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Component 1. Specific research question: To what extent do existing tidal salt
marshes and maritime forests buffer the adjacent built environment from an
extreme event like SuperStorm Sandy?

To determine the spatial extent of salt marsh and maritime forest fronting the near-shore
building infrastructure we have measured the distance from the coastal water across the
intervening marsh, forest and adjacent urban land use along the path of the dominant
storm surge direction for a case study of municipalities in the Barnegat Bay region of New
Jersey. We focused on back-bay communities exposed to storm surge from coastal
estuarine waters, rather than ocean front development.
Background: SuperStorm Sandy hit the New Jersey coast on October 29 into October 30,
2012. Meteorological and hydrological data collected at the Waretown, NJ station (midway
down Barnegat Bay on the mainland side) of the Davidson Laboratory’s Urban Ocean
Observatory provided insight into the physical conditions during the event (Figure 2). The
wind direction was approximately 30o as the storm approached, then switched to 165o
after the eye crossed inland around 6 pm on the 29th. Wave heights were highest as the
storm approached, then calmed as the eye crossed and then picked up again briefly. The
following reconstruction is based on Blumberg et al. (2014). At the oceanfront, Sandy’s
peak surge occurs at 20:00 EDT on October 29th, coinciding with the astronomical spring
high tide there. Water levels reach an elevation of 8.25ft NAVD88 on the oceanfront and
1.75ft NAVD88 in the upper Bay Peak water levels in the upper Bay occur 7 hours after the
peak surge on the oceanfront, and reach an elevation of 7.25ft NAVD88 with widespread
flooding along the entire Barnegat Bay shoreline (Blumberg et al., 2014). Water levels in
the Bay slowly receded over the day on October 30th but were still above flood level by
midnight on October 31st.

Figure 1. Meteorological and hydrological data collected at the Waretown, NJ station of
the Davidson Laboratory’s Urban Ocean Observatory.
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Methods:
Quantify Disturbance Buffering Effect on built infrastructure
Using existing storm surge and wave/current modeling outputs available from the New
York Harbor Observing and Prediction System (NYHOPS, Urban Ocean Observatory;
http://hudson.dl.stevens-tech.edu/SSWS/)) for the date of SuperStorm Sandy landfall on
October 29, 2012, three separate buffer analyses were conducted:
1) perpendicular distance (in feet) from the main body of Barnegat Bay-Little Egg
Harbor;
2) 30o from North; and,
3) 165o from North (Figure 3).
Spatial analysis techniques in ESRI ArcMap were used to generate directional distance
buffers along the three trajectories. The separate and cumulative linear extent of marsh,
forest, and urban land separating the property from the coastline was then determined
measured (in feet) for each parcel. High spatial resolution land use/land cover data (as part
of the Rutgers CRSSA GIS DataBank) provided information on the spatial extent of salt
marsh and maritime forest. Marsh, forest and urban distance are measures of linear feet
between open water and the property and are expected to vary negatively with damages.
A methodology using ESR ArcGIS spatially modelling techniques has been developed to
calculate the distance between the individual housing unit (for which we have damage
data) and the closest coastal water in the selected direction. For each of this directional
transects the traversed distance across salt marsh, forest and urban development is
calculated (Figure 2). High spatial resolution land use/land cover data (as part of the
Rutgers CRSSA GIS DataBank) provided information on the spatial extent of salt marsh and
maritime forest.
The cross-bay wind fetch distances along the 30 and 165 degree trajectories (i.e., distance
across the bay at the specified angle to the start of each distance buffer along the
shoreline) were also recorded for each parcel. Wind fetch was determined using the
"SPM" method as listed in the USACE 'Shore Protection Manual.' In contrast to a single
wind direction, the SPM method produces a wind fetch that is the arithmetic mean of nine
radial measurements of 3-degree increments around the target wind direction (Rohweder
et al., 2008).
In addition, perpendicular distance was measured from any tidal water body (i.e., any tidal
creek or lagoon as well as the main body of the bay). Lagoonal communities (i.e. areas where
the marsh and upland had been dredged to create boat access to the main body of the bay via a
lagoon and the dredge spoil dumped to form long fingers of land that were subsequently
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developed into residential housing) were identified on recent aerial photography and there
boundaries digitized. In many lagoonal communities, a parcel might be relatively distant from
the main body of the bay but directly adjacent to tidal water.

Figure 2. Graphic illustrating the three distance buffer trajectories: 30 o, 165o and
perpendicular. Note that only the perpendicular buffers are shown for the combined
marsh-forest-urban and urban-only examples.
Additional information was derived as to the physical characteristics of each parcel. Elevation
mean and standard deviations were derived from the USGS digital elevation model (1meter
DEM available through the National Enhanced Elevation Assessment
https://nationalmap.gov/3DEP/documents/enhanced_elevation_data.pdf). Parcels with higher
elevations are expected to suffer less physical damage as the result of flooding, holding all else
constant. The Federal Emergency Management Agency (FEMA) defines base flood elevation
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(BFE) as “computed elevation to which floodwater is anticipated to rise during the base (100
year) flood.” It is “the regulatory requirement for the elevation or floodproofing of structures”1
and is expected to be positively associated with flood damage. BFE and Floodzone values are
the majority value observed for each parcel. While BFE is a numeric value, it is treated as
nominal in this analysis.
This database was then matched to property value data from the New Jersey Mod-IV
property tax database3, and to Sandy-related flood and payout data from the National
Flood Insurance Program administered by FEMA for each individual parcel. The NFIP,
administered by the Federal Emergency Management Agency (FEMA), offers flood
insurance coverage for residential structures of up to $250,000 (or in some cases up to
$500,000 for larger structures) and up to $100,000 in coverage for damage to contents in
communities that adopt floodplain management ordinances and practices outlined by
FEMA.2 Discounted premiums are available in communities that undertake measures that
exceed these minimum requirements. In total, over 144,000 NFIP claims for over $8.1
billion in flood damage were paid for properties affected by Hurricane Sandy in October
2012.3 In New Jersey, of 75,000 claims filed, NFIP had paid a total of $3.9 billion to 58,055
policy holders as of January 2015.4 Rutgers University has been given access to the FEMA
NFIP Payout Data for SuperStorm Sandy and has a memorandum of understanding with
FEMA to be able to use the data for research purposes. These data sets have been addressmatched and QC’d for locational accuracy to tie the damage records to the parcels. In
addition, we also examined the) FEMA Preliminary Property (MOTF) damage assessment
(FEMA, 2012).
Statistical Methodology
The objective is to estimate the relationship between the spatial extent and characteristics of
fronting coastal wetlands with the various damage metrics (described above) to the adjacent
built environment to quantify the level of ecosystem services related to buffering storm-related
disturbance.

