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Abstract
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Nourishment in the form of a nearhsore berm has become an important
alternative method to protecting shorelines and introducing sediment back into the
littoral system. In 2009, a nearshore berm was constructed at Ft. Myers Beach,
Florida by the U.S. Army Corps of Engineers through maintenance dredging of a
nearby navigational channel at Matanzas Pass. Constructed in the form of a
nearshore bar, the berm was one of the shallowest placements in a low-wave energy
setting. The Coastal Research Lab at the University of South Florida (USF-CRL)
conducted field monitoring for the first four years after the construction. This
project discussed herein is a continuation of the previous study.
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In order to develop an effective coastal management strategy for the Ft.
Myers Beach area, this study uses a combination of field techniques and remote
sensing techniques to quantify morphological changes over the one-year study
period and long term shoreline trends. Seventy-two transects were surveyed four
times over the study period from the base of the dune out to -10 ft. In order to
determine the dynamic equilibrium of the study area, 2D and 3D morphological
analysis was conducted on the profiles. During the study period, Hurricane Irma
impacted the study area and generated high waves and wind for the study area.
Historical Light Detection and Ranging (LiDAR) from 1998, 2004, 2006, 2007,
2010, 2012, and 2015 is used to extract shorelines. Using an ArcGIS extension,
Digital Shoreline Analysis System (DSAS v.4.4), rates-of-change statistics were
calculated for the multiple shorelines. End point rate calculations show a consistent
transgression of the shoreline with the greatest movement in the northwestern end
of the study area, >13 ft./yr. From the field techniques and remote sensing
techniques, results indicate the southern portion of the berm area is the most stable
and dissipated wave energy during the high energy events. Monitoring should be
continued to evaluate when the natural equilibrium profile will fully recover and
the stabilization of the nearshore feature.
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1.0 Introduction

Beach nourishment, the process of supplying large quantities of quality sand
along the shoreline, has become the preferred method to extending the shoreline
seaward, protecting coastal properties, and adding sediment directly to the littoral
system (Komar, 1998). Sediment sources for these projects include dredging sand
bodies associated with tidal inlets, offshore sand bodies on the continental shelf,
sand hauled in from land based sources, transferring from adjacent beaches, or
dredging of navigational channels (Hayes and Michel, 2007). Komar (1998)
outlined possible design schemes for placement of sediment on the beach. Figure 1
displays the four possibilities of beach-fill profile designs: Dune nourishment,
nourishment of visible beach, profile nourishment, and berm (mound or bar)
nourishment (Komar, 1998). After nourishment, sediment is redistributed by waves
and currents in the cross-shore direction resulting in a natural beach profile.
Federally maintained navigational channels are episodically dredged to
maintain depths for safe passage of all marine watercraft. In many cases this
dredged sediment is used in the creation of wetlands, spoil islands, offshore
placement, beach placement, or nearshore placement. Recently nearshore
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Figure 1. 2D graphic representation of four possible beach-fill profile designs
from Komar (1998).
placement of this material has become an alternative method in some projects due
to lower costs, less environmental restrictions, and smaller grain size requirements
(Beck et al., 2012; Brutsche and Wang, 2012; Brutsche et al., 2014).
The benefits associated with the placement of sediment in the nearshore zone
proves to serve as a barrier to erosive wave action, reintroduction of sediment back
into the littoral zone, nourishment of the beach, and potential biological habitats
(McLellan, 1990; Hands and Allison, 1991; McLellan and Kraus, 1991; Allison
and Polluck, 1993).
2

2.0 Background

Nearshore berm nourishment, sometimes referred to as mound or bar
nourishment is an old concept that was first attempted in the mid-1930s to the
1940s in California and New Jersey. This method was deemed unsuccessful and no
longer became an option for dredged material (McLellan, 1990). Enhancements in
dredging techniques in the 1970s and successful berm projects in North Carolina,
Virginia, and South Africa in the late 1970s and 1980s brought back the idea of
nearshore berms as an option for sediment placement (McLellan, 1990). In the
early 1990’s the U.S. Army Corps of Engineers’ Dredging Research Program
conducted several studies on nearshore berm design and placement resulting in
predictive migration models, design guidance, and criteria for construction of
berms, and methods for evaluating the design and performance (McLellan 1990;
Hands and Allison, 1991; McLellan and Kraus, 1991; Allison and Polluck, 1993).
Defined based on mobility, nearshore berms were termed the name active or stable
by Hands and Allison (1991). Using the inner and outer depth of closure from
Hallermeir’s (1981) limit of profile zonation, Hands and Allison (1991) determined
the depth at which the berm would be active or stable and provided conservative
guidance for open ocean placement. Active berms show movement within the first
3

