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Executive Summary 
The costs and the effectiveness of five recently constructed living shoreline projects in New Jersey were 
evaluated.  The projects selected are representative of the diversity of the project types found in New 
Jersey.  They range in size from large to small, from simple to complex, and from relatively inexpensive to 
costly.  At several sites, cost information was also obtained for nearby conventional gray shoreline 
treatments.  This allowed for a qualitative comparison between green and gray alternatives.  The cost 
information for each project was provided by organizations involved in their funding, design, and 
construction.  The level of detail provided varied significantly.  All provided costs were compiled and 
grouped into categories for analysis and comparison.  It should be noted that not all of the cost estimates 
included enough detail for a complete cost breakdown, therefore the results need to be interpreted 
cautiously.   

The total cost for the five living shoreline projects in the study ranged from $88 per linear foot to $2,018 
per linear foot.  The five conventional alternatives ranged in cost from $462 per linear foot to $3,448 per 
linear foot.  In general, the smallest, least complex project of each type was the least expensive, and the 
largest, most complex project was the most expensive.  Overall, design and permitting costs, maintenance 
and adaptive management costs and monitoring costs were higher for the living shoreline projects than 
for conventional projects; however, construction costs for the living shoreline projects were generally 
lower.  Some of the living shorelines projects were constructed either partially or wholly with volunteer 
labor which helped reduce costs.  

In terms of the distribution of the costs associated with each project type, significant differences were 
found.  For the living shoreline projects, materials and labor made up a wide range (34.5% to 91.8%) of 
the total project costs.  For the conventional projects, materials and labor consistently made up the largest 
proportion (88.9% to 98.6%) of the total cost.  The split between materials and labor was different as well; 
construction costs were more evenly split between materials and labor for the living shoreline projects, 
while they were more heavily weighted towards material costs for the conventional projects.  Design and 
permitting, monitoring, maintenance, and adaptive management costs, all made up a greater proportion 
of the cost of the living shoreline projects.  This is driven in part by the relative inexperience with living 
shoreline projects within the state that often increases the permitting and monitoring costs, and in part 
by the way in which maintenance and adaptive management is viewed/interpreted.  For living shoreline 
projects, maintenance and adaptive management is often considered up front, as a part of the initial 
planning process and the collected cost information reflects that; whereas for conventional projects, 
maintenance and adaptive management are often considered separate projects entirely and therefore 
these costs are not contained in the information provided.   For some of the living shoreline projects, the 
non-construction costs were found to be more than double the construction costs.   

The long-term costs of all the projects were estimated using a framework developed as a part of the 
Hudson River Sustainable Shorelines Project (HRSSP).  The framework was chosen because of its 
adaptability, including the ability to modify and add new cost categories.  The framework requires a set 
of assumptions related to interest and discount rates, sea level rise, damage potential, and maintenance 
including replacement.  One of the main conclusions from the long-term cost analysis was that the costs 
of the living shoreline projects are more evenly distributed through time, while the costs for the 
conventional shoreline stabilization approaches are more concentrated.  The major costs associated with 



 

all of the conventional structures were associated with initial construction costs and replacement costs, 
while the living shoreline projects were more influenced by maintenance, monitoring, adaptive 
management, and damage costs.   

The effectiveness of the living shoreline projects was evaluated by analyzing and comparing pre- and post-
construction shoreline changes and comparing them to a nearby control site.  Overall, three of the five 
living shoreline projects (Berkeley Island, Gandys Beach, and Matts Landing) were found to be clearly 
effective at stabilizing the shoreline in their respective project areas, and in some cases even promote 
shoreline advancement (Gandys Beach and Matts Landing).  The results of the shoreline stability analysis 
at the other two sites are less obvious due to the lack of high-quality historical imagery prior to project 
installation.  These two sites exhibited the lowest pre-construction rates of shoreline change and standard 
deviations of 40 to 65% of their annual rate of shoreline change post-construction.   