1

https://www.fema.gov/base-flood-elevation
http://www.state.nj.us/treasury/taxation/lpt/TaxListSearchPublicWebpage.shtml
2
See NFIP website: https://www.floodsmart.gov/floodsmart/pages/faqs.jsp.
3
“The Flood Insurance Claims Process in Communities after Sandy: Lessons Learned and Potential Improvements,”
Statement of FEMA Administrator Craig Fugate before the U.S. Senate Committee on Banking, Housing and Urban
Affairs, July 30, 2014.
4
Gurian, Scott, “Explainer: Why Many Sandy Victims are Frustrated with their Insurance Companies,”
njspotlight.com, January 20, 2015.
3
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Similar to Boutwell and Westra, the initial baseline model is an ordinary least squares model, of
the form
NFIPi =α + β1x1 + β2x2 + β3x3 + β4x4 + β5x5 + β6x6 + β7x7 + β8x8 + ei
where NFIPi is monetary damage sustained by a parcel as measured by National Flood
Insurance Program payouts, x1 is the average elevation of the parcel in feet, x2 is the base flood
elevation (BFE) for the majority of the parcel, x3 is the distance in linear feet of marsh buffer
measured from the shoreline adjacent to the parcel, x4 is the distance in linear feet of forested
land between the shoreline and the parcel, x5 is the distance in linear feet of urban land cover
between the shoreline and the parcel, x6 is the assessed value of the structure on the land in
2012 (the year of the storm)5, x7 is a residualized form of the maximum flood depth measured
at the parcel6, and x8 is a count variable controlling for parcels containing more than one
property that may have sustained damage. Additional models add a vector of binary variables
for municipalities and property type, a squared marsh term, a measure of storm directionality
and a comparison of inside vs. outside lagoonal communities.
Results
The resulting dataset contained 30,224 parcels, of which 12,964 received NFIP payouts (some
of these were excluded from the modeling due to missing data). The 30,224 parcels and the
12,964 with payouts are shown in Figure 3. Based on further quality control, plots that failed
internal logic tests (i.e., plots where the payout > parcel property value) were excluded, leaving
a total of 9,706 parcels. There were 8015 lagoonal community parcels vs. 1691 non-lagoonal
community parcels. These data were extracted and transferred to Co-I Irving for statistical
analysis. Exploratory data analysis shows that while the majority of lagoonal community parcels
had less than 1000’ marsh buffer, a sizeable number had marsh buffer distances of 1000 to
7000’ (Figures 4 and 5). The inclusion of Forest buffer distance did not change the results
substantially.

5

Because land value is largely a function of proximity to the shoreline, this variable would be expected to control for
much of the same variation as is already captured in the urban and forest distance variables. As such, the land value
was excluded from the analysis.
6
Flood depth, calculated by the FEMA Modeling Task Force (MOTF) measures “the depth in feet of inundation at
each structure point relative to the ground surface.” This variable is included in order to capture any influence of
flood depth not detected by the other independent variables. Because this variable may also be a function of other
predictors in the model, a residualized form of the variable was used.
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Figure 3. Distribution of NFIP Payouts.
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Figure 4. Histogram of number of parcels vs. buffer width for parcels within vs. outside of
lagoonal communities: A) marsh only; b) marsh + forest.
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Figure 5. NFIP Payout vs. Marsh Buffer Distance. Lagoonal community: black circles, NonLagoonal Community red circle.
Table 1. Correlation between NFIP Total Payout and potential explanatory variables.
NFIPTotalPaid
NFIPCount
ElevationMean
MOTFDepthCombo
Building_Assmnt_2012
TidalWaterDistance
BFEMajority
LagoonalCommunity
WaterDistanceMean165Degrees
ForestBufferDistance
MarshBufferDistance
UrbanBufferDistance
WaterDistanceMean30Degrees

0.2119
-0.1851
0.1726
0.1271
-0.1159
0.0852
0.0804
-0.0772
-0.0510
0.0275
-0.0214
-0.0187
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We tested a series of ordinary least squares models to measure monetary damages for parcels
that received NFIP payouts as a function of marsh buffer, other geographic features, property
value, storm severity and whether the parcel was a part of a lagoonal development (i.e., where
the marsh or upland was dredged to create a series of finger canals/lagoons with the
intervening space developed with housing). We applied VIF (variance inflation factor) analysis
to every regression to reduce collinearity. Adjusted VIF for each variable was under 3 (target
threshold < 5) with the vast majority being <2.
Overall, there is a very weak relationship (R-squared of 0.184) between NFIP Payout and the
multiple variables regression analysis (Table 2). NFIP Count, which is a measure of the number
of buildings on a parcel, and Building Assessed Value were highly significant. Elevation, and BFE
Depth were highly significant (with Pr(>|t|) of 2.25E-82 and 6.19E-15 respectively). As expected
as elevation gets higher, NFIP Payouts decrease and vice versa for BFE depth. Whether a parcel
was within a lagoonal community was highly significant (with Pr(>|t|) of 1.52E-11). While
Marsh and Urban Buffer Distance were significant (with Pr(>|t|) of 8.66E-33 and 0.00015,
respectively), the coefficient was positive (i.e., NFIP payouts increased with increasing Marsh
Buffer distance). Forest Buffer Distance was not significant (i.e., Pr(>|t|) < 0.05) as were the
Directional Fetch Distance variables (WaterDistance30Degrees and WaterDistance165Degrees).
Tidal Water Distance was significant (Pr(>|t|) < 0.05) 3.99E-05) with the expected negative sign
(i.e. as a parcel gets further from tidal water NFIP payouts decrease).
Table 2. Results of Econometric Analysis
Sample Size

F(19, 9686)
Prob > F
9706
108.91
Estimate

intercept
nfipcount
elevationmean
forestdistancemean
marshdistancemean
urbandistancemean
bfemajority
building_assmnt_2012
waterdistancemean30degrees
waterdistancemean165degrees

-22516
32715.92
-28758.9
-1.79108
4.054442
3.557629
6038.491
0.022506
0.045846
-0.01831

Std. Error

R-Squared
Adj-R2
0
0.184
t value

8822.65
1518.279
1482.63
1.851617
0.3333607
0.8117531
885.856
0.0023297
0.0441911
0.0548869

0.182

Pr(>|t|)
-2.55
21.55
-19.4
-0.97
12.16
4.38
6.82
9.66
1.04
-0.33

0.011
0.000
0.000
0.333
0.000
0.000
0.000
0.000
0.300
0.739
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tidalwaterbuffermean
lagoon
motf_depth_combo_resid

-13.0167
6596.054
-15.5969

2.673717
1499.236
454.7523

-4.87
4.4
-0.03

0.000
0.000
0.973

*Highlighted variables have significant coefficients.
** “lagoon” is a dummy variable for a location in a lagoonal community (1=Y, 0=N).