few months of placement and are intended to migrate shoreward becoming part of
the littoral system during periods of accretionary wave conditions (McLellan and
Kraus, 1991). Stable berms retain their volume and remain in situ for several years
attenuating high wave energy and in some cases, act as a biological habitat
(McLellan and Kraus, 1991).
Placement of nearshore berms have been conducted all over the United States
and globally with many successes and failures. In 2009 an active berm was placed
in Ft. Myers Beach, Florida by the USACE Jacksonville District as part of a beach
nourishment through maintenance dredging of the navigational channel at
Matanzas Pass. This nearshore berm was unique from any other berm projects in
that it was one of the shallowest placements and resembled a nearshore bar in a
low-wave energy setting (Brutsche et al., 2014). The project placed an estimated
225,000 yd3 of dredged material in a nearshore area in Lee County, FL between R
markers 182 and 187-A (Wang et al., 2013). Constructed in the morphologic form
of a nearshore bar with several return flow gaps, the berm varied greatly alongshore
in height and width of the berm, foreshore slope, and the slope of offshore flank
(Brutsche et al., 2014). The Coastal Research Lab at the University of South
Florida (USF-CRL) designed and conducted an intensive field monitoring program
for the first four years after construction of the nearshore berm. During the first two
years of monitoring USF-CRL found that the berm migrated onshore
approximately 300 ft. with most of the migration occurring during the more
4

energetic winter season than during the calmer summer (Wang et al., 2013). During
the time of migration, the symmetrical bell shape of the berm’s morphology
changed to a more asymmetrical shape that is characteristic of landward migrating
bars (Brutsche et al., 2014). Wang et al. (2013) noted that the shoreline and dry
beach above MSL remained stable during the first two years. In June and August of
2012 the passage of Tropical Storm Debby and Hurricane Isaac impacted the study
area. Tropical Storm Debby transformed to the berm into a two-bar morphology but
little to no change to the dry beach was observed in the study area (Brutsche et al.,
2014). Hurricane Isaac split the two bars by migrating one bar offshore while the
other migrated onshore (Brutsche et al., 2015). At the end of the four-year
monitoring the berm profiles had a small, low-relief bar that resembled the natural
bar pre-construction and the entire profile had shifted seaward (Brutsche et al.,
2014). The USF-CRL found that the berm did not create a new equilibrium profile
and the rare high wave-energy seen with the tropical lows accelerated the evolution
of the barrier morphology back to the natural profile (Brutsche et al., 2014). Overall
the nearshore berm dissipated incident wave energy and the total dry beach volume
gained approximately 23,500 yd3 in the study area and there was no volume loss
seen in the areas adjacent to the berm (Brutsche et al., 2014). The project discussed
herein is a continuation of the previous study conducted by USF-CRL on the
nearshore berm at Ft. Myers Beach, Florida.

5

3.0 Study Area

Davis and Barnard (2003) classify the Gulf Coast of Florida as a mixed-energy
barrier-inlet system composed of wave, tide, and mixed energy components. The
barrier-inlet system is nearly 187 miles long and is characterized by the broad
continental shelf, low wave energy, small tidal ranges, and tidal prisms that span
over 4 orders of magnitude (Davis and Barnard, 2003). The nature of these
characteristics causes major geomorphological differences seen in each barrier
island system.
One of the low lying, densely populated barrier islands found within this system
is Estero Island, which is located approximately 7.5 miles South of Cape Coral,
Florida. The island is positioned between San Carlos Bay to the North and Big
Carlos Bay to the South (Figure 2). The study area is found on Ft. Myers Beach and
is approximately 3.5 miles long and extends from the central to the northern portion
of the island (Figure 3).
Ft. Myers Beach is influenced by mixed tides where spring tides are diurnal and
neap tides are semi-diurnal (Figure 4). During spring tides the area experiences one
high and one low throughout the lunar day and tidal range is approximately 4 ft.
During neap tides the area experiences two highs and two lows throughout the
lunar day and tidal range is approximately 2.0-2.5 ft. (Brutsche et al., 2014).

6

A
Source: Esri, DigitalGlobe, GeoEye, Earthstar,
Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and
the GIS User Community

B

Figure 2. Location map of study area. A) Map of the southeastern United
States with a red star indicating where the study area is located in Florida.
B) Vicinity map of the study area and surrounding areas.
Waves within the study area are typically low, approximately 0.3-1.0 ft., and
generated by local winds (Brutsche et al., 2014). The summer months are mostly
calm conditions with the exception of tropical systems or hurricanes. During the
study period, Hurricane Irma, an extremely powerful and catastrophic Cape Verdetype hurricane impacted the study area. Irma made landfall a second time in Marco
Island, Florida as a Category 3 hurricane with 130 mph gusts within the eye wall.
Marco Island is approximately 40 miles SSE of the study area.

