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Introduction
The Chesapeake
Bay shoreline in the City
of Hampton has
undergone significant
change since the beach
renourishment was placed
at Buckroe Beach in 1990
(Figure 1). In order to
better manage their
resources, the City of
Hampton seeks to
understand the impact of
both natural and
anthropogenic events on
the shoreline between Salt
Ponds Inlet and Fort
Monroe.
Utilizing the
Figure 1. Location of the project reach within the Chesapeake Bay estuarine system..
Shoreline Studies
Program’s (SSP) existing aerial photo and digitized shoreline database, the long and short-term
shoreline changes were determined along Hampton’s Chesapeake Bay shoreline from Salt Ponds
Inlet to Fort Monroe (Hardaway et al, 2005; Waterways et al., 2011; Milligan et al., 2011;
Milligan and Hardaway, 2014). The project examined and quantified shore changes due to
natural and background causes including those that occurred due to the construction of
breakwaters, beach fill placement, and pier reconstruction as shown in Appendix A. These data
were closely examined to determine any variations through time between sub-reaches along the
coast. Other considerations included impacts from storms in the late 1990s through 2015 where
aerial photography is available.

Methods
An analysis of aerial photographs provides the historical data necessary to understand the
suite of processes that work to alter a shoreline. Images of the City of Hampton Shoreline from
1937, 1953, 1959, 1963, 1966, 1968, 1980, 1987, 1990, 1991, 1993, 1994, 1997, 1998, 2002,
2004, 2006, 2009, 2011, 2012, 2013 (2 dates), and 2015 were used in the analysis (Table 1). The
1994, 2002, 2006, 2009, 2011, 2013 (1 date), and 2015 images were available from other
sources. The 1994 imagery was orthorectified by the U.S. Geological Survey (USGS) and the
2002, 2006, 2009, 2011, 2013 and 2015 imagery was orthorectified and provided to us by the
Virginia Base Mapping Program (VBMP). The 2004 and 2012 imagery were obtained from the
National Agriculture Imagery Program (NAIP). The 2015 Pictometry imagery was provided by
the City of Hampton. The October 2013 imagery was taken and rectified for the City by
Shoreline Studies Program during a previous project (Milligan and Hardaway, 2014). The 1937,

1953, 1959, 1963, 1966, 1968, and 1980 images are in the Shoreline Studies Program’s aerial
photo database (Hardaway et al., 2005 and Milligan et al., 2011). The 1987, 1990, 1991, 1993,
1997, and 1998 photos were obtained from the Submerged Aquatic Vegetation (SAV) archives
and rectified for this project.
All the Shoreline Studies Program and SAV images were scanned as tiffs at 600 dpi and
converted to ERDAS IMAGINE (.img) format. These aerial photographs were rectified to
produce a series of aerial mosaics following a set of standard operating procedures. The 1994
Digital Orthophoto Quarter Quadrangles (DOQQ) from USGS were used as the reference
images. The 1994 photos are used rather than higher quality, more recent aerials because of the
difficulty in finding control points that match the earliest year such as 1937 and 1953 images.
The original images used for the mosaics that are part of the shoreline evolution report
(Milligan et al., 2011) were orthorectified in ERDAS. These years included 1937, 1963, 1953,
1959, 1966, and 1980. ERDAS Orthobase image processing software was used to
orthographically correct the individual flight lines using a bundle block solution. Camera lens
calibration data were matched to the image location of fiducial points to define the interior
camera model. Control points from 1994 USGS DOQQ images provide the exterior control,
which is enhanced by a large number of image-matching tie points produced automatically by
the software. The exterior and interior models were combined with a digital elevation model
(DEM) from the USGS National Elevation Dataset to produce an orthophoto for each aerial
photograph.
Table 1. Source and date of aerial photography used in this analysis.

