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Cover. Salt marsh dominated by Spartina alterniflora at Fire Island National Seashore, Long Island,
New York, about two weeks after passage of Hurricane Sandy. Photograph by James Lynch, National
Park Service, Northeast Coastal and Barrier Network, Washington, D.C., November 13, 2012.
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Abstract

The goal of this research was to evaluate the impacts
of Hurricane Sandy on surface elevation trends in estuarine
marshes located across the northeast region of the United
States from Virginia to Maine using data from an opportunistic
(in other words, not strategic) and collaborative network (from
here on, an opportunistic network) of surface elevation table-
marker horizon (SET-MH) stations. First, we built a data-
base of metadata for 965 individual stations from 96 unique
geographical locations that included the location, geomorphic
setting, and wetland type for each SET-MH station. The
dominant estuarine settings included in the analyses were
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back-barrier lagoonal marshes and emergent marshes along
embayments and tidal tributaries. We then calculated prestorm
elevation trends to compare to poststorm elevation measure-
ments to determine the storm impact on each station trend. We
hypothesized that the effect of Hurricane Sandy on marsh ele-
vation trends would differ by position relative to landfall (right
or left) and distance from landfall in southern New Jersey, as
both of these variables influence the presence or absence of
storm surge as a result of the physical characteristics of tropi-
cal cyclones (in other words, strongest winds typically occur
to the right of landfall). Storm surge was spatially less exten-
sive and less deep (~1 meter [m]) in marshes located to the
left (in other words, south) of landfall compared to marshes
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located to the right (in other words, north) of landfall where
storm surge covered a larger area and was deeper (3—4 m).
About 63 percent of 223 eligible stations had a poststorm
trend that was similar to the prestorm trend (in other words,
less than £5 millimeters [mmy]), indicating little storm impact
on elevation trends at those sites. The remaining 37 percent
of stations exhibited significant poststorm deviations from
the prestorm trend (in other words, greater than +5 mm). Of
these, stations located to the left of landfall had a significant
and greater deviation in their elevation trend, and the deviation
was more likely to be positive (elevation gain) compared to
marshes located to the right of landfall, which had a signifi-
cant deviation in their elevation trend that was more likely to
be negative (elevation loss). This finding is directly related
to storm surge impacts on marsh sediment deposition, where
deep storm surge (3—4 m) results in sediment deposition in
habitats inland of coastal marshes but less so in the marshes
themselves. Substrate compaction by the storm surge over-
burden may have contributed to elevation loss, but this was
not measured because sufficient marker horizon data were not
available for analysis. In contrast, to the left of landfall the
wind-driven flooding of sediment laden water pushed into the
headwaters of rivers and small bays with an ~1 m surge, and
resulted in more prevalent sediment deposition on the marsh
surfaces and elevation gain. In general, the findings support
previous research showing that the physical characteristics
of the storm (for example, wind speed, storm surge height,
impact angle of landfall) combined with the local wetland con-
ditions (for example, marsh productivity, groundwater level,
tide height) are important factors determining a storm’s impact
on soil elevation, and that the soil elevation response can vary
widely among multiple wetland sites impacted by the same
storm and among different storms for the same wetland site.
The final objective of this project was to create a frame-
work using metadata from the opportunistic network of SET-
MH stations that could be used to develop a strategic moni-
toring network designed to address specific climate change
impacts and related phenomena identified by land managers
and stakeholders. We evaluated the spatial distribution and
density of SET-MH stations in relation to geographic cover-
age, marsh setting, availability of public land, and historical
storm surge footprints and hurricane return intervals in order
to identify gaps in our understanding of risk and our ability
to assess it. Analyses revealed that the general geographic
coverage of SET-MH stations is limited given the low percent-
age of marsh patches with stations, low density of stations,
the clumped distribution of stations, and the often limited and
uneven distribution of stations in wetlands with a high histori-
cal frequency of hurricane strikes and storm surge impacts.
These findings can be used by managers and planners to
inform the creation of a strategic monitoring network that can,
in turn, inform management and adaptation plans for coastal
resources in the region. Final plan designs will need to con-
sider financial and infrastructural support required for station
maintenance, as well as data collection and management over
the long term.

Introduction

On October 29, 2012, Hurricane Sandy made landfall
as a large (1,611 kilometers [km] diameter) post-tropical
cyclone near Brigantine, New Jersey, with maximum sustained
winds of 130 kilometers per hour (km/h) (70 knots [kn]) and
minimum pressure of 94.5 kilopascals (kPa) (945 millibars
[mb]; Blake and others, 2013). The storm affected, in varying
degrees, the entire Atlantic seaboard of the United States from
Florida to Maine (Blake and others, 2013; Valle-Levinson
and others, 2013). Understanding the ecological and physical
impacts of hurricanes on coastal wetlands and their interaction
with local conditions is important for identifying resilience of
these marsh communities. In light of the projected increase
in the frequency of intense storms and in storm intensity
(Knutson and others, 2010; Bender and others, 2010; Peduzzi
and others, 2012; Emanuel, 2013; Horton and others, 2011,
2014), the physical (for example, storm surge, sediment depo-
sition) and chemical (for example, salinity, pollutants) impacts
associated with hurricanes need to be understood to efficiently
and effectively protect and restore these critical habitats. Some
of the potential long-term impacts of low-frequency, high-
magnitude storm events such as Hurricane Sandy on marsh
surface elevation include sediment deposition and erosion,
storm surge-related soil compaction, and altered community
dynamics, which includes mortality of existing vegetation or
promotion of growth through increased availability of nutri-
ents from newly deposited sediment (Cahoon and others,
1995a; Cahoon, 2006). Death of wetland vegetation can lead
to loss of elevation by increased root zone decomposition and
erosion, whereas increased root growth can lead to elevation
gain by root zone expansion (Cahoon and others, 2003). The
goal of this study was to evaluate Hurricane Sandy’s short-
term impacts on marsh surface elevations within 1 year after
the storm.

