land area may be attributable

to the Mississippi River floods, which caused unusually high water levels.
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Figure 3.19 Classification outputs for Chandeleur Islands
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Figure 3.20 Land Area Changes in Chandeleur Islands from 1997 to 2011

The southern Chandeleur islands were more affected than the northern islands. Previous
studies have shown that after the passage of every storm in the past century, these islands have
been greatly affected and reduced in size (Kahn 1980, Stone et al 2004, Miner et al 2009, and
Fearnly et al 2009). The image analysis demonstrated significant land gain after Hurricane
Georges in 1998 until Hurricane Ivan in 2004. Land loss after Hurricane Ivan was increased by
Hurricanes Katrina in 2005 and Gustav in 2008, during which time no land gain was
documented. The recovery that has taken place ever since is negligible. Even though there have

been no major hurricanes since 2009, the islands have regained very little land area.
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Figure 3.21 Aerial photography of the Chandeleur Islands during field trip on June 04, 2011 (a)
northern section of the islands (b) southern section of the islands (c) central islands (d) vegetated
portion of the Chandeleur Islands

The loss of beach (Figure 3.22) and vegetated area (Figure 3.23) follows the same pattern
as the total land area changes (Figure 3.20). Based on our classification results there was a
drastic decrease in beach area after Hurricane Gustav by 10 km?, whereas the maximum decrease
in vegetated area was after Hurricane Georges by 19 km®. Hurricane Katrina in 2005 further
reduced the vegetated area by 7 km®. There was no significant recovery in the vegetated area
subsequently. The beach area increase in December 2010 was not due to natural growth (Figure
3.23). The field trip to Chandeleur Islands revealed that land gain in 2010 was due to artificial
beach nourishment and building of artificial berms on the seaward side to prevent oiling of the

coast from Deepwater Horizon oil spill in April-July 2010.
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Figure 3.22 Beach area changes in Chandeleur Islands from 1997 to 2011
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Figure 3.23 Vegetated area changes in Chandeleur Islands from 1997 to 2011
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Figure 3.24 Classification image for 06-13-2011, which is the most recent condition of the
Chandeleur Islands
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3.2.1. Change Detection

The change detection analysis was an effective tool in identifying the changes that occurred after
the passage of each hurricane. In Figure 3.25, the grey color indicates unchanged land area, blue
indicates regions that were unchanged water areas, red indicates regions that were new water
areas inundated by water and yellow indicates the regions with land gain. This analysis showed
quantitatively the land loss that occurred after each hurricane event. Based on the results shown
in Figure 3.26, Hurricane Georges had the maximum impact on these islands causing the greatest
land to water conversion of about 42 km®. The land loss caused by the other hurricanes added to
the erosion from Hurricane Georges to a great extent reducing the islands to shoals. Figure 3.27
represents the long-term change detection from 1997 to 2010 indicating land area lost in red.
There was no significant land gain seen in the southern Chandeleur Islands over the time series.

Any water to land conversion noticed was confined to the northern portions (Figure 3.25).

| I
97-99 Georges
- 30°0N A

»

#
3
&
[
Y
%
4

%

I Land to Water

[ Land-no change

[ Water to Land
-29°40N - °40' °40' . -29°40'N

89T°0'W 89:’55‘W 89‘]’50'W 89|°0‘W 89':55‘W 89‘]’50'W 89|°O'W 89:’55'W 89‘:50'W. ﬁ"OW 89°55'W  89°50'W

Figure 3.25 Change detection analysis for the Chandeleur Islands for major hurricane years
before and after Hurricanes Georges, Ivan, Katrina and Gustav
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Figure 3.26 Land area converted to water in Chandeleur Islands

74




~ 30°0N

Artificial
Berm

29°55'N

~29°50'N

~29°45N

B Land to Water

[ ] Land-no change
~29°40N " [ ] Waterto Land

I Water-no change

89°|0'W

Figure 3.27 Long term change detection analysis for Chandeleur Islands from 1997 to 2010
indicating land area lost (red), unchanged land areas (grey) and land gain (yellow)
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3.2.2. Field Trip to Chandeleur Islands on June 04, 2011

