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Abstract: As part of the overall Mississippi River Gulf Outlet (MRGO)
Ecosystem Restoration Study, the Central Wetlands Unit (CWU) is a
critical coastal restoration project proposed to mitigate the effects of the
MRGO dredging and dredged material placement in southeastern coastal
Louisiana. An in-depth knowledge of recent and historical coastal
landscape history is a key knowledge element required by project
managers to make informed decisions for implementing the overall CWU
restoration strategy. The goal of this study was to provide a refined
landscape history for the CWU that both exceeds and supplements
information provided by existing coastal habitat and land loss data sets.
The research identified and quantified recent and historical land change
trends and general forested wetland habitat changes within the CWU from
1935 to 2010.

The CWU land area changes were analyzed using a series of land-water data
sets obtained from classified Landsat Thematic Mapper (TM) satellite
imagery, historical aerial photography and topographic quadrangles.
Wetland forested habitat changes were evaluated using two pre-
construction (1935 and 1956) and two post-construction (1965 and 1974)
data sets bracketing the construction of the MRGO (1965).

The study revealed that the CWU net land loss from 1935 to 2010 was
6,688 acres with a land area change rate of -87.6 + 11.1 acres/yr (r2 = 0.68).
Rapid loss of forested habitat also occurred within the CWU throughout the
1935 to 1974 analysis period. In 1935, the CWU consisted of 13,924 acres of
forested habitat and by 1974 virtually all were lost. The primary events
affecting historical landscape change within the CWU over the past 75 years
are linked to (1) cumulative hurricane impacts causing physical removal of
marsh, (2) partial flooding of impounded areas after Hurricane Betsy,

(3) construction of the MRGO, and (4) salinity increases causing habitat
conversion.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1 Introduction

The Mississippi River Gulf Outlet (MRGO) Ecosystem Restoration Plan is
a critical coastal restoration project designed to mitigate the effects of the
MRGO in southeastern coastal Louisiana. These effects are largely
associated with the dredging of the MRGO and the placement of dredged
material. The MRGO study area, delineated by means of estimating the
area in which habitats have been directly or indirectly impacted by the
MRGQO, is approximately 2 million acres and is bounded by the Mississippi
River and the Inner Harbor Navigation Canal (IHNC) on the west, the
Mississippi state border on the east, and the Lake Pontchartrain shoreline
to the Fontainebleau State Park on the north (Figure A1).!

In an effort to optimize feature assessments and restoration measure
application, the MRGO project area was sub-divided into management
units. Due to the large expanse of the MRGO study area, the analyses
performed and described as part of this report focus entirely on the Central
Wetlands Unit (CWU). The CWU is approximately 30,000 acres and is
bordered on the west and south by the populated settlements of Lower
Ninth Ward, Chalmette, Meraux, Violet, and St. Bernard (Figure A2).
Physically, the CWU is bounded by the MRGO on the east, the Gulf Intra-
coastal Waterway (GIWW) on the north, the back flood protection levees of
the Mississippi River on the west, and the back flood protection levees of the
St. Bernard Ridge on the south. Being bound by levees and dredged material
containment areas on all sides, the CWU hydrologic connectivity has been
limited to Lake Borgne inflow via Bayous Bienvenue and Dupre, Mississippi
River freshwater inflow via the Violet Siphon (during limited operation
from 1979-1983; Louisiana Department of Natural Resources (LDNR),
1992), and forced drainage from surrounding urban areas during rain
flooding events.

The purpose of this document is to provide a refined landscape history for
the CWU that both exceeds and supplements information provided by
existing coastal habitat and land loss data sets. Examination of historical
aerial photography, acquired from the 1940s through the 1970s, provides a
means of refining historical land area change timing and magnitude while

1 For the convenience of the reader, graphics and tabulations illustrating land and forest area changes
have been collected in Appendix A.
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identifying and empirically documenting landscape change attributed to
episodic events. A refined loss history for the CWU - one that couples loss
from episodic events or processes with current high temporal frequency
assessments of the modern coastal landscape (Barras et al. 2008; Barras
2009) - provides reliable recent landscape evolution information over a
period of analysis (75 years) that is adequate for project planning and
implementation.

Specifically, this report summarizes historical changes in forested and land
change trends adjacent to the MRGO from 1935 to 2010 using standard
data sets routinely used by the US Army Corps of Engineers (USACE) for
wetland trend assessments in coastal Louisiana. This report identifies and
quantifies: (1) recent and historical land change trends within the MRGO
CWTU, (2) changes in general forested habitat within the CWU, and

(3) habitat impacts associated with the MRGO dredging and dredged
material placement.


http://pubs.usgs.gov/sim/3019/�
http://pubs.usgs.gov/sim/3080/�
http://pubs.usgs.gov/sim/3080/�
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2 Methodology

Assessment Unit Identification

A CWU Assessment Unit (AU) data set was created to better identify and
assess forest and land change trends within the Central Wetlands Unit.
The CWU AUs are aggregates of physiographic units that identify areas of
(1) dredged material placement, (2) forest, (3) impoundments, and (4)
hurricane impacts. These AUs were digitized on-screen using aerial
photography and habitat data sets (Figure A2).

The “Bayou Bienvenue North” AU, (BBN AU) which is located in the
northern reach of the CWU, contains dredged material deposited between
the GIWW, the northern terminus of the MRGO, and Bayou Bienvenue. A
second dredged material placement AU, the “MRGO Dredged Material
Placement Area” (MRGO DMP AU), contains the MRGO dredged material
deposition area extending south from Bayou Bienvenue along the MRGO
to the far southeastern section of the CWU. United States Geological
Survey (USGS) topographic quadrangles from the late 1930s were used to
delineate the “Forested Wetlands AU” (FW AU) located at the
southwestern reach of the CWU. The FW AU defines a region of historical
forest habitat consisting primarily of cypress-tupelo forest bordering the
hurricane-impacted areas to the northeast, and portions of the MRGO
dredged material placement area to the east. The triangular area between
Bayou Bienvenue, the Forty Arpent Canal, and Paris Road, makes up the
“Impoundment Area” AU (IA AU). This AU consists of outfall-related
impoundments in the west and an area of impounded marsh in the east
that is bounded by the BBN AU and Paris Road. Lastly, the “Hurricane
Impact and Marsh Area” AU (HIMA AU), located in the central portion of
the CWU and almost entirely bounded by the other AUs, consists primarily
of marsh that sustained significant historical hurricane impacts.