To assess the impacts of Hurricane Sandy on marsh
surface elevation dynamics, we evaluated elevation and accre-
tion data collected with the surface elevation table-marker
horizon (SET-MH) method (Cahoon and others, 1995a)
throughout marshes of the northeastern region of the United
States both before and after the storm. The SET-MH method
directly measures both surface elevation change (SET) and
vertical accretion (MH). These two measurements can be
used to calculate subsurface process influences on elevation
change, namely shallow subsidence or shallow expansion (for
example, root zone expansion from enhanced root growth;
Cahoon and others, 1995b, 2002a,b; Callaway and others,
2013). A more detailed description of the SET device and the
marker horizon method, including photographs and a diagram,
is provided in appendix 1. Previous research using the SET-
MH method has shown that hurricanes are powerful agents of
geomorphic change (Cahoon, 2006), resulting in both positive
and negative changes in elevation trajectories through impacts
on both the surface and subsurface soil processes controlling
marsh surface elevation. The physical characteristics of the
storm (for example, wind speed, storm surge height, impact
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angle of landfall) combined with the local wetland conditions
(for example, marsh productivity, groundwater level, elevation
relative to the tide, tide height) are important factors deter-
mining a storm’s impact on marsh soil elevation. In addition,
the soil elevation response can vary widely among multiple
wetland sites impacted by the same storm and among different
storms for the same wetland site (Cahoon, 2006). Thus, find-
ings should not be extrapolated from one wetland to another
for any given storm, or from one storm to another for any
given wetland. However, using a large number of SET-MH
stations across a large geographic area that spans a variety of
wetland settings, as well as storm exposures, and intensities
can improve our understanding of wetland vulnerability to
severe storm effects on marsh surface elevation change.

Study Area and SET-MH Stations

The study area includes estuarine tidal wetlands along
the northeastern coast of the United States from Virginia to
Maine, an area that spans the track of the storm as it turned
north towards the U.S. coast (fig. 1) and includes the areas of
greatest storm surge impacts. High-resolution wetland surface
elevation change and accretion data were collected from Vir-
ginia to Maine (fig. 2), both before and after the storm, using
the SET-MH method. These SET-MH stations were installed
during the past two decades independently by the U.S. Geo-
logical Survey (USGS), a number of other Federal and non-
Federal agencies, nongovernmental organizations (NGOs),
and academic institutions to investigate or monitor elevation
dynamics in coastal wetlands. The SET-MH method originally
consisted of an SET device attached to a pipe benchmark
driven 3—6 meters (m) into the substrate (appendix 1, fig. 1.1;
Cahoon and others, 2002a) and typically was used to address
hypothesis-driven research questions. Later, the Rod SET with
deep and shallow benchmarks (10-25 m and <1 m, respec-
tively) was developed to provide greater flexibility in address-
ing research questions (appendix 1, fig. 1.1; Cahoon and
others, 2002b). Although the SET-MH method continues to be
used to address research questions, over time it has been used
increasingly to monitor long-term elevation change relative to
local sea-level trends, especially in National parks and wildlife
refuges. Overall, 60 percent of SET stations in the northeast-
region inventory were located on Federal lands. Hence, SET
stations are located in wetlands best suited to address specific
research questions or monitor the habitat sustainability at a
specific wetland. Thus, the collection of stations represents
an opportunistic regional network, not a strategically planned
regional network, to assess storm impacts. Nevertheless, data
from this opportunistic network enabled large spatial-scale
assessments of storm impacts and wetland responses along a
gradient of impact intensity by quantifying the overall change
in marsh surface elevation.

Objectives

The objectives of this project were to

1. Build a database of metadata for SET-MH stations in
the coastal wetlands of the northeastern United States,
including location, geomorphic setting, and wetland

type;

2. Analyze elevation and accretion data and related
environmental data collected from within the path of
Hurricane Sandy to assess coastal wetland responses to
this storm;

3. Use assessments of coastal wetland responses to estimate
the impact of Hurricane Sandy on marsh sustainability
and the potential impact of similar future storms; and

4. Use the database to develop a framework that could sup-
port the development of a strategic monitoring network
of SET-MH stations in the northeastern United States to
assess impacts of storms on coastal wetlands.