Figure 3.29 shows the aerial view of the Chandeleur Islands taken from a seaplane on June 04,
2011. The most important aspect of the field visit was that we were able to observe the artificial
berm that was built on the east side of the northern islands to keep the oil from Deepwater
Horizon oil spill from contaminating the islands. We found out from the USWF personnel that
the berm was 9 miles long extending from the northern section to the southern section. The berm
was built using sand that was dredged from offshore. Tropical storm Lee in 2011 greatly affected
this berm due to erosion (USWF, personal contact). Several types of vegetation were identified
on the northern parts of the Chandeleur Islands (Figure 3.29). Access to the islands are limited
and controlled by USFW due to the large number of birds nesting there. However, there was very

little vegetation remaining in our analysis of the southern islands.

Figure 3.29 Types of vegetation in the Chandeleur Islands identified during the field trip on June
04, 2011 (a), (b) and (d) Black Mangroves (c) Phragmites
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3.2.3. Regression Analysis

Based on the regression analysis between the water level from Snake Island and the land area
from Chandeleur Islands the p value was 0.41, which is greater than the confidence interval of
0.05. Therefore, we fail to reject the null hypothesis and conclude that the slope is equal to zero,
which denotes that the water level and land area were not linearly related (Figure 3.30). The
correlation coefficient (R?) value was 3% also indicating that the land area changes are entirely
storm driven and not significantly affected by the water level fluctuations. Similarly, no
relationship was found between land area and significant wave height (Figure 3.31). There was

no correlation at an R” value of 0.006 with a slope of zero.

3.3. Accuracy Assessment

“Without an accuracy assessment, a classified map is just a pretty picture” (Cai et al 2011).

The accuracy assessment for the classification was performed using the Digital Orthophoto
Quarter Quadrangles (DOQQ) from the Louisiana State University ATLAS website. The DOQQ
were available for the years 1998, 2004, 2005 and 2010. Using the “Accuracy assessment’ tool
in ERDAS IMAGINE, 200 random points were generated for the classes using the “Stratified
Random” method. This method of sampling ensures that all classes are represented in the
accuracy assessment procedure, taking into account the proportion of the number of pixels in

each class along with the total number of pixels in the image.

The output from the accuracy assessment procedure is the construction of an “error
matrix” which includes the percentages of “User’s accuracy”, “Producer’s accuracy” and

“Overall classification accuracy”.
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Figure 3.30 Water levels vs. land area plot for Chandeleur Islands over 14 years at the time of
image acquisition
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Figure 3.31 Significant wave heights vs. land area plot for Chandeleur Islands over 14 years at
the time of image acquisition
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User’s accuracy is error due to “commission” which is the probability that pixels from a
class were wrongly included in another class (e.g. 3 pixels from marsh class included
erroneously in the water class). Producer’s accuracy is error due to “omission” which is the
probability that pixels from a class were omitted from a class, (e.g. 5 pixels were erroneously
classified as forest area rather than marsh class) (Janssen and van der Wel, 1994 and Foody et al,

2002).

The User’s accuracy is calculated by “dividing total number of pixels that were correctly
classified in a class by total number of pixels in that class”. Producer’s accuracy is calculated by
“dividing total number of pixels that were correctly classified in a class by the total number of

training set pixels used for that class” (Lillesand and Kiefer, 1997)

3.3.1 Breton Sound Estuary

The accuracy assessment for the Breton Sound Estuary was performed using 200 stratified
random points for three years 2004, 2005 and 2010. The results are tabulated in Table 3.2, Table

3.3 and Table 3.4. The overall accuracy of the classification for all the years were above 90%.

Table 3.2. Accuracy Assessment for 2004 Image Classification
Accuracy Totals - 2004

Class Name Producers Accuracy

Users Accuracy

Water 90.74% 99.32%

Forest 100.00% 100.00%

Marsh 98.91% 85.85%

Other Area 100.00% 80.00%

Overall Classification Accuracy = 92.68%
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Table 3.3. Accuracz Assessment for 2005 Image Classification
Accuracy Totals - 2005

Class Name Producers Accuracy Users Accuracy

Water 95.00% 95.00%

Forest 66.67% 100%

Marsh 91.67% 84.62%

Other Area 100.00% 100.00%

Overall Classification Accuracy = 91.43%

Table 3.4. Accuracy Assessment for 2010 Image Classification
Accuracy Totals - 2010

Class Name Producers Accuracy Users Accuracy

Water 92.00% 95.32%

Forest 100.00% 100.00%

Marsh 98.74% 85.62%

Other Area 100.00% 100.00%

Overall Classification Accuracy = 94.