7

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 3. Location map of the study area on Ft. Myers Beach outlined in
red.
Irma veered east after landfall protecting Ft. Myers Beach from a predicted 15 ft.
catastrophic storm surge and only received 4-5 ft. storm surge. During the fall to
spring months the area is affected by the passage of cold fronts approximately
every two weeks. These systems generate strong winds out of the north with high
northerly approaching waves that produce strong southward longshore currents
transporting large volumes of sediment to the south along the entire Gulf Coast of
peninsula Florida (Davis and Barnard, 2003; Wang et al., 2013). The net longshore
8

Figure 4. Tidal prediction chart for Naples, FL approximately 20 miles
south of Ft. Myers Beach. Chart displays the mixed tidal regime for the
area.

sediment transport within the study area varies from the dominate southerly trend
seen along the barriers to the north. As waves approach the study area from the
north and northwest Sanibel Island blocks incoming waves creating the longshore
transport reversal along the northern portion of the island (Balsillie and Clark,
1992; USACE, 1969). Longshore transport reversals are seen in other barrier island
systems such as Gasparilla Island, Florida in the Gulf, and Edingsville Beach,
South Carolina in the Atlantic (USACE, 1969; Kana et al., 2004). The USACE
(1969) report determined that the sediment reversal occurs approximately 3 km
south of Matanzas Pass (Brutsche et al., 2014). The longshore sediment transport is
to the south at a rate of approximately 65,000 yd3 per year and to the north at a rate
of approximately 22,000 yd3 per year (USACE, 1969; Brutsche et al., 2014).
9

4.0 Objectives and Goals

The primary purpose of this study is to document morphological changes
observed within the study area during one year of monitoring. In order to develop
an effective coastal management strategy for the Ft. Myers Beach area, this study
uses a combination of techniques analyzing short and long term time scales. This
study is based on 72 beach profile transects established within the study area
(Figure 5). Profiles were surveyed 4 times within the one-year study period.
Remote sensing techniques were also utilized to analyze long term patterns of
shoreline movement. The specific project goals are to quantify morphological
changes since the last set of observations and document any shoreline trends during
the last two decades. The hypotheses tested from these analyses are as follows:


The natural equilibrium profile will remain and follow the morphodynamics
of natural bars in a state of dynamic equilibrium (offshore migration and
symmetrical shape during storm conditions, onshore migration and
asymmetrical shape during calm conditions).



Shoreline change patterns will reflect historical patterns identified from
LiDAR data.



Through analysis of the first two hypotheses, a conclusion will be reached
to determine if the nearshore berm will continue to act as a more stable
feature that dissipates wave energy.
10

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 5. Location map of the 72 transects that are within the study
area reaching from the upper shoreface to approximately -10 ft.

11

5.0 Methodology

The morphologic changes associated with the study area are documented based
on temporal topographic surveys using Real Time Kinematics (RTK) and single
beam sonar. The study area is divided into three sections: the control area
northwest of the berm, the berm, and the control area to the southeast of the berm
(Figure. 6). Seventy-two transects were produced throughout the entire study area,
approximately 300 ft. separation within the control areas and 150 ft. separation
within the berm area. Each transect extended seaward from the base of the dune, if
present, or upper beach out to about -10 ft.
Beginning in May 2017 and ending in January 2018, each of the seventy-twobeach profile transects were surveyed using a Real Time Kinematic (RTK) GNSS
Rover from the dune or upper beach face out to wading depth, approximately -3 ft.
to -4 ft. The survey grade RTK GNSS system has a horizontal accuracy of
approximately +/- 1 in. and vertical accuracy of approximately +/- 1 in. The
equipment includes a Spectre Precision SP60 GNSS receiver, Spectre Precision
T41 data collector, and a cell phone hot-spot. Data was exported using embedded
Windows Mobile Mapper and used in ArcGIS. Surveys were georeferenced in the
horizontal coordinate system to State Plane Florida West (0902) and the vertical
coordinate system to North American Vertical Datum of 1988 (NAVD88).

12

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 6. Location map of the study area divided into three sections:
Northwest control area, the Berm, and Southeast control area
During the same time as the RTK GNSS surveys were being conducted,
nearshore surveys from approximately wading depth out to -10 ft. were also being
collected. Personal watercraft equipped with a Lowerance HDS-7 Gen3 transceiver
and a 200 kHz single beam transducer were used to collect nearshore data. An
accelerometer that is onboard the personal watercraft was used to reduce the motion
(roll, pitch, and heave) of the vessel out of the data. The data was then postprocessed down to x, y, z raw data using Sonar TRX software. Nearshore data was
13

post-processed into the same coordinate system as the beach profiles and were
merged to make one complete data set.
Analysis of survey data was conducted from profile to profile including data
from previous studies. Select transects within the control and berm area were
chosen to identify any morphological changes throughout the entire profile.
Additional profiles from previous surveys of the select transects were added in
order to determine variation from previous studies. In addition to profile 2D
morphological analysis, 3D digital terrain models for each survey, including
previous surveys, were created. The 3D topographic surfaces were then compared
to provide insight on the morphological dynamics of the study area. Zarillo et al.
(2016) conducted previous studies comparing topographic surfaces from multiple
surveys and provided guidelines to present these dynamics within GIS layers. An
example presentation of these topographic changes is seen in Figure 7. Through 2D
and 3D morphological analysis, the dynamic equilibrium of the profiles within the
control and berm areas will be determined.
Shoreline changes associated with the study area were examined using
historical LiDAR from 1998, 2004, 2006, 2007, 2010, 2012, and 2015 using
methods described in Thieler et al. (2008). The 1998 LiDAR survey was conducted
on November 2 by a joint effort from USGS, NASA, and NOAA. Hurricane Ivan
made landfall on September 16, 2004 in Gulf Shores,