Inventory and Distribution of SET-MH
Stations Along the Atlantic Coast

The initial step in this project was to collate known sur-
face elevation table-marker horizon (SET-MH) stations in the
northeastern United States by contacting and requesting infor-
mation from organizations and scientists working in the area.
Important activities included (1) contacting all investigators
to collect poststorm elevation (SET) and accretion (MH) data,
which were gathered in marshes throughout the northeastern
region in the weeks and months immediately following the
storm; and (2) developing a preliminary spreadsheet to collect
metadata (for example, location, setting, wetland type, and so
forth) and sending it to each network investigator to fill out.

In the first months of this project, the SET-MH metadata
spreadsheet developed immediately following the storm was
updated to match a similar SET-MH spreadsheet developed
by the National Oceanic and Atmospheric Administration
(NOAA) for its Sentinel Site Cooperatives and the North- and
South Atlantic Landscape Conservation Cooperatives. In this
way, SET-MH metadata will be available in the same format
for the entire east coast of the United States, parts of the U.S.
gulf coast, and the five pilot sites in NOAA’s Sentinel Site
Cooperative to assist in development of plans for a strategic
SET-MH network for these parts of the country. The updated
spreadsheet was distributed to SET colleagues in the north-
eastern United States. Significant efforts were made to ensure
that all known SET practitioners and SET-MH stations were
included in the requests for information. These data were col-
lated into an inventory of SET-MH stations along the Atlantic
coast from Virginia to Maine inclusive (objective 1). Addition-
ally, metadata were submitted for several stations from NOAA
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both images accessed at https://www.nasa.gov/mission_pages/hurricanes/archives/2012/h2012_Sandy.html#11).
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Figure 2. Study region between Maine and Virginia (inclusive) indicating 10 subregions and the general locations of surface elevation

table-marker horizon (SET-MH) station clusters (965 stations in total).

sites in North Carolina and USGS sites in Canada that are out-
side the prescribed study area and were subsequently removed
from the inventory.

Data Formatting and Analyses

All metadata received were subjected to a quality control/
quality assurance process. These practices included contacting
SET practitioners with follow-up questions and identification
of potential errors in datasets (for example, incorrect coordi-
nates, outliers in data, labelling errors, to name only a few).
Once formatted, SET-MH stations were identified as appropri-
ate for inclusion in the inventory (objective 1). The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) approach (Moher and others, 2009) was used for
identifying, screening, and determining eligibility of sites
based on the following criteria:

1. Within study area for monitoring network (Virginia to
Maine),

2. The original pipe SET or deep rod SET method was used
(shallow SET benchmark method was excluded),

3. Estuarine emergent marsh habitats (freshwater tidal
marshes, forested, and highly managed sites excluded),
and

4. SET-MH station was functional (not damaged).

An explanation of the criteria and the exclusions are
provided below.



Location and Distribution of Stations

For all SET-MH stations included in the inventory, we
verified geographic location and assessed geomorphic set-
ting with high resolution aerial photography following the
broad setting and subsetting classification scheme in Cahoon
and others (2009). See table 1 for more details. Furthermore,
the study area between Maine and Virginia (inclusive) was
partitioned into ten subregions (fig. 2): (1) coastal Maine,
(2) Cape Cod and Casco Bay, (3) southern New England,
(4) Long Island, (5) coastal New Jersey, (6) Delaware Bay,
(7) Coastal Delmarva, (8) eastern Chesapeake Bay, (9) western
Chesapeake Bay, and (10) coastal Virginia. These subregions
were based on major tidal systems as defined in Conway
and Droege (2006). The boundaries of the subregions are
described in table 2. A hexagon sampling grid (40 square kilo-
meters [km?]) was used to partition the subregions into smaller

Table 1. Geomorphic settings of coastal wetlands in the
mid-Atlantic coast of the United States (Cahoon and others, 2009).

Geomorphic setting Description

Areas sheltered from waves and
currents as a result of coastal
topography or bathymetry

Open coast

Back-barrier lagoon marsh ~ Occupies fill within transgressive
back-barrier lagoons

Back-barrier: lagoonal side of a
marine barrier

Lagoonal fill: occupies fill in a back-
barrier lagoon

Transgressive marsh: transgressive
marshes bordering uplands in a
back-barrier lagoon

Estuarine embayment Shallow coastal embayment with
some river discharge, frequently a
drowned river valley

Saline fringe marsh: transgressive
marshes bordering uplands at the
lower end of estuaries

Stream channel wetlands: occupy
estuarine-alluvial channels rather

than open coast

Estuarine brackish marshes Located in vicinity of turbidity
maxima zone

Meander: expansive marsh with
meandering channels

Fringing: transgressive marshes
bordering uplands

Island: island within estuarine chan-

nel

Tidal fresh marsh Located above turbidity maxima
zone; developed in drowned river

valley as it filled with sediment

Non-tidal brackish marsh ~ Transgressive marshes bordering
uplands in estuaries with restricted

tidal signal
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units, to aid assessment, and to graphically represent marsh
and SET-MH information at a scale appropriate for the large
study area (Weist and others, 2016). This tessellated hexagon
sampling design (Stevens and Olsen, 2004) can be used for
comparison across subregions with uniform-sized sample units
(fig. 2).