Separate models were run for lagoonal and non-lagoonal communities. The overall R
squared for the lagoonal model was still quite weak (R2 = 0.157). The variables of Elevation,
BFEMajority, Marsh distance (positive as ever), and Urban distance were significant. For
non-lagoonal communities, the overall model had a stronger R-square (R2 of 0.423). In
addition to NFIP Count and Building Assessed Value, Elevation and Marsh Buffer Distance
were significant variables.
The following are our key take-home messages based on our interpretation of the modeling
results:
1) Being in lagoonal communities, increases the NFIP payouts by $6,596 (based on
regression coefficient).
2) Elevation and BFE Majority has biggest effect: Elevation (-$29,399) and BFE ($7,549).
3) Elevation effect stronger in Non-lagoonal communities.
4) Distance from Tidal Water (Tidal water buffer mean) has an effect in the composite and
lagoonal models but no effect in the non-lagoonal regression model.
5) Urban Buffer Distance has a weak effect in the lagoonal and composite models.
6) Marsh Buffer Distance has a weak effect but in wrong direction (i.e., in a
counterintuitive positive fashion with increasing marsh buffer increasing the NFIP
payouts).
This last point needs further discussion. We went into this project assuming that
increasing marsh buffer distance would lower NFIP payouts. However, our analysis
shows the opposite effect. We explain this result this way, a vast majority of the
parcels within the Barnegat-Great Bay study area (excluding the barrier island parcels
and focusing on the mainland parcels) that received NFIP payouts were located in
lagoonal communities. By their very nature many lagoonal communities were built
directly atop coastal marshes and are generally surrounded by marsh; the parcels
within lagoonal communities show higher marsh buffer distances then most developed
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parcels outside lagoonal communities. But because these lagoonal communities sit at
comparatively low elevation and directly adjacent to tidal water, they are highly
vulnerable to storm surge damage.
A perfect illustration of this is the Mystic Island lagoonal development (Figure 6). Even
though this community is buffered from Great Bay by extensive coastal marsh buffer,
the community was heavily damaged by SuperStorm Sandy with many parcels receiving
NFIP payouts. In the case of SuperStorm Sandy, the storm surge of 4-5 feet completely
submerged the fringing coastal marsh, thereby largely negating any storm buffering
effect these marshes might have under less extreme conditions. Further, the finger
canals (lagoons) have a direct connection to the tidal estuary and thereby rise with the
storm surge. With most of the homes built only several feet above MHHW and many
not elevated on pilings, this development was highly vulnerable to SuperStorm Sandy.
In our case study, coastal marshes did not have a significant positive effect in buffering
these lagoonal communities from extreme storm surge, as we experienced with Sandy.

Figure 6. Aerial image of Mystic Island development, near Tuckerton, New Jersey.
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A key limitation to this methodology was that data were not available on
properties with flood damage that were not compensated by NFIP payouts. It is not
clear how much non-NFIP-covered flood damage may have occurred and these
damages are not captured in the analysis. We did not have data on the existence of
NFIP policies for properties that did not receive payouts for flood damage; for this
reason, all properties that did not receive payouts – including possible NFIP-covered
properties that did not suffer damages – were thus excluded from the analysis. This
also limited our ability to implement models estimating or controlling for the
probability of flood damage as measured by the presence of an NFIP claim or payout.


Component 2. Specific research question: What is the prognosis for long-term
persistence of salt marshes under sea level rise?
We have continued to build on our conceptual model of salt marsh vulnerability
that includes seaward edge erosion, platform “elevation capital”, and landward
migration (Figure 7). The objective is to be able to generate MarshFutures maps
which predict the fate for selected Areas of Interest (AOIs). Protocols initially
developed by project team members (Partnership for the Delaware Estuary and the
Barnegat Bay Partnership) prior to this project were further modified as we
experimented with GIS/statistical alternative approaches and field-tested the
surveying and sampling methodology during this NOAA COCA project. A revised SOP
document was developed and included in our data archive.

Figure 7. Marsh Futures mapping work flow
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Methods
To aid in place-based decision-making the above assessments are combined to generate
salt marsh vulnerability maps that highlight those geographic areas most susceptible to
conversion over the coming decades. The combined modeling and mapping was
undertaken at two different scales of analysis: site level (1-2 ha with a grain size of 1 m grid
cells) and landscape level (across entire state of New Jersey with a grain size of 10 m grid
cells). The results of the two scales were compared to determine: 1) the comparative
accuracy of the landscape scale approach for planning purposes; and, 2) the value of the
more refined site-level modeling approach.
Site level analysis
To project marsh vulnerability out into the future under different sea level rise scenarios for our
seven Areas of Interest (AOIs), we employed the Marsh Equilibrium Model (MEM). MEM
includes eco-geomorphic feedbacks and more realistically simulates how a salt marsh plant
community interacts with the physical environment to perpetuate that environment for the
survival of the salt marsh (within limits). The model is available on the University of South
Carolina website <jellyfish.geol.sc.edu/model/marsh/mem.asp>. As MEM is aspatial we
employed the following approach to use MEM to model marsh conversion spatially across our
MOIs. Each marsh elevation/vegetation zone (as determined above) were used as the
modeling unit and parameterized separately using either universal values determined from the
literature, local empirically-derived relationships based on their elevation or vegetation
characteristics or specific marsh zone in situ data (Table 4).
MEM was used to predict the Year of Initiation and Year to Complete Conversion (i.e., Year of
Drowning) for each MOI zone. Year of Initiation: this is the year that the average elevation of
the marsh platform in each MOI zone is below MW- that is the zone is under water ~more than
1/2 the time. The generalized lower elevation threshold for Spartina is MW, when an area sits
below this elevation, we can expect a general continued decline in the health of the vegetation
with will lower its impact on positive biophysical feedbacks associated with enhancing marsh
resiliency and health. This is the start of marsh drowning. Year to Complete Conversion: This is
the year that above ground biomass is expected to be reduced to 0 in each MOI zone. This will
be a later date than the year of initiation and is indicated the completion of the drowning
process, and complete conversion to mudflat/open water (i.e. the marsh is gone in the MOI
zone). These MEM model outputs were then joined back into the MOI zone GIS attribute table
to be able map the model outputs.
To assess marsh edge vulnerability, shoreline position change between 1977 and 2012 was
calculated for each MOI by measuring the change in distance between the shorelines. This
change was then translated into a shoreline erosion rate. Perpendicular transects from the
1977 shoreline to the 2012 shoreline were created using the Digital Shoreline Analysis System
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(DSAS. NJDEP Tidelands claims line (http://www.nj.gov/dep/gis/tidelandsshp.html) depicts
areas now or formerly flowed at or below mean high tide as of 1977. Once these transects
were created, the DSAS software was used to calculate the shoreline retreat rate (meters per
year). The erosion rate was interpolated between transect lines using inverse distance
weighting. The shoreline erosion rate was projected out to 2050 from the mean tide line (MTL)
shoreline as of the baseline year of 2012 to establish an estimated 2050 shoreline location. The
spatial zone located between the 2012 shoreline and the projected 2050 shoreline was
classified as a high likelihood of erosion. The grid cells representing the projected 2050
shoreline were classed as a moderate likelihood of erosion as these were the furthest distance
that shoreline edge erosion was expected to occur (and thus have a lower likelihood of erosion
occurring).
Landscape-scale Analysis
We employed the Sea Level Affecting Marsh Model (SLAMM; Ehman, 2012; USFWS, 2011) to
identify salt marsh areas across New Jersey’s coastal zone that may be vulnerable for
conversion to either mud/peat/sand flats (unconsolidated shore) or open water. We modeled
1 to 3 feet of sea level rise out to the Year 2050: (i.e., brackets the range of the expected rates
of sea level rise expected by 2050 with 1’ of SLR have the highest probability of occurring as
compared to 2’ and 3’; Miller et al. 2013; Lathrop et al., 2014). The NOAA Coastal Services
Center (CSC) provided a potential marsh change GIS map based on SLAMM using a ‘moderate’
level of vertical accretion (4 mm/yr over a 40 yr time frame form 2010 to 2050). 4mm/yr was
chosen based on best available information as to present rates of marsh accretion over the
broader study area (Titus et at al., 2009). Tidal marsh areas that are likely to be submerged and
converted to unconsolidated shore (i.e., mud/peat/sand flat) or open water under rising sea
levels were included as marsh conversion: unconsolidated shore and marsh conversion: open
water, respectively. As SLAMM has been developed as a GIS model, we used it to project
potential marsh conversion at a landscape-scale across the entire coastal zone of New Jersey.
One of the weaknesses of SLAMM is that it does not simulate dynamic eco-geomorphic
feedbacks that allow marshes to adapt to SLR by accelerating rates of elevation change; e.g.
constant rate of vertical growth assumed, when accretion rates generally increase non-linearly
with SLR (Kolker et al., 2010). Consequently SLAMM may underestimate elevation capital and
thereby overestimate marsh vulnerability (Kirwan et al., 2016). Due to these concerns, we
wanted to quantify the degree to which this bias might be applicable our SLAMM-based
statewide modeling.
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For the regional scale analysis shoreline position changes between 1977 (1977 Tidelands
Claimed line) and 2010 (as defined as the MTL shoreline from V-DATUM for the year 2010)
were mapped. Due to the regional scale analysis, the shoreline vectors were coarsened and
converted to 10meter resolution grid cells. The observed shoreline erosion rate layer was
determined from the perpindicular distance between the 1977 and 2010 shoreline positions.
The shoreline erosion rate was then projected out to 2050 from the 2010 MTL shoreline to
establish an estimated 2050 shoreline location. The area intervening between the 2010
shoreline and 80% of the projected 2050 shoreline was classified as a high likelihood of erosion.
If these stretches of high erosion likelihood shoreline were located along areas of open coast
with a higher wind fetch and wave energy, these shorelines were classed as having a higher
likelihood of shoreline erosion. Areas within +- 80% and 120% of the projected 2050 shoreline
were classified as a moderate likelihood of erosion. Areas landward of +20% of the projected
2050 shoreline location were classed as having a lower likelihood of erosion.
Composite Marsh Platform and Edge Vulnerability Maps
The SLAMM and MEM sea level rise scenarios outlined above were combined with the Marsh
shoreline erosion rate data into a composite probability of conversion map to able to compare
their results. At the landscape scale, the SLAMM model outputs were combined with our
regional marsh edge erosion maps and then classified using the schema outlined in Table 3.
The resulting outputs have been dubbed MarshRetreat maps. At the site level MOI scale, the
MEM and DSAS-derived projections were combined and classified using the scheme outlined in
Table 4. The outputs for the landscape-scale and site level scale modeling were extracted for
the MOI area and cross-tabulated to allow for comparison.
Table 3. Composite Probability of Marsh Conversion for coastal marshes under SLR for
landscape-scale
Probability of
Conversion
Highest
Probability
High
Probability
Moderate
Probability
Lower
Probability