Land Area Change Trends

Land change trends discussed in this report were calculated using land-
water data sets developed for prior coastal land area change assessments
(Barras et al. 1994, 2003, 2008 and Barras 2006, 2009), as well as newly
created land-water data sets. These data sets were derived from (1) Landsat
Thematic Mapper (TM) satellite imagery obtained from the USGS Center
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for Earth Resources Observation and Science (EROS) and then classified by
land-water coverage, (2) modified photointerpreted National Wetlands
Inventory (NWI) data created for wetland habitat classifications, and

(3) land-water data sets photointerpreted from panchromatic and color
infrared (CIR) aerial photography. Additional assessments, those that
compared CWU trends to regional trends within the MRGO ecosystem area,
were based on the coastal data sets and comparison intervals used in Barras
et al. (2008).

From 1983 through the present, Landsat TM moderate spatial resolution
(25 m or 82 ft) satellite imagery has provided a same area return frequency
of 16 days. The higher temporal frequency and greater spectral resolution of
the Landsat TM imagery is useful for estimating short-term land area varia-
tion linked to hurricane-induced episodic loss and/or prevailing environ-
mental conditions (Barras 2006, 2007). However, assessing historical land
change trends within the CWU before 1983 (prior to Landsat TM 5 satellite
imagery collection), and linking those changes to specific events, may not be
possible without examining aerial photography bracketing prior episodic
events and the construction of the MRGO (1965). Misinterpretation of the
possible causes of localized loss linked to episodic events, based on decadal
or greater comparison periods, may lead to the recommendation and
application of inappropriate or ineffective restoration solutions. Therefore,
quantifying these changes required developing additional photointerpreted
land-water data sets from historical photography. The labor-intensive and
time-consuming photointerpretation process is required to increase
temporal frequency, which in turn provides a clearer understanding of land
area change timing and magnitude within key restoration areas.

The CWU AU land area changes were analyzed using a sequential series of
40 land-water data sets obtained from 1935 to 2010. The existing coastal
land-water data sets were supplemented by land-water data sets developed
for regional trend assessments of the deltaic plain (Morton et al. 2005) and
for 2008 hurricane assessments (Barras 2009). Two additional Landsat TM
scenes were classified to provide 2009 and 2010 land-water estimates for
the CWU. The additional classified Landsat data sets provided a more
robust estimate of recent 1983 to 2010 land area changes within the CWU.
Four new historical land-water data sets were interpreted for the CWU.
They include the 1935 USGS 1:24,000 topographic maps, 1958 Tobin
panchromatic quadrangle photo mosaic, 1965 Tobin panchromatic


http://pubs.usgs.gov/sim/3019/�
http://pubs.usgs.gov/sim/3019/�
http://pubs.usgs.gov/of/2006/1274/�
http://pubs.usgs.gov/ds/2007/281/�
http://pubs.usgs.gov/of/2005/1216/�
http://pubs.usgs.gov/of/2006/1274/�
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photography, and 1974 National Aeronautics and Space Administration CIR
photography.

These additional historical data sets were selected and classified to increase
the CWU comparison period to 75 years, and to provide comparison
intervals that bracket construction of the MRGO. Visual comparison of the
1958 Tobin photo mosaic to the NWI 1956 habitat data suggested that the
1956 NWI data underestimated water area within the HIMA AU. The 1958
Tobin data were interpreted to provide a better estimate of historical land
area changes between 1935 and 1958, and to provide land-water area within
the CWU immediately prior to MRGO construction. The 1965 and 1974
photography provided immediate and decadal post-MRGO construction
land area estimates. The historical data sets were classified to identify land-
water using the same methodology described in Morton et al. (2005). The
data sets were then resampled to 82 ft for spatial consistency with the
existing land-water data sets.

Forested Wetlands Area Change Assessments

Forested wetland changes bracketing the construction of the MRGO (1965)
were evaluated using two pre-construction (1935 and 1956) and two post-
construction (1965 and 1974) data sets based on habitat classification,
temporal range, and comparability. Identifying these changes within the
CWU required standardization of forested wetland habitat across the four
data sets. For this study, forested wetland habitat was defined as predom-
inantly cypress and tupelo swamp, but included other swamp forest species.
Limited amounts of bottomland hardwoods were likely present in the IA
and BBN AUs. The FW and HIMA wetland forest habitat consisted
primarily of cypress and tupelo.

The 1935 forested wetland and hydrography data (USGS 1951) utilized in
this report consist primarily of habitat features that originated from 1935
surveys, but contain a small region (approximately 250 acres within the
Delacroix quadrangle) of wetland forest that was delineated during a 1938
survey. The 1935 forested wetland classification was created by joining the
wooded marsh and woodland habitat types (symbolized on the historical
USGS topographic quadrangles) to delineate the forested wetland habitat.
The 1935 forested wetlands data were then used as the historical baseline
for tracking forest habitat conversion or loss over time. The 1956 habitat
data set was aggregated from source NWI habitat data based on Cowardin
et al. (1979) and further consolidated by Wicker (1980). The forest and
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swamp classes, which consisted of bottomland hardwoods, cypress, tupelo,
swamp maple, and willow, were combined to create the 1956 CWU
forested wetland classification. The 1965 forested wetlands extent was
visually interpreted using the 1965 panchromatic aerial photography and
other auxiliary data. Visual assessment of the 1974 color infrared aerial
photography showed that no significant forested wetlands were present.
However, it is included in the analysis to demonstrate rapid habitat
transition within the CWU after construction of the MRGO.