A second measure of effectiveness was evaluated for the three living shoreline projects that contain 
feature wave dissipation structures (Gardner’s Basin, Gandys Beach, and Berkeley Island).  For these 
projects, waves were measured offshore and inshore of the wave dissipation elements, and wave 
attenuation was calculated.  All three projects were found to be effectively attenuating waves.  At 
Gardner’s Basin, the majority of wave heights were reduced by 50% or more, while wave heights at 
Berkeley Island were reduced between 25% and 75%. At Gandys Beach, the wave attenuation was more 
variable, due to the complexity of the hydrodynamic conditions at the site; however, attenuation of 
between 0% and 50% was most common.   

The effectiveness of the gray alternatives was not evaluated as a part of this study because comparing the 
results to the living shoreline projects could result in misleading conclusions.  While bulkheads and 
revetments are generally very effective at maintaining the shoreline (particularly when newly 
constructed), the length of the study precludes consideration of some of the other long-term, effects 
which need to be considered if their effectiveness is to be directly compared to living shoreline projects.  

Overall, some of the key takeaways from the analysis of the cost and effectiveness data for the five living 
shoreline and five conventional shoreline stabilization projects were: 

1. Costs for both living shoreline and conventional shoreline stabilization projects were found to 
vary widely; however, the living shoreline project costs were generally lower.   

2. The distribution of costs for living shoreline and conventional shoreline projects were found to 
be different, with design and permitting, monitoring, maintenance, and adaptive management 
costs making up a larger proportion of the living shoreline project costs.  

3. The long-term cost of living shoreline projects was determined to be more evenly spread over 
time, while the costs of conventional projects were concentrated at discrete times representing 
initial construction and replacement.   

4. Three of the five living shoreline projects were found to be effective in reducing erosion 
compared to a nearby control. 

5. All three living shoreline projects containing wave-attenuating structures effectively attenuated 
waves although the degree of attenuation was found to vary. 

  









2 | P a g e  
 

 

Figure 1: Project location map. 

Methodology 
The main objectives of the study were to evaluate the costs and the effectiveness of each of the five 
projects.  Due to the inability of a single metric to adequately capture the performance across the range 
of project types selected, the costs and the effectiveness were considered separately. The methodologies 
for the independent cost and effectiveness analyses are described below.   

Cost Analysis 
The cost analysis consists of two separate parts.  The first part is a compilation of the actual costs involved 
in the design, permitting, construction, and management of each project.  Cost information for each of 
the projects was solicited from a variety of sources including project funders, project engineers, and the 
New Jersey Department of Environmental Protection (NJDEP).  Cost information was obtained for each 
project; however, the type of information and the level of detail provided varied from project to project.  
In some cases, actual costs were provided in extreme detail, in others, only a high-level breakdown of 
estimated costs was provided.  To supplement the analysis and enable a comparison between the costs 
of living shoreline projects and conventional gray shoreline stabilization projects, cost information was 
also solicited for nearby, recently constructed conventional, gray shoreline stabilization projects.  The 
information obtained for each project was broken down and categorized into the following groupings: 

● Mobilization  
● Materials  
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● Labor  
● Design and Permitting  
● Maintenance  
● Adaptive Management  
● Monitoring  

Tables containing the cost information for each project are provided in the body of the report, in as much 
detail as possible.  This is done to provide guidance for planning future projects; however, the reader is 
cautioned that costs for similar items can vary widely from project to project.  As an example, some cost 
estimates do not separate out labor and materials, while others do.  A cost for “living shoreline plantings” 
may refer to just the plants, or the plantings and the labor to plant them.  Throughout the document, a 
consistent color scheme (Mobilization - yellow, Materials – light green, Labor – orange, Design and 
Permitting - blue, Maintenance - gray, Adaptive Management - violet, Monitoring - dark green) is used for 
the various cost categories.    

The second part of the cost analysis is an adaptation of the long-term cost framework developed by Rella 
and Miller (2014) for the Hudson River Sustainable Shorelines Project (HRSSP).  The framework was 
developed to compare the costs of ten different shoreline stabilization approaches at three sites within 
the Hudson River Estuary under two sea level rise scenarios.  The ten stabilization approaches considered 
consisted of a mix of conventional, gray methods and ecologically enhanced, green approaches.  The 
framework was conceived with the objective of making it adaptable such that updated or new information 
could easily be integrated.  A brief description of the HRSSP framework and the updates incorporated into 
the current analysis is provided below.  Information on interpreting the long-term cost analysis tables is 
provided in Appendix A. 