Marsh Platform Criteria (derived from
SLAMM)
Converts to open water or
unconsolidated shore under 1 ft SLR
Converts to open water or
unconsolidated shore under 2 ft SLR
Converts to open water or
unconsolidated shore under 3 ft SLR
All other existing marsh

Marsh Edge Criteria (derived from
GIS analysis)
High likelihood of shoreline erosion
along open coast
High likelihood of erosion
Moderate likelihood of erosion
Low likelihood of erosion
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Table 4. Composite Probability of Marsh Conversion for coastal marshes under SLR for site level
scale
Probability
of
Conversion
Highest
Probability

Marsh Platform Criteria
(derived from MEM)

Marsh Edge Criteria
(derived from DSAS)

Drowns by 2050 (low SLR
scenario)

High
Probability
Moderate
Probability
Lower
Probability

Drowns by 2050 (high SLR
scenario)
Does not Drown by 2050
(either SLR scenario)
Does not Drown by 2050
(either SLR scenario)

High likelihood of
erosion along open
coast
High likelihood of
erosion
Moderate likelihood
of erosion
Low likelihood of
erosion

Results
Site-level MOI analyses
Examining the MEM Year to Conversion results suggests that the marsh platform for Delaware
Bay MOIs are not projected to convert till after 2133 under both low and high sea level rise
scenarios. The JC NERR MOI similarly is not projected to convert till after 2133 except for
several of the HM strata in the OMWM MOI. The two Barnegat Bay sites show the most
accelerated Year to Drowning projections with some strata converting by 2031 and all by 2084.
Interestingly the most vulnerable strata in the Cattus Island MOI were the HM and HHM strata.
Comparison of the maps of the Scored Vulnerability) and the MEM-modeled Year to Conversion
show similar spatial patterns with the most vulnerable areas concentrated in the interior
adjacent to existing areas of ponding. The Tuckerton MOI Scored Vulnerability) and the MEMmodeled Year to Conversion show similar corresponding spatial patterns.
The Shoreline Edge erosion analysis reveals very different patterns for the two Delaware Bay
MOIs, The Money Island site protected by levees is projected to experience only moderate
erosion while the Maurice River site is undergoing intense erosion with rates upwards of 1.0-1.5
meters per yr. The Barnegat Bay sites are also experiencing shoreline erosion but with
maximum rates of 0.75 meters/yr. The shoreline erosion rates of JC NERR sites vary by
geomorphic position. The OMWM on the inside of a tidal creek meander appears to be
accreting, while the Unaltered site on the outside of a tidal creek meander shows slight erosion.
The open bay shoreline of the GridDitched site is experiencing higher levels of edge erosion
evidenced by its indented shoreline.
17

The outputs for the landscape-scale (Marsh Retreat) and site level (MEM + DSAS) scale model
composites were extracted for each MOI (Table 5) and cross-tabulated to allow for comparison
(Table 6). The results for the two approaches show close correspondence with a one-to-one line
(Figure 8). The Tuckerton MOI shows a mismatch with the site level model classifying 33% of
the site as High likelihood of conversion (with no landscape scale results in this category) while
the landscape-scale model classified 35% of the site as Highest Likelihood of conversion (with
minimal site level results in this category) (Figure 8).
Table 5. Marsh Retreat areas of lowest, moderate, higher, and highest likelihood of marsh
conversion in hectares and percentage of AOI
Lowest
Total
Likelihood of
MarshRetreat AOI Area
Conversion
% of
hectares hectares
AOI
UNALTERED
1.71
1.214 71.12
OMWM
1.65
1.526 92.32
GRID
DITCHED
1.80
1.319 73.20
TUCKERTON
1.35
0.422 31.24
CATTUS
ISLAND
0.63
0.444 70.48
MONEY
ISLAND
1.26
1.258 100.00
MAURICE
RIVER
0.85
0.394 46.24