Habitat alterations as a result of the MRGO channel dredging and dredged
material placement within the CWU were assessed utilizing the previously
mentioned data sets (1935, 1956, 1965, and 1974). Although dredged
material was placed in the BBN AU (bordering the GIWW and the limited
extent of the MRGO north of Bayou Bienvienue), the primary focus of the
dredged material change analysis was the dredged material deposited
directly adjacent to the MRGO channel within the MRGO Dredged
Material Placement AU. The MRGO dredged material deposition area was
defined using 1965 post-construction aerial photography. This area of
dredged material placement was bounded on the east by the MRGO Canal,
the north by Bayou Bienvenue, the west by the containment levee, and on
the south by the St. Bernard ridge. Additional dredged material was placed
on the southwest section of the MRGO DMP AU between 1965 and 1974
and was delineated using 1974 color infrared aerial photography.

Composite data sets were created by merging the forested wetland and
dredged material placement classifications with the land and water
habitats interpreted for each temporal data point. Due to the
underestimation of water area in the 1956 NWI data, the 1958 water data
were utilized in its place. The forested wetland and MRGO dredged
material deposition change assessments were then analyzed by AU to
determine net area changes based on four classification types: (1) land,
(2) water, (3) forested wetlands, and (4) dredged material placement.

Area and Area Change Calculations

The CWU AU data set was digitized in a vector polygon format using ESRI
ArcGIS® software (Environmental Systems Research Institute, Redlands,
CA). The vector dataset was then converted to a raster format with a mini-
mum pixel spatial resolution of 82 ft x 82 ft (25 m x 25 m) for consistency
with existing data used for prior Louisiana land change assessments

(Barras et al. 2008). The ERDAS IMAGINE®) software (Leica Geosystems
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Geospatial Imaging, LLC, Norcross, GA, 2007) SUMMARY function was
used to generate assessment unit area statistics for habitat and land-water
data sets. Assessment Unit summaries were derived from the source
assessment unit statistics. PrismSM version 5.0b for Macintosh (GraphPad
Software, San Diego, CA) was used for linear regression-based trend
analyses (Barras et al. 2008).

For the land and forest change analyses, representative sequential data
pairs were analyzed using the ERDAS IMAGINE MATRIX function. All
gain and loss areas within the resulting change data sets were then filtered
using the NEIGHBORHOOD function. This process smoothes the image
(eliminating the “salt and pepper” noise), and reduces the edge effect that
often occurs with slightly misaligned images. The filtered gain and loss
images were joined with the respective end-point land-water images using
the OVERLAY function.

Land and water area from 1935 to 2010 was summarized for the CWU
(Table A1) and for each AU (Tables A2-A6). The land area measurements
were then used to calculate net land losses or gains by comparison period
and annual trend rates by period (Tables A1-A6). For consistency, net loss
was calculated by periods used in Barras et al. (2008). Additional historical
comparison intervals measuring net loss between 1935 and 1958, 1958 and
1965, and 1965 and 1978 were added to refine the historical loss magnitude
and timing within the CWU. The 1974 data set was not used for calculating
net land area trends since the photography was acquired two days after
Hurricane Carmen (September 8, 1974), which delivered 3-5 in. of rain (up
to 7.8 in. in Boothville) in southeastern Louisiana. As an alternative, the
1978 habitat-based NWI data were collapsed into land-water classes for
inclusion in the land-water analyses.

Linear regression analysis provided a more robust estimate of recent
trends within the CWU from 1983 to 2010 by comparing land area over
time using all available higher temporal frequency data sets. The quantity
of available data sets after 1983 includes classified images acquired under
varying tidal and meteorological conditions that contribute to short-term
variance in land area measurements. Calculating net trends using only two
data points may skew annualized loss rates. For example, a comparison
period based on a start date using a classified low water level image
compared to an end date based on a high water level image will result in a
greater loss estimate for the period and higher projected loss rates. High


http://pubs.usgs.gov/sim/3019/�
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coefficient of correlation values (r2) indicate constant land area decrease
with time, implying that the loss rate may be suitable for short-term future
projections. A low r2value indicates that either the area has remained
stable during the 1983 to 2009 period or that loss is not constant with time
and may be related to episodic events or other nonlinear events.

Changes in land area include both permanent and transitory losses and
gains caused by local and regional environmental factors occurring at the
time images were acquired. The time-dependent factors that affect land-
water classification include water level variations caused by different tidal
and meteorological conditions, possible misclassification of aquatic
vegetation and flats, and seasonal variations in marsh growth cycles.
Though these limitations occur, the temporal resolution of the TM imagery
allows for selection of optimal condition data sets, therefore reducing
those time-dependent influences.



ERDC/EL TR-12-7

3 Discussion

1935 to 2010 Land Change Trends

The land loss trend methodology uses a combination of new and existing
data sets and trend assessment techniques (Barras et al. 2008). The CWU
accounts for 1.6% of the total MRGO area of 2,000,826 acres and 0.6% of
the deltaic plain's 5,078,412 acres. Total net land loss for the CWU from
1958 (photography) to 2006 (TM; October 26, 2006) is 4,638 acres and
accounts for 3.8% of the total MRGO net loss of 123,183 acres and 0.7% of
the deltaic plain's net loss of 630,388 acres (Barras et al. 2008). The MRGO
DMP, HIMA, BBN, FW, and IA AUs account for 21% (6,569 acres), 28%
(8,910 acres), 11% (3,594 acres), 29% (9,253 acres), and 11% (3,550 acres) of
the total CWU area respectively (Table 1). From 1935 to 2010, the net CWU
loss was 6,688 acres. The MRGO DMP net loss (805 acres), HIMA net loss
(2,314 acres), BBN net loss (691 acres), FW net loss (505 acres), and IA net
loss (2,373 acres) accounted for 12%, 35%, 10%, 8%, and 35% of the CWU’s
total loss, respectively (Table A3 and Figure A11).