3.3.2. Chandeleur Islands

The Accuracy assessment for the Chandeleur Islands also yielded an accuracy of over 90% for

all the years. The accuracy assessment was performed using the DOQQ as the reference.
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Class Name

Table 3.5. Accuracz assessment report for Chandeleur Islands
Accuracy Totals - 2010

Water

Vegetated land

Beach

Mudflat

Producers Accuracy Users Accuracy
90.91% 100.00%
90.91% 100%
90.00% 90.00%

100% 80.00%

Overall Classification Accuracy = 92.68%

3.6. Correlation between the Land Loss in Caernarvon and Chandeleur Islands

A regression analysis was performed between the land losses in Breton Sound Estuary versus the

land loss in Chandeleur Islands for the images from the same month of the same year. The y

variable was the land area from Breton Sound Estuary and the x variable was the land area from

the Chandeleur Islands. This resulted in a p value of 0.014 that is less than the confidence

interval of 0.05. Therefore, we fail to reject the null hypothesis and conclude that they are

linearly related. However, this statistical relationship does not imply that the land area changes

in Breton Sound Estuary were affected by the land area changes in the Chandeleur Islands

(Figure 3.32). The maximum land loss in Chandeleur Islands was due to Hurricane Georges in

1998 where as for Breton Sound Estuary the maximum land loss was due to Hurricane Katrina in

2005. The limited recovery for the both the study areas occurred at a different pace.
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Figure 3.32 Areas of Breton Sound Estuary and Chandeleur Islands plotted on different axes to
look at the changes for the same year
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CHAPTER 4
DISCUSSION

4.1. Breton Sound Estuary

The Breton Sound Estuary is so spatially complex that mixed pixels were a frequent problem.
The classification procedure proved to be problematic at times due to sub-pixel fragmentation,
spatial resolution of the satellite data, presence of floating vegetation and mudflats. Nevertheless,
by using band 5 (the middle infrared) and the band combinations 4,5,3 and 4,3,2, as a visual
guide, satisfactory classification accuracy was obtained. The accuracy was checked with the
DOQAQ, which have a spatial resolution of 1 meter or less. The images that were chosen for this
research were all cloud free and autumn imagery when vegetation is dormant and floating

vegetation is minimal.

Storm surge information was necessary to understand the potential effect of the surge on
land loss. The storm surge information was obtained from previous literature, based mainly on
storm surge models such as the ADCIRC and observation of debris lines. Table 4.1 summarizes

the storm data.

The results from the classification indicate that the land area changes in the Breton Sound
Estuary can be divided into two phases i.e. before and after Hurricane Katrina in 2005 (Figure
3.3). The land area changes were almost stable until 2005 with minor fluctuations due to tropical
storms. However, after Hurricane Katrina in August 2005, there was a drastic decrease in land
area and the region has not been able to recover to its previous state since then. However from

2005 until 2010 there has been a measurable constant (albeit small) increase in land area.
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Table 4.1 Major hurricanes and storms considered for the study (data from NOAA’s National
Hurricane Center, NHC)

. Category at
Hurricane landfall
Andrew 3
1992
Georges >
1998
Isidore Tropical
2002 Depression
Lili 2002 1
Ivan 2004 3

Track

Storm Surge at landfall / water
level from water level stations

3 meters (Turner et al 2006)

3 meters (NHC report, 1999) /
2.5 meters

2.5 meters (NHC report, 2002) /
2.6 meters

3.7 meters (NHC report, 2003) /
1.8 meters

2 meters (NHC report, 2004) /
2.53 meters

Table cont.
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Kt 4 to 5 meters (Dietrich et al,
2210{)1;13 3 2009) / 4.9 meters (USACE,
2006)
Rita ; 3.6 to 4 meters (NHC report,
2005 2005)
Gust 4 to 4.5 meters (Dietrich et al,
2%50? o) 2011) / 3.9 meters (McGee et al,
2008)

Previous studies have documented significant land loss in the Breton Sound Estuary
caused by the effect of hurricanes. Barras et al (2008) indicated that of the entire coastal
Louisiana, the Breton Sound Estuary has suffered more than the other areas. Couvillion et al
(2011) demonstrated similar results. Barras et al (2006) achieved similar results in the northern

portion of the diversion where there was maximum land area to water conversion in 2005.

