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Executive Summary
The Shoreline Position Trend Report applies to the surveys conducted from spring 2007 through
spring 2012. It has 5-year data sets on most of the ocean-facing shorelines in Gateway, and shorter
temporal spans on the bay-facing shorelines. Data sets include annual and 5-year shoreline position
changes in a spatial format, as well as histograms and statistical data describing mean values of
change and standard deviation, following the model presented in Psuty et al. (2010b). Because of the
variable inputs of sediment to the alongshore transport system in the various units from updrift
sources, there is no common direction of shoreline displacement throughout the park. Engineering
structures along the beach and adjacent to inlets have further altered the shoreline position responses
in much of Gateway. Some of the variation is the product of Hurricane Irene that created
considerable inland displacement of the shoreline position in the fall 2011 survey, followed by
considerable recovery in the spring 2012 survey. These survey results are an excellent first product of
the shoreline position monitoring called for in the protocol for shoreline coastal geomorphological
monitoring in the Northeast Coastal and Barrier Network. This 5-year trend report is augmented by a
more detailed seasonal and annual report covering the period 2011 - spring 2012 as an appendix.
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Introduction
This is the first Trend Report of the changes in position along all of the ocean-facing and some of the
bay-facing shorelines within Gateway National Recreation Area (GATE). This first report follows
the protocols described in Psuty et al. (2010b) to track the spatial position of the neap tide high tide
swash line (see cover photos). The protocol was applied consistently for the first time in much of
GATE in spring 2006 and the results form the basis of the first annual report (Psuty et al. 2011a).
Subsequent surveys were conducted semi-annually throughout most of Gateway in spring 2007
through spring 2012, reported in Psuty et al. 2011b; 2011c; 2011d; and 2011e. Together with surveys
run in spring 2011, fall 2011, and spring 2012, they provide the temporal span for data and analyses
in this trend report.
As prescribed in SOP #7 (Psuty et al. 2010b), the goal of the Trend Report is a summary of the full
database of shoreline positions, with an emphasis on the previous five years. It is a comprehensive
compilation of analyses that synthesize and characterize the shoreline change data, and provide
aspects of scientific interpretation of the trends revealed in the numerical analyses. The longer-term
comparisons of trend of shoreline positions reveal changes created by differences in sediment
availability and intensity of formational processes.
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Site and Situation
The primary geomorphological components of the Gateway National Recreation Area ocean
shoreline are the Sandy Hook barrier spit and Breezy Point/Riis Park component of the Rockaway
barrier island that extend towards and into New York Harbor (Psuty et al. 2010a) (Fig. 1). GATE
also incorporates several segments of an ocean-facing shoreline on Staten Island, and a short segment
of an ocean-facing shoreline at Plumb Beach. In addition, shorelines along the inlet margins and bay
sides of the barriers have been incorporated into the monitoring effort, although they have not been
surveyed during the total span of the Trend Report. The segmentation of the shoreline, variable
sediment input, and the wide range of exposure to the ambient wave and current conditions create
differential responses to individual climatic events and to the net conditions at the shoreline.

Figure 1. Gateway National Recreation Area and the location and extent of the monitored shoreline
positions. Arrows indicated the direction of sediment transport.

The shoreline survey follows the Northeast Coastal and Barrier Network shoreline position
monitoring protocol developed by Psuty et al. (2010). Each survey records the position of the
narrowly-defined shoreline at that time, and subsequent surveys compare the changing position
through time and space. The resulting data set is a measure of change for specific segments of the
GATE ocean shoreline. In this report, the coastal segments are as follows: oceanside of the Sandy
Hook Unit, Great Kills Park of the Staten Island Unit (oceanside and bayside), Miller Field of the
Staten Island Unit, Fort Wadsworth of the Staten Island Unit, Plumb Beach of the Jamaica Bay Unit,
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and the Riis Park-Fort Tilden-Breezy Point area (oceanside and bayside) of the Jamaica Bay Unit
(hereafter referred to as Breezy Point).

4

Timing of Shoreline Position Surveys
Six seasonal surveys of the neap-tide, high-tide swash-line are included in this Trend Report (Fig. 2).
They represent the spring season positions monitored from spring 2007 through spring 2012. The six
surveys were run during the predicted neap-tide period, sometimes over a period of 2-4 days, and had
similar water level elevations as recorded on the Sandy Hook tide gauge (NOAA National Ocean
Data Center, Station #8531680) (http://tidesonline.nos.noaa.gov/) (Table 1). Not all of the shorelines
were surveyed during the five years. Many of the bayside shorelines have only two or three years of
monitoring.

Figure 2. Units of Gateway National Recreation Area with locations of harden structures and direction of
alongshore sediment transport.
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Table 1. Spring shoreline surveys and recorded elevations of previous neap-tide high-tides.
Season

Spring 2007

Spring 2008

Spring 2009

Spring 2010

Spring 2011

Spring 2012

Park

Date of survey

Previous High Tide
Height* (m)