A preliminary evaluation of the database revealed a
majority of stations occurred in estuarine emergent marsh set-
tings. Thus, hexagons were limited to locations that contained
the estuarine emergent marsh setting identified using National
Wetlands Inventory (NWI) estuarine emergent marsh data
(NWI code E2EM) acquired in 2010 from the U.S. Fish and
Wildlife Service (http://www.fws.gov/Wetlands/NWI/). NWI
emergent marsh polygons were assigned unique marsh patch
identification, and adjacent polygons within a 50-m buffer
were considered the same patch (Wiest and others, 2016) and
given a single identification. We assigned the estuarine emer-
gent marsh identified by NWI to one of two possible geomor-
phic settings: estuarine marsh or back-barrier lagoonal marsh
(Cahoon and others, 2009). For each marsh patch, marsh area
(in hectares [ha]) was calculated (ArcMap 10.1) and the pri-
mary broad geomorphic setting assigned using high resolution
aerial photography. When a patch included two or more broad
geomorphic settings, the dominant broad setting was used.

Table 2. Subregion names and boundaries (see fig. 2 for map).

Subregion Boundaries

Coastal Maine Lubec, Maine, to north of Casco Bay,

Maine

Cape Cod, Casco Bay Casco Bay, Maine, to Cape Cod, Mas-
sachusetts—including north side of

U.S. Route 6 Mid-Cape Highway

South of Cape Cod, Massachusetts—
including south side of U.S. Route 6
Mid-Cape Highway, Nantucket
Island, Martha’s Vineyard Island to
Hudson River, New York, including
Bronx, New York

Long Island, New York, including
Queens, New York

Southern New England

Long Island

Coastal New Jersey New Jersey Meadowlands to Cape
May, New Jersey (oceanside),

including Staten Island, New York

Delaware Bay Cape May, New Jersey (bayside), to

Lewes, Delaware (bayside)

Delmarva Peninsula oceanside from
Lewes, Delaware, to Fisherman’s
Island National Wildlife Refuge,
Virginia

Coastal Delmarva

Eastern Chesapeake Bay  Chesapeake Bay coastline east of

Susquehanna River mouth

Western Chesapeake Bay Chesapeake Bay coastline west of

Susquehanna River mouth

Coastal Virginia Virginia Beach, Virginia, oceanside to

North Carolina border
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Metadata Summary

Metadata were received for 1,230 SET-MH stations.
These metadata were collected from colleagues across
10 states (from Virginia to Maine) from NOAA National
Estuarine Research Reserves; U.S. Fish and Wildlife Ser-
vice national wildlife refuges; National Park Service parks,
seashores, and recreation areas; State Wildlife Management
Areas; National Science Foundation Long Term Ecologi-
cal Research Network sites; the Long Island Sound Study;
Partnership for the Delaware Estuary/Barnegat Bay Partner-
ship-Mid-Atlantic Coastal Wetlands Assessment; the New
York City Department of Parks and Recreation; The Nature
Conservancy; Save the Bay-Narragansett Bay; and private
and academic organizations. This SET-MH inventory (appen-
dix 2) resides at the University of Minnesota Duluth. Of the
1,230 SET-MH records, 85 were duplicates, and 180 did not
meet the criteria described above and were removed from
the inventory (fig. 3). Shallow SET stations were excluded
because they were not commonly used in the region and not
well represented in the dataset, limiting their value for testing
regional hypotheses. But more importantly, they measure
elevation change relative only to the depth of the root zone. In
contrast, both the pipe SET and the Rod SET were used com-
monly throughout the region. They measure elevation change
to a depth of several tens of meters, thereby measuring both
root zone and deeper compaction processes in the substrate.
Excluding shallow SET stations reduced confounding effects
related to their methodological difference in elevation mea-
surements and their limited spatial coverage. Freshwater tidal
marsh settings were excluded because they contained only
30 stations within four geographical locations and all the
locations were skewed geographically to the left of Hurricane
Sandy landfall. Forested wetland settings were less repre-
sented with SET-MH stations than tidal freshwater marsh.
Thus, data from these two habitats were not well suited for
testing regional hypotheses of storm impacts. SET-MH records
were excluded if they were established for experiments: fertil-
ization, exclusion fences, burn, restoration, saltwater addi-
tion, elevated carbon dioxide, marsh plugging, and vegetation
removal treatments. The inventory of SET-MH stations used
in this study presently includes 965 individual stations (fig. 3)
in 96 unique geographical locations, based on general area
descriptions provided by SET practitioners.