Turner et al (2006) indicated that Hurricanes Katrina and Rita in 2005 contributed greatly
to the sedimentation of large amounts of inorganic materials in the Breton Sound Estuary region.
They also suggested that hurricanes help distribute these sediments throughout the entire region,
which would otherwise be concentrated at the mouth of the diversion. They concluded that

hurricanes and other storm events contribute significantly to maintain the inorganic sediment
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budget in a wetland system. In the course of our field observations, we observed organic marsh

material in areas of new land after Hurricane Katrina.

Marsh area decreased by 94 km® due to the passage of Hurricane Andrew in 1992. The
maximum marsh growth was detected in 2003 before Hurricane Ivan in 2004. Hurricane Katrina
in 2005 caused the maximum marsh loss, which was about 173 km?, which included all the types
of marsh. The October 2005 TM image clearly indicates the health of the marsh as well. Most of
the marsh area in the northern and the central portions of the diversion had a bluish appearance
in the band 453 combination, which was also noticed in the Tasseled cap image of 2005 (Figure
A.2). This indicates marshes that were unhealthy or dead. A loss of 92 km® was noticed in marsh
area in the 2011 image, which could be attributed to high water during the Mississippi River
flood. It is also interesting to note that the land area in 2006 increased by 27 km” but the marsh
area decreased. This is possibly due to the rolling up of marsh debris during the storm surge
(Figure 4.1). The area of unvegetated/barren land also increased in 2006. These were the regions
that had no live vegetation on them but had the signature of land area, which was due to the

marsh debris.

Barras (2007) estimated 562 km® of new water areas in coastal Louisiana after Hurricane
Katrina, which was found to be the result of permanent water areas, marsh flooding and water
level changes. He observed that the land gain in 2006 was due to “wrack deposition,

rearrangement of existing marsh, floating vegetation misclassified and water level variations”.

We were also able to identify several cases where there were burnt or recently burnt
marsh in the images. However, due to lack of ground control and the relatively coarse spatial

resolution of the imagery we did not classify the images into different types of marsh. During out
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field trip in November 2009, we found that the majority of the marsh areas were covered with

senescent fall panic grass.

el NPRY +

Figure 4.1 Photographs of rolled up marsh debris in Breton Sound Estuary during a field trip in
March 2009 (Nan Walker, personal contact)
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The results obtained by Barras and others in their assessment of land area changes
include the entire coast of Louisiana for Hurricanes Katrina, Rita and Gustav along with a long-
term analysis. They utilized “thresholding” techniques with the infrared bands to obtain water
arcas. Couvillion et al, (2011) studied the status of land and water areas in coastal Louisiana
from 1932 to 2010, utilized “thresholding” along with supervised and unsupervised classification
for unclassified pixels, which is different from the hybrid technique used in this thesis. Fearnley
et al, (2009) studied the shoreline changes of Chandeleur Islands over 100 years. They performed
a vector analysis of satellite imagery, aerial photographs and topographic sheets data where this
study involved raster analysis of the same type of satellite data (Landsat 5 TM). Furthermore,
incorporation of Tasseled cap analysis validated the results obtained from the change detection

analysis.

By obtaining the water level fluctuations for the entire time period we were able to
quantify the relationships between land area changes and water level fluctuation by using the
water level data at the time of image acquisition. Results from all the stations indicate that there
is no linear relationship between the two. Therefore, we conclude that the land area changes
observed are independent of the water level fluctuations (except in June 2011) and the changes
are mainly due to the storm events. However, Hurricane Katrina was an outlier, which had high

water level at the time of image acquisition that coincided with low land area.