Time

Sandy Hook

14 Mar 2007

1.350

2:42 AM

Great Kills

15 Mar 2007

1.452

3:48 AM

Miller Field

-

-

-

Fort Wadsworth

-

-

-

Plumb Beach

-

-

-

Breezy Point

25 Apr 2007

1.352

2:12 AM

Sandy Hook

25 Apr 2008

1.291

10:36 AM

Great Kills

10 Apr 2008

1.468

11:00 AM

Miller Field

-

-

-

Fort Wadsworth

-

-

-

Plumb Beach

10 Apr 2008

1.468

11:00 AM

Breezy Point

10 Apr 2008

1.468

11:00 AM

Sandy Hook

25 Apr 2009

1.459

7:36 AM

Great Kills

31 Mar 2009

1.419

11:06 AM

Miller Field

31 Mar 2009

1.419

11:06 AM

Fort Wadsworth

31 Mar 2009

1.419

11:06 AM

Plumb Beach

31 Mar 2009

1.419

11:06 AM

Breezy Point

31 Mar 2009

1.419

11:06 AM

Sandy Hook

6 Apr 2010

1.510

1:06 AM

Great Kills

7 Apr 2010

1.541

1:30 AM

Miller Field

5 Apr 2010

1.286

12:42 PM

Fort Wadsworth

5 Apr 2010

1.286

12:42 PM

Plumb Beach

7 Apr 2010

1.541

1:30 AM

Breezy Point

8 Apr 2010

1.475

3:00 AM

Sandy Hook

7 Apr 2011

1.396

10:12 AM

Great Kills

7 Apr 2011

1.396

10:12 AM

Miller Field

6 Apr 2011

1.242

9:30 AM

Fort Wadsworth

6 Apr 2011

1.242

9:30 AM

Plumb Beach

6 Apr 2011

1.242

9:30 AM

Breezy Point

8 Apr 2011

1.315

10:30 AM

Sandy Hook

30 Mar 2012

1.295

1:06 PM

Great Kills

30 Mar 2012

1.295

1:06 PM

Miller Field

30 Mar 2012

1.295

1:06 PM

Fort Wadsworth

30 Mar 2012

1.295

1:06 PM

Plumb Beach

27 Mar 2012

1.340

10:42 AM

Breezy Point

29 Mar 2012

1.343

12:00 PM

* Tide elevation values are referenced to Mean Lower Low Water (MLLW) Source: NOAA tide gauge (#8531680)
Sandy Hook, NJ
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Natural and Cultural Events Affecting Shoreline Position
Storms are a condition at the ocean beach. They are important drivers of coastal change and affect
shoreline position by mobilizing and transporting beach and dune sediment. Because the shoreline
position surveys are scheduled at six-month intervals, they are not meant to represent the outcomes
of specific storms, but instead they provide insight into the comparison of products of times of high
energy levels and considerable sediment transport (winter season) relative to products of those times
of lower energy levels and more opportunity for sediment retention (summer season). Yet, the results
may not be so simple. There are other variables at work that affect the outcomes, such as the local
sites of sediment accumulation and loss associated with the structures at the inlets and along the
shoreline; human manipulation of sediment availability and pathways; inshore circulation cells that
create local sediment sequestering; and alongshore transfers of pulses of sediment; etc.
Natural Events
The existing protocol for shoreline monitoring is directed at identifying the seasonal, annual, and
longer sediment balances at the ocean shoreline by recording changing positions of the prescribed
water-land contact. Storms are important drivers of the shoreline change and the protocol is
attempting to monitor the results of stormy and non-stormy periods as net conditions, or seasonal
contrasts. A measure of storminess is garnered by the water level data collected at the Sandy Hook,
New Jersey, tide gauge (Fig. 3 and Table 2).
The value of 2.0m (6.565 ft) above mean lower low water (MLLW) was selected for the threshold for
defining a storm water elevation because it represents an elevation on the dry planar surface (above
non-storm high tide levels) on the profiles (Fig. 4). The absolute value of the threshold is not
diagnostic in itself, but it represents an elevation that is higher than the predicted lunar high tides.
When it is reached, the upper beach and potentially the foredune undergo erosion and sediment
redistribution, and overwash may occur. All of the daily water levels are depicted in Figure 4 with a
solid vertical blue line that represents the maxima and minima of that date. Cyclonic storms
(nor’easters and hurricanes) tend to be represented by several days of high water levels and
frequently have a combination of very high waters during the periods that the winds are onshore
followed by very low water levels during the succeeding periods when the winds are offshore. The
patterns of water levels tend to depict the more frequent occurrence of storms during the winters and
springs versus the less stormy summers. The more recent years of the report depict a greater number
and magnitude of storms (Fig. 3 and Table 2), with the maximum water elevation of 2.976 m reached
during Hurricane Irene in August 2011, and the greatest duration of high water exceeding the storm
threshold occurred during April 2007 (a period of 9 successive high tides), October 2010 (8
successive high tides), and September 2011 (7 successive high tides). The fall 2009 to spring 2010
season was marked with high frequency and high duration stormy conditions.
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Figure 3. Daily water level variation at Sandy Hook tide gauge, with storm water levels surpassing the threshold value of 2.0 m above Mean Lower
Low Water. Dates of 21 maximum water levels during storm events are noted. Dark blue elevations represent surge values (difference of actual
water level relative to predicted) Source: NOAA tide gauge (#8531680) Sandy Hook, NJ (http://tidesandcurrents.noaa.gov/)
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Table 2. Frequency and magnitude of 21 highest water levels above 2.0 m, 2007 - 2012, Sandy Hook tide
gauge.
Maximum Tide

Number of tides higher
than 2.0 m (Storm
threshold)

Tide height
(m)

Date

Measured surge
(m)

April 15 -19, 2007

9

2.471

04/16/07

0.800

December 16, 2007

1

2.226

12/16/07

0.844

April 6-7, 2008

2

2.235

04/07/08

0.375

May 12, 2008

2

2.357

05/12/08

0.940

October 28, 2008

1

2.247

10/28/08

0.509

December 12, 2008

1

2.359

12/12/08

0.526

June 20-25, 2009

6

2.245

06/22/09

0.318

July 21-23, 2009

3

2.287

07/23/09

0.377

October 15-19, 2009

8

2.485

10/18/09

0.612

November 12-15, 2009

6

2.395

11/14/09

0.679

March 13-16, 2010

6

2.541

03/13/10

1.164

March 27 - April 1, 2010

8

2.390

03/30/10

0.506

April 25-27, 2010

5

2.318

04/26/10

0.476

October 4-10, 2010

8

2.276

10/04/10

0.595

November 4-5, 2010

3

2.249

11/05/10

0.348

April 16-20, 2011

6

2.443

04/16/11

0.600

May 14-18, 2011

6

2.337

05/17/11

0.389

August 27-29, 2011

3

2.976

08/28/11

1.418

Sept. 27-Oct. 1, 2011

7

2.318

09/29/11

0.342

October 26-29, 2011

5

2.309

10/29/11

0.409

January 12, 2012

1

2.277

01/12/12

0.705

Major Storms

* Tide elevation values are referenced to Mean Lower Low Water (MLLW)

Figure 4. Relationship of mean lower low water at the Sandy Hook, NJ (1983-2001 tidal epoch) tide
gauge to the 2.0m storm elevation threshold.
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Cultural Events - Artificial Emplacement of Sediment
Although there has not been any direct placement of sediment on the beaches of GATE, there have
been episodes of beach nourishment updrift (south) of Sandy Hook and updrift (east) of Breezy Point
that contributed sediment to the shorelines in the park. This material adds to the local sediment
supply and partially offsets the negative effects of the storm erosion. During the period of this Trend
Report, there have been three episodes of dredging and emplacement of sediment updrift of Sandy
Hook totaling approximately 1,180,000 m3, and three episodes of sediment placement updrift of
Breezy Point, totaling approximately 520,000 m3 (Table 3).
Table 3. Sediment placement events of Sandy Hook and Breezy Point.
Location

3

Time Period

Total Sediment Placed (m )

Updrift of Sandy Hook, Long Branch

Jan 2008 –Feb 2009

535,000

Critical Zone in Sandy Hook

Fall 2010 – Dec 2010

20,000

Updrift of Sandy Hook, Monmouth Beach

Nov 2011 - Jan 2012

626,000

Updrift of Breezy Point, Rockaway Beach

Jan –Mar 2007

200,000

Updrift of Breezy Point, Rockaway Beach

Jan - Feb 2009

217,000

Updrift of Breezy Point, Rockaway Beach

Mar - May 2010

104,000

Source: US Army Corps of Engineers, New York District, web site, and local newspaper accounts
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Areas of Special Interest
There are several areas of special interest identified by Park management. They consist of: 1) the
shoreline north of the end of the seawall at Sandy Hook (referred to as the Critical Zone); 2) the
Gunnison Beach area at Sandy Hook; 3) the area at the northeast shoreline at Great Kills Park; and 4)
the entire Plumb Beach shoreline (Fig. 2). As the data sets are assembled and analyzed, additional
information may be incorporated to provide more perspective on the dimensions of changes in these
areas.

Changes to the Protocol
There are no documented changes to the protocol used in the data gathering cited in this report:
However, the early work on development of the protocol was in collaboration with the data
collection on Sandy Hook and Great Kills, and before publication of the protocol. Therefore, the
Trend Report is presuming that, except as noted in the subsequent discussion of the data sets, the
general application of the 1-D protocol was followed and the comparisons are reasonable. Further,
this first Trend Report is following the format described in the protocol and is generating a model for
reporting as well as for interpretation of the archived data.

Methods for Portraying Metrics of Change in Shoreline
Position
Following application of the field collection protocol for each of the shoreline surveys in this Trend
Report, each surveyed shoreline is registered to a common base and distances are measured from an
offshore baseline along transects spaced at 10 m intervals following the Digital Shoreline Analysis
System (DSAS) program created and maintained by the U.S. Geological Survey (Thieler et al. 2009)
(see SOP # 7, Psuty et al. 2010b). The product of the first part of this procedure is a plot of the
shoreline positions, the offshore baseline, and transects. The second part of the procedure is a
measure of the distances along the transects to each surveyed shoreline. The complete table of
measurements of distances from the baseline to the surveyed shoreline, spaced at 10 m intervals, is
available from the NCBN data manager in GIS format.
Although the intent of the survey is to document the change in shoreline position produced by gains
or losses in sediment, the shoreline position is also affected by other variables and thus there is a
measure of uncertainty, or error, associated with the collected line position. There are four
contributors to the uncertainty. Their character and dimension are: 1) the recording instrument is a
GPS unit with sub-meter accuracy, its variation is about 0.3 m; 2) there is variation in the wave runup
to create the neap high-tide swash line, it is as much as 3 m; 3) there is some variation in the
elevation of the high tide water level on the beach face, it is as much as 1 m; and 4) there is some
small variation in the operator’s tracking of the swash line on the beach face, about 0.5 m. Together,
these contributors create an uncertainty in position of as much as +/- 5 m. Therefore, any surveyed
shoreline has an intrinsic uncertainty of +/- 5 m and any comparison between two survey lines, as an
11