Table 1. Central Wetlands Assessment Unit Area.

Assessment Unit Acres % Total Area
MRGO Dredged Material Placement Area (MRGO DMP) | 6,568.5 21%
Hurricane Impact and Marsh Area (HIMA) 8,909.9 28%

Bayou Bienvenue North (BBN) 3,593.7 11%
Forested Wetlands (FW) 9,253.2 29%
Impoundment Area (lA) 3,549.7 11%

Total 31,875.0 100%

Examining net loss by period for the CWU provides a better idea of the
timing and magnitude of historical and recent land area changes (Table 2).
Over the last 75 years the assessment interval that accounted for the largest
percentage of land area change within the CWU was the 1935-1958 period.
The 1947 Fort Lauderdale Hurricane (September 19, 1947), a category 1
storm, directly impacted the CWU during this period. The 1958-1965 period
encompassed the construction of the MRGO, which resulted in land gain
from dredged material deposition and land loss from the dredging of the
MRGO channel. The 1965-1978 period incurred the second greatest loss,
followed by the 2004-2006 period. These increases in net loss were due


http://pubs.usgs.gov/sim/3019/�
http://pubs.usgs.gov/sim/3019/�
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primarily to the direct impacts of Hurricane Betsy (September 10, 1965), a
category 4 storm, and Hurricane Katrina (August 29, 2005), a category 3
storm, respectively (Barras 2006, 2007). The 2006-2010 period’s gain of
638 acres is partially related to the end point classified Landsat TM image of
February 25, 2010 reflecting lower water level conditions, possible partial
recovery after Hurricane Katrina, and normal land area classification
variation. The 1978-2004 period contained no major hurricane landfalls
affecting the CWU, was characterized as stable with moderate land change,
and accounted for 18% of the CWU total loss. During this period, the IA and
HIMA AUs were characterized by continued loss of brackish marsh.
However, the IA AU lost much of its remaining brackish marsh during this
period since it was less resistant to degradation than the HIMA AU marsh.
Most loss during the 1978-1990 period was concentrated in submerging
brackish marsh located within the northeastern section of the IA AU
(Figure A6). The 1990-2001 losses were concentrated on the fringes of
existing brackish ponds within IA and HIMA AUs (Figure A7). While the
majority of the 2001-2004 losses were similar to the 1990-2001 losses,
reflecting continued slow loss of brackish marsh, some losses likely reflect
the temporary retainment of water within the MRGO DMP AU (Figure A8).

Table 2. Central Wetlands Unit Net Land Area Trends by Period.

Interval Net Loss (Acres) Period (Years) Percent Total Change
1935-1958 -2,688 23 -40.2%

1958-1965 -606 7 -9.1%

1965-1978 -1,864 13 -27.9%

1978-1990 -421 12 -6.3%

1990-2001 -565 11 -8.4%

2001-2004 -217 3 -3.2%

2004-2006 -965 2 -14.4%

2006-2010 638 4 9.5%

Total -6,688 75 -100.0%

Recent Linear Regression Trends - 1983-2010

Recent land area trends (1983-2010) were calculated for the CWU and
associated AUs using 32 classified Landsat TM land-water data sets and
simple linear regression. Data sets containing outlying high and low water
levels, and partial cloud cover were excluded from the linear regression
trend analyses. The land area change rate for the CWU is -87.6 + 11.1
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acres/yr (r2 = 0.68). Over the same period of analysis, and using the same
data points, the Central Wetlands AUs experienced change rates of -8.3 +
0.6 acres/yr (r2 = 0.85) for the BBN AU (Table A2), -18.1 + 4.2 acres/yr (12 =
0.36) for the FW AU (Table A3), -33.2 + 4.5 acres/yr (r2 = 0.64) for the
HIMA AU (Table A4), -23.0 + 2.6 acres/yr (r2 = 0.72) for the IA AU

(Table As), and -8.2 + 0.9 acres/yr (r2 = 0.71) for the MRGO DMP AU
(Table A6). The moderate to high r2 values indicate that loss has been
relatively constant with time over the past 277 years within the MRGO DMP,
HIMA, BBN, and IA AUs. The lower r2 value for the FW AU indicates that
loss has not increased consistently with time over the 1983 to 2010 period.
The other AUs, with the exception of the MRGO DMP AU, contain brackish
marsh areas that are incurring slow loss with time. The MRGO DMP AU
contains a narrow strip of the MRGO channel that has consistently widened
over the past 25 years, providing a consistent loss rate with time. The FW
AU consists of the 1935 forest area that converted to brackish marsh and
often appears as a “wet” area on TM imagery, particularly after weather
frontal passages with significant rainfall. Other images may record a “dry”
condition, increasing land area. The oscillation between wet and dry images
results in short-term land area variation with no clear trend with time.
Detailed land loss information for each AU can be found in Figures A3-A11.