We were able to identify the peaks in water level during some of the hurricane events.
The different stations exhibited different high water level points for the hurricane events. For
example, during Hurricane Katrina, the Caernarvon station showed as high a water level as the
other stations before it stopped functioning. The highest water level was noticed at the Gardene

station. Similarly, during Hurricane Lili, the Snake Island station showed the highest water level.

88



Snake Island and Gardene showed high water levels during Hurricane Gustav before they
stopped working. Caernarvon station did not have that high of a water level during this
hurricane. The variations in high water level points are due to the position of these stations.
Gardene and Snake Island stations are at the northeastern and southeastern corners of the
Diversion, respectively, closer to open gulf. Whereas the Caernarvon and Reggio stations are in

the northwestern and southwestern corners respectively (Figure 2.1).

Tasseled cap analysis was an effective technique to observe the vegetation health using
the greenness band. The change detection analysis using the TCAP image was performed for the
year that had the maximum change in the entire time series, which was 2005. The Change Vector
Analysis (CVA) proved to be a good tool for identifying the regions of maximum change and
generating a mask for the pixels that did not undergo any change. Most of the change that was
observed in the 2005 image analysis was identified to be land that was converted to water. This
direction of change was found using a spatial intersection change detection function. These
regions could be used to look for persistent change over the years. It was also noticed that
regions with maximum change were in the northwestern parts of the Breton Sound Estuary close

to the levee of the Mississippi River.

The results from the change detection analysis were plotted against the difference in the
water levels at the time of image acquisition. Figure 4.2 indicates the comparison of water level
changes from the Gardene station with land area to water conversion changes for major hurricane
years. Negative values in the water level indicate higher water levels for the “after” image, for
e.g. negative value in 2004-2005 indicate the water level in 2004 was lower than that of 2005.

Similarly, figure 4.3 is the comparison analysis for the Snake Island station.
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Figure 4.2 Comparison of water level changes in Gardene station with the “land to water”
conversion changes in change detection procedure
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Figure 4.3 Comparison of water level changes in Snake Island station with the “land to water”
conversion changes in change detection procedure
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The analysis was performed only on these two stations because they were more
representative of the water levels in the Breton Sound Estuary when compared to other two
stations. With the exception of Hurricane Katrina in 2005, water level differences for the other
years were not as great as the land area change, which provides additional evidence that they are

not correlated.

4.2. Chandeleur Islands

The time series analysis of the Chandeleur Islands from 1997 to 2011 indicates that Hurricane
Georges caused the maximum land loss in 1998 much more than that of Hurricane Katrina in
2005 (Figure 3.20, Figure 4.4 and Figure 4.5). The land area was reduced by 72%. The recovery
was constant until 2004 after which Hurricane Katrina occurred in 2005. The recovery after 2005
was negligible. Hurricanes Katrina and Gustav affected the entire system of the islands and
altered the land area greatly. The northern islands had considerably lesser impact when compared
to the southern islands. This could be due to the presence of vegetation in these regions, which
acts as anchors to hold the sediment intact. The pattern of long-shore sediment transport along
with the presence/absence of sediment supply from offshore affects the building of land area

(Stone et al 2004).

Miner et al (2009) indicated that most of the damage was concentrated in the southern
portion of the islands. They explained this as a result of the presence of back-barrier marshes,
which serve as a “Back Bone” of the system in the northern part preventing it from becoming
completely eroded as the southern regions have. We achieved similar results to Miner et al
(2009) from our classification and change detection results and verified some of the results

during the field trip in June 2011 (Figure 3.21).
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Coastal Research Laboratory- University of New Orleans (1997) e

Figure 4.4 Photograph taken before the passage of Hurricane Georges in 1997 (Source Coastal
Research Laboratory- University of New Orleans,
http://www.usgs.gov/solutions/northern _gulf.html)

Coastal Research Laboratory- University of New Orleans (1998) . A
Figure 4.5 Photograph taken after the passage of Hurricane Georges in 1998 (Source Coastal
Research Laboratory- University of New Orleans,
http://www.usgs.gov/solutions/northern _gulf.html)
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The longshore sediment transport of these islands was found to be of a bi-directional
form originating from a center point towards both the north and south directions (Ellis and Stone,
2006). The Chandeleur Islands system has been shown to be sediment starved thus the recovery

after storms takes longer (Kahn 1980, Stone et al 2004).