Hurricane Sandy Effects on Coastal
Marsh Elevation Change

Introduction

The next step in the project was to evaluate the impact
of Hurricane Sandy on the elevation trajectories of coastal
marshes located across the northeast United States within the
area of storm influence (for example, wind field and storm
surge). This analysis requires an understanding of both the
physical characteristics of the storm and the nature of coastal
landforms in the northeast United States it impacted. Some
fundamental physical characteristics of tropical cyclones in the
northern hemisphere include elevated wind speeds that push
and pile up seawater as the storm advances over the ocean and
counterclockwise winds. The latter characteristic means that a
storm’s physical impacts are typically greater in the northeast
quadrant (in other words, the upper right quadrant relative
to storm direction) caused by winds blowing onshore when
the storm makes landfall. In contrast, winds in the northwest
quadrant are blowing offshore at the time of landfall. Yet,
every storm is unique in terms of its wind speed, size (storm
diameter), rate of forward motion, amount of rainfall, timing
of landfall relative to tide height, angle of approach to the
shore, and the local nearshore bathymetry and coastal geomor-
phology at the point of landfall (Resio and Westerink, 2008).
This unique set of physical characteristics determines the
intensity and duration of a storm’s impact on coastal land-
forms it encounters.

Physical Characteristics of the Storm

On October 28, 2012, Hurricane Sandy travelled north
on a track parallel to the Atlantic coast of the United States,
with the strongest winds on its western side (fig. 1B; and see
fig. 7 in Blake and others, 2013). When the hurricane reached
the mid-Atlantic region (National Aeronautics and Space
Administration, 2013; fig. 14,B) it combined with a cold front
moving from the northwest. The storm turned to the northwest
and made landfall on October 29, 2012, as a post-tropical
cyclone near Brigantine, New Jersey, (fig. 14) with maximum
sustained winds of 130 km/h (70 kn; Blake and others, 2013).
As a result of this turn, coastal habitats located to the right of
the landfall point continued to be inundated by winds of the
northeast quadrant pushing water ashore. In contrast, coastal
habitats located to the left of the landfall point experienced
strong winds out of the northwest shifting to out of the south-
west during storm passage (fig. 1B,C), thereby limiting the
extent and depth of storm surge in this region (Dennison and
others, 2012).

The major impacts of Hurricane Sandy on coastal
environments were related to the effects of storm surge and
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marker horizon (SET-MH) records from the inventory and the Hurricane
Sandy effects analysis. Records are removed from the tally as you move

down the flow diagram and the list within each box.

(NOAA, National Oceanic and Atmospheric Administration; NPS, National Park Ser-
vice; n=number of SET-MH stations)




10 Hurricane Sandy Impacts on Coastal Wetland Resilience

associated coastal flooding (Blake and others, 2013; Valle-
Levinson and others, 2013). Several factors contributed to the
creation of record high storm surge and coastal inundations in
the New Jersey, New York, and Connecticut region north of
landfall. The storm was very large with the extent (diameter)
of tropical-storm-force winds growing to about 1,611 km prior
to landfall (Blake and others, 2013). In addition, Hurricane
Sandy made landfall at high tide and at an angle closer to
perpendicular to the New Jersey shore than any hurricane in
the historical record (Hall and Sobel, 2013). The return period
for a storm of Hurricane Sandy’s intensity with this angle of
approach is 714 years (Hall and Sobel, 2013). These factors,
combined with the configuration of the New Jersey—New
York—Connecticut shoreline and New York Bight bathymetry,
caused the storm surge to rise up to 3.86 m in the vicinity of
New York City (Blake and others, 2013). A record storm tide
(the combination of the storm surge and astronomical tide) of
4.28 m was recorded at the Battery in New York City (Blake
and others, 2013). Historical increases in sea level and mean
flood heights contributed to the record high storm surge and
storm tide heights at New York City generated by Hurricane
Sandy (Kemp and Horton, 2013; Talke and others, 2014;
Kemp and others, 2017; Reed and others, 2015). Another
contributing factor was the three-fold decrease in the return
period for a storm of Hurricane Sandy’s flood height during
the past two centuries (Lin and others, 2016). Consequently,
the inundations above ground level (in other words, upland
surfaces) for parts of this region of the coast were as much

as 3 m (Blake and others, 2013) during Hurricane Sandy. In
contrast, the peak in storm surge height to the left of landfall
in the coastal bays of the Delmarva Peninsula behind Fenwick
and Assateague barrier islands was only ~1.2 m (Dennison and
others, 2012).

Hypotheses

We hypothesized that differences in physical drivers of
storm surge extent and duration on either side of a storm’s
point of landfall could differentially influence the coastal
marsh processes related to sediment deposition, sediment
erosion, soil compaction (from storm surge water overbur-
den), and ultimately marsh elevation change (Cahoon, 2006).
Based on our understanding of the physical characteristics of
Hurricane Sandy, we used existing knowledge to develop a
hypothetical structural equation model (SEM) describing the
processes driving post-storm deviation from expected surface
elevation change in millimeters (fig. 4). Structural equation
modeling is a methodology to address questions about com-
plex systems; it is best understood as a framework for quan-
titative analysis that uses statistical techniques, rather than a
statistical method itself, and permits the evaluation of net-
works of direct and indirect effects (Grace and others, 2012).
The SEM approach used in this study examines both direct
and indirect influences on deviation from expected change.
Variables representing storm exposure and intensity (for

example, distance from landfall and position relative to storm
landfall [left or right]), and geomorphic setting are predicted to
directly influence both presence of storm surge and deviation
from expected change. Additional variables that may account
for unexplained variance (for example, the rate and variation
in prestorm surface elevation change) are not predicted to
influence storm surge exposure and are therefore included only
as possible direct effects on deviation from expected change.