Source

Shoreline Studies
Program Shoreline
Evolution Database

Date

1937: April 12
1953: October 31
1959: October 20
1963: February 23
1966: March 18
1968: August 8
1980: April 17
1987: June 6
1990: June 1
1991: May 22

Source

Date

Virginia Base Mapping
Program

2002: March 19
2006: February 23
2009: February 15
2011: February 15
2013: March 30

National Agriculture
Imagery Program

2004: June 29
2012: May 12

City of Hampton
Pictometry

2015: January 2, 12:421:37 p.m. local time

1993: June 10
1997: May 23
US Geological Survey
1998: June 18
2013 (SSP): October
27, ~11 a.m. local
time
*The exact date for the 1994 imagery could not be ascertained.

1994*

The 1968, 1987, 1990, 1991, 1993, 1997, and 1998 images used for this project were
rectified using the georectification tool in ArcMap 10.3.1. A minimum of 10 ground control
points were taken off the 1994 USGS DOQQ images to allow the use of the second order
polynomial transformation. The images were compared to ground features such as roads and
other land marks and adjusted if necessary before committing to the final rectification of the
images.
The orthophotographs and the georectified images were adjusted to approximately
uniform brightness and contrast and were mosaicked together using the ERDAS Imagine mosaic
tool to produce a one-meter resolution mosaic .img format. To maintain an accurate match with
the reference images, it is necessary to distribute the control points evenly, when possible. This
can be challenging in areas with lack of ground features, poor photo quality and lack of control
points. Good examples of control points were manmade features such as road intersections and
stable natural landmarks such as ponds and creeks that have not changed much over time. The
base of tall features such as buildings, poles, or trees can be used, but the base can be obscured
by other features or shadows making these locations difficult to use accurately.
Once the aerial photos were rectified and mosaicked, the shorelines were digitized in
ArcMap 10.3.1 with the mosaics in the background. The approximate position of high water was
digitized on the images. It is visually determined by color changes on the beach as well as
assumptions about the time of tide and slope of the beach. Tide data was used to determine the
approximate tide level when the photos were taken. Without knowing the exact time the photo
was taken, an assumption is made that the photos were flown between 10 a.m. and 2 p.m. In
areas where the shoreline was not clearly identifiable on the aerial photography, the location was
estimated based on the experience of the digitizer. The displayed shorelines are in shapefile
format. One shapefile was produced for each year that
was mosaicked. The rectified aerial photo and associated
digitized shoreline are shown for each date in Appendix B.
Horizontal positional accuracy is based upon
orthorectification of scanned aerial photography against
the USGS digital orthothophoto quadrangles. To get
vertical control the USGS 30m DEM data was used.
Horizontal root mean square error (RMSE) for historical
mosaics was held to less than 20 ft. The 1994 USGS
reference images were developed in accordance with
National Map Accuracy Standards (NMAS) for Spatial
Data Accuracy at the 1:12,000 scale. The 2002, 2006,
2009, 2011, 2013 and 2015 Virginia Base Mapping
Program’s orthophotography were developed in
accordance with the National Standard for Spatial Data
Accuracy (NSSDA). Confidence in the shoreline digitized
on the 2006 VBMP image is not as high as the other
VBMP dates. Sections of the photos along the shoreline
in the original photos have been modified such that natural
sand/water interface is obscured in some areas (Figure 2).

Figure 2. Images depicting the issues with the 2006
VBMP rectified images.