14

Figure 7. Example of GIS based analysis of topographic changes from Zarillo
et al. (2016). Warmer colors indicate accretion, while cooler colors indicate
erosion.
Alabama as a category 3 storm. A post-storm LiDAR survey was flown November
13, 2004 by the USACE. In 2005, Hurricane Wilma made landfall in Cape
Romano, Florida as a category 3 storm on October 24. A LiDAR survey was flown
June 6, 2006 by USACE. Tropical Depression Barry made landfall near Tampa,
Florida on June 2, 2007. The LiDAR data was collected between June and July
15

2007 as a Florida Division of Emergency Management (FDEM) project. A LiDAR
survey was flown between June and July 2010 by the USACE right before Tropical
Storm Bonnie made landfall near Elliot Key, Florida and crossed the state in a
Northwest fashion. The 2012 LiDAR survey was conducted by the USACE
National Coastal Mapping Program (NCMP) and extended from the north end of
Estero Island, Florida approximately ¾ the length of the island south. In 2015, the
USACE NCMP conducted a LiDAR survey of the entire Florida West coast during
the month of June.
The LiDAR data was downloaded from the National Oceanic and Atmospheric
Administration (NOAA) Office of Coastal Management Digital Coast Access
Viewer website. The LiDAR data was then converted from a vertical orthometric
datum of NAVD88 meter to a vertical tidal datum of Mean High-Water meter using
NOAA’s Vdatum (v3.6.1). From there the data was imported into ArcGIS as a
feature class. The feature class was transformed into a TIN layer using ArcGIS 3D
analyst tools and a zero contour was extracted from the TIN layer. Using the
Digital Shoreline Analysis System (DSAS v.4.4) toolbar, arbitrary transects were
created to calculate the rates-of-change statistics from the multiple historical
shorelines.
From analysis of the data collected through the techniques and methods
described above, a conclusion will be reached on the stability of the nearshore berm
and its ability to dissipate wave energy. The results and conclusions from this
16

study will be beneficial to the US Army Corps of Engineers (USACE), the City of
Ft. Myers Beach, and private coastal management companies. If deemed
successful, the USACE can promote and implement this new technique of beach
nourishment in similar low energy environments. Furthermore, the response of the
nearshore berm and beach during the passage of Hurricane Irma will be valuable in
the effectiveness of the nearshore berms ability to dissipate high energy waves and
protect the shoreline. Continued monitoring of the nearhsore berm is recommended
for the USACE and the City of Ft. Myers Beach in order to evaluate the nearshore
berm over annual scales and after the passage of major storms. This will provide
substantial information to implement new coastal management policies and
strategies for the City of Ft. Myers Beach.

17

6.0 Results

Morphological changes
One-year observations
Topographic and single beam nearshore surveys were collected four times
within the monitoring period in order to document morphologic changes within the
study area. Survey data from September 2016 was provided by the Coastal
Hydraulics Lab and was used as a baseline for comparison. Throughout the study
area there were a total of 72 profiles that were established from the base of the dune
or upper beach face out to -10 ft. In order to analyze morphological changes, 5
profiles were selected and compared for all surveys (Figure 8). One profile was
selected for each of the control areas and three profiles were selected in the berm
area.

6.1

2D
Northwest Control Area
The northwest control area is located approximately 0.4 miles from the

northern tip of Estero Island and extends 0.9 miles to the nearshore berm. The
control area encompasses 13 of the total 72 profiles. Figure 9 displays the profile
for FMF 68 located centrally in the northwest control area. The baseline profile
18

displays two berm features located in the backshore area with a gradual foreshore
slope. A small symmetrical bar feature approximately 0.5 ft. in height and 40 ft. in

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 8. Location map of the five profiles that were selected in order to
analyze morphological change.
width is present 380 ft. from the benchmark. The first survey in May of 2017 shows
the dry beach and backshore berms remaining stable and the foreshore slope
increasing. The bar feature migrated 90 ft. onshore and became much larger in size,
approximately 1 ft. high by 100 ft. wide. Offshore the profile elevation decreased
by approximately 1 ft. By August, the backshore berm is no longer present, and the
19

foreshore slope remained similar to the May survey. The bar feature remained
stable in size and continued to migrate onshore another 40 ft. The offshore area
gained a large amount of sediment and increased in elevation by approximately 2 ft.
Following the passage of Hurricane Irma in September, the dry beach, backshore,
and foreshore slope remained stable and a small berm crest feature is present. The
bar feature migrated back offshore approximately 60 ft. and split into two
symmetrical bar features. The offshore area remained stable. The final survey in
January 2018 displays a similar two berm feature seen in the backshore of the
baseline survey with a decrease in elevation by approximately 1 ft. (Figure 10). The
two nearshore bar features are still present and have become more asymmetrical.
The first bar migrated shoreward 60 ft. while the second remained in place.
Offshore profile remained stable at the same elevation as the September survey.

20

21
Figure 9. Example profile of northwest control area (FMF 68) including all surveys.

1
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Figure 10. Example profile of the northwest control area (FMF 68) comparing baseline survey (black) to final
survey (red).