Methods

Eligible SET-MH Stations

Although the SET-MH inventory contains 965 stations
(fig. 2), after determining eligibility for inclusion in our analy-
ses (see description below; eligible stations include SET=223
and MH=107), only the SET elevation data were included in
our analysis of Hurricane Sandy effects. Accretion data had
an inadequate level of replication for inclusion because a
large number of stations with eligible SET data were missing
marker-horizon data (55) or had insufficient prestorm (160)
or poststorm data (93). Without including the accretion data,
it was not possible to calculate shallow subsidence at the sta-
tions, so this variable is not addressed in this report.

Of the 965 stations eligible for inclusion in the SET-MH
inventory, data were not provided for 482 stations owing to
insufficient data record (420), experimental treatment applied
(28), or unidentified reasons (34). Eligibility for analysis of the
remaining 483 stations was determined using a stepwise exclu-
sion process. Station data (fig. 3) were excluded by criteria
in the following order: experimental treatment applied (80),
insufficient prestorm data (156), insufficient poststorm data
(22), inconsistent trend in prestorm data (1), and a poststorm
residual distance outlier (1). In some cases, data were not pro-
vided if the provider knew a site was ineligible for assessment;
however, a reason was not always given. In order to minimize
seasonal variation, we chose one eligible season per SET
(either winter/spring or summer/autumn) and only included
data from within that season in an analysis. A season was
eligible if it had at least one measurement within 1 year post-
storm and had > 3years of prestorm data (table 3). Poststorm
data were ineligible if there was no poststorm measurement in
an eligible season (> 3 years in prestorm record) within 1 year
following Hurricane Sandy (October 2012-October 2013).
Measurement season was consistent within a specific station
but varied among stations.



Geomorphic
setting
(Estuarine/BBL)

Coefficient of
variation in
prestorm data

Methods 1

Distance from landfall )
Position relative
to storm landfall
(left/right)
A
Rate of prestorm
Storm surge .
(presant/absent) surface elevation
change
v
Deviation from expected J

surface elevation change

A

Figure 4. Initial structural equation model illustrating the hypothetical pathways between predictor variables and response variables.
Predictors include distance to landfall, geomorphic setting (estuarine or back-barrier lagoon [BBL]), position relative to landfall (left or
right), coefficient of variation in prestorm data, and rate of prestorm elevation change. Exposure to storm surge is both a predictor and a

response variable.

Table 3. Five hypothetical examples of surface elevation table (SET) survey times and exclusion of data from analyses based on
season of prestorm and poststorm measurements. All data were included when the prestorm and poststorm measurements were
recorded in the same season and there was a minimum of 3 years prestorm data (a). A subset of the data was included when prestorm
measurements were recorded in multiple seasons and at least one season had >3 years of prestorm data and a poststorm record
(b—c). A SET was excluded from analysis when prestorm and poststorm measurements were recorded in different seasons (d) or when
prestorm and poststorm measurements were recorded in the same season, yet the number of years in the prestorm record was <3 (e).

[>, greater than or equal to; <, less than; —, no data]
Number of years with Poststorm
Data used prestorm measurements measurement season (x) Season used
in analyses in analyses
Winter/Spring Summer/Autumn Winter/Spring Summer/Autumn

(a) All data 0 >3 — X Summer/Autumn
(b) Subset >3 >1 X — Winter/Spring
(c) Subset <3 >3 X X Summer/Autumn
(d) Excluded >3 0 — X Neither
(e) Excluded 0 <3 — X Neither
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Figure 5. Mean surface elevation change from July 2005 to September 2013 at the U.S. Geological Survey Blackwater 7D.1 surface
elevation table (Cambridge, Md). Regression was calculated from prestorm data. The poststorm measurement had a deviation from
expected surface elevation change of 21.09 millimeters (mm).

Elevation Response Variable 8

Deviation from the expected surface elevation change
trend poststorm was used as the measure of Hurricane Sandy 60 — —
effect on marsh surface elevation. We measured the deviation
from expected change at each station as the residual distance
of the poststorm mean from the regression line predicted by
the prestorm means (fig. 5) using a distance to line R function

Frequency
=
[
|

developed by Bourke (2015). Prestorm trends were calcu-

lated from measurements made within the same season as the 20 | —
poststorm measurement (fig. 5, table 3) and poststorm mea-

surements were made within the year following storm passage —l
(between November 6, 2012, and October 30, 2013, fig. 6). 0

0 100 200 300 400

Total surface elevation change is the mean change in pin Days since Hurricane Sandy

height since baseline for each SET, in order to accommodate

different numbers of pins among some SETs. Figure 6. Frequency distribution of number of days between
Hurricane Sandy (October 30, 2012) and the poststorm surface
elevation table measurement for each eligible station.



Predictor Variables

The predictor variables fall into two categories: (1) vari-
ables representing storm exposure and intensity, and (2) vari-
ables that may account for additional variance in the deviation
from expected surface elevation change poststorm.