Episodic Impacts

Historical 1935 to 1958 loss for the CWU was 2,688 acres and accounts for
40% of total loss from 1935 to 2010 (Table 2) suggesting formation by an
episodic event. The 1.5-km to 5-km elongate orthogonal staggered ponds
that cover the majority of the HIMA AU and the northern half of the MRGO
DMP AU are typical of hurricane surge-formed features (Barras 2006,
2007; Barras et al. 2010; Figure A3). The only hurricane directly impacting
the CWU area between 1935 and 1958 was the Fort Lauderdale 1947
Hurricane. 1940 Agricultural Commodity Service panchromatic aerial
photography and 1952 USGS photography were used to constrain the
formation of the ponds in the HIMA AU to this storm. The Category 1
hurricane followed a southeast-northwest track directly across Lake Borgne
and into Lake Pontchartrain through the current Bayou Sauvage National
Wildlife Refuge. The CWU was located in the storm’s NE quadrant as it
advanced across St. Bernard Parish. The O’Neal 1949 marsh type data
identifies CWU marsh as fresh bordered by brackish three-cornered grass
marsh adjacent to Lake Borgne. Based on observations conducted during
recent hurricane studies, fresh marshes with high organic content are
susceptible to compression and removal by hurricane surge (Barras 2006,
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2007; Barras et al. 2010; Howe et al. 2010; Morton and Barras 2011). The
surge-impact features from this storm extend well past the CWU and are
identifiable from northeastern Bayou Terre Aux Boeufs to the North Shore
Marsh. Portions of these storm-formed ponds were truncated and filled in
by dredged material placement within the MRGO DMP AU during the 1958-
1965 period (Figure A4). Hurricane Hilda (October 3, 1964), a category 3
storm, passed to the west of the CWU after making landfall near Marone
Point, Louisiana, but does not appear to have caused land loss in the CWU.

The 1965-1978 net loss for the CWU is 1,864 acres or 28% of total net loss.
Several major storms impacted the CWU during this period. The track of
one storm, Hurricane Betsy (1965), was from southeast to northwest and
was located south of the CWU, placing the CWU within the storm’s north-
eastern quadrant. Hurricane Betsy was the most powerful storm to impact
the CWU during this period and produced extensive surge flooding in
eastern New Orleans. Visual review of aerial photography acquired four
days after Betsy’s landfall showed extensive flooding in the IA AU of
formerly drained impoundments located east of the 40 Arpent Canal.
Review of subsequent aerial photography showed that these impoundments
remained flooded through 1969. A majority of the loss during the 1965-1978
period was likely related to this flooding (Figures A5, A14, and A19).
Hurricane Betsy also caused some expansion of existing ponds within the
HIMA SA and formed several new small scour ponds west of Bayou Dupre
(Figure As). Four years later, Hurricane Camille (August 17, 1969), a
category 5 storm, passed to the east of the CWU resulting in minimal land
loss in the CWU.

Net loss during the 1978 to 2004 period (Figures A6 — A8; Table 2) was
1,203 acres over a 26-year period, and accounts for 18% of the total loss
from 1935 to 2010. From 2004 to 2006 (October 26, 2006), 965 acres of
episodic loss were directly attributable to Hurricane Katrina (Figure Ao;
Table 2). The Hurricane Katrina-induced loss was approximately 50% of the
26 years (1978 to 2004) of previous loss that occurred during a period of
minimal hurricane impacts. Hurricane Katrina’s surge flooded the CWU
and caused expansion of ponds within the HIMA and IA AUs (Figure A.1.9).
Additionally, Hurricane Katrina enlarged the small ponds previously
formed by Hurricane Betsy near Bayou Dupre. Overall, the surge-induced
losses within the CWU were minor compared to Hurricane Katrina’s
impacts near Delacroix, Alligator Point, and the North Shore Marsh (Barras
2006, 2007). Although both Hurricanes Betsy and Katrina caused
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observable impacts, neither storm’s impacts within the CWU were as great
as those of the 1947 Fort Lauderdale Hurricane. No significant land change
within the CWU was observed during the 2006-2010 period of analysis
although Hurricane Gustav (September 1, 2008), a category 2 storm, passed
to the south of the area (Figure A10).

Total hurricane-induced loss within the CWU can be estimated by adding
the 1935-1958 net loss, the 1965-1978 net loss, and the 2004-2006 net
loss. The total net loss for these periods was 5,518 acres or 82% of total
1935-2010 net loss for the CWU (Table 2). Of the 5,159 acres lost between
1935 and 1978, 650 acres were lost from within the MRGO DMP AU, 2,242
acres from the HIMA AU, 475 acres from BBN AU, 109 acres from FW AU,
and 1,683 acres from within the IA AU (Table 3). The actual direct loss
contribution from the cumulative hurricane impacts was likely lower but
was still conservatively above 50%. Approximately 1,000 acres of
Hurricane Betsy’s loss was caused by flooding of formerly drained
impoundments within the IA AU and does not reflect direct storm-
removed wetland loss (Figure As). The 1947 Fort Lauderdale Hurricane
caused direct removal and compression of marsh within the HIMA and IA
AUs (Figure A4). The BBN did contain some minimal surge-removed
marsh from the 1947 Fort Lauderdale Hurricane but these ponds were
filled, likely by dredged material placement, by 1965 (Figure A4). At least
60% of the net loss within the HIMA AU was caused by a storm that made
landfall 63 years ago. The storm-formed features remained in place and
retained their original shape for over a half century.

Table 3. Central Wetlands Assessment Units Land Area Trends by Period.

Land Change (Acres)

MRGO Dredged Hurricane Bayou Central

Material Impactand | Bienvenue | Forested |Impoundment | Wetlands
Interval Placement Area | Marsh Area | North Wetlands | Area Unit
1935-1958 |-1,032 -1,363 -208 -30 -55 -2,688
1958-1965 | 744 -345 -218 -151 -637 -606
1965-1978 |-361 -534 -50 72 -992 -1,865
1978-1990 | 35 170 -76 -175 -375 -421
1990-2001 |-52 -265 -89 -13 -146 -565
2001-2004 |-152 33 -9 -43 -46 -217
2004-2006 | 6 -386 -44 -335 -206 -965
2006-2010 | 7 376 2 170 83 638
Total -805 -2,314 -691 -505 -2,373 -6,688
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Forested Wetland Area Change

Rapid loss of forested wetland habitat occurred within the CWU throughout
the 1935 to 1974 analysis period (both pre- and post-MRGO construction).
In 1935, 44% (13,924 acres) of the CWU consisted of forested wetlands
(Table A7). Sixty-six percent (9,110 acres) of this habitat was located within
the FW AU. The remaining CWU AUs contained 2,305 acres (17%),

1,373 acres (10%), 995 acres (7%), 141 acres (1%) for the AI, BBN, MRGO
DMP, and HIMA AUs, respectively. Examination of the 1949 marsh type
data (O’Neil 1949) shows that the CWU area delineated as forested wetland
in 1935 was bordered on the east by a narrow strip of fresh marsh that was
bounded in turn by a brackish three-corner grass marsh. This habitat
gradient is typical of an abandoned Mississippi River distributary. However,
by 1956 the majority of the forested wetland area near this fresh and non-
fresh transition zone converted to fresh marsh (Wicker 1980; Figure A15).
This habitat conversion accounted for the majority of the 25% (3,420 acres)
decline in CWU forested wetland habitat between 1935 and 1956.