2

Southeast Control Area
The southeast control area extends 1.12 miles to the nearshore berm and
contains 17 of the total 72 profiles. Figure 11 displays the profile for FMF 5 located
in the southern end of the control area. The baseline profile displays a small berm
feature located in the backshore area with a gradual foreshore slope. A large
asymmetrical bar feature is seen 260 ft. from the benchmark, 1 ft. high by 110 ft.
wide. By May 2017 the dry beach/backshore area elevation increased, and the berm
feature was no longer present. A large trough that was seen landward of the bar
feature in the baseline survey has been filled by the migration of the bar feature
onshore and the offshore profile remaining stable. In August, the backshore and
foreshore slope had remained stable with only a slight elevation increase on the dry
beach. The trough feature landward of the bar feature has returned and the bar
feature decreased slightly in size and has become more symmetrical, approximately
80 ft. in width and 1 ft. in height. The offshore profile elevation increased
significantly by 2 ft. Following the passage of Hurricane Irma in September, the
backshore/dry beach shows a significant decrease in elevation. The berm feature is
now present again, similar to the baseline profile. The nearshore bar feature is very
minimal and looks to be no longer present. The offshore profile shows multiple
small bar-like features and the elevation returned to baseline heights. By January
2018, the backshore/dry beach continued to see a decrease in elevation and the
berm feature has decreased in size (Figure 12). The foreshore slope remained stable
23

throughout all the surveys. The nearshore bar feature is present again and displays
three separate bars, the first two asymmetrical and the third symmetrical. The most
landward bar is approximately 1 ft. in height and 100 ft. in width, the next bar is
approximately 0.5 ft. in height and 60 ft. in width, and the third bar is
approximately 1.5 ft. in height and 200 ft. in width. The offshore profile increased
considerably by 3.5-4 ft. from the baseline survey.

24

25
Figure 11. Example profile of southeast control area (FMF 5) including all surveys.

1
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Figure 12. Example profile of the southeast control area (FMF 5) comparing baseline survey (black) to final
survey (red).

2

Berm Area
The berm area extends 1.6 miles from the southeast to the northwest control
area. Transects were spaced 150 ft. apart in this area and includes 42 of the 72
profiles. Three profiles were selected within the berm area; southeast, central, and
northwest. Figure 13 displays FMF 24 and characterizes the southeast end of the
berm area. The baseline profile displays a small berm feature located on the
backshore area with a gradual foreshore slope. A large symmetrical bar feature
approximately 2.5 ft. in height and 180 ft. in width is present 310 ft. from the
benchmark. In May 2017, the backshore/dry beach remained stable with a slight
increase in elevation and the foreshore slope remained the same. The nearshore bar
feature migrated offshore 70 ft. and decreased in size to 0.5 ft. in height and 80 ft.
in width. The offshore profile increased slightly by approximately 1 ft. By August,
the entire profile remained fairly stable and only little change is seen in the
backshore/dry beach with slight elevation increase. September 2017 the backshore/
dry beach decreased in elevation by approximately 1-2 ft. and the foreshore slope
became more gradual. The nearshore bar feature remained stable in size and shape
and migrated approximately 40 ft. onshore. By January 2018, there was a decrease
in elevation close to the benchmark. The small berm feature located on the
backshore has returned and the foreshore slope remained stable. The nearshore bar
feature split into two bars (Figure 14). The first bar, asymmetrical in shape, is
approximately 40 ft. in width and 0.5 ft. in height. The second bar is symmetrical
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and approximately 70 ft. in width and 1 ft. in height. The offshore profile follows
the general trend of the previous surveys.
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29
Figure 13. Example profile of the southeast end of the berm area (FMF 24) including all surveys.

1
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Figure 14. Example profile of the southeast end of the berm area (FMF 24) comparing baseline survey (black) to
final survey (red).

2

FMF 41 (Figure 15) represents a profile in the central portion of the berm area. The
baseline profile displays two berm features located on the backshore area, the one
closest to the benchmark substantial in size, and a gradual foreshore slope. The
nearshore bar feature is seen approximately 440 ft. from the benchmark and is
symmetrical in shape, 1 ft. high by 200 ft. wide. By May, the backshore/dry beach
remained stable and the foreshore slope elevation increased by approximately 1 ft.
The nearshore bar feature became asymmetrical in shape, migrated onshore 90 ft.,
and decreased in size to approximately 1 ft. high by 130 ft. wide. The offshore
profile decreased in elevation 1-2 ft. In August, backshore/dry beach and foreshore
slope all remained stable. The nearshore bar feature continued to migrate onshore,
90 ft., and remained asymmetrical in shape. The offshore profile elevation
increased above the baseline profile. With the passage of Hurricane Irma in
September 2017, the backshore/dry beach remained stable and a new berm feature
was present. The nearshore bar feature was split into two bars, both asymmetrical
in shape. The first bar is approximately 1 ft. high by 100 ft. wide and the second
bar is approximately 1 ft. high by 80 ft. wide. The offshore profile decreased in
elevation back to the May 2017 elevation. By January 2018, the backshore/ dry
beach and foreshore slope remained stable, the berm feature was no longer present.
The nearshore bar feature has become one large asymmetrical bar approximately
0.5 ft. in height and 170 ft. in width (Figure 16). The offshore profile resembled the
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August, pre-Irma, profile in elevation and a small symmetrical low relief bar is
present offshore.
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Figure 15. Example profile of the central portion of the berm area (FMF 41) including all surveys.