The change detection analysis is an effective tool to quantify the change after hurricane
passage. Using the spatial intersection change detection technique we were able to effectively
identify the direction of change i.e. land area converted to water, water converted to land etc. The
overall change of land area to water from 1997 to 2010 was greater from that of 1997 to 2011 by
6 km”. This could be attributed to high water levels at that time and the fact that June 2011 is not
fall imagery. Change detection of land to water area conversion results were plotted with their
respective changes in the water levels (Figure 4.6). Negative values in water level indicate higher
water levels after the passage of the hurricane. Higher negative values and corresponding high
change area indicates that they are related. Maximum change in land area was due to Hurricane
Georges where as the maximum water level was measured for Hurricane Katrina indicating the

water level fluctuations were not related to the land area changes.

Regression analysis between the water level and land area changes indicated that they are
not related and the correlation coefficient was very small. Similar results were observed for

significant wave heights indicating the wave heights had no relation with the land area changes.

4.4. Shoreline Change Analysis for Chandeleur Islands Using Vectors

Fearnly et al (2009) have studied the shoreline changes for the Chandeleur Islands from 1850 to
2005 using Toposheets, aerial photography and other higher resolution satellite imagery such as
IKONOS and QUICKBIRD. They created vector layers on ArcGIS to evaluate the change in

shoreline over the time series. A similar technique was utilized in this research to quantify the
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changes in shoreline in terms of distance between the vectors generated from images (Figure
4.7). The two images considered for this analysis were December 1997 and August 2011. The
change in shoreline displacement ranged from 161.1 m to 1742.3 m along the entire coast. The

general trend was such that the shoreline has receded landward and the islands have moved

westward from their position in 1997.
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Figure 4.6 Comparison of water level changes in Snake Island station with the land to water
conversion changes in change detection procedure

This analysis gave insight into the movement of the Chandeleur Islands demonstrating
the transgressive nature of these islands. The artificial nourishment of these islands seems to
have increased the land area in December 2010 but it was not apparent in June 2011. This
suggests that the artificial nourishment to these islands did not persist. However, high water level

during the Mississippi River flood could have been a factor in the June 2011 image.

Northern and southern portions of the island, since 1997, were eroded. The length of the
northern section that was lost was 7.14 km and the length of the southern section that was lost

was 15 km. Therefore it is evident that maximum loss occurred in the southern portion of the

1slands.
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Figure 4.7 Shoreline Change Detection using Vectors for Chandeleur Islands
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CHAPTER 5:
SUMMARY AND CONCLUSIONS

This study focuses on quantifying land and vegetation changes in the Breton Sound Estuary for

the past 24 years (1987 to 2011) and in the Chandeleur Islands for the past 14 years (1997 to
2011). This was performed with the help of moderate-resolution satellite data (Landsat 5 TM)
and image processing tools. Images were classified into land and water classes using a hybrid
classification technique that incorporated both supervised and unsupervised classification
algorithms. Classification accuracy was assessed using high-resolution infrared aerial

photographs.

Change detection analysis was used to identify the regions with maximum change and the
direction (loss or gain) of change. Change detection analysis was performed on the classified
images to identify changes in land use types over a period of one year (before and after hurricane
passage). Three techniques were used for change detection analysis, i.e. post-classification
change detection matrix, tasseled cap image differencing, and Change Vector Analysis. The land
area changes were compared to water level fluctuations from four stations located in the Breton
Sound Estuary. Similar procedures were used for both study areas. The timing of major changes
indicated fluctuations in land area could be attributed to hurricane/tropical storm passage. Even
when storms did not make landfall near the Breton Estuary or the Chandeleur Islands, substantial
decrease in land area was found. This reveals the vulnerable nature of these deltaic

environments.

This research is unique when compared to past research conducted in these areas because
it focuses on both Breton Sound Estuary and the Chandeleur Islands quantifying land/vegetation

changes attributable to hurricane damage. The hybrid classification technique improved the
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accuracy of classification when compared to other techniques previously used including

thresholding, supervised classification and unsupervised classification. Water levels and

significant wave heights were also considered for better understanding of the land loss causes

and spatial patterns of change.