Description of HRSSP Cost Analysis Framework 
The HRSSP cost analysis framework evaluated the long-term costs of ten different shoreline stabilization 
options at three sites, under two sea level rise scenarios.  For simplicity, costs were broken into four main 
categories: Initial Cost (IC), Maintenance and Repair Cost (MC), Damage Cost (DC), and Replacement Cost 
(RC).  IC were developed by considering each individual site and either developing a “reconnaissance level” 
cost estimate based on material and labor, or by direct application of a bulk cost (i.e. $X/linear foot).  All 
of the other costs were formulated as a percentage of the IC using the best available information and 
engineering judgement.  Maintenance and Repair Costs (MC) were described as the costs associated with 
inspecting and performing basic maintenance on the project.   Damage Costs (DC) were described as the 
costs to repair a project after a storm event. DC fall outside of the scope of typical MC and were calculated 
as the DC associated with a single occurrence of an event multiplied by the most likely number of 
occurrences of that event over a specified period.  The final cost category considered was Replacement 
Cost (RC).  RC was only applied to the specific approaches that would likely need to be replaced during 
the period considered in the analysis.  In the HRSSP report, sea level rise was taken into consideration 
through an assumed increase in the frequency of damaging storms and a corresponding increase in the 
amount of DC incurred over time.  All costs presented in the HRSSP report used a present value approach 
with 2012 as the base year.  Discounting and inflation were applied using the methodology and data 
contained in Construction Cost Estimating Guide for Civil Works (USACE, 2008) and Economic Guidance 
Memorandum, 12-01, Federal Interest Rates for Corps of Engineers Projects for Fiscal Year 2012 (USACE 
2012).  Based on the information in those documents, a discount rate of 4.0% and inflation rate of 1.7% 
were utilized.    
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Table 1: Annual water level exceedance probabilities (AEP) as determined by NOAA for Atlantic City, NJ.   

 
 

Table 2: Sea level rise (SLR) estimates under a moderate emissions scenario according to Kopp et al., 2019. 

 
 

Table 3: Expected frequency of 10, 25, 40 and 50-year return periods (Tr) under a moderate sea-level rise scenario. 

 

Additional Costs 
Based on recent experience in New Jersey, several new categories of costs were identified and included 
in the analysis.  The first relates to design and permitting.  Some of the early New Jersey living shoreline 
projects experienced significant delays in permitting which increased the overall costs.  Although recent 
experience suggests this has improved since the adoption of N.J.A.C. 7:7-6.24 (commonly known as the 
living shorelines general permit), the costs associated with engineering design and permitting continue to 
be an impediment for many small projects.  The costs associated with design and permitting are 
incorporated into the long-term cost analysis by including them as a separate one-time cost incurred at 
the start of the project.  

A new category of damage costs related to ice was also added.  This category was added based on recent 
experience where ice has caused significant damage to several New Jersey projects. Because relatively 
little information on the likelihood of ice damage exists, ice damage costs were treated differently than 
wave/surge damage costs.  For all projects susceptible to ice damage, it was assumed that two icing events 
would occur during the first period (2020-2040), one would occur during the second period (2040-2060) 
and none would occur during the third period (2060-2080). The incidence of ice damage was assumed to 
decrease over time due to global warming.  Since little information is available on the costs related to ice 
damage, an engineering estimate was used based on the assumed potential impacts to each type of 
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project from ice.  This is consistent with the approach taken in the HRSSP analysis to assign damage costs 
to wave/surge damage. 

Finally, a new cost category was added which includes monitoring and adaptive management (MA).  The 
decision was made to add this category as it is becoming increasingly obvious that monitoring and 
adaptive management are critical to the success of living shoreline projects. MA costs are included in the 
long-term cost analysis as a one-time cost incurred during the first period.  While it could be argued that 
monitoring needs to be continued beyond that, the reality is that most projects are only monitored very 
early on.  For the purposes of the cost analysis, any modification to a project occurring during the second 
or third analysis period are assumed to be either Maintenance Costs (MC) or Damage Costs (DC) and not 
adaptive management. 