1
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Figure 16. Example profile of the central portion of the berm area (FMF 41) comparing baseline survey (black) to
final survey (red).

2

Figure 17 displays FMF 54 which is representative of the northwest end of the
berm area. The baseline profile displays a backshore with no berm features and a
gradual foreshore slope. The nearshore profile shows a two-bar morphology that
are both asymmetrical in shape. The first bar is present 260 ft. from the benchmark
with a height of 1 ft. and a width of 100 ft. The second bar is approximately 2 ft. in
height and 200 ft. in width and is existent 420 ft. from the benchmark. From the
first survey in May 2017, there is a large berm feature that is located on the
backshore. The two-bar morphology is no longer present and one symmetrical bar
is seen with a height of 0.5 ft. and a width of 100 ft. The offshore profile decreases
in elevation approximately 2 ft. By August 2017, the backshore/dry beach and
foreshore slope remain stable. The nearshore bar feature migrated offshore 220 ft.
and grew in size to approximately 1 ft. in height and 160 ft. in width. The feature
remained symmetrical in shape. The offshore profile elevation increased
significantly by 3-4 ft. After the passage of Hurricane Irma in September 2017, the
backshore/dry beach shows a decrease in elevation and the berm feature migrated
offshore slightly pushing the foreshore profile offshore as well. The nearshore bar
feature migrated onshore 80 ft. and decreased in size to approximately 1 ft. high by
60 ft. wide. The nearshore bar feature is asymmetrical in shape. The offshore
profile elevation decreased by approximately 1-2 ft. By January 2018, the
backshore/dry beach elevation decreases, and the foreshore decreases in elevation
while the slope remains stable. The nearshore bar feature displays a two-bar
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morphology as seen in the baseline profile (Figure 18). The first bar is
asymmetrical in shape and is approximately 1.5 ft. in height and 140 ft. in width.
The second bar is symmetrical in shape and is approximately 1 ft. in height and 180
ft. in width. The offshore profile elevation increased 1-2 ft. and resembled the preIrma August 2017 profile.
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Figure 17. Example profile of the northwest end of the berm area (FMF 54) including all surveys.

1
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Figure 18. Example profile of the northwest end of the berm area (FMF 54) comparing baseline survey (black) to
final survey (red).

2

6.2

3D
Using the same topographic and nearshore datasets, 3D digital terrain

models were created and compared from survey to survey. Topographic changes
correlate with 2D results and provide insight on the morphological dynamics of the
study area. In the figures illustrating topographic change described below, blue
indicates erosion, whereas red indicates deposition.
Figure 19 shows the comparison of the baseline survey in September 2016
to the first survey in May 2017. Net topographic change indicates that the greatest
deposition occurred in the southeast portion of the berm area (+0.5 to +2.5 ft.).
Deposition was also seen in the foreshore and nearshore areas throughout the study
area (+0.5 to 4 ft.). The greatest erosional areas were seen in the offshore areas of
the central to northern berm area and the northwest control area (-0.5 to -4 ft.).
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Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community

Figure 19. Topographic changes between September 2016 and May 2017
determined from survey data.
Net topographic change from May 2017 to August 2017 is displayed in
Figure 20. Substantial deposition is seen throughout the entire nearshore and
offshore area (+0.5 to +5 ft.) except for a portion of the southeast berm area. The
largest deposition is seen in the northwest berm area and the northwest control area.
Variability along the backshore/dry beach shows areas of erosion, as well as some
nearshore areas (-0.5 to -2.5 ft.).
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Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community

Figure 20. Topographic changes between May 2017 and August 2017
determined from survey data.
Figure 21 displays the net topographic change from August 2017 to
September 2017, pre and post Hurricane Irma. Significant erosion is seen
throughout the offshore portion of the southeast control area and the berm area (0.5 to -3.4 ft.). The most erosional area is seen offshore the central berm area.
There was no change seen again in the southeast portion of the berm area. The
central portion of the northwest control area had no change and the most northern
portion displayed deposition (+0.5 to +2.5 ft.). The foreshore and nearshore area
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from the northern portion of the southeast control area to the central berm area
shows significant deposition (+0.5 to 5 ft.).

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 21. Topographic changes between August 2017 and September 2017
determined from survey data.
Net topographic change from September 2017 to January 2018 is displayed
in Figure 22. Significant deposition is seen throughout the offshore portion of the
southeast control area and the berm area (+0.5 to 4.5 ft.) The largest deposition is
seen offshore in the most southern portion of the southeast control area and the
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central berm area. No change was seen in the southeast portion of the berm area or
in the central portion of the northwest control area. The foreshore and nearshore
areas from the northern portion of the southeast control area to the central berm
area shows little erosion (-0.5 to -1 ft.). The backshore/dry beach of the northern
portion of the berm area and the northwest control area display the areas with the
greatest erosion (-0.5 to -4.7 ft.).