Based on the results the following conclusions were drawn:

5.1. Breton Sound Estuary

Y

2)

3)

4)

5)

Major coastal land loss over the period of 24 years coincided closely in time to hurricanes

and other tropical storms demonstrating their impact on erosion to land loss.

Maximum impact within this region was due to Hurricane Katrina (August 2005), which
caused a land loss of 196 km” and marsh loss of 173 km®. The recovery after Hurricane

Katrina was very slow and was affected by subsequent storms.

Overall land area loss from 1987 to 2010 was 181 km* and marsh loss of 58 km®. In the
24-year time series, marsh area loss coincided with the land area loss. However, marsh

area increase and land area increase occurred at different times.

There was measurable growth in marsh area in three time segments from 1987 to 1991
(87 km2), 1992 to 2003 (111 km?) and 2006 to 2009 (135 km?2). This indicates marsh

recovery between passages of hurricanes.

Change detection analysis indicated maximum land to water conversion occurred from
2004 to 2005 (208 km®) attributable to Hurricane Katrina. Interestingly, this value was
higher than the overall land to water conversion from 1987 to 2010 (201 km?) indicating

the intensity with which Hurricane Katrina damaged this region.
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6)

7)

Change Vector Analysis revealed regions with maximum change magnitude. This

coincided with the results obtained from spatial intersection technique.

Field trips revealed extensive fragmentation of marsh areas along with sub-pixel size

variation in land and water classes.

5.2. Chandeleur Islands

Y

2)

3)

4)

5)

6)

The pattern of land loss was effectively quantified over a period of fourteen years. The
most devastating hurricane to have impacted this island chain was Hurricane Georges in
1998, which led to major land loss of 72% (41 km?) measured from December 1997 to

October 1999.

Overall land loss from 1997 to 2011 was 54 km® (95%) indicating extreme and persistent
damage caused by frequent hurricane passage in the past 14 years. Land areas that

recovered between hurricanes were eroded due to subsequent hurricanes.

Two time segments of land area recovery were observed from September 1999 to

October 2003 (9 km?) and from November 2009 to December 2010 (3 km?).

Hurricane Gustav significantly destroyed the beach area in 2008. Beach gain from 2008
to 2010 was 9 km”out of which 3 km” was from February 2010 to December 2010. This

increase in beach area in 2010 is attributable to the artificial berm construction.

Shoreline change analysis indicated that the Chandeleur Islands have moved westward

(landward) from 1997 to 2011 by a maximum of 1.7 km.

Seven kilometres of shoreline was lost in the northern tip and 15 km was lost in the

southern tip over the 14 year time period.
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5.3. Research Limitations

Y

2)

3)

4)

5)

A major limitation for this research was the spatial resolution of the satellite data.
Landsat 5 TM data has a coarse resolution of 30 m; a higher resolution data would
give more accurate results. The individual marsh types could possibly be identified
using higher resolution imagery. The quantitative mapping of land and water could

have been significantly improved.

Ground control plays a major role in satellite remote sensing. Due to the lack of
ground control we were unable to identify individual marsh species on the satellite
data. This study could have been improved in the Breton Sound Estuary particularly
by undertaking more ground truthing trips by aircraft in addition to boats. In case of
using boats for ground truthing, some areas were inaccessible at the same time we
were able to identify individual plant species. In case of using aircrafts, large portions
of the study area were covered at the same time and inaccessible areas on the ground
were flown over. However, individual marsh plant species could not be identified
when using an aircraft for ground truthing. Therefore, it is necessary to utilize both

for a comprehensive study.

Acquiring cloud free imagery for the same time of the year, in the same season every

year was a challenge.

The floating vegetation, abundant within the Breton Estuary, was always a concern
while classifying land and water as they masked water areas giving a less severe

picture of changes that transpired.

The classification procedures tended to over-classify within particular classes thereby

overestimating the area for that class.
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5.4. Future Research Suggestions

1) This research could be improved using additional ground truth data

2) Improved spatial resolution of the satellite data could enable identifying types of

marsh species.