Local Costs Adjustment 
All costs were updated to reflect the most recent costs contained in the information provided for each 
project.  In cases where more up-to-date local information was not available, the default values used in 
the HRSSP report were utilized.  For the new cost categories, engineering estimates were used if specific 
project data was not available (same approach as HRSSP).   

Effectiveness 
Each of the selected project sites is situated in a diverse environment; however, all share the common 
objective of reducing shoreline/edge erosion.  Several of the projects attempt to do this by lining the edge 
with an erosion resistant material (coir roll and/or stone).  The others attempt to reduce the incident 
energy (typically wave) before it reaches the shoreline.  The effectiveness of the projects was evaluated 
by measuring how well they 1) stabilize the edge and 2) reduce wave energy.    

A two-year field campaign spanning fall 2018 to spring 2020 focused on monitoring the effectiveness of 
each site is detailed below.  The field campaign included at least biannual surveying of the shoreline and 
water level/wave attenuation data collection (at the sill and breakwater sites).  Data collection campaigns 
were performed on the following schedule: fall/winter 2018 (F/W 2018), spring/summer 2019 (S/S 2019), 
fall/winter 2019 (F/W 2019) and spring/summer 2020 (S/S 2020).   

Shoreline Stability 
One of the most common engineering objectives of living shoreline projects is to reduce erosion along 
exposed shorelines, while at the same time preserving or creating habitat.  The effectiveness of a 
particular project can be determined by comparing the shoreline change rate at the location of interest 
and a nearby control site, to the historical shoreline changes.  Comparing post-construction changes to 
historical changes provides information as to whether conditions are improving, while comparing to an 
adjacent site puts this information into context with changes occurring in the system as a whole.  In other 
words, if things have improved, is it due to the project, or a change in the conditions experienced 
throughout the larger system.  Surveys intended to capture both the temporal and spatial context are 
commonly referred to as following the BACI (Before, After, Control, Impact) approach (Yepsen et al., 
2016).   

Shoreline stability has been evaluated over the duration of this project using a combination of RTK GPS 
(real-time kinematic global positioning system) surveying and UAV (unmanned aerial vehicle; or drone) 
imagery.  Shorelines, vegetation lines, and/or the extent of any vertical scarps at some project sites were 
tracked using RTK GPS and used to supplement the UAV imagery collected at all sites.    Images captured 
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Table 5: Wave attenuation data collection dates.  Two datasets were collected at Berkeley Island during the spring/summer of 
2019; they are differentiated in name as A and B. 

 
 

During each instrument deployment, the waveloggers sampled at a minimum of 10 Hz for 59 minutes 
every hour.  The near-continuous water-level time-series at each location were divided into synchronous 
18-minute bursts starting at minute 1:30, 21:30, and 40:30 during post-processing. These bursts were 
processed to remove the tidal signal. A 60-second moving average was used on each burst to approximate 
the mean water surface, which was then subtracted from the readings. The moving average filter shortens 
each burst to 17 minutes. Once the mean water level was removed, a zero upcrossing approach was used 
to identify individual wave events.  Wave statistics were calculated for each burst including both 
significant wave height (average of the highest 1/3rd of the measurements) and maximum wave height.    

Wave attenuation can be reported in several ways.  In this analysis, attenuation is presented as percent 
reduction, which is defined as: 

𝑅𝑅 =
𝐻𝐻𝑜𝑜 − 𝐻𝐻𝑖𝑖
𝐻𝐻𝑜𝑜

𝑥𝑥100 

where Ho and Hi are the wave heights offshore and inshore of the structure, respectively.  Waves 
measuring less than 1 cm were not included in the analysis as they are near the sensitivity limit of the 
instruments.    At Berkeley Island and Gandys Beach, the percent reduction calculation was based on the 
significant wave height for each sampling period.  At Gardner’s Basin, the maximum wave height during 
each sampling period was used instead, because the majority of the wave energy is related to boat wakes.  
Boat wakes are episodic events, which would not be accurately represented by an average wave height 
statistic such as significant wave height.  