Variables Representing Storm Exposure and
Intensity

Distance to Storm Landfall

We calculated the distance from SET station to storm
landfall (39.4°N, 74.4°W; Blake and others, 2013) using the
sp package in R version 3.3.1 (Pebesma and Bivand, 2005;
Bivand and others, 2013; R Core Team, 2016). Distance was
calculated in kilometers and was scaled prior to analysis to
increase similarity with the magnitude of other predictors
(dist. = distance to landfall/1,000).

Exposure to Storm Surge (Within or Qutside
Surge Zone)

Storm surge area was obtained from the Hurricane Sandy
Impact Analysis—Federal Emergency Management Agency
(FEMA) Modeling Task Force (MOTF; 2015a). As high-
resolution data did not cover the entire study region, we used
the Medium and Low Resolution Storm Surge Extent (Interim
30-meter Storm Surge Extent 110112) in ArcGIS 10.1 to
assign a storm surge category (present/absent). Stations that
were assigned to the storm-surge-absent category were visu-
ally examined and were reassigned if they met at least one of
the following criteria. If the station was

1. on the open water side of the storm surge boundary
(n=4 SET);

2. within 1 m of the storm surge boundary (n=2 SET);
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3. within a small pocket of absent space within the storm
surge boundary, artifacts derived from a minimum map-
ping unit of 30 m (n=6 SET);

4. on a small island where the adjacent mainland was
within the storm surge boundary (n=12 SET); or

5. within the high-resolution storm surge boundary
(n=12 SET).

Stations exposed to (present) and those not exposed to
(absent) the storm surge were assigned a 1 or 0, respectively,
during analysis.

Geomorphic Setting

Stations were assigned to one of two potential geomor-
phic settings: (1) estuarine marsh and (2) back-barrier lagoonal
marsh (Cahoon and others, 2009). Stations within estuaries
that flowed into back-barrier lagoons were included in the lat-
ter category, as the barrier island was likely to influence storm
surge timing and severity. Stations within estuaries and those
within back-barrier lagoons were assigned a 1 or 0, respec-
tively, during analysis.

Position Relative to Storm Landfall

Position relative to landfall was assigned as those to
the left (south) or those to the right (north) of storm landfall
(39.4°N, 74.4°W; Blake and others, 2013). Stations to the left
or right were assigned a 1 or 0, respectively, during analysis.
This variable represents a complex array of processes. Differ-
ent physical characteristics between the two positions include,
but are not restricted to, wind intensity and direction, move-
ment of water and surge retention time, geomorphic setting,
and differences in underlying parent material which may have
implications for sediment transport and trapping (table 4;
Stevenson and others, 1988).

Table 4. Number of surface elevation table (SET) stations used in analyses and distance to storm landfall (minimum, maximum, and
range) for each unique geomorphic and geographic location category. Categories based on geomorphic setting (back-barrier lagoon,

estuarine) and position relative to landfall (left or right).

[na, not applicable]

Back-barrier lagoon Estuarine
Data Descriptor i i Total
Left of landfall Right of landfall Left of landfall Right of landfall
SET  Number of SET stations 26 90 78 29 223
SET  Minimum distance (kilometers) 154.47 8.04 89.97 152.34 na
SET  Maximum distance (kilometers) 249.03 557.14 298.90 303.91 na
SET  Range distance (kilometers) 94.56 549.10 208.93 151.57 na
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Additional Variables to Account for Unexplained
Variance

Coefficient of Variation

Coefficient of variation (CV) of the residual distance
from the prestorm elevation trend line was calculated using
the formula CV = (Standard deviation*100)/mean residual
distance of prestorm measurements per SET. This metric indi-
cates the natural long-term variation at the site.

Rate of Change

Rate of change in the prestorm record (millimeters per
year [mm/year]) was calculated for elevation data. To calculate
rate of change, we used mean difference in pin height from
the first pin measurement (28-36 pin measurements) to fit a
regression line through multi-year surveys (>3 years) within
the same season using R version 3.3.1 (R Core Team, 2016).
This metric was used to calculate the deviation from expected
poststorm measurement for each SET station and as an indica-
tion of long-term trends in marsh elevation change.

Correlation Between Predictor Variables

We used generalized variance inflation factor analysis
(VIF) to assess the co-linearity between predictor variables
using the car package in R version 3.3.1 (Zuur and others,
2009; Fox and Weisberg, 2011; R Core Team, 2016). Vari-
ables with a VIF>3 are generally considered to have high
co-linearity. Additionally, we generated bivariate plots to
visualize correlations between predictor variables.

Structural Equation Model

The deviation from expected elevation change model and
storm surge submodel in figure 4 (hypothetical model) were
analyzed separately. We used a piecewise approach to model
estimation and evaluation rather than relying on an assess-
ment of covariance relations (Grace and others, 2012). This
approach allowed us to choose from a broader array of tools
for evaluating each endogenous (response) node. Corrected
Akaike’s Information Criterion (Burnham and Anderson,
2002) was used for comparing candidate models chosen for
interpretation.

Model Building

We hypothesized there would be a nonlinear positive
response between distance to storm landfall and both response
variables (deviation from expected and presence of storm
surge) where the effect would plateau beyond the region of

influence. We therefore allowed for base models to accommo-
date a quadratic distance curve.