Figure A12 illustrates this conversion, where 2,554 acres and 408 acres of
the forested wetlands within the FW and MRGO AUs, respectively,
converted to fresh marsh. Other secondary factors contributing to the loss of
forested wetlands habitat from 1935 to 1956 include urban development
(contributing to 256 acres lost from the IA AU) and construction of the
GIWW canal (contributing to 233 acres lost from the BBN AU). Finally, the
HIMA AU, which accounted for the smallest area of forested wetlands in
1935, experienced an increase of 29 acres of forested habitat by 1956.

Forested wetland area continued to decline during the 1956 to 1965 time
period (Table A7). By 1965, an additional 3,812 acres of forested wetland, or
36% of the 1956 forested wetland area, were lost (Figure A13). The majority
of the forested wetland lost between 1956 and 1965 occurred within the IA
AU, accounting for 38% (1,433 acres) of the total loss for that time period.
Primary causes include forest removal and conversion of impoundments to
open water. In the FW AU, forested wetlands decreased by 1,039 acres
during this period, primarily through habitat conversion to brackish marsh.
This is confirmed by the 1968 marsh type data (Chabreck et al. 1968), which
shows a rapid conversion of fresh to brackish marsh throughout the CWU
marsh area. The conversion is possibly due to the increased salinities
associated with MRGO construction. Other causes of forested habitat loss in
this AU were commercial development, forest removal, as well as MRGO
construction and dredged material placement (Figure A13). The rapid
decrease in the extent of BBN AU forested wetland between 1956 and 1965
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(852 acres) was due to the expansion of the GIWW, the removal of forested
wetlands for dredged material placement, and commercial development
along the IHNC. Additionally, dredged material was placed within the
MRGO DMP AU during this period, resulting in the removal of 520 acres of
forested wetlands. Similar to the previous assessment period, the HIMA AU
gained approximately 30 acres of forested wetlands during the 1956 to 1965
period.

Net loss of forested wetlands during the 1965 to 1974 period was 6,692 acres
(Table A7). This loss, which signifies a complete conversion of forested
wetlands within the CWU to brackish marsh, water, dredged material, or
impoundments, encompasses the 9-year time frame following the MRGO
construction (Figure A14). The majority of forested wetlands lost during the
1965 to 1974 period occurred in the FW AU (5,518 acres, or 83%). By 1978,
this AU was converted almost entirely to a brackish marsh and water
landscape (Figure A16). Also during this period the 616 acres of forested
wetlands within the IA AU were converted to open water. This loss was
largely due to flooding from levee failures during Hurricane Betsy, causing
the flooding of approximately 1,000 acres of impoundments within the TA
AU (Figure A19). Hurricane Betsy also contributed, along with commercial
development near the convergence of the IHNC and GIWW, to the removal
of 289 acres of forested wetland habitat from the BBN AU. Following
several decades of forest wetland gains, the HIMA AU experienced complete
loss of all 202 acres of forested wetlands. Dredged material placement along
the back flood protection levee of the southern MRGO DMP AU replaced
the 67 acres of forested wetlands between 1965 and 1974. Though no
forested wetlands were present in the CWU in 1974, a small pocket of
cypress forest (86 acres) appeared to regenerate in the FW AU (near the
Meraux pump station and back protection levee) in 1988 (Figure A17).
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4 Conclusions

The primary events affecting historical landscape change within the CWU
over the past 75 years are linked to (1) cumulative hurricane impacts
causing physical removal of marsh, (2) partial flooding of the IA AU after
Hurricane Betsy, (3) construction of the MRGO causing habitat conversion,
particularly loss of forested wetlands to brackish marsh or water, and

(4) continuation of background processes causing continued loss with time.

Overall, examination of spatial land loss trends from 1935 through 2010
shows that the MRGO CWU is located in a relatively stable land loss area
of the deltaic plain, lacking the larger land loss hotspots typifying the
deltaic plain within the Barataria, Terrebonne, and Mississippi River Delta
basins. The majority of land loss observed in the CWU occurred within the
1935-1958, 1965-1978, and 2004-2006 time periods, and the HIMA and
IA assessment units. These time periods and assessment units accounted
for 82% (based on time periods) and 70% (based on assessment units) of
the 1935-2010 CWU net loss, respectively. These losses are primarily due
to MRGO-related dredging, impoundment development and flooding, and
episodic impacts from hurricanes.

The 1947 Fort Lauderdale Hurricane, which caused the majority of the
hurricane—induced loss within the CWU, accounted for 40% of the total
1935 to 2010 land loss. Eighteen years later, Hurricane Betsy flooded
impoundments within the IA AU and partially expanded ponds that were
previously created by the Hurricane of 1947. Hurricane Katrina provided
additional landscape changes, expanding ponds formed by previous
hurricanes, and other water features. Total net loss for time periods
containing episodic events comprised 82% of the CWU’s net loss over the
past 75 years. It is likely that a conservative 50% of CWU loss over the past
75 years is linked to these cumulative episodic impacts and non-linear
events.