Berkeley Island County Park 
Site Description 
Berkeley Island is located in Berkeley Township along the western shore of Barnegat Bay in Ocean County.  
Originally an island, the landmass that is currently home to the John C. Bartlett, Jr. County Park was 
connected to the mainland at some point between 1956 and 1963 (Miller et al, 2014). In the early 2010’s 
Ocean County began to develop plans to restore several eroding shorelines within the park.  Of immediate 
concern was the southern facing shoreline, which by 2010 had eroded to the extent that it was threatening 
the main parking lot.  Rather than simply constructing a bulkhead or placing riprap along the shoreline, 
the county collaborated with the NJDEP and Stevens to develop one of the first large scale living shoreline 
projects in a moderate-high energy environment in the state.  Stevens developed a conceptual design for 
a stone sill structure with several gaps using their engineering guidelines (Miller et al., 2014).  The county 
then worked with their consulting engineer (T&M Associates) to refine and ultimately build the project. 
During the design phase, the consulting engineer identified extremely unstable subsurface conditions 
during its geotechnical investigation.  The creative solution proposed and ultimately constructed by the 
design engineer was to introduce a low-crested wooden bulkhead spine.  The spine runs through the 





11 | P a g e  
 

 

 

Figure 4: Google Earth Image (May 2019) showing Berkeley Island County Park, Berkeley Township, NJ, at two scales.  The red 
and blue lines on the left in the top image are the baseline for the control area of the shoreline stability analysis.  The red and 

blue line, landward of the breakwater/sill structures, is the baseline for the project area used in the shoreline stability analysis.   
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Figure 9: Site map and project photo of the Gardner’s Basin living shoreline site. 
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Figure 10: Orthomosaic from Imagery collected on May 7, 2020, showing Gardner’s Basin, Atlantic City, NJ.  The red and blue 
line located landward of the sill is the baseline for this project site that was used in the shoreline stability analysis.  There is no 

suitable control area for this project site as the surrounding region is bulkheaded and developed. 
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longshore variability, overall, the shoreline change rates are in the +/- 1ft/yr range at both the control and 
project sites both prior to and after installation.   

 

 

Figure 18:  Post-installation shoreline stability analysis for Strathmere living shoreline.  Analysis is based on imagery collected by 
the UAV as part of this study. 

 

Table 18: Summary of the Strathmere shoreline stability analysis for the project and control areas both before and after the 
installation of the project in 2016/17.  Negative rates of change represent net erosion of the vegetated shoreline. Standard 

deviation is a measure of uniformity with low values indicating the changes are uniform across the site and large values 
indicating a high degree of variability. 

 

In summary, the shoreline stability analysis indicates a stable shoreline, with a slight decrease in the 
overall erosional rate for both the control and beach areas.  This small site-wide decrease suggests that 
the erosive conditions have stayed the same or decreased in the time since the project’s 
installation.  While the shoreline has not experienced an increase in erosion, shortly after the project’s 
installation significant damage was caused by winter icing.  The ice removed the coir logs and damaged 
much of the newly planted vegetation. As of the writing of this report, no repair or adaptive management 
has been performed.  While no measurements were made post-installation in the area of the stone toe, 

Control Area Beach Area 
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Figure 20: Orthomosaic created from UAV imagery collected on April 6, 2020, showing the Gandys Beach, Downe Township, NJ.  
The red and blue lines to the North (top) are the baseline for the control area of the shoreline stability analysis.  The red and blue 

line, landward of the Oyster Castle structures at the bottom of the image is the baseline for the project area used in the 
shoreline stability analysis. 
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Table 22: Long-term cost estimate for the Gandys Beach wood bulkhead project. Ext – Extended, ?? - Unknown. 

 

Table 23: Long-term cost estimate for the Gandys Beach steel bulkhead project. Ext – Extended. ?? - Unknown 

 

Table 24: Long-term cost estimate for the Gandys Beach composite bulkhead project. Ext – Extended. ?? - Unknown 
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Figure 23: Significant wave heights, percent reduction and inshore water level for Gandys Beach during the fall/winter 2018 
monitoring period. All percent reduction values are shown in gray, and purple stars were added to highlight periods when 

offshore significant wave heights exceeded 5 cm. 

 

 

Figure 24: Histogram describing the distribution of percent reduction values at Gandys Beach during all deployments for 
offshore maximum wave heights greater than 1 cm (gray) and greater than 5 cm (purple). 
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standard deviation values within the project area is largely being driven by the southern few transects, 
which exhibit more variability.  As discussed above, the pre-installation values are not considered reliable 
because they are based on a limited amount of relatively low-quality data.  Comparing the post-
installation control and project shorelines suggests that, overall, the project has stabilized the shoreline 
within the project area. 