example, would have an uncertainty of +/- 7 m at the ocean shoreline. Many of the variables are
reduced along the bay shoreline because of lower wave runup and lower tidal range. Their
uncertainty is on the order of +/- 2 m, and the comparison of two lines has an uncertainty of about +/3 m.
The portrayal of the distribution of dimensions of change is created by the application of the
Shoreline Change Mapper, a software application that works within the ArcGIS software from ESRI,
and developed by Rutgers University for the purpose of this protocol. The application generates a
new geographical data set that represents the dimension of change as a bar-graph-type series of lines
- corresponding to the location of a sampling transect - that can be overlaid on existing base maps
(incorporated in a succession of applications, beginning with Fig. 5). A running bar graph depicts the
relative difference in shoreline position between any two surveys. Differences of less than 10 m of
seaward or landward displacement (+ 10 m to -10 m) are shown as gray, whereas seaward
displacement (accretion/gain) greater than 10 m is shown as shades of blue and landward
displacement (erosion/loss) in shades of red. The length of each line represents the magnitude of
change between two chosen dates. These data sets (differences between surveys) are portrayed
spatially in a series of figures that depict the annual differences as well as the net 5-year change, from
spring 2007 to spring 2012, for example. The figures also include the traces of the surveyed
shorelines. Together, these figures incorporate the essential information on the measures and
distributions of change through the succession of seasons, and through the series of five years.
The totality of the difference measurements is also subjected to statistical analysis to determine the
mean and standard deviation values for the trend comparisons. The outcomes of the difference
measurements are represented as histograms of the frequency of changes. Histograms are constructed
to portray the full range of measurements, their modal characteristics, and the seasonal shifts.
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Results of Shoreline Monitoring
The following sequence establishes the annual and 5-year surveyed displacements in the several
shoreline areas of Gateway NRA
Sandy Hook
Surveys using the 1D protocol were conducted along the entire oceanside shoreline, the northern inlet
shoreline, and the bayside shoreline to the limit of the Coast Guard property. The net 5-year change
is on the left in Figure 5. Five separate one-year comparisons are also in Figure 5.
Annual Shoreline Change

The patterns of annual shoreline change are driven by relative storminess as well as the input of new
sediment from updrift beach nourishment. The southern portion, an area designated as the Critical
Zone, has periods of plusses and minuses related to sediment availability, whereas the middle section
has one year of substantial erosion concentrated at the change of shoreline orientation amongst
periods of either positive or modest change. The northernmost point of the ocean shoreline is
extending into the channel and has decreasing accumulation from year to year, albeit having the
greatest positive displacement on Sandy Hook (Fig. 5).

Figure 5. Shoreline displacement at Sandy Hook for 5-year period, and for each annual period, with
spring 2007 and spring 2012 shorelines on the locator map.
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5-Year Shoreline Change

The mean change for Sandy Hook over the 5-year period was +14.33 m (Fig. 6). This value
amalgamates the variety of weather factors, updrift inputs of sediment from beach nourishment
projects in the communities, changes in orientation of the shoreline, and local effects. The
distribution of change values was unimodal, suggesting a general consistency of response centering
on a small net change in the +20.0 m to -10.0 m range. In the middle portion of the Critical Zone,
there was a small area of accumulation where an offshore sediment transport bar turned shoreward
and merged with the shoreline. The northern half of Sandy Hook had a change of orientation and was
the site of the greatest accumulation on the ocean-facing shoreline. The northern tip of Sandy Hook
had an area of great accumulation extending into the inlet (toward the navigation channel).

Figure 6. Histogram of frequency of transects with changes from spring 2007 to spring 2012.

Summary Statistics Tables and Trends of Change

The shoreline change data are presented in their seasonal, annual, and 5-year statistical values as a
summary table for Sandy Hook (Table 4). Each temporal span is represented by a mean value, the
standard deviation, and the maximum and minimum displacements. Mean values show a variation of
positive and negative shifts through the seasons as well as annually. In addition, trends of the
changes, expressed as a rate of change per year, are determined through the application of linear
regression analysis (Fig. 7). Linear regression analysis of the data sets indicates that the mean
shoreline has been displaced seaward at the rate of 1.50 m/yr (Fig. 7).
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Table 4. Statistical values of shoreline displacement, 2007 - 2012, Sandy Hook.
Type of
Change

Seasonal
Changes

Annual
Changes

5-Year
Change

Time Period

Mean (m) Displacement

1 St Dev

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

4.27

4.27

12.85

114.09

-24.45

Fall 2007 - Spring 2008

-7.27

-3.00

17.12

198.57

-28.17

Spring 2008 - Fall 2008

-5.33

-8.33

9.64

50.98

-21.77

Fall 2008 - Spring 2009

6.91

-1.41

8.81

37.41

-15.32

Spring 2009 - Fall 2009

8.40

6.99

8.93

41.94

-17.92

Fall 2009 - Spring 2010

-15.24

-8.25

20.35

29.88

-58.55

Spring 2010 - Fall 2010

12.21

3.96

15.60

56.68

-12.91

Fall 2010 - Spring 2011

-6.92

-2.96

11.57

30.55

-25.17

Spring 2011 - Fall 2011

1.19

-1.77

12.78

39.66

-25.86

Fall 2011 - Spring 2012

16.10

14.33

13.24

44.38

-56.67

Spring 2007 - Spring 2008

-3.00

-3.00

26.12

237.44

-33.74

Spring 2008 - Spring 2009

1.58

-1.41

13.47

57.76

-29.00

Spring 2009 - Spring 2010

-6.84

-8.25

21.37

69.03

-54.44

Spring 2010 - Spring 2011

5.29

-2.96

17.37

51.04

-22.07

Spring 2011 - Spring 2012

17.29

14.33

15.48

64.14

-20.11

Spring 2007 - Spring 2012

14.33

14.33

50.73

340.17

-99.45

Figure 7. Trend of shoreline displacement, incorporating mean seasonal change 2007-2012, Sandy
Hook.
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Breezy Point
The Breezy Point shoreline is composed of two segments, 1) the ocean-facing portion with an
exposure to the south, and 2) the portion toward the west and bayside. A jetty, that is at the western
terminus of the barrier island and limits alongshore transport of sediment, separates the two
segments. The two segments have differing exposures to wave action and thus have differing
responses.
Breezy Point - Oceanside

Annual Shoreline Change
The oceanside shoreline is affected by the variety of engineering structures updrift of the park that
limit the input of sediment at the eastern margin (Fig. 2). The first year of the survey saw erosion at
the eastern portion, downdrift of the structures, and accumulation updrift of the jetty at the western
margin (Fig. 8). Thereafter, the alternation of largely erosion or largely accumulation may be part of
the natural variation in sediment transport augmented by the placement of dredged sediment on the
updrift (to the east) Rockaway beaches.

Figure 8. Shoreline displacement on the oceanside at Breezy Point for 5-year period, and for each
annual period, with spring 2007 and spring 2012 shorelines on the locator map.
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5-Year Shoreline Change
Overall, the mean change was +23.79 m along the ocean shoreline. However, the distribution of
dimensions of change (Fig. 9) shows a trimodal characteristic with one peak in the -5 m area, another
at +15 m, and another peak at +65 m. This distribution of net change contrasts the episodes of
erosion at the eastern margin with the major accumulation at the western portion, and the small
change in the shoreline positions between the two termini.

Figure 9. Histogram of frequency of transects with changes on Breezy Point - Oceanside from spring
2007 to spring 2012.