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS,
AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 22. Topographic changes between September 2017 and January 2018
determined from survey data.
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Net topographic change for the entire study period using the September
2016 as the baseline and ending in January 2018 is presented in Figure 23. During
this one-year period deposition is ranging from +1 to +4.2 ft. occurred throughout
the entire offshore area. The most significant areas of deposition are seen in the
offshore area of the southern portion of the southeast control area and the northern
portion of the berm area. The central portion of the berm area shows significant
deposition of the nearshore ranging from +0.5 to 3 ft. All three study areas
displayed erosion along the backshore/ dry beach (-0.5 to -3.8 ft.). The most
significant erosion is seen in the backshore of the northern portion of the berm area
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(-3.8 ft.).

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS,
AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 23. Topographic changes between September 2016 to January 2018
determined from survey data.

6.3

Shoreline Trends
Historical light detection and ranging (LiDAR) downloaded from the

NOAA Office of Coastal Management Digital Access Viewer was used to extract
shoreline data for the following years; 1998, 2004, 2006, 2007, 2010, 2012, and
2015. Using NOAA’s ArcGIS toolbar extension, Digital Shoreline Analysis System
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(DSAS), transects were casts every 328 ft. off of an arbitrary baseline (Figure 24).
The shoreline rate of change was then calculated using the end-point-rate (EPR)
method. EPR is a statistical technique that is calculated by dividing the distance of
the shoreline movement by the total amount of time between all the shorelines
provided.
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A
B

Source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Figure 24. A) Location map displaying all shorelines, baseline, and transects
that were used in DSAS. B) Location map of the northern end of Ft. Myers
Beach showing all shorelines with aerial imagery.
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EPR calculation for the years 1998 thru 2015 are presented in Figure 26. The
following figures show a combination of color symbology and transect lengths to
spatially display the shoreline change rates. The longer transects indicate areas of
greater movement in shoreline. The EPR is illustrated through the colors; blue
indicates areas of landward movement, whereas warmer colors indicate seaward
movement. From Figure 25, the calculated EPR for the study area shows an overall
regression of the shoreline. The greatest movement of the shoreline is seen in the
berm area and the northwest control area (+3.29 to +13.12 ft./yr.). The southeast
control area shows only minimal change in shoreline movement (+0.1 to +3.28
ft./yr.).
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(ft./yr.)

Figure 25. Map displaying the end-point-rate for the years 1998 to 2015.
During the time period 1998 thru 2015, Ft. Myers Beach experienced two
nourishment projects, 2001 and 2011, and the placement of an artificial berm in
2009. EPR was calculated for the time periods before and after the placement of the
artificial berm to compare the shoreline trends. EPR calculation for the years 1998
to 2007 are presented in Figure 26. Shoreline transgression and regression is seen
along the entire study area pre-artificial berm placement. Transgressive shoreline
hot spots are seen along the central to northern portion of the southeast control area,
around the pier in the northern portion of the berm area, and in the central portion
of the northwest control area (-0.1 to -3.28 ft./yr.). The northwest control area saw
the greatest landward movement of -26 ft. within the time period. The greatest
regression of the shoreline is seen in the central portion of the berm area with +3.29
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to +6.56 ft./yr. EPR. The shoreline within the berm area moved seaward up to +42
ft. within the time period.

(ft./yr.)

Figure 26. Map displaying the end-point-rate for the years 1998 to 2007.
EPR calculation for the years 2010 to 2015 are presented in Figure 27.
Shoreline regression is seen along the entire study area post artificial berm
placement. The southeast control area shows the least amount of regression of +0.1
to +6.56 ft./yr. EPR and the most significant accretion of the shoreline occurred
closest to the berm area at +22 ft. The berm area shows a range of +6.56 to +19.69
ft./yr. EPR. The most substantial shoreline movement is seen in the central portion
of the berm area accreting +82 ft. Northwest control area displays significant
seaward movement, ranging from +19.7 to +72.18 ft./yr. EPR. Within the
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northwest control area, the northern portion shows the greatest shoreline accretion
of +360 ft. during the study period.

(ft./yr.)

Figure 27. Map displaying the end-point-rate for the years 2010 to 2015.
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7.0 Discussion