 

 

Figure 28: Post-installation shoreline stability analysis for Matts Landing living shoreline.  Analysis is based on both historical 
images provided in Google Earth and imagery collected by the UAV as part of this study. Historical Imagery is shown as a solid 

line; drone surveys are shown as dashed lines. 

 

Table 28: Summary of the Matts Landing shoreline stability analysis for the project and control area both before and after the 
initial installation of the project in 2010.  Negative rates of change represent net erosion of the vegetated shoreline. Standard 

deviation is a measure of uniformity with low values indicating the changes are uniform across the site and large values 
indicating a high degree of variability. 

 

As a supplement to our analysis, we can look at the results obtained by the PDE for the years 2010 to 
2016.   PDE has been surveying (via RTK GPS) the vegetation line in and around Matts Landing on an 
approximately yearly basis since 2010.  Vegetation lines from the surveys at both the marsh treatment 

Project Area Control Area 
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APPENDIX A  

Interpreting the Long-term Cost Analysis Tables  
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Figure 30: Basic layout of cost of long-term cost analysis tables. Each row in the body of the table corresponds to a different type 
of cost, which is estimated as a percentage of the initial cost (IC). Columns illustrate the cost break down as a function of time, 

i.e., how much expense can be expected during each period. 

 

Figure 31: The recurrence of storm damage costs is a function of the frequency of the storm event.  The first highlighted column 
is the present-day description of the storm.  The subsequent highlighted columns describe the number of times a storm of the 

given magnitude is expected to occur in each period.  The number of expected occurrences increases with time due to sea level 
rise.  For the damage categories that are not related to storm frequency based on water level exceedances (RC, MC, MA, and 

ice), the number of events simply describes the number of times the cost is incurred during each period. 
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Figure 32: The costs incurred in each category during each period are the number of events times the cost per occurrence, which 
is calculated as a percentage of the IC.  Adjustments are made for inflation and discounting.  The total long-term cost for each 

category of expense is obtained by summing the costs in each category over the three periods. 

 

Figure 33: The total post-construction costs are the sum of the DC, RC, MC, MA, and ice damage costs.  Design and permitting 
costs are considered separately.  The total long-term cost is the sum of all of the project costs.  The last column shows how the 

total long-term costs are distributed amongst the various categories. 
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APPENDIX B 

Wave Attenuation Summary Plots 
 

Each figure contains two plots.  The upper plot shows the wave measurements (H1/3 – significant wave 
height, or Hmax – maximum wave height) made offshore (green dots) and inshore (blue dots) of the wave 
attenuation structures.  For reference, a line indicating a wave height of 5 cm is also shown.  Only wave 
heights in excess of 1 cm are shown in the plots.  The lower plot shows percent reduction; percent 
reduction values when the offshore waves are larger than 5 cm are shown with a purple star, while values 
for smaller waves are shown with a grey dot.  The water level measured inshore of the structure is shown 
for reference.   
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Figure 34: Significant wave height and percent reduction for Berkeley Island fall/winter 2018 deployment. 

 

Figure 35: Significant wave height and percent reduction for Berkeley Island spring/summer 2019 A deployment. 
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Figure 36: Significant wave height and percent reduction for Berkeley Island spring/summer 2019 B deployment. 

 

Figure 37: Significant wave height and percent reduction for Berkeley Island fall/winter 2019 deployment. 
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Figure 38: Significant wave height and percent reduction for Berkeley Island spring/summer 2020 deployment. 

 

Figure 39: Significant wave height and percent reduction for Gardner’s Basin fall/winter 2018 deployment. 
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Figure 40: Significant wave height and percent reduction for Gardner’s Basin spring/summer 2019 deployment. 

 

Figure 41: Significant wave height and percent reduction for Gardner’s Basin fall/winter 2019 deployment. 
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Figure 42: Significant wave height and percent reduction for Gardner’s Basin spring/summer 2020 deployment. 

 

Figure 43: Significant wave height and percent reduction for Gandys Beach fall/winter 2018 deployment. 