Summary Statistics Tables and Trends of Change
The shoreline change data are presented in their seasonal, annual, and 5-year statistical values as a
summary table for Breezy Point. The absence of a fall 2007 survey causes a small gap early in the
data set, but the collection of all of the other surveys allows most of the temporal comparisons to be
accomplished (Table 5). Each temporal span is represented by a mean value, the standard deviation,
and the maximum and minimum displacements. In addition, trends of the changes, expressed as a
rate of change per year, are determined through the application of linear regression analysis. There is
considerable variation in shoreline position because of the updrift input from beach nourishment in
Far Rockaway. Over the five-year period, the net position of the shoreline had been displaced
seaward 23.79 m. The linear regression value of shoreline change was -0.44 m/yr, but that value is
heavily influenced by the beach full episodes updrift (to the east) of the park (Fig. 10).
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Table 5. Statistical values of shoreline displacement, 2007 - 2012, Breezy Point – Oceanside.
Type of
Change

Seasonal
Changes

Annual
Changes

5-year
Change

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-4.03

-

-

-

Spring 2008 - Fall 2008

19.27

15.23

10.09

37.17

-7.26

Fall 2008 - Spring 2009

0.87

16.10

7.25

18.87

-28.96

Spring 2009 - Fall 2009

0.37

16.47

9.63

49.80

-19.94

Fall 2009 - Spring 2010

-17.53

-1.06

14.12

9.89

-70.08

Spring 2010 - Fall 2010

11.92

10.85

16.07

48.70

-24.46

Fall 2010 - Spring 2011

2.22

13.07

7.22

29.69

-18.84

Spring 2011 - Fall 2011

-33.57

-20.49

16.78

0.00

-80.67

Fall 2011 - Spring 2012

44.28

23.79

18.90

108.62

0.00

Spring 2007 - Spring 2008

-4.03

-4.03

21.74

54.55

-33.35

Spring 2008 - Spring 2009

20.13

16.10

10.54

47.44

-15.85

Spring 2009 - Spring 2010

-17.17

-1.06

12.42

5.51

-53.85

Spring 2010 - Spring 2011

14.14

13.07

15.53

45.38

-17.98

Spring 2011 - Spring 2012

10.72

23.79

11.44

41.53

-15.80

Spring 2007 - Spring 2012

23.79

23.79

31.72

88.19

-21.64

Figure 10. Trend of shoreline displacement, incorporating mean seasonal change 2007-2012, Breezy
Point, Oceanside.
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Breezy Point - Bayside

Annual Shoreline Change
Portions of Breezy Point - Bayside have had surveys conducted for two years, starting in spring
2010. Most of the changes have been modest (Fig. 11). The major changes have been along the inlet
margin, +30 to +45 m. The distribution of change values (Fig. 12) had the largest occurrence in the 2 to -4 m category, with a second peak in the +14 to +16 m category, and many values spread across
+22 to +48 m.

Figure 11. Shoreline displacement on Breezy Point -Bayside for a 2-year period, and for each annual
period, with spring 2010 and spring 2012 shorelines on the locator map.
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Figure 12. Histogram of frequency of transects along Breezy Point - Bayside, with changes from spring
2010 to spring 2012.

Summary Statistics Tables and Trends of Change
Using spring 2010 shoreline as the initial position, each of the following two years show a seaward
displacment of the shoreline, and a net positive displacement for the combined years (Table 6).
Because the temporal span was so short, no trend analysis of these data have been calculated.
However a scatter plot of their values has been produced (Fig. 13).
Table 6. Statistical values of shoreline displacement, 2010 - 2012, Breezy Point - Bayside.
Type of
Change

Seasonal
Changes

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Fall 2008

-

-

-

-

-

Fall 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Fall 2009

-

-

-

-

-

Fall 2009 - Spring 2010

-4.55

-4.55

4.85

3.72

-14.10

Spring 2010 - Fall 2010

-2.68

-7.22

8.58

40.97

-15.15

Fall 2010 - Spring 2011

4.80

-2.42

4.62

26.53

-4.32
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Table 6 (continued). Statistical values of shoreline displacement, 2010 - 2012, Breezy Point - Bayside.
Type of
Change
Seasonal
Changes
(continued)

Annual
Changes

2-year
Change

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2011 - Fall 2011

-6.67

-9.09

4.77

7.53

-33.88

Fall 2011 - Spring 2012

9.98

0.88

9.22

33.59

-0.82

Spring 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Spring 2010

-

-

-

-

-

Spring 2010 - Spring 2011

2.19

2.19

8.02

38.97

-13.69

Spring 2011 - Spring 2012

5.48

7.67

7.46

20.80

-11.14

Spring 2010 - Spring 2012

10.50

10.50

17.00

49.53

-8.83

Figure 13. Scatter of points representing mean seasonal shoreline change, Breezy Point, Bayside, 2.5
yrs.
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Plumb Beach
The shoreline survey for the entirety of Plumb Beach had been conducted for four years, spring 2008
– spring 2012 (Fig. 14). A portion of the central area had sand bags at the water line and that has
limited some of the natural response to incident wave energy and sediment mobilization at the
shoreline.

Figure 14. Shoreline displacement at Plumb Beach for a 4-year period, and for each annual period, with
spring 2008 and spring 2012 shorelines on the locator map.

23

Annual Shoreline Change

The central portion of the ocean-facing shoreline was most exposed to wave action and was a site of
persistent erosion during most years (Fig. 14). The central area was lined with sand bags and they
have slowed the displacement in that location. However, erosion of the shoreline has shifted both to
the east and the west of the sand bags. Much of the sediment was transported eastward to displace the
shoreline seaward as well as to the east. The site west of the sand bags has eroded in some years, and
accumulated in other years.
4-Year Shoreline Change

Whereas the sand bags have slowed the shoreline displacement in the most exposed area, the inland
displacement has accelerated to both the east and west of the sand bags (Fig. 14). The area east of the
sand bags, in the vicinity of a comfort station, has had the greatest inland displacement. The eastern
half of the Plumb Beach shoreline has been extending the spit both seaward and alongshore. The
western margin of Plumb Beach has had accumulation in the vicinity of the jetty/bulkhead structure
at that location.
The mean change for the four years was +3.49 m (Fig. 15), however the primary mode was a loss in
the -4 to -5 m category, indicative of the loss in the central area. Positive shoreline displacement
along most of the eastern portion of Plumb Beach was as great as +24.58 for the four years.

Figure 15. Histogram of frequency of transects with changes from spring 2008 to spring 2012.

Summary Statistics Tables and Trends of Change

Surveys were conducted for four years and provide change data on seasonal, annual, and long-term
periods. The mean changes are low, primarily on the positive side of 0.0 m because there are similar
amounts of inland displacement as seaward displacement (Table 7). The linear regression trend was

24

+0.22 m/yr (Fig. 16). Thus, planar growth at the eastern and at the western margins of Plumb beach
are accumulating a bit faster than the central portion is eroding.
Table 7. Statistical values of shoreline displacement, incorporating mean seasonal change 2008 - 2012,
Plumb Beach.
Type of
Change

Seasonal
Changes

Annual
Changes

4-year
Change

Time Period

Mean (m)

Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Fall 2008

2.15

2.15

1.86

9.50

-1.93

Fall 2008 - Spring 2009

0.49

2.64

2.17

10.88

-4.06

Spring 2009 - Fall 2009

-2.58

0.06

2.08

5.76

-10.67

Fall 2009 - Spring 2010

1.96

2.02

2.50

12.21

-2.74

Spring 2010 - Fall 2010

-3.26

-1.24

2.15

3.53

-16.72

Fall 2010 - Spring 2011

2.96

1.72

3.07

15.54

-1.55

Spring 2011 - Fall 2011

0.75

2.47

1.92

5.25

-3.15

Fall 2011 - Spring 2012

0.90

3.38

2.45

11.53

-3.50

Spring 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Spring 2009

2.63

2.63

2.81

11.65

-3.79

Spring 2009 - Spring 2010

-0.50

2.13

2.97

10.08

-10.63

Spring 2010 - Spring 2011

-0.38

1.75

3.52

13.42

-7.85

Spring 2011 - Spring 2012

1.67

3.42

3.29

12.58

-4.90

Spring 2009 - Spring 2012

3.49

3.49

8.09

24.58

-7.02
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Figure 16. Trend of shoreline displacement, incorporating mean seasonal change 2008-2012, Plumb
Beach.
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Great Kills
The Great Kills shoreline is separated into two compartments: 1) ocean-facing; and 2) bay-facing.
Sediment input from updrift (northeast) is limited by a series of groins in the communities as well as
by a very long water treatment outfall pipe that serves as a terminal groin at the park boundary. The
western end of Great Kills has a jetty that separates the ocean-facing component from the bayside
component. The ocean-facing shoreline has been monitored according to the protocol for five years,
2007-2012, whereas the bay-facing portion has been monitored during 2009-2012.