Rapid habitat conversion of forested wetland to marsh was likely acceler-
ated by the construction of the MRGO. Fresh marsh occurring within the
CWU in 1956 had converted to brackish marsh by 1968 (Chabreck et al.
1968). Shifts in salinity regime contributed to a significant decrease in
forested wetlands by 1965, and total removal by 1974. Additional causes of
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forested wetland loss over the 1935 to 1974 assessment period include
commercial development, forest removal, MRGO construction and dredged
material placement, and hurricane-related impoundments. Although the
MRGO-related dredging caused land loss in the CWU, the placement of
dredged material also resulted in land gains in the Bayou Bienvenue North
and MRGO Dredged Material Placement AUs between 1935 and 1965. The
land gain may have resulted in the regeneration of forested wetlands in
these AUs as noted by the evaluation of recent (2008) aerial photography.

The 1983 to 2010 assessment period represents relatively stable conditions
with consistent loss rates within the CWU. This is demonstrated by the
moderate to high r2 values, which indicates land loss was relatively
constant within the MRGO DMP, HIMA, BBN, and IA AUs. Conversely,
the FW AU demonstrated an r2 value indicative of land loss that did not
increase consistently with time. This is evident in the habitat figures
(Figures A15 — A18), which show that the FW AU landscape was
dominated more by habitat switching than habitat loss. Loss projection
rates based on the 1983 to 2010 time period should be reliable for short-
term projections.
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Appendix A

Table Al. Central Wetlands Unit Net Land Area and Change Trends.
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Table A2. Central Wetlands Unit - Bayou Bienvenue North Assessment Unit Area and Change Trends.

Lanal
‘Water  Talal L] b

Mhate Aullam

facras) (mcres) (acres) Lamd  ‘Water

1998 [958 DAG JE00 1029 IEELT| eTiW 2o

1558 19EB.0  Toben Pan JZ83.1 Jiok 35937 ¥l4% EB&m oo llhﬂﬂrlliﬂ!l;ﬂmlﬂ
UILIN6S  T9EET Tobin Panl 0050 EIND  JSPLT| DM 147w |
#1597 t¥48  CR WELT  BAR0 37| BRA% 1T
U&/19E3 19830 TM 30170 57T ISRLT| BA.0% 18,0% ik il e
481004 1IR3 TM 11 STRE EOLT| BN 150N L
Y TTEET T TV S W0E4 BT 3S007| MRO% D50 2
RS THET M I000.0  59SA JBUAT| Dl4w 1884 i At £
ALAE  TeEET M 30131 SELA  3EOLY| mIEW 18.0% g -
WITIGE TSI TM 0T B30 BRLT| a7 . 3
IVRIRIT  feRTe M o650 sInA 30n7| WaEw T . 3
yIiivs  pees1 M 3053 EEALS  JEULT| M1 18.4% 3 -
LITI009 D90 Mabitar | 3OTOE 63n4 IBEN4| NITM IT0%W —s— Lrdares
1461909 100 TM 9053 6083 3593.7| moubw 13w . t. (|
141990 1908 M 9.5 6842 3890,7| maaw amaw o !
W99 TEPLE TM NGB 6451 ¥RLT| Dol 19.0% st e
IVED92 19938 TM MOBD  A9SA4  MOLT| MOGW 194
1151993 19931 M 01 Taas 35037 Tes 20
AN 1M TM 040 4037 3503.7( BOTN MeaN .
1L/A5/1995 19959 TH -l T TG I593F| TRTH 0%
4771996  1998.3 ™ IB3T.8 oL 359A.T7| BO 5w 19.5%m e
IN1997  1997.8 ™ M3 4824 ISIT| B0.7% 19.0%
471998 19983 ™ ‘ZBBEE.A M5.3 3593.7| B0AR 15.4%
IL/RE/199% 19999 ™ 2630 30,7 35937 T.Tw 03w
1O/IL2000 Z0008 TM WELO LT AT TRAN 20w
NI I00LE TM V0.7 TAI0 FEPAT| TRM 207w
LATE00 WOZT M FBEB.T  FOS.5 - ISPAT| BOMA% 090 o) T J
1RG0 I00RD TM IMOF  TRLI IEAT| TROW IL0% T S O e L
102072000 20008 TM 2060.7 T4 DSOLT| TREN T0.4%
1T304 J08L8 M LA TELL ISELT| TRM 300
IRI008 20088 ™ ITA B HRLT| TR 24.0% Slope or trend = -8.3 & 0.6 acresfyr from 1983 to 2000 @ 95 % confidence interval
I0/25/2008 20088 ™M 20077 vEA0 3007 Toiw 31ew
Sfaarione  Joos.? ™ 76003 BIMA MRLT| Tete 2M3% Simple bnvear regression caloulated using Prism statistics software,
To/283006 20068  TM IFOTL TeAS  IERAT| TTMWM 1%
WAI0T ORI TM BT TIGA MSPLT| Toosh oA
442007 20073 TM 20090 LT 3Se7| Teaw 3nem
10/1/2008 Jo08E M ML A MSRLT| TRaM 330w
/1008 20088 TM W40 TIRT X607 Teow 2nowm
WIT008 S008T  TM 156 TIEI WLy rawm F1Ta
IE010 0103 M 1004 T4 IWNAT| TTOm 1Ram

"Bl

Change Fanod Trend

T M lscres) (e Rale
jeoresyrl,
apnp-hans 1935 1654 “qurr Faldl 40
Larh-Aand 19581865 21T R 71 AT
Anfsl-puab  [94E- 1008 45 5 137 36
Pt TR 19781950 T3 12 43
T™-TH 1996-2031 888 14 E &
T™-TM 2008-2004 A 14 ad
TH=TM 2004 3004 4 I 216
TH-TH FO00-2003 B 1.8 o0
Sancal-TW 1835-3000 £81 4 TE2 A2
T™-TM 2004-2005 5] LL R TR ]

Dt rutarencen:

Barrma. | A Barreer, | Cgod Worton, AL J008. Limd sred changs in Coastal Louitigns =&
medtidecadal perspectien {from: 1558 10 20068] U5 Geclopcal Survey Scamific Invertigabons