This study used a combination of techniques analyzing short-term and longterm time scales in order to quantify morphologic changes at Ft. Myers beach since
the last set of observations and document any shoreline trends. Results from
topographic and single beam nearshore surveys indicate that there is morphologic
variability seen alongshore in each of the control areas and within the berm area.
The northwest control area is characterized by a low relief dynamic bar that
migrated onshore during times of low wave energy. Following the passage of large
storms, the bar feature split into a two-bar feature that migrated back offshore and
were symmetrical in shape. This two-bar feature became asymmetrical and began
migration back onshore with continued low energy. The backshore and dry beach
experienced erosion during the passage of Hurricane Irma and following the event.
During low energy, profiles closer to the berm area experienced deposition to the
backshore/dry beach. Overall the offshore elevation increased during the study
period. During high energy events, offshore profiles closest to the berm area
showed more erosion and profiles further away showed little to no change. The
profiles within the northwest control area demonstrate similar morphodynamics of
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natural bars in a state of dynamic equilibrium. Onshore migration and asymmetrical
shape of the bar during low wave energy periods and offshore migration,
symmetrical shape, during high energy events.
The southeast control area is similar to the northwest control area in that it
is characterized by a low relief dynamic bar that migrated onshore during times of
low wave energy. In contrast, after the passage of large storms the bar feature was
very minimal in size and not present in some areas. By the final survey, the bar
feature returned in a three-bar feature that was asymmetrical and showed signs of
onshore migration. In the central to southern portion of the control area, the
backshore/dry beach showed signs of erosion after the passage of Hurricane Irma
and continued erosion after the high energy event. In the profiles closest to the
berm area, the backshore/dry beach area and nearshore area exhibited deposition
after the passage of Hurricane Irma. The offshore elevation displayed deposition
during times of low wave energy and erosion after storm events. Throughout the
study period there was an increase in elevation of the offshore areas. The
appearance of multiple bar features and increase in offshore elevation during the
final survey shows signs of the natural equilibrium profile returning to the
southeast control area.
The berm area is described by morphological variation throughout. The
southern portion is characterized by a low relief bar that remained fairly stable with
little offshore movement during times of low wave energy. The central portion is
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characterized the same as the southern portion, with onshore movement during low
energy. The northern portion displays a two-bar morphology that showed
significant variation during times of low energy with onshore and offshore
migration. After the passage of Hurricane Irma, the southern bar remained stable,
the central bar was split into a two-bar morphology, and the northern bar showed
migration onshore. The profiles in the southern and central portions of the berm
area saw deposition along the backshore/dry beach and nearshore areas after the
large storm event, while northern profiles exhibited erosion to these areas. Offshore
elevations increased overall during the study period. During times of low wave
energy, the offshore profiles displayed deposition and after high energy events
erosion occurred. By the final survey, all profiles showed characteristics of onshore
migration of bars and recovery of the natural profile that was exhibited in the
baseline survey.
Shoreline trends within the study area were varied when broken down into
pre and post artificial berm placement. Trends seen within the pre-artificial
placement shows signs of shoreline retreat throughout most of the study area. In the
central berm area there is an area of seaward movement. Contrary to the trends seen
in the pre-artificial placement, trends during the post artificial placement display
shoreline regression throughout the entire study area. The nourishment in 2011,
only the north end of the island, is responsible for the significant seaward
movement of the shoreline within this time period. Overall the shorelines within the
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study area remained stable and showed signs of regression. This suggests that the
backshore/dry beach area and foreshore areas are stable and recovering after major
storm events.
From the findings of this study, there are errors associated with the data that should
be considered. When using the RTK GNSS rover system to survey the backshore
and nearshore areas one must include the errors associated with the unit. The
system that was utilized in this study had an accuracy of +/- 2cm in the horizontal
and vertical. There is a high confidence level in the accuracy of the data that was
collected using the RTK GNSS rover system.
When using the single beam sonar system there are errors associated with
the unit and the conversion of data. The system is aboard a personal watercraft that
is subject to the roll, heave, and pitch as the vessel is moving through the water.
There was an onboard accelerometer that was used to reduce this motion out of the
data but the accuracy of our accelerometer is unknown. Other errors within the
offshore data arise when converting the data to NAVD88. First, the correction for
the water level of the instrument has to be applied for all z values. Then a low
frequency tidal file has to be applied to the data for water level changes during the
survey. These errors associated with the offshore data lead me to believe that the
accuracy is between +/- 1 ft.
The statistical method, end point rate, is subject to several disadvantages
when looking at shoreline trends. Since the method uses the first and last shoreline,
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data in between these two shorelines area not included. This can produce rates that
do not capture important trends with the shorelines and may overestimate or
underestimate calculated rates if the trends are not uniform.
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8.0 Conclusion

The goal of this study was to quantify morphological changes within the study area
during one year of monitoring in order to provide suggestions of effective coastal
management strategies. Topographic and single beam surveys, along with remote
sensing techniques, were utilized in order to reach the following conclusions:


Alongshore variation of the nearshore bar is seen throughout the entire
study area. The nearshore bar developed as a natural bar would in a state of
dynamic equilibrium. During low energy periods, the bar became
asymmetrical and migrated onshore. While during high wave energy events,
the bar became symmetrical and migrated offshore.



The natural equilibrium profile is returning to the study area after being
impacted by Hurricane Irma.



Storm recovery seems to be most rapid in the central portion of the berm
area and correlates with consistent regressive shoreline trends in this area.



Long-term shoreline trends indicate shoreline is remaining stable and
migrating offshore suggesting a stable barrier island.



2D and 3D results indicate that the southern portion of the berm area is the
most stable and dissipated wave energy during the passage of Hurricane
Irma. The backshore and dry beach saw minimal change during this time
and the nearshore bar remained stable.
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Continued monitoring should be conducted to evaluate when the natural
equilibrium profile will fully recover to our baseline September 2016 survey.
Surveys should be conducted bi-annually in order to capture the more energetic
seasons and as well as the low energy periods. Additional surveys should be
performed during the passage of major storms to capture the full extent of
morphological changes in the area.
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