Figure 17. Shoreline displacement at oceanside at Great Kills for 5-year period, and for each annual
period, with spring 2007 and spring 2012 shorelines on the locator map.

Great Kills - Oceanside

Annual Shoreline Change
The extreme eastern end has been relatively stable because of a stone riprap wall and salt marsh (Fig.
17). However, downdrift of a small headland that marks the end of the marsh shoreline, there is an
inland displacement nearly every year. The amount of displacement decreases to the west and
eventually either stabilizes or has a component of seaward displacement before erosion ensues in the
extreme western shore. Storminess during the fall 2009 - spring 2010 survey period caused
considerable loss at the western end.
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5-Year Shoreline Change
The mean shoreline change was -3.32 m for the 5-year period (Fig. 18), but there are considerable
differences alongshore. The general pattern is a narrow zone of accumulation updrift of the eastern
headland with considerable inland displacement of the shoreline downdrift, reaching a maximum
erosion of -10.88 m over the survey period. The erosion of the shoreline continues downdrift for
about 1.5 km to where the shoreline changes orientation. There was general accumulation in that
bend of the shoreline for about 0.5 km, a maximum of +18.13 m, and then inland displacement, as
much as -19.26 m, to the jetty. The primary mode in the distribution of change was in the -5 to -8 m
categories, essentially describing the major inland displacement downdrift of the headland and the
recent loss updrift of the jetty. A secondary weak mode was in the very broad -1 to +10 m category.
This group generally describes the area of accumulation between the major losses as well as the zone
of stability along the eastern portion of this shoreline unit.

Figure 18. Histogram of frequency of transects with changes from spring 2007 to spring 2012.

Summary Statistics Tables and Trends of Change
Surveys were conducted from spring 2008 through spring 2012 and depict a succession of modest
losses that create a mean inland displacement of -3.32 m over the four years (Table 8). However,
there was considerable difference in displacement, with erosion characterizing the eastern and
western portion, and a zone of accumulation between the two. In most seasons and years, there was a
mean inland displacement (Table 8). The linear regression rate of change for the five years was -0.22
m/yr (Fig. 19).
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Table 8. Statistical values of shoreline displacement, 2008 - 2012, Great Kills - Oceanside.
Type of
Change

Seasonal
Changes

Annual
Changes

5-year
Change

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 – Fall 2007

-

-

-

-

-

Fall 2007 – Spring 2008

-

-

-

-

-

Spring 2008 – Fall 2008

-3.95

-6.86

1.76

0.18

-9.32

Fall 2008 – Spring 2009

5.14

-1.72

2.59

10.54

-1.31

Spring 2009 – Fall 2009

-2.59

-4.32

2.09

5.02

-7.08

Fall 2009 – Spring 2010

0.68

-3.64

3.18

8.51

-9.45

Spring 2010 – Fall 2010

-0.89

-4.53

2.81

11.31

-9.82

Fall 2010 – Spring 2011

-0.30

-4.83

1.76

8.21

-5.18

Spring 2011 – Fall 2011

-1.43

-6.26

2.07

6.23

-8.58

Fall 2011 – Spring 2012

2.94

-3.32

1.42

10.78

-0.17

Spring 2007 – Spring 2008

-2.91

-2.91

2.45

1.77

-11.13

Spring 2008 – Spring 2009

1.19

-1.72

2.57

7.82

-6.15

Spring 2009 - Spring 2010

-1.91

-3.64

3.47

10.31

-9.97

Spring 2010 - Spring 2011

-1.19

-4.83

2.24

11.00

-10.19

Spring 2011 - Spring 2012

1.51

-3.32

2.22

12.76

-5.52

Spring 2007 - Spring 2012

-3.32

-3.32

6.55

18.13

-19.26

Figure 19. Trend of shoreline displacement, incorporating mean seasonal change 2008-2012, Great Kills
– Oceanside
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Great Kills - Bayside

Annual Shoreline Change
There are only 3.5 years of shoreline position data for this location. The first survey following the
protocol was conducted in fall 2008, but the annual comparisons will begin with spring 2008 to track
similar scales of change with the other shore units. Each of the years has a somewhat different
pattern, produced by variation in storminess as well as by sediment getting around the jetty. Overall,
there was a seaward displacement of the shoreline immediately downdrift of the jetty, and at the
entrance to Great Kills Harbor (Fig. 20). The mean displacement for the three years is +10.94 m (Fig.
21), but there was a decided multimodal distribution in the measures of displacement, contrasting the
larger gains downdrift of the jetty with the zone of minor changes along most of the shoreline, and
with the smaller gains at the entrance to the marina.

Figure 20. Shoreline displacement at bayside at Great Kills for 3-year period, and for each annual period,
with spring 2009 and spring 2012 shorelines on the locator map.
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Figure 21. Histogram of frequency of transects with changes from spring 2009 to spring 2012.

Summary Statistics Tables and Trends of Change
Surveys were conducted from fall 2008 through spring 2012, 3.5 years, with a gap in fall 2010. The
statisical data sets and the trend analyses were applied for the period spring 2009 – spring 2012 to be
similar to the temporal span of the other surveys in this report. Over the three years, the mean
shoreline position was displaced seaward an average of 10.94 m (Table 9). The linear regression
trend for the period was +2.44 m/yr (Fig. 22).
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Table 9. Statistical values of shoreline displacement, 2009 - 2012, Great Kills - Bayside.
Type of
Change

Seasonal
Changes

Annual
Change

3-year
Change

Time Period

Mean (m)

Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Fall 2008

-

-

-

-

-

Fall 2008 - Spring 2009

-0.93

-0.93

2.77

5.97

-5.70

Spring 2009 - Fall 2009

2.34

1.42

5.09

16.28

-2.98

Fall 2009 - Spring 2010

4.72

6.14

6.00

23.56

-2.65

Spring 2010 - Fall 2010

-3.93

2.21

1.55

0.86

-7.49

Fall 2010 - Spring 2011

3.53

5.74

3.85

13.50

-2.18

Spring 2011 - Fall 2011

-0.45

5.29

3.74

9.30

-6.28

Fall 2011 - Spring 2012

3.58

8.87

3.10

11.70

-3.26

Spring 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Spring 2010

7.88

7.88

9.77

34.09

-0.84

Spring 2010 - Spring 2011

-0.41

7.47

4.13

10.23

-7.97

Spring 2011 - Spring 2012

3.18

10.65

3.99

14.50

-1.48

Spring 2009 - Spring 2012

10.94

10.94

14.51

40.08

-5.49

Figure 22. Trend of shoreline displacement, incorporating mean seasonal change 2008-2012, Great Kills
– Bayside.
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Miller Field
This site is relatively short alongshore, about 0.6 km, and is positioned between groins at either
margin (Fig. 23). The shoreline had been consistently surveyed using the 1D protocol for three years,
spring 2009 – spring 2012.
3-Year Shoreline Change

Because this shoreline segment is located between two groins, the shoreline position will be strongly
influenced by the direction of alongshore transport. Thus, the several years of the survey show
opposite conditions probably because dominant transport was southwesterly in the first year and
northeasterly in the succeeding two years. The net effect was a positive seaward displacement over
the three years, a mean of +4.35 m (Fig. 24).