The 2015 shoreline also was difficult to digitize. Tide at the time of the flight was a foot lower
than normal. Because of various water lines on the beach, it was difficult to trace the one that
would be the closest approximation to high water.
Using methodology reported in Morton et al. (2004) and National Spatial Data
Infrastructure (1998), estimates of error in orthorectification, control source, DEM and digitizing
were combined to provide an estimate of total maximum shoreline position error. The data sets
that were rectified by Shoreline Studies Program have an estimated total maximum shoreline
position error of +20.0 ft, while the total maximum shoreline error for the four existing datasets
are estimated at 18.3 ft for USGS and 10.2 ft for VBMP. The estimated error for the Pictometry
is not known, but it is likely 10 ft or less. The maximum annualized error for the shoreline data
is +0.7 ft/yr.
Rate of Change Analysis
The Digital Shoreline Analysis System (DSAS) was used to determine the rate of change
for the City’s shoreline (Himmelstoss, 2009). All DSAS input data must be managed within a
personal geodatabase, which the baseline and the digitized shorelines for 1937, 1953, 1959,
1963, 1966, 1968 1980, 1987, 1990, 191, 1993, 1994, 1997, 1998, 2002, 2006, 2009, 2011, 2013
(2 dates), and 2015. DSAS generated transects perpendicular to the baseline about 33 ft (10
meters) apart, which were manually checked and adjusted. For presentation purposes, this data
was reduced to shore change points at 66 ft (20 meters) apart. Because this project is looking at
shoreline change in response to discrete events, the End Point Rate (EPR) was used. EPR is
calculated between two dates by determining the distance between the oldest and most recent
shoreline in the data and dividing it by the number of years between them. This method provides
an accurate net rate of change over the long term and is relatively easy to apply to most
shorelines since it only requires two dates. However, when shoreline change is large (as is
usually the case in beach nourishment or in response to strong storms) and the time frame small,
the result is large rates of change that are exaggerated.
The shoreline rates were averaged across six subreaches (Figure 1). Reach 1 extends
about 2,000 feet south of Salt Ponds Inlet. Reach 2 consists of the about 4,000 feet of privatelyowned shoreline along Hampton’s Chesapeake Bay shoreline. Reach 3, Buckroe North, extends
about 1,800 ft from Pilot Avenue to Buckroe Avenue. Reach 4, Buckroe South, extends about
2,100 feet from Buckroe Avenue to the privately-owned Chesapeake Landing property. Reach 5,
Chesapeake Landing, is about 600 feet long. Reach 6 is the northernmost 3,700 feet on Fort
Monroe between Chesapeake Landing and the seawall on the south. The calculated rates of
change were averaged across each reach during various time frames. These averages are shown
in Table 2. The maps that display all the rates of change calculated for this project are shown in
Appendix C.

Results
The shoreline change between 1937 and 2015 shows that only Salt Ponds had a net
negative change in shore position (Table 2). The rest of the shoreline has had a positive change
between 1937 and 2015 due to the beach fill and structures placed along the shoreline. Between

1937 and 1987, which depicts change before the City began managing their shoreline with beach
fill and breakwaters, shows that both Salt Ponds, Malo Beach, and Fort Monroe North were
erosional (Appendix C, page 1A). Between 1987 and 2015, all six reaches are accretionary with
Buckroe South having the highest average accretion rate. Buckroe south contains the Buckroe
Ave. and Point Comfort Ave. breakwaters.
The event-driven or short-term EPR are shown in Table 2. The time periods were chosen
to relate to specific storms or construction projects along the shoreline. The first large beach fill
at Buckroe occurred during the summer of 1990. Approximately 225,000 cubic yards (cy) was
placed between Pilot Ave. and part of Fort Monroe North (Appendix C, page 1B). Between
1993 and 1997, a smaller beach fill, about 60,000 cy of sand, was placed on the shoreline. In
addition, sand was dredged from Salt Ponds and placed along the shoreline in June 1996 which is
why the more northern shorelines show accretion during this time period. Buckroe North, Malo
Beach, and Salt Ponds all showed accretion while Buckroe South and Chesapeake Landing
eroded (Appendix C, page 2A).
The Twin Northeasters impacted Chesapeake Bay in January and February 1998. At the
Sewells Point tide guage, the maximum high tide for the January storm was 6.3 feet above mean
low water (MLW) and had three high tides where the tide did not drop below mean high water
(MHW) (Milligan et al., 1998). The February storm had a larger storm surge and duration. The
maximum high tide was 6.8 feet MLW, and more importantly, ten tidal cycles occurred where
the tide did not drop below MHW. The shoreline change data between May 1997 and June 1998
reflect the significant impact of these storms (Appendix C, page 2B). Most of the shoreline
eroded a high or very high rates of erosion. The hardest hit area was Buckroe North, followed by
Buckroe South. While the rate varied along the Fort Monroe shoreline, the average is very
similar to the erosion rate at Chesapeake Landing. Malo Beach had the least amount of erosion
over this time frame.
Between June 1998 and March 2002 (Appendix C, page 3A), Hurricane Dennis impacted
the shoreline in September 1999, sand was dredged from Salt Ponds Inlet and placed on the
beach in July 1998 and June 2000, and the Buckroe Avenue breakwater was built in October
2001. The shoreline analysis shows significant erosion along the entire shoreline in the project
area. All six reaches had overall similar average rates of change. The only area of accretion was
in the immediate Buckroe Avenue construction area. The addition of the dredge material,
breakwater, and the sand needed for construction later in the time period was not enough to
offset the erosion due to the storm. During this time period, almost the entire shoreline eroded a
very high rate.
The rates calculated between 2002 and 2004 were much more variable (Appendix C,
page 3B). Hurricane Isabel impacted Chesapeake Bay on September 18, 2003. It made landfall
as a category 2 storm in North Carolina, but by the time if reached Chesapeake Bay, it was a
minimal category 1 storm (Hardaway et al., 2005). At Sewells Point, the storm generated a total
water level of 8 feet above MLW. Data showed the storm conditions persisted in the Bay for 12
hours. The center section of the study reach eroded during this time frame while the ends
accreted. Both Salt Ponds and Fort Monroe North had similar accretion rates. However, sand