MEM+DSAS

UNALTERED
OMWM
GRID
DITCHED
TUCKERTON

Moderate
Likelihood
of
Conversion

Higher
Likelihood of
Conversion
% of
hectares
AOI hectares
0.173 10.13
0.266
0.1 6.05
0.027
0.186 10.32
0.235 17.39

0.297
0.161

16.48
11.92

0.00
0.53

0.00
39.45

0.104 16.51

0.021

3.33

0.06

9.68

0

0.00

0

0.00

0.00

0.00

0.004

0.47

0.454

53.29

0.00

0.00

Moderate
Lowest
Likelihood
Total
Likelihood of
of
AOI Area
Conversion
Conversion
% of
hectares hectares
AOI
hectares
1.6184
1.3923 86.03
0.0459
1.5374
1.5374 100.00
0
1.8576
1.1040

1.5657
0.8022

84.29
72.66

Highest
Likelihood of
Conversion
% of
% of AOI hectares AOI
15.58
0.05
3.16
1.63
0.00
0.00

0.0378
0.0964

Higher
Likelihood of
Conversion
% of
AOI hectares
2.84
0.18
0.00
0.00
2.03
8.73

0.25
0.01

Highest
Likelihood of
Conversion
% of
% of AOI hectares AOI
11.13
0.00
0.00
0.00
0.00
0.00
13.68
0.72

0.00
0.20
18

0.00
17.89

CATTUS
ISLAND
MONEY
ISLAND
MAURICE
RIVER

0.4041

0.2799

69.27

0.11 27.22

0.00

0.45

0.01

3.07

1.2607

1.2179

96.61

0.0093

0.74

0.03

2.66

0.00

0.00

0.0905

0.0195

21.55

0.0239 26.41

0.05

52.04

0.00

0.00

Table 6. Comparison of Marsh Retreat (SLAMM-Edge) vs. MEM-DSAS outputs.
Combined
Percentages
of AOI

Lowest Likelihood of Moderate Likelihood Higher Likelihood of Highest Likelihood of
Conversion
of Conversion
Conversion
Conversion
Marsh
Marsh
Marsh
Marsh
Retreat MEM+DSAS Retreat MEM+DSAS Retreat MEM+DSAS Retreat MEM+DSAS
UNALTERED
71.12
86.03
10.13
2.84
15.58
11.13
3.16
0.00
OMWM
92.32
100.00
6.05
0.00
1.63
0.00
0.00
0.00
GRID DITCHED
73.20
84.29
10.32
2.03
16.48
13.68
0.00
0.00
TUCKERTON
31.24
72.66
17.39
8.73
11.92
0.72
39.45
17.89
CATTUS
ISLAND
70.48
69.27
16.51
27.22
3.33
0.45
9.68
3.07
MONEY
ISLAND
100.00
96.61
0.00
0.74
0.00
2.66
0.00
0.00
MAURICE
RIVER
46.24
21.55
0.47
26.41
53.29
52.04
0.00
0.00
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Comparison of Marsh Retreat (SLAMM-Edge) vs. MEM+DSAS
100.00
90.00
80.00
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70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
0.00
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20.00

30.00
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80.00

90.00
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Marsh Retreat
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Figure 8. Comparison of Marsh Retreat (SLAMM-Edge) vs. MEM-DSAS outputs with one-to-one
line.
Statewide Analysis

The SLAMM-modeled results suggest modest change (<5%) in area under 1 and 2 feet of sea
level rise (Table 7). A large proportion of the expected conversion is predicted to occur in
Delaware Bay, in areas of former diked salt hay farms that were recently opened to tidal flow
and Spartina alterniflora marsh is re-establishing either as part of the PSE&G Estuary
Enhancement Program or through storm-caused breaches (Balletto et al. 2005; Philipp 2005).
Under an accelerated rate of 3 feet of rise the amount increases to nearly 14% conversion to
mudflat or open water. While for the 1-2 foot SLR scenarios most of the conversion is to open
water, under the 3 foot scenario the conversion to mud flat constitutes the majority of change.
When shoreline edge erosion is more explicitly factored in along with interior marsh platform
conversion, the composite results suggests that a slightly higher percentage of coastal marsh is
vulnerable, approximately 16% as compared to 14% (Tables 8 and 7, respectively). The
mapping of impeded vs. unimpeded marsh retreat zones suggests that predicted losses in
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existing coastal marsh will be offset by marshes gained through unimpeded marsh retreat or
transgression (i.e., for 3 feet SLR, 14,410 ha lost through conversion vs. 15,341 ha gained
Baseline
DESCRIPTION
Tidal salt marsh
Marsh conversion:
mud/peat
Marsh conversion:
open water
through marsh retreat).

1 ft SLR
2 ft SLR
3 ft SLR
%
%
%
hectares hectares change hectares change hectares change
86,540
82,642 -4.5%
82,583 -4.6%
74,532 -13.9%
129

+0.1%

132

+0.2%

7,801

+9.0%

3,768

+4.4%

3,824

+4.4%

4,209

+4.9%

Table 7. Projected change in salt marsh area under different 2050 sea level rise scenarios.
Note the baseline year is 2012; % change calculated vs. baseline year tidal salt marsh area.
Table 8. Composite Probability of Marsh Conversion for New Jersey’s coastal marshes under SLR
Probability
of Marsh
Conversion
class
Highest
Probability

Marsh Platform
Criteria

High
Probability
Moderate
Probability
Lower
Probability

Converts under 2 ft
SLR
Converts under 3 ft
SLR
All other existing
marsh

Converts under 1 ft
SLR

Marsh Edge Criteria

High likelihood of
shoreline erosion
along open coast
High likelihood of
erosion
Moderate likelihood of
erosion
Low likelihood of
erosion

Area Amount
hectares

%

4,351

5.0%

994

1.1%

9,065

10.5%

72,134

83.3%

Conclusions
The coarser scale SLAMM-based modeling combined with projected shoreline erosion rates
closely corresponded with the finer site-level scale modeling undertaken at seven marsh study
sites. These seven MOIs spanned a range of environmental conditions. Based on this
corroboration, we are more confident in the utility of these outputs in mapping marsh
vulnerability for statewide planning purposes. However, for site level considerations the more
refined MEM modeling that includes biophysical feedback mechanisms and the ability to
estimate both the Year of Initiation and the Year to Drowning provides for a more nuanced
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view of platform vulnerability, especially in marsh interiors. By stratifying individual sites into
elevation/vegetation zones based on field surveys, we were able to employ the aspatial MEM
model in a spatial context. We are extrapolating the point-based projections but doing so
within the bounds of the data that span the full gradient of elevation and vegetation zones on
the site. These types of modeling studies can provide further insights to prioritize additional
monitoring and research studies. For example, MEM modeling results for the Cattus MOI
predict that deterioration is happening now, suggesting that continuing to evaluate the
vegetation in this MOI to see if the observed values keep in line with the predicted trajectory.
These 2050 projection maps serve to present a detailed visualization of the scope of the
problem of how sea level rise may potentially affect salt marsh across the state and to identify
which areas may be most vulnerable to conversion and loss. To aid coastal decision-makers, the
composited statewide maps have been incorporated into an online visualization and decisionsupport tool, the Coastal Hazard Profiler, which is part of www.njadapt.org. By 2050, shoreline
edge erosion appears to be a most important factor driving marsh conversion for the MOIs
studied. However, by 2100 under accelerated rates of sea level rise more of the interior
platform may be at risk of conversion. These results suggest that slowing the erosion of marsh
shorelines may be a better strategy to slowing marsh conversion and loss in many cases than
measures taken to enhance marsh platform accretion (i.e., thin layer deposition of dredge spoil
sediment). Or at a minimum, shoreline edge and interior marsh platform enhancement should
be undertaken in tandem. Regardless, for New Jersey to proactively sustain its coastal salt
marshes in the face of sea level rise, the preservation of future marsh landward retreat zones is
critical.