Figure 23. Shoreline displacement at oceanside at Miller Field for 3-year period, and for each annual
period, with spring 2009 and spring 2012 shorelines on the locator map.
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Figure 24. Histogram of frequency of transects with changes from spring 2009 to spring 2012.

Summary Statistics Tables and Trends of Change

Surveys were conducted for three years, spring 2009 through spring 2012. There were seasonal
contrasts with inland displacement during the summers, and seaward displacements during the
winters. Over the period, there was a total mean shoreline displacement of +4.45 m (Table 10), and a
linear regression trend of +2.00 m/yr (Fig. 25).
Table 10. Statistical values of shoreline displacement, 2009 - 2012, Miller Field.
Type of
Change

Seasonal
Changes

Time Period

Mean (m)

Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Fall 2008

-

-

-

-

-

Fall 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Fall 2009

-2.17

-2.17

1.73

3.64

-5.96

Fall 2009 - Spring 2010

3.42

1.25

3.98

11.58

-1.77

Spring 2010 - Fall 2010

-1.82

-0.57

3.54

2.57

-9.80

Fall 2010 - Spring 2011

2.47

1.90

1.03

4.16

-0.01

Spring 2011 - Fall 2011

-0.67

1.22

1.07

1.34

-2.72

Fall 2011 - Spring 2012

3.22

4.45

1.20

6.90

-
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Table 10 (continued). Statistical values of shoreline displacement, 2009 - 2012, Miller Field.
Type of
Change

Annual
Changes

3-year
Change

Time Period

Mean (m)

Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Spring 2010

1.25

1.25

5.38

12.21

-4.85

Spring 2010 - Spring 2011

0.65

1.90

3.94

4.69

-8.94

Spring 2011 - Spring 2012

2.55

4.45

1.88

7.18

-0.43

Spring 2009 - Spring 2012

4.45

4.45

0.81

8.17

-

Figure 25. Trend of shoreline displacement, incorporating mean seasonal change 2009-2012, Miller
Field.
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Fort Wadsworth
The Fort Wadsworth shoreline is influenced by a groin located near its western margin and a
concrete rubble structure along the eastern 100 m. There is a sandy beach seaward of some of the
rubble. The shoreline monitoring protocol was applied for three years, spring 2009 – spring 2012.

Figure 26. Shoreline displacement at oceanside at Fort Wadsworth for 3-year period, and for each
annual period, with spring 2009 and spring 2012 shorelines on the locator map.

3 Year Shoreline Change

Because of structures to the northeastern and southwestern margins, shoreline displacement will be
affected by the direction of alongshore transport (Fig. 26). Similar to the conditions at Miller Field,
the displacements are in opposite directions in different years. The first year of the survey shows the
product of westerly transport with inland displacement at the northeast and seaward displacement to
the southwest. The next two years have the opposite situation, modest inland displacement at the
southwest and seaward displacement to the northeast. The overall condition was a net modest
seaward shoreline shift, increasing from southwest to northeast, a mean of +2.79 m (Fig. 27).
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Figure 27. Histogram of frequency of transects with changes from spring 2009 to spring 2012.

Summary Statistics Tables and Trends of Change

Surveys were conducted from spring 2009 through spring 2012, three years. The several seasons had
both positive and negative changes (Table 11). Overall, the short-term linear regression depicts a
modest trend of net gain during the survey period (+3.39 m/yr) (Fig. 28).
Table 11. Statistical values of shoreline displacement, 2009 - 2012, Fort Wadsworth.
Type of
Change

Seasonal
Changes

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Fall 2007

-

-

-

-

-

Fall 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Fall 2008

-

-

-

-

-

Fall 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Fall 2009

-3.48

-3.48

1.09

-1.02

-5.91

Fall 2009 - Spring 2010

2.72

-0.76

3.04

7.82

-3.03

Spring 2010 - Fall 2010

-0.92

-1.68

2.48

5.38

-5.35

Fall 2010 - Spring 2011

1.75

0.07

1.09

3.55

-1.17

Spring 2011 - Fall 2011

7.88

7.95

2.56

17.33

-

Fall 2011 - Spring 2012

-5.19

2.76

1.46

-3.46

-12.51

Table 11 (continued). Statistical values of shoreline displacement, 2009 - 2012, Fort Wadsworth.
Type of
Change

Annual
Changes

3-year
Change

Time Period

Mean (m) Displacement 1 St. Dev.

Max
Accretion

Max
Erosion

Spring 2007 - Spring 2008

-

-

-

-

-

Spring 2008 - Spring 2009

-

-

-

-

-

Spring 2009 - Spring 2010

-0.76

-0.76

3.48

6.08

-7.02

Spring 2010 - Spring 2011

0.85

0.09

1.89

4.60

-3.08

Spring 2011 - Spring 2012

2.76

2.85

2.33

6.92

-1.10

Spring 2009 - Spring 2012

2.79

2.79

1.02

4.91

-

Figure 28. Trend of shoreline displacement, 2009-2012, Fort Wadsworth.

38

Interpretation of Trends
Given the important caveat that this period of measurement is very short and there is inherent
temporal variation, it is possible to produce an analysis of the five-year data set. What was very
evident was that the shoreline was being affected by a variety of influences that are updrift of the
park boundary and these influences were altering the quantities and timing of sediment entering the
park units. In Sandy Hook and Breezy Point, the updrift influences were adding sediment to the
alongshore drift and creating episodic readjustments of the shoreline as new sediment was introduced
to the park beaches. In Great Kills, the barriers to sediment input from the updrift location were
causing a localized sediment loss immediately downdrift of a constructed headland. At Plumb Beach,
the central portion of the shoreline was a site of continual sediment loss until it was arrested by
hardening of the shoreline by sandbags and nourished in 2012. Alongshore transport occurred in both
directions, with greater quantities moving eastward. Both Miller Field and Ft. Wadsworth are short
shoreline sections located between structures that limit sediment input and sediment loss.
In many portions of GATE, the upper beach erosion created during Hurricane Irene often transferred
sediment to positions low on the profile and produced seaward displacements in areas that were
otherwise shifting inland,. However, erosion during the following season often recorded an inland
shift of the shoreline position.
Many of the areas were experiencing considerable variation in shoreline position. Sandy Hook,
Breezy Point, Great Kills, and Plumb Beach have areas of loss as well as areas of considerable
sediment accumulation and seaward shoreline displacement. Each of the areas of sediment loss
contributes to downdrift locations of sediment gain, often with unintended consequences. Sandy
Hook, Breezy Point, and Great Kills discharge sediment into a downdrift navigation channel and lead
to the need for periodic dredging. The erosion at Plumb Beach was causing sedimentation in a
downdrift wetland and reducing the extent of this habitat.
It is too early to precisely quantify the positive and negative trends within GATE. There was too
much variation caused by structures and by the cultural manipulations of sediment supply to discern
an absolute trend. However, there was sufficient information to see the impacts of major storm
events, such as Hurricane Irene, and the results of some of the cultural manipulations that affect the
sediment pathways and the sediment budgets. The continued monitoring of shoreline position will
aid in the development of metric of shoreline change and sediment pathway models, and will assist in
the evaluation of longer-term vectors of change as they may affect natural and cultural resources.