was placed on the shoreline from channel dredging at Salt Ponds in June 2003. Buckroe North
had the highest erosion rate while Chesapeake Landing had the lowest (Table 2).
A large beach fill, approximately 320,000 cy of sand, was place along the shoreline in
February and March 2005. In addition, sand was dredged from Salt Ponds Inlet in July 2004 and
Fall 2005 and placed on the beach. When looking at Appendix C (page 4A), most of the
shoreline shows relatively very high accretion, with the exception of a stretch of shoreline along
Malo Beach and at the southern end of Fort Monroe North between June 2004 and February
2006. Even with the high erosion rates at the south end, the overall average rate of change
calculated for Fort Monroe North was positive during this time frame (Table 2). Even though
there is not a great deal of confidence in the 2006 shoreline, it was used to show the amount of
change between 2004 and 2006 due to the beach fill.
Between February 2009 and February 2011, a great deal of change occurred along the
shoreline. The Buckroe Fishing pier was built in May 2009 and the southernmost breakwater at
Point Comfort Avenue was constructed in May 2010. In addition, a large storm impacted
Chesapeake Bay on Veteran’s Day in November 2009. This storm lasted several tidal cycles
with the maximum water elevation of 7.6 feet above MLW on November 12th at Sewells Point.
Backpassing of dredge material also occurred at Salt Ponds Inlet In July 2009 and January 2011.
The shoreline rates of change indicated by the photos (Appendix C, page 4B) are highly variable.
Salt Ponds and possibly Malo Beach were accretionary due to the backpassing of dredge sand.
Buckroe South was accretionary due to the construction of the Point Comfort breakwater.
Buckroe North had a relatively small erosion rate while Chesapeake Landing and Fort Monroe
North had larger erosion rates (Table 2).
The timeframe between February 2011 and May 2012 also saw variable change along the
shoreline. The northernmost breakwater was constructed at Pilot Avenue. Hurricane Irene
impacted Chesapeake Bay in August 2011, and beach fill was placed in November/December
2011 (Appendix C, page 5A). Salt Ponds had the largest erosion rate during this time frame
while Buckroe South accreted. Malo Beach and Buckroe North had relatively small erosion
rates while Chesapeake Landing and Fort Monroe had slightly larger rates (Table 2). Between
May 2012 and March 2013, Hurricane Sandy occurred in October 2012. This storm significantly
impacted the shoreline and the entire shoreline had very high erosion rates (Appendix C, page
5B). Approximately 30,000 cy of sand was placed along the shoreline from dredging that
occurred at Salt Ponds in May 2013. This partially accounts for the overall positive rate of
change between March 2013 and January 2015 (Table 2).