Component 3. Specific Question: What are the costs, benefits and trade-offs of
saltmarsh management strategies under future sea level rise?

To guide a marsh manager through this process of determining appropriate actions to enhance
coastal resiliency, we have developed a structured approach to decision making (Figure 9).
Based on an assessment of the marsh elevation capital and vulnerability information, a
manager might conclude three possible pathways: 1) No Action; 2) Continued Monitoring; and
3) Intervention. A No Action response would be indicated when
1. Marsh positioned high in the local tidal prism
2. Edge appears stable with no excessive, long-term erosion present
3. Vegetation community is robust
4. Proper tidal flow/drainage is establish across the marsh platform
If marsh conditions are less than ideal as compared to a reference marsh and appearing to
be in the initial stages of stress, then continued monitoring and periodic re-evaluation is
suggested as the proper course of action (Figure 3). If the marsh appears to be showing
degradation of vegetation health, pronounced shoreline edge erosion and/or “imminent
time to drowning”, then proactive intervention might be called for.
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Depending on the nature of the stressors identified, various wetland protection, enhancement,
or restoration tactics, what we refer to as Interventions, may exist to help address current
projected future impacts (Figure 4). A subset of potential interventions techniques focused on
slowing marsh shoreline edge erosion, have been incorporated into the Restoration Explorer
decision support tool available at http://www.maps.coastalresilience.org/newjersey/. This tool
was developed as part of a companion project spearheaded by The Nature Conservancy with
active participation of our team of NOAA COCA investigators. The Restoration Explorer provides
an initial screening tool that should be complemented by local knowledge of the marsh in
question. Any final decisions on suitable interventions will likely require more detailed sitespecific environmental and engineering information. As knowledge as to the appropriate
conditions for the successful application of dredge spoil on the marsh platform or for alteration
of the hydrological system is still incomplete and likely very site-dependent, these intervention
techniques have not yet been incorporated into the Restoration Explorer tool. Any resulting
map products to inform coastal managers as to potential interventions are referred to here as
Candidate Tactics maps.
We employed the above structured decision-making process to make recommendations for our
seven MOIs. Based on our interpretation of the Scored Marsh Vulnerability maps, MEM
modeling results and Shoreline Edge Erosion rate maps, we have assessed each MOI and
ascertained the appropriate Next Step: No Action, Monitoring, Intervention. Based on that
assessment, we then developed a suite of intervention recommendations and a high and low
estimate for possible per unit cost for an array of potential enhancement or restoration options
and based on the literature and personal communication. The information was compiled into a
Microsoft Excel spreadsheet to provide a simple Cost Estimator. Documentation as to the
sources for the coast estimates are provided.

Figure 9. Structured decision making for marsh management.
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Component 4. Specific Question: What mechanisms are effective in helping decisionmakers to integrate scientific projections, economic estimates, and social values into
coastal adaptation efforts?

From its inception, the project Decision-making for Coastal Adaptation: Sustaining Coastal Salt
Marshes for Ecosystem Services along the Jersey Shore was designed to make its scientific
results accessible and useful to coastal stakeholders – while learning about the most effective
ways of doing so. This study asked:
What methods and mechanisms are effective in building the capacity of decision-makers
to understand and integrate into coastal adaptation decisions?
o new scientific research findings and projections;
o the application of decision support tools;
o and information on management strategies, costs; and,
o the value trade-offs associated with management choices?
More particularly, this project targets local decision-makers, and those who support local decisionmaking (e.g., state agents, consultants). It aims to improve their understanding of the dynamic role
of saltmarshes in promoting coastal resilience and management strategies to sustain their health and
function under projected sea level rise scenarios. The scientific results of this study informed
guidance on locally appropriate selection of nature-based strategies, but they were presented as part
of the spectrum from ‘nature-based’ to hybrid and engineered solutions.
Going beyond the standard ‘outreach’ approach, we designed a participatory workshop, ran it
twice, and evaluated its effectiveness as a method of achieving these objectives.
The general design of the workshops was in two parts. In the first part, the science team presented
on both general principles on saltmarsh ecosystem services and the ‘new science’ generated by the
project research. In the second part participants formed diverse teams and worked together to
generate model coastal management plans for the target area employing the site-specific information
generated by the project and the methods presented for weighing trade-offs, incorporating
uncertainty, and building consensus.
This research aims to help fill a gap noted in a recent literature review, namely,
There is a paucity of evidence…on effective practices and structures for affecting policy
makers’ understanding, perception, and use of science (National Research Council 2012, cited
in National Academies of Science 2016).
As a starting place, the same review found more decisively what is not effective:
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… a one-way flow of information in the form of a recommendation or
guideline is insufficient to ensure use of an evidence-based practice (NAS 2016).
What does work? Research in such diverse fields, such as science education, risk communication,
public participation in environmental decision-making, and community-based collaboration suggests
that a participatory, interactive, ‘hands-on’ approach such as employed in this project should lead to
better learning outcomes than the more common one-way, didactic modes of transmission (e.g.,
powerpoint presentations, websites, factsheets) (Burger et al. 2003, Dukes et al. 2011, Dietz and Stern
2008, Donovan et al 1999, Prince 2004).
Coastal managers need “more than information to plan for climate change” (Tribbia and Moser 2008).
“Problem-oriented, transdisciplinary adaptation research” finds “limited understanding of which
adaptation methods and tools are appropriate for different contexts limits their effective application”
(Preston et al. 2015).
We hypothesized that use of participatory stakeholder engagement and science-learning
methods builds the capacity of stakeholders to use context-appropriate tools and methods to
choose marsh and other coastal management strategies suited to their objectives. We further
hypothesized that this experience will also make stakeholders more likely to use the tools and
implement the strategies. Hence, the workshop theme ‘Science you can use.’
Methods
In November 2015 we met with the NOAA NCCOS CCMA team (Angela Orthmeyer, Jarrod
Loerzel) who were conducting a project entitled “Ecosystem service valuation of shoreline
protection provided to coastal communities by the natural infrastructure found around the
Jacques Cousteau NERR.” Several conference calls followed where discussed the possibility of
collaborating on outreach to the local communities on our two projects. Our rationale for
wanting to combine forces was concern that we might oversaturate our audience with too
many workshops; rather than diluting our messages about the role of salt marshes in promoting
coastal resiliency, it made sense to develop a collective outreach and communication approach.
We agreed to do so and incorporated that into our planning for a series of workshops for late
fall 2016-early winter 2017. With this extension of our timeline, we requested a one year no
cost extension on the COCA project.
The team availed of the well-established networks of its project partners by using their
extensive email lists. The JCNERR, in particular, regularly holds workshops attracting a broad
array of state agency employees, municipal and county staff and officers, private consultants,
non-profit and university employees, and local volunteers. The JCNERR, Barnegat Bay
Partnership and the Partnership for the Delaware Estuary also have strong local connections in
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the vicinities of the marsh research sites (Areas of Interest). Sustainable Jersey communicates
with municipalities and community volunteers across the state.
The workshop was advertised by email on the partners’ listservs, as well as by word of mouth.
The objectives of the workshop were described in the following terms:
Science You Can Use: Sustaining New Jersey Marshes for Coastal Resilience
Use ongoing research to inform coastal decision-makers on:





How saltmarshes aid coastal resilience
Pros & cons of management options to sustain salt marshes be into the future
Management tools for aiding decisions on nature-based & other management strategies
How to choose and apply these strategies locally.