Information for Management and Recommendations
As is true for many coastal areas, the positive and negative changes are being driven by the
availability of sediment. Whether the result of unscheduled natural events or planned cultural
manipulations, the shoreline position is responding to the local sediment supply and sediment budget.
Some changes are just part of the natural variation. Others are in response to human actions and can
be predicted with the knowledge gained through this monitoring. Importantly, armed with knowledge

of the past responses to the variety of manipulations, management can anticipate and adjust to the
potential impacts at determined locations within the park.
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Problems/Concerns
In an area as large as Gateway and with a turnover in survey personnel, it is necessary to continue to
instruct and lead the field teams in the application of the 1D protocol for monitoring of shoreline
position. At least one seasonal shoreline at one of the park units had to be discarded because of
questions concerning procedures of data collection. Further, a problem arose when surveying the
baysides of the units because the alongshore limits of the survey were not well explained. Clear
instruction needs to be given as to the extent of the survey. These are issues that can be handled with
experience and with close attention to the application of the protocol and completion of the Field
Data Form.

Data Archives
The lines that represent the shoreline position for each of the surveyed periods are stored asfeatures
in a Geodatabase along with the Transects and Baseline used in the shoreline change analysis, and
the spreadsheet with the results from the DSAS analysis. This information and data are available
from the Data Manager for the National Park Service, Inventory and Monitoring Program, Northeast
Coastal and Barrier Network:
Data Manager, Northeast Coastal and Barrier Network
URI Dept. Natural Resources Science
1 Greenhouse Rd
Kingston, RI 02881
401-874-4305 (phone)
401-874-4561 (fax)
http://science.nature.nps.gov/im/units/ncbn/
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Appendix A: Annual Shoreline Change (2011 - 2012) at
Gateway NRA
1. Sandy Hook
2. Breezy Point
• Oceanside
• Bayside
3. Plumb Beach
4. Great Kills
• Oceanside
• Bayside
5. Miller Field
6. Fort Wadsworth
Unlike previous years, there is no 2011-12 GATE Annual Report on shoreline displacement. All of
the spring 2011 – spring 2012 data are incorporated in the maps and statistics that describe the trends.
This appendix reports on the shorter-term seasonal shoreline change as well as the net annual change
at GATE for 2011-2012.
Timing of Surveys
According to the protocol (Psuty et al. 2010b), the shoreline surveys were collected during a period
of neap tide to reduce the variation in swash line position. With the exception of the October 18,
2011 survey, all of the surveys were conducted following a very similar high tide elevation (Table.
A1). The surveys were run twice per year to capture the seasonal variation of the higher energy
winter period contrasted with the lower energy summer (Fig. A1). Because storms are the important
drivers of coastal change, storm occurrence and magnitude are depicted on Figure A1 and listed in
Table A2. The storm threshold elevation of 2 m above mean lower low water helps to illustrate the
more frequent occurrence of elevated water levels and storm surges during the winter seasons.
Hurricane Irene was a notable exception to the seasonal contrast. The surveys run post-Irene
obviously were influenced by the impacts of that high energy event, both in the spring 2011 to fall
2011 comparison and in the succeeding fall 2011 to spring 2012 comparison.
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Table A1. Date and actual water levels associated with shoreline survey, GATE units.
Season

Park

Date of survey

Previous High Tide
Height* (m)

Time

Sandy Hook

7 Apr 2011

1.396

10:12 AM

Great Kills

7 Apr 2011

1.396

10:12 AM

Miller Field

6 Apr 2011

1.242

09:30 AM

Fort Wadsworth

6 Apr 2011

1.242

09:30 AM

Plumb Beach

6 Apr 2011

1.242

09:30 AM

Breezy Point

8 Apr 2011

1.315

10:30 AM

Sandy Hook

21 Oct 2011

1.233

01:36 AM

Great Kills

18 Oct 2011

1.379

11:48 PM

Miller Field

18 Oct 2011

1.379

11:48 PM

Fort Wadsworth

18 Oct 2011

1.379

11:48 PM

Plumb Beach

21 Oct 2011

1.233

01:36 AM

Breezy Point

3 Nov 2011

1.496

01:24 AM

Sandy Hook

30 Mar 2012

1.295

01:06 PM

Great Kills

30 Mar 2012

1.295

01:06 PM

Miller Field

30 Mar 2012

1.295

01:06 PM

Fort Wadsworth

30 Mar 2012

1.295

01:06 PM

Plumb Beach

27 Mar 2012

1.340

10:42 AM

Breezy Point

29 Mar 2012

1.343

12:00 PM

Spring 2011

Fall 2011

Spring 212

* Tide heights relative to Mean Lower Low Water, Sandy Hook tide gauge
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Figure A1. Water levels, storm events, storm surges and survey periods. Hurricane Irene occurred in August, 2011.
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Table A2. Storm occurrence, storm water level, and surge, January 2011 through April 2012, Sandy
Hook tide gauge.
Maximum Tide

Number of tides
higher than 2.0 m
(Storm threshold)

Tide height (m)

Date

Measured surge
(m)

January 18, 2011

1

2.023

01/18/11

0.414

January 21, 2011

1

2.052

01/21/11

0.325

February 2, 2011

1

2.010

02/02/11

0.455

February 21, 2011

1

2.077

02/21/11

0.440

Storm

March 10, 2011

1

2.006

03/10/11

0.639

March 20-23, 2011

4

2.104

03/23/11

0.388

April 16-20, 2011

6

2.443

04/16/11

0.600

May 14-18, 2011

6

2.337

05/17/11

0.389

June 11-16, 2011

6

2.148

06/15/11

0.263

July 14, 2011

1

2.054

07/14/11

0.253

August 9, 2011

1

2.017

08/09/11

0.360

August 27-29, 2011

3

2.976

08/28/11

1.418

August 31-September 2, 2011

3

2.084

09/02/11

0.266

September 27-October 1, 2011

7

2.318

09/29/11

0.342

October 12-14, 2011

3

2.036

10/13/11

0.394

October 19, 2011

1

1.996

10/19/11

0.548

October 26-29, 2011

5

2.309

10/29/11

0.409

November 23-25, 2011

3

2.144

11/23/11

0.318

November 27, 2011

1

2.000

11/27/11

0.165

December 23, 2011

1

2.148

12/23/11

0.361

December 25, 2011

1

2.045

12/25/11

0.258

December 27, 2011

1

2.037

12/27/11

0.697

January 12, 2012

1

2.277

01/12/12

0.705

April 4-8, 2012

5

2.172

04/08/12

0.260

April 22, 2012

1

2.043

04/22/12

0.466

* Tide elevation values are referenced to Mean Lower Low Water (MLLW)

Shoreline Change
The Appendix focuses on the seasonal and annual changes during the period spring 2011 through
spring 2012 throughout GATE. It provides additional details on the shorter term displacements and is
a complement to the previously produced Gateway Annual Reports on Shoreline Position. The
Appendix also contains histograms of the distribution of change at 10 m intervals along the
shorelines.
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Sandy Hook

The shoreline position bears evidence of an inland displacement following Hurricane Irene, and a
general recovery augmented by updrift beach nourishment (Fig. A2). Over the single year, there is a
mean seaward shift of +17.29 m, with positive concentrations in the Critical Zone and in the northern
portion of the Hook (Fig. A2). Histograms of the magnitude of shoreline position change are
generally unimodal (Figs. A3-A5), indicative of a similarity in response along the shoreline.

Figure A2. Distribution of annual and seasonal shoreline change along Sandy Hook, spring 2011, fall
2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.
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Figure A3. Distribution of annual shoreline change values at Sandy Hook, spring 2011 – fall 2011.

Figure A4. Distribution of annual shoreline change values at Sandy Hook, fall 2011 – spring 2012.
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Figure A5. Distribution of annual shoreline change values at Sandy Hook, spring 2011 – spring 2012.