Table 2. Average rate of change by reach between dates in feet/year.
Reach #
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Reach 6

Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Reach 6

Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Reach 6

Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Reach 6

Reach Name
Salt Ponds
Malo Beach
Buckroe North
Buckroe South
Chesapeake Landing
Fort Monroe North

Salt Ponds
Malo Beach
Buckroe North
Buckroe South
Chesapeake Landing
Fort Monroe North

Salt Ponds
Malo Beach
Buckroe North
Buckroe South
Chesapeake Landing
Fort Monroe North

Salt Ponds
Malo Beach
Buckroe North
Buckroe South
Chesapeake Landing
Fort Monroe North

Jun 1990May 1991
14.0
4.1
115.1
129.5
100.8
29.9

Long-Term EPR
Apr 1937-Jun 1987
Jun 1987-Jan 2015
-2.5
0.9
-0.2
2.5
2.9
2.5
0.2
4.9
0.2
1.3
-1.3
2.7
Event/Short-Term EPR
Jun 1993May 1997Jun 1998May 1997
Jun 1998
Mar 2002
8.7
-11.1
-11.2
3.5
-6.3
-14.3
5.8
-34.7
-13.0
-0.6
-15.5
-13.0
-4.3
-9.2
-12.3
8.3
-9.1
-11.7

Beach Fill
Summer 1990
225,000 cy

Beach Fill
Summer 1996
60,000 cy

Twin Northeasters
Jan & Feb 1998

Breakwater Oct
2001
H. Dennis
Sep 1999

Mar 2002Jun 2004
5.2
-2.8
-5.0
-2.6
-0.6
5.6

Jun 2004Feb 2006
20.8
16.0
63.3
53.5
43.3
4.2

Feb 2009Feb 2011
7.7
1.3
-1.5
11.3
-8.9
-12.2

Feb 2011May 2012
-17.7
-1.5
-2.6
11.0
-4.9
-7.6

Hurricane Isabel
Sep 2003

Beach Fill
Feb/Mar 2005
320,000 cy

May 2012Mar 2013
-27.5
-37.4
-40.7
-32.2
-38.3
-37.7

Mar 2013Jan 2015
23.8
36.4
28.1
26.6
19.2
8.3

Apr 1937-Jan 2015
-1.3
0.7
2.8
1.9
0.6
0.2

H. Sandy
Oct 2012

Pier May 2009
Veterans Day
Northeaster
November 2009
Breakwater
May 2010

Breakwater
Oct 2011 Beach
Fill
Nov&Dec 2011
H. Irene
Aug 2011

Conclusions
The results of this analysis show that shoreline change along the project reach shoreline is
highly variable. It is very dependent on the shoreline management projects that have been
installed along the shoreline and storm events. Long-term rates between 1937 and 1987
indicated that the southern and northernmost stretches of shoreline were the most erosive while
Buckroe North was accretionary. However, the trend varies when the short-term rates are
determined, particularly in regard to storms.
Overall, Buckroe North often had the highest erosion rates after the Twin Northeasters in
1998 and Hurricane Isabel in 2003. Buckroe North also had the highest erosion rate due to
Hurricane Sandy in 2012; however, Hurricane Sandy impacted the shoreline fairly evenly,
eroding all of it. This also is true of Hurricane Dennis in 1999. Erosion rates were variable at
the northern end of the reach at Salt Ponds and Malo Beach due to placement of dredge material.
The southern reaches, Chesapeake Landing and Fort Monroe North tended to have similar
erosion rates during storms, although Fort Monroe North tended to be slightly larger probably
due to the transport of material south from the nourished public beach.
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Appendix A
Buckroe Beach Shoreline Projects and Storms
Provided by Rebecca Francese, Waterway Surveys & Engineering

Appendix B
Buckroe Beach Rectified Aerial Photos with Digitized Shoreline
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Appendix C
Buckroe Beach Shoreline Change Rate Maps
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