Registration was required through Constant Contact, which allowed us simultaneously to collect
information about the participants’ employment and level of familiarity with the coastal
management decision support and visualization tools employed in the workshop.
Participants completed pre-workshop and post-workshop questionnaires that assessed the
content knowledge they had absorbed and their subjective evaluation of the quality and utility
of the workshops.
One workshop was held at the Cumberland County College in Vineland on April 3, 2017 and the
other followed on April 27th at the JCNERR in Tuckerton. The first workshop attracted 28
participants and 16 completed the second. A follow-on workshop is scheduled for December
12, 2017 to be held at the Center for Remote Sensing & Spatial Analysis, Rutgers University.
The attached Workshop Agenda outlines the workshop. The Workshop Design handout (also
attached) shows the detailed ‘assignment’ provided for the team management plan exercise. As
in a studio or design charrette, the members of each group developed a working proposal for a
model, simplified wetland management plan in the form of a Marsh Futures map of the target
area, with management strategies and budget allocations assigned. Each workshop team used a
suite of online tools to answer a series of questions for a specific Area of Interest. The team
assembled a series of maps into a document that was complemented by an Excel calculator tool
to derive cost estimates and weigh trade-offs.
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Results
Composition of workshop participants

Participants characterized themselves on the registration survey (more than one option could
be selected) as:
Participant Occupations
Consultant
Emergency Manager
Floodplain Manager
Resource Manager
Engineer
Scientist
Public Health worker
Community volunteer

10
4
2
8
4
12
1
1

Participant Employment
Government
Municipal
County
State
Federal
Non-profit organization
Private firm
Public Health worker
Community volunteer

27 (61%)
5
7
9
6
6
8
1
1

Most (84%) of the participants had some familiarity with at least one of the three decision
support and visualization tools (NJ Floodmapper), although few rated themselves as ‘expert’.
The diverse group assembled matched our intention to bring together people of different
backgrounds, perspectives, and scope and scales of responsibility. We hypothesized that the
learning and experience of participants would be enhanced and informed by the group
teamwork and discussion built into the project design.
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Workshop Outcomes

A. Team Marsh Management Plans
After the scientific presentations and team formation, in the first part of the model
management planning exercise, the teams identified stakeholders and the values they
associated with saltmarshes, discussed potential tradeoffs among values and interest groups,
and settled on the management goals for their team.
The top three management goals selected by the teams include the following:
Preserve marshes and ecosystem services (emphasis on water)

9

Flood/Storm protection/control (protection of property)

5

Public health and safety

3

The project Principal Investigator, Dr. Richard Lathrop, evaluated the marsh
management plans prepared by the workshop teams and drew the following
conclusions:
1) Most teams planned for the "medium" Sea Level Rise scenario, i.e., 2 feet by
2050. The Cumberland team selected the “low” rise (1 foot) scenario with a plan to
reevaluate adaptively over time.
2) A majority of the teams correctly gleaned the correct information from the various
tables/graphics in the municipal snapshots. In a minority of cases, the origin of the
numbers is obscure.
3) The teams keyed into Shoreline Edge Erosion as the key factor that is affecting
Tuckerton and Cumberland marshes -- the right decision in these cases and under
these scenarios. However, in Cumberland, a higher priority for Thin Layer Deposition
(TLD) might be warranted in some selected locations.
In other words, they were interpreting the mapped information correctly.
4) The teams used the NJAdapt and Restoration Explorer tools in an appropriate
fashion and correctly identified the suitable living shoreline techniques that were most
suitable for their Area of Interest.
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5) The teams were able to use the map tools to correctly extract the area
measurements and use the spreadsheet calculator to correctly estimate the possible
range of living shorelines project costs.
All teams would have received a passing grade in a university class.
6) All the teams judged that some sort of proactive intervention was warranted.
B. Pre- and Post-Workshop Assessments
Comparison of participants’ answers to the pre- and post-workshop questions provide a way of
evaluating the effectiveness of the workshops both in terms of the ‘learning outcomes’ for the
participants (science content) and the participants subjective evaluation of their quality and
utility in making coastal management decisions.
As can be seen in the attached pre/post workshop instrument, the ‘science content’ learning
outcomes were assessed by three open-ended paired questions (same content, slightly
different phrasing of question). For each question, the participants were invited to list a
particular type of marsh management strategy or technique. The answers were scored by the
number of valid/applicable strategies or techniques given.
1) The average number of correct answers given consistently increased following the
workshop, suggesting that participants gained knowledge of the scientific content
presented.
Average Number of Valid Responses:
Post
Post
Q2
Q1
Q2
Shoreli
Mgt. Shorelin
ne
Q1 Mgt Strateg e Mgt.
Mgt.
Strategy
y
Tech.
Tech.
1.71
2.31
2.93
3.94
+0.60
Pre/Post- Q1 Marsh mgt
More correct
strategies listed:
Fewer correct
strategies listed:

13
8

% Correct:
Q3
Platfo
rm
Mgt
Tech.
1.00

Post
Q3
Platfor
m Mgt.
Tech.
1.39

+1.01
+0.39
Pre/Post- Q2 Shoreline
mgt
More correct
strategies listed:
19
Fewer correct
strategies listed:
6

Post
Q3 OK
ID TLD
concer
n
84%

Post
Q2 OK
Rank
Green
Tech.
91%

Pre/Post- Q3 Platform
mgt
More correct strategies
listed:
Fewer correct
strategies listed:
29

14
3

2) The improvement in post- vs. pre-test responses was highly statistically significant.
t-Test: Paired Two Sample for Means

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Q1MgtStrat
1.878787879
1.359848485
33
0.03866092

Post Q1MgtEcol
2.333333333
0.854166667
33

0
32
1.788854382
0.041554555
1.693888748
0.08310911

Q2Shoreline
3.03030303
2.96780303
33
0.163392768

Post
Q2Shoreline
4.090909091
1.210227273
33

0
32
-3.22971831
0.00143211
1.693888748
0.002864221
2.036933343
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Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Q3Platform
1.03030303
0.71780303
33
0.092389485

Post Q3
Platform
1.454545455
0.380681818
33

0
32
2.434782609
0.010328168
1.693888748
0.020656337
2.036933343

Subjective evaluation (quantitative):


80% or more of participants in the workshops felt that they learned “science you can
use” and intend to use the management techniques and decision support tools covered
in making or influencing coastal management decisions.