3) Seasonal variations could be studied in more detail to understand changes due to

vegetation and identify regions with persistent change.
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APPENDIX I:
MODEL FOR REFLECTANCE CALCULATION
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CALCULATION OF ECCENTRICITY TO BE USED IN THE
REFLECTANCE MODEL

W.c:/documents and settings/vandana/my documents/data/caernarvon/data/jan 25 on/spatial models/eccer
File Edit Model Text Process Help

sEDES § 2R 8 £ 1

Eccentricity - Earth-Sun Distance AU - From Day of Year*
By DeWitt Braud, Coastal Studies Institute, Louisiana State University
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*Equations Derwved from: "An Introduction to Solar Radiation," Muhammad Igbal, Academic Press, 1983

For use with Reflectance Models requiring Earth-Sun distance in AU.
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APPENDIX 11
MODEL FOR TCAP CALCULATION
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APPENDIX III
SELECT SATELLITE IMAGES
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Figure A.1 True color composite (bands 3, 2 and 1 in RGB) of 10/09/2005
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Figure A.2 Bands 4, 5 and 3 in RGB composite for 10/09/2005
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Figure A.3 True color composite (bands 3, 2 and 1 in RGB) of 10/01/2008
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Figure A.4 Bands 4, 5 and 3 in RGB composite for 10/01/2008
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Figure A.5 True color composite (bands 3, 2 and 1 in RGB) of 06/04/2011
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Figure A.6 Bands 4, 5 and 3 in RGB composite for 06/04/2011
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Figure A.7 True color composite (bands 3, 2 and 1 in RGB) of 10/08/1987
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Figure A.8 Bands 4, 5 and 3 in RGB composite for 10/08/1987
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APPENDIX IV:
GRAIN SIZE ANALYSIS

The results from the grain size analysis are tabulated in Table A.1. The grain size indicates that

the Chandeleur Islands beach is made of very fine and symmetrical by the dunes and the
nearshore berm. The very fine nature of the sediments by the vegetation in the dunes possibly
indicates Aeolian deposits. The grain size increased and the beach appeared coarser as we
progressed to the seaward side and the berm. The sorting of the grains ranged from very well
sorted to moderately sorted. The sand on the berm (Sample 5) was the same texture as the sand
from the far side of the beach (Sample 1). The sand on the berm was artificially added and its

source was sediments dredged offshore.

121



Table A.1. Grain Size Analysis Results for the 5 sample sites in the transect on Chandeleur
Islands

Sample

Sample 1

Mean

Description

Sorting

Skewness

Kurtosis
Leptokuritic

Sample 2

Sample 3

Sample 4

Sample 5

2.758 Fine Sand Very well Symmetrical
2.716 Fine Sand Very well Skewed Platykuritic
Extremely
2.556 Fine Sand Well SO OO Leptokuritic
skewed
2.547 Fine Sand Moderate Coarse skewed | Mesokuritic
. . Very

2.607 Fine Sand Very well Symmetrical Lewieluie

Figure A.9 is the output from the grain size analysis based on calculations from Folk and Ward,

1957. The figure indicates the number of grains in percentage on y-axis with the grain size in phi

on X-axis.
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Figure A.9 Grain Size Analysis Output for (a) Sample 1 (b) Sample 2 (c) Sample 3 (d) Sample 4
(e) Sample 5

123



APPPENDIX V:

MATLAB CODE FOR WATER AND WAVE DATA ANALYSIS
load 98 waveheight.dat;

data=wave;

z=data(:,5);

time=(1l:1length(z))/24;

figure;

plot (time, z) ;

title ('Wave height Station 42067 Jan 1998-Dec
1998"', 'FontWeight', 'bold"') ;

xlabel ('"Number of Days');

ylabel ('"Water level in Feet');
[b,al=butter(6,0.05);

f=filtfilt(b,a, z);

figure;

plot (time, z) ;

hold on;

plot (time, f, 'r', 'LineWidth', 3);

title('Low pass filter for wave height Jan 1998-Dec
1998"', 'FontWeight', 'bold") ;

xlabel ('Number of Days'); ylabel ('Water level in Feet');
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