Wiap 3019, scale 12500000, 14 p. pemphlet, svalisble onbre at hitp:/fpobs asgs. govinim/3018

Barad, LA 009, Land ared Change and cwenview Of major hurncane impscts ® coadtal

Louiviane, 2004-08 U4 Geological Suney Mienbifc ismesbgations Map 3080, scale 1750000, 8

.0

an

10

-15.0

f = |
21
i T
T8
- a
aary

Net Land Change by Period

WLand

[Acres]

2TE

BA1SERT

i
g 3

DRAT-RIAT

oo it

E ¢ 1§
g 0§




ERDC/EL TR-12-7

22

Table A3. Central Wetlands Unit - Forested Wetlands Assessment Unit Area and Change Trends.
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Table A4. Central Wetlands Unit - Hurricane Impact and Marsh Assessment Unit Area and Change Trends.
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Table A5. Central Wetlands Unit - Impoundment Assessment Unit Area and Change Trends.
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Table A6. Central Wetlands Unit - MRGO Dredged Material Placement Assessment Unit Area and Change
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Table A7. Central Wetlands Unit - Assessment Units Forested Area Trends.

Central Wetlands - Assessment Units

Forested Dredged

1935 Mlacresy Wetlnds  Wateril (o)
MRGO Dredged Material Placement 5192.9 9951 0.0 380.5 6568.5
Hurricane Impacts and Marsh 5338.4 141.3 0.0 430.1 §909.9
Bayou Bienvenue Morth 2117.8 1373.0 0.0 102.9 3593.7
Forested Wetlands 36.9 9110.5 0.0 105.8 9253.2
Impoundment Area 1124.0 2304.5 0.0 121.1 3549.7
Total (Acres) 16810.1 13924.4 0.0 1140.4 31874.9

1956 La?g E‘?;i? Wetlm rtueig zr:tigrlfadl Water [ a;‘;t::!

(Acres) (Acres) (acres)
MRGO Dredged Material Placement 4568.5 587.2 0.0 1412.7 5558.5
Hurricane Impacts and Marsh 5945.9 170.8 0.0 1793.2 g§909.9
Bayou Bienvenue Morth 2142.8 1140.3 0.0 310.6 3593.7
Forested Wetlands 2560.2 6556.8 0.0 136.2 0253.2
Impoundment Area 1324.8 2049.0 0.0 175.9 3549.7
Total (Acres) 17542.3 10504.0 0.0 3828.6 31874.9
Forested Dredged

1965 Mlacres Wetlends  Maternl (o005
MRGO Dredged Material Placement 347.6 67.3 5484.5 559.0 5558.5
Hurricane Impacts and Marsh 5570.2 201.9 0.0 2137.8 8909.9
Bayou Bienvenue Morth 2776.8 2B88.5 0.0 528.3 3593.7
Forested Wetlands 3448.6 5517.6 0.0 287.0 9253.2
Impoundment Area 2120.9 616.3 0.0 812.5 3549.7
Total (Acres) 15264.1 6691.5 5484.6 4434.6 31874.9

Forested Dredged

1974 Mlacresy Wellands  Materml (o005
MRGO Dredged Material Placement 373.3 0.0 4897.9 1297.3 5558.5
Hurricane Impacts and Marsh 5125.1 0.0 0.0 2784.7 8909.9
Bayou Bienvenue Morth 2951.5 0.0 0.2 542.0 3593.7
Forested Wetlands 8222.6 0.0 0.0 1030.6 9253.2
Impoundment Area 1497.8 0.0 0.0 2051.9 3549.7
Total (Acres) 19170.3 0.0 4898.1 78068.5 31874.9

* Due to the underestimation of water area in the 1956 NWI data, the 1958 water data was substituted in its place.



Assessment Araa
@ Upland assassment units
() Fastland assessment units
() Ridge aszessment units
() Wetland assessment units
Lake Bargne and Chandeleurs
assessment units
MRGED 1978 dredged malena placemen
MRG0 1478 channel
- USACE MRGO model
area
Hurricane Katrina's
track

L-2T-4113/00ay43

2006 Land-water Data

@ 006 land
2006 watar

Figure Al. Mississippi Gulf Outlet (MRGO) Model Area.




]

Central Wetlands Boundaries’
1 !f-‘* 3 o — 2 === Aggessment Lnits
£

)
J:!"'_G.urf"”

faan 4
tracoh argnvent ¢, N — Central Wetlands Management Unit

J 'Adapted from Barras and others (2008)
: |'|f-". e
. .fllll ﬁ...l*du'*"_"..’:1I S
[ palt= i
—

L-2T-4113/00ay43

Hurricanejimpact
and'Marsh Area

|
\\""BJ}- EITF Dupire

A
AN
N

e
RCaernarvon

Aeage source” USGS 2008 POAQ _ ' 5ol 1100000

Figure A2. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units.




1935 to 1858 Trends’

Assessment Units

Central Wetlands Management Unil
MRGO 1865 Channel

1935 to 1958 Land Loss

1935 to 1956 Land Gain

1958 Land

1958 Water

'Adapted from Barras and others (2008)

L-2T-4113/00ay43

Hurricange!lmpact
and MarshiArea

Chalmetis
L]

Forested Wetlands

Caernarvon

Image source; 200% Landsal TM Scale 1:100.000
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Figure A7. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1990 to 2001 Trends.
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Figure A8. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 2001 to 2004 Trends.
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Figure A9. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 2004 to 2006 Trends.
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Figure A10. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 2006 to 2010 Trends.
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Figure A11. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1935 to 2010 Trends.
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Figure A12. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1935 to 1956 Forest Area Trends.
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Figure A15. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1956 Habitats.
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Figure A16. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1978 Habitats.
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Figure A17. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 1988 Habitats.
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Figure A18. Mississippi River Gulf Outlet (MRGO) Central Wetlands Assessment Units, 2008 Land-Water Data with 2007 Marsh Types.
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