Workshop was
good use of
time?
Strongly Agree
Agree
Neutral
Disagree


I will use the tools
and information
I learned here in
coastal
management
decisions.

Was this
science you
can use?
19%
67%
8%
6%

Strongly Agree
Agree
Neutral
Disagree

22%
67%
8%
3%

Strongly Agree
Agree
Neutral
Disagree

One or more
of decisions
tools will be
directly useful
to me in my
work
33%
56%
8%
3%

Strongly Agree
Agree
Neutral
Disagree

39%
58%
3%

Three-quarters of the attendees felt that they gained insights and connections from the
opportunity to collaborate among diverse teams in the management plan activity.
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I gained insights from
working in diverse teams

Strongly Agree
Agree
Neutral
Disagree



Workshop provided
opportunity to
coordinate/collaborate
22%
53%
22%
3%

Yes
No
Maybe

72%
11%
17%

A majority of participants were more likely to advocate for the marsh management
techniques featured as a result of the workshop.

How likely are
you to
advocate for
living
shorelines?
More likely
Unchanged

69%
31%

How likely are you to
advocate for thin layer
deposition?
Less Likely
Limited Conditions
More Likely
Unchanged

3%
40%
11%
46%

Subjective evaluation (qualitative):
Participant comments provided both positive and useful critical feedback:






Tried to cover too much in amount of time... Tools, however, look very useful and very
interesting!
I learned a lot but need to learn more.
Tools were awesome and innovative… fellow attendees were fun and knowledgeable.
This was a great workshop and one of the best I have attended.
There are a lot of planning tools out there. This workshop was really great at sorting out
some of them and showing how they can be used in combination. I like having the
science talks and then the hands-on tutorials.

Discussion and conclusions
The fact that participation in our hands-on, participatory workshops led to improved sciencelearning outcomes was evidenced by the increase in post-test scores over pre-test score, as well
as by “passing” or better “grades” on the simple management plans the teams generated.
Support for the hypothesis that these active, applied learning methods would be more effective
than the more common passive outreach methods was also evident in participants’ superior
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recall and understanding of information reinforced by use in the hands-on exercise relative to
content that was delivered orally but not put in to use. Two paired observations demonstrate
this.
First, few participants listed ‘allowing for marsh migration’ as one of the management options
on the post-test. Whereas this strategy was presented as management option during the
lecture component of the workshop, it was not built into the active, management planning
exercise.
Similarly, hydrologic repair of marsh ditching, featured in the powerpoint presentation but not
in the planning exercise, was skipped over in most post-tests. In contrast, the other strategy for
sustaining the marsh platform, thin layer deposition of dredge spoils, was incorporated in the
planning exercise; it was also consistently recalled by most participants on the post-test.
The impact of learning new science and improved understanding of saltmarsh management
options would be minimal if the local decision-makers and their partners in state government,
private consulting services and non-profit organizations never put them to use. Workshop
participants across all these types indicated their intent to use the scientific information and
decision support tools presented in the future. Most also said that they were more likely to
advocate for the use of “living shorelines” techniques for sustaining coastal marshes.
Will this increased stakeholder understanding and engagement lead to practical application of
the scientific concepts, decision-making methods, or, ultimately, sustainable, adaptive marsh
management and other ‘living shorelines’ strategies? Answering these questions would require
follow-on research that, while beyond the scope of this study, would greatly enhance its value.
Workshop facilitators observed that the diverse members of the teams worked well together
and reported they gained insights from working collaboratively across categories: local vs. state
and federal, scientist-technician vs. other, government vs. non-profit or private sector worker.
Perhaps this diversity and cross-fertilization was one reason why the, teams did such a good job
of identifying a wide range of stakeholders and stakeholder goals and values for coastal
marshes.
With more time, the exercise, in particular the presentations by each team of their
management plans, could have served as a springboard to a more thorough and nuanced
discussion of the benefits, costs, risks and value trade-offs inherent in making choices among
management strategies. A more realistic way of constraining the budget in the management
exercise might also have forced more direct discussion and negotiation over trade-offs.
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Time was the chief constraint. While a longer workshop or series of workshops would have
been desirable, it is likely this would have meant lower rates and diversity of participation. As it
was, it would have been ideal to have attracted a larger number and proportion of municipal
officials and staff – the ‘local decision-makers.’ Finally, a higher sample size for workshops and
participants would have led to more robust results, more learning on the part of the
researchers, and wider dissemination of the fruits of the research.
It is worth noting that the exchange of ideas was two-way: project team learned from participants, as
well as from the experience of preparing and running the workshops. Improved materials and
smoother facilitation was evidenced in improved evaluations between first and second workshop.
The process also crystallized research findings and sparked ideas for future research.
In conclusion, the workshop design -- combining scientific presentations with an opportunity for
diverse teams to apply the content using locally collected data in a management planning
simulation -- was shown to be successful in conveying knowledge that participants intend to
use in making or influencing future coastal management decisions. In addition to gaining
knowledge of scientific content, participants appreciated the opportunity to learn when and
how to employ available decision-support tools and data in management planning to sustain
saltmarsh ecosystems for coastal resilience. Pleased with the response and outcomes from the
first two workshops, at the behest of the project team’s collaborative partners (Partnership for
the Delaware Estuary and the Barnegat Bay Program), we have scheduled a third workshop to
be hosted on December 12, 2017 at Rutgers University.


Component 5. Data Management

All the field survey data collected for the 7 MOIs have been collected, organized and
housed in a server at the Rutgers University Center for Remote Sensing & Spatial
Analysis. Metadata documentation has been developed. The Rutgers Library is
permanently housing the data as part of the Rutgers University Research Data
Repository (RURDR). The repository provides long-term data storage, archiving and
curating including assistance with the development of metadata and a comprehensive
collection including maps/graphics, software and related publications. Data collections
in the RURDR are centrally maintained and backed up regularly. The data is searchable
via typical web searching. The permanent DOI that may be included in a publication or
given to others (or included in other archives) is as follows
https://dx.doi.org/doi:10.7282/T38W3H37
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The statewide Composite Probability of Marsh Conversion and Shoreline Erosion Data sets
have been incorporated into the njadapt.org (www.njadapt.org) online decision support
tool for visualization and distribution to coastal decision-makers and the public.
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We also have a project web page that provides access to project reports and links to the GIS data.

The research team is working on several manuscripts for peer-reviewed publication.
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Convene the Project Team to
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Analyze buffer effect
Component 2: Leads Kennish, Kreeger and
Maxwell-Doyle
Finalize sampling protocols
Select marsh study Areas of Interest
Field surveys and stressor rapid
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Develop elevation capital maps
Inventory and assess BMP options
Develop MarshFutures scenario maps
Component 3: Leads Kreeger and Lathrop
Estimate benefits & costs Develop
MarshFutures scenarios
Component 4: Lead McDermott with team
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Conduct workshops
Post-workshop assessment
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