Breezy Point - Oceanside

Shoreline change at Breezy Point - Oceanside was dominated by the effects of Hurricane Irene,
August 2011. The fall 2011 shoreline was displaced inland, mean of -33.57 m (Fig. A7), compared to
the earlier spring survey. All of the transects recorded an inland displacement of the shoreline (Fig.
A6). However, following the major hurricane, recovery low on the profile caused the beach face to
be shifted seaward at all of the transects, attaining a mean of +44.28 m (Fig. A8). For most of the
oceanside shoreline, the net change was minimal, with the largest displacement accreting seaward in
the western portion of Breezy Point, resulting in a net mean annual gain of +10.72 m (Fig. A9).
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Figure A6. Distribution of annual and seasonal shoreline change along Breezy Point - Oceanside, spring
2011, fall 2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.

Figure A7. Distribution of annual shoreline change values at, Breezy Point - Oceanside, spring 2011 –
fall 2011.
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Figure A8. Distribution of annual shoreline change values at Breezy Point - Oceanside, fall 2011 – spring
2012.

Figure A9. Distribution of annual shoreline change values at Breezy Point - Oceanside, spring 2011 –
spring 2012.
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Breezy Point - Bayside

The complete seasonal description of shoreline change along the bayside of Breezy Point is not
possible because the spring 2012 survey was not conducted along the entire bay shoreline (A10). In
the portion of Breezy Point Tip where the Spring 2011 and the fall 2011 surveys were run, the
shoreline is displaced inland (mean of -6.67 m) nearly all of its total length (A11). The spring 2012
survey allows a comparison of the westernmost portion of the bayside shoreline (A12). Here, the
post-Hurricane Irene recovery has a mean seaward displacement of +9.98 m, leading to a net
displacement for the year of +5.48 m for the tip (A13).

Figure A10. Distribution of annual and seasonal shoreline change along Breezy Point - Bayside, spring
2011, fall 2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.
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Figure A11. Distribution of annual shoreline change values at Breezy Point – Bayside, spring 2011 – fall
2011.

Figure A12. Distribution of annual shoreline change values at Breezy Point - Bayside, fall 2011 –spring
2012.
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Figure A13. Distribution of annual shoreline change values at Breezy Point - Bayside, spring 2011 –
spring 2011.

Plumb Beach

The shoreline displacement at Plumb Beach is a combination of loss in the central portion and gain
primarily to the east, and a modest gain to the west (Fig. A14). The net effect during each season is a
mean change of less than 1.0 m, and a mean of less than 2.0 m for annual period (Fig. A14). There is
a prominent negative displacement in the central area that is to the east of a vast array of sandbags
lining the shoreline and low bluff adjacent to the Southern Belt Parkway. It is present in the seasonal
displacements as well as the annual change (Fig. A14). The distributions of change in the seasonal
and annual histograms further represent the combination of a persistent negative mode as well as a
persistent positive mode (Figs. A15-A17).
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Figure A14. Distribution of annual and seasonal shoreline change along Plumb Beach, spring 2011, fall
2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline
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Figure A15. Distribution of annual shoreline change values at Plumb Beach, spring 2011 – fall 2011.

Figure A16. Distribution of annual shoreline change values at Plumb Beach, fall 2011 – spring 2012.
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Figure A17. Distribution of annual shoreline change values at Plumb Beach, spring 2011 – spring 2012.

Great Kills – Oceanside

Hurricane Irene caused the spring 2011 - fall 2011 seasonal change to be an inland displacement
along most of Great Kills, with a mean inland shift of -1.43 m (Fig. A19). Subsequently, the
shoreline migrated seaward because much of the sediment eroded from the adjacent bluff was added
to the low portion of the beach (Fig. A18). The net pattern of shoreline change shows seaward shifts
along western margin of the area and along the eastern promontory (Fig. A18). Most of the net
annual change consists of small positive and small negative displacements with a mean seaward shift
of 1.51 m (Figs. A20 and A21).
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Figure A18. Distribution of annual and seasonal shoreline change along Great Kills - Oceanside, spring
2011, fall 2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.

Figure A19. Distribution of annual shoreline change values at Great Kills - Oceanside, spring 2011 – fall
2011.
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Figure A20. Distribution of annual shoreline change values at Great Kills - Oceanside, fall 2011 – spring
2012.

Figure A21. Distribution of annual shoreline change values at Great Kills - Oceanside, spring 2011 –
spring 2012.
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Great Kills - Bayside

Shoreline displacement along the southwest-facing portion of Great Kills is largely the product of
sediment being transported downdrift of the jetty and accumulating on the ever-expanding point (Fig.
A22) Under the influence of Hurricane Irene, the downdrift point was the only area that was
displaced seaward during the spring 2011 – fall 2011 season (Fig. A23), with a mean of -0.45 m.
However, the following season had seaward displacement along the entire shoreline, a mean of +3.58
m, leading to an annual mean of +3.18 m (Fig. A24 and A25).

Figure A22. Distribution of annual and seasonal shoreline change along Great Kills Bayside, spring 2011,
fall 2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.

Figure A23. Distribution of annual shoreline change values at Great Kills - Bayside, spring 2011 – fall
2011.
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Figure A24. Distribution of annual shoreline change values at Great Kills - Bayside, fall 2011 – spring
2012.

Figure A25. Distribution of annual shoreline change values at Great Kills - Bayside, spring 2011 – spring
2012.
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Miller Field

Shoreline displacement in the summer season was largely influenced by impacts of Hurricane Irene,
with inland displacement along most of the shoreline (Fig. A26), maximizing at the western margin
and decreasing toward the east. However, the following season had accumulation along the entire
segment, with deposition maximizing at the eastern margin (Fig. A26). The distribution of
displacement was somewhat bimodal in the spring – fall 2011 period (Fig. A27), predominately
unimodal during the recovery in the next season (Fig. A28), and bimodal once again for the net
annual displacement (Fig. A29).

Figure A26. Distribution of annual and seasonal shoreline change at Miller Field, spring 2011, fall 2011,
and spring 2012. Mean change is portrayed as a dashed line near the baseline.
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Figure A27. Distribution of annual shoreline change values at Miller Field, spring 2011 – fall 2011.

Figure A28. Distribution of annual shoreline change values at Miller Field, fall 2011 – spring 2012.
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Figure A29. Distribution of annual shoreline change values at Miller Field, spring 2011 – spring 2012.

Fort Wadsworth

The seasonal contrasts caused by Hurricane Irene are different than in the other parts of Gateway. In
this case, soon after the shoreline erosion, a low bar developed on the lower portion of the beach and
displaced the shoreline seaward by the time of the fall 2011 survey (Fig. A30). By the time of the
spring 2012 survey, the bar had been added to the upper beach and the shoreline migrated inland
about as far as it had shifted seaward in the earlier survey. The histograms (Figs. A31 and A32)
depict the two contrasting positive and modal distributions, and a net change distribution (Fig. A33)
that is decidedly less concentrated on a narrow value and yet has a rather tight range of values.
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Figure A30. Distribution of annual and seasonal shoreline change at, Fort Wadsworth, spring 2011, fall
2011, and spring 2012. Mean change is portrayed as a dashed line near the baseline.

Figure A31. Distribution of annual shoreline change values at Ft. Wadsworth, spring 2011 – fall 2011.
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Figure A32. Distribution of annual shoreline change values at Fort Wadsworth, fall 2011 – spring 2012.

Figure A33. Distribution of annual shoreline change values at Fort Wadsworth, spring 2011 – spring
2012.
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Conclusion
The spring 2011 – spring 2012 survey period was marked by the impact of Hurricane Irene in August
2011. As a result, the shoreline displacement at most of the units of Gateway depicts the erosional
displacement in the first season, and a recovery in the subsequent season. Whether the net effect was
negative or positive is somewhat influenced by other actions that altered the input of sediment into
the alongshore system. All of the shoreline areas in Gateway are under the influence of some updrift
manipulation or restriction on sediment availability, either positive or negative. It is difficult to
separate the immediate effects of these manipulations because they cause changes beyond the oneyear span of this report. However, with the addition of surveys from previous years, a better
understanding of the trends of the changes and the impacts of the human manipulations will begin to
emerge.
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