To determine the best model of deviation from the
expected elevation change, a logical subset of all possible
models was assessed. All candidate models included distance
to storm landfall, and predictor variables were added to this
base model in a stepwise fashion. Model complexity increased
with each additional predictor until all main effects were
included in a full model. Variable addition was based on the
degree of correlation between the residuals from the previ-
ous model and the remaining predictor variables. Interactions
between distance to storm landfall and all other variables, and
between geomorphic setting and all other variables were then
considered and added to the full model. For simplicity, models
included only one interaction, and the interaction terms were
always retained as a main effect. The main effects were exam-
ined in each interaction model, and the variable with the great-
est P value was removed from the subsequent model. This
process was repeated on the simplified model and continued
until all main effects were either present in an interaction or
had a P value of <0.05. A total of 46 models were included in
the deviation from expected surface elevation list (table 5).

All storm surge submodels included distance to storm
landfall. Position relative to landfall and geomorphic setting
were included as main effects and in interaction with the dis-
tance variable. No models included both categorical predictor
variables. A total of five models were included in the storm
surge submodel list (table 6).

Model Assessment

Model assessment ensured a consideration of all pos-
sible linkages, with evaluations based on Akaike’s Informa-
tion Criterion with a correction for finite sample sizes (AICc;
Burnham and Anderson, 2002). Candidate models for each
response variable were ranked using their AICc value. The
difference in AICc from the lowest AICc value (AICc__ ) was
calculated for each candidate model (AAICc=AICc-AICc . )
and models with AAICc<2 were considered equivalent (Burn-
ham and Anderson, 2002). The simplest model with the lowest
AICc within this top model list was considered the best model,
and its parameter estimates were examined and interpreted.
Models were compared using the AICcmodavg package in
R version 3.3.1 (Mazerolle, 2016; R Core Team, 2016).

Spatial Autocorrelation

Spatial autocorrelation occurs when the residuals of
data points that are spatially close together are not inde-
pendent (Bivand and others, 2013). We used Moran’s I to
statistically test for residual spatial autocorrelation in the
deviation from expected response variable using the spdep
package in R version 3.3.1 (Bivand and Piras, 2015; R
Core Team, 2016). Spatial autocorrelation was assessed
on links between seven neighboring pairs (k=7). Weights
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Table5. Models used to determine deviation from expected surface elevation change, measured as the residual distance of poststorm
elevation change. Number of models=46. Predictors include distance to storm landfall (kilometers/1,000; distance) as a quadratic curve,
rate of prestorm elevation change (millimeters/year), position relative to landfall, exposure to storm surge, coefficient of variation
(millimeters), and geomorphic setting. Models with the same number include the same interaction term, indicated by an asterisk.

[, no data]
Model Di.stance Rate of Position relative Storm COeﬁi_cit?nt Geomqrphic
+ distance? prestorm change to landfall surge of variation setting
1b X — — — — —
2 X X — — — —
3 X X X — — —
4 X X X X — —
S X X X X —
6 X X X X X
Ta X e X X X
7b X x* X X — x*
Te X X — — — e
7d X x* X — — x*
8a X X e X e
8b X X x* — x*
8c X — X e — e
8d X — — x* — x*
9a X X X S S
9b X — X x* x*
9¢ X — X — S S
9d X — — — x* X*
10a S X X X X 5
10b x* X X — x*
10c S X — X — 5
10d x* X — — — x*
10e HE — — — — 5
Ila X x* X x*
11b X e — e
Ilc X x* — — x*
11d X — e — — e
12a x* X X X x* X
12b e X X e —
12¢ x* — X X x* —
12d e — X — S —
12¢ x* — — — x* —
13a S = X X X X
13b x* x* X X X —
13¢c S S X X — —
13d x* x* X — — —
13e S e — — — —
14a x* X x* X
14b S X e
l4c x* X X x* — —
14d SR — X e — —
15a x* X x* X X
15b X X e — X
15¢ x* X x* — X —
15d e X e — — —

15e x* — x* — — —
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were standardized by row, where weights were divided

by the row sum (style=W). Since spatial autocorrela-

tion was detected, we calculated the effective sample size
(n=n/ (1 + absolute Moran’s I statistic estimate)) and
adjusted the AICc values for all top models, adjusted AICc
values AlCc, s (AIC + ((2K(K + 1))/n_,— K 1)) and
adjusted summary statistics for predictors in the best deviation
from expected model and storm surge submodel.

Statistical Programs and Packages Used

All analyses were conducted and graphics were created
using R version 3.3.1 (R Core Team, 2016) and ArcGIS 10.4.
The following R packages were used during data format-
ting: reshape2 (Wickham, 2007), plyr (Wickham, 2014), and
data.table (Dowle and others, 2015).

Results

Correlation Between Predictor Variables

The VIF values, using eligible SET data, were less than
three for all predictors in both the deviation from expected and
storm surge models (table 7). SETs with eligible surface eleva-
tion data were graphed in bivariate plots showing the relations
between pairs of predictor variables (fig. 7): distance to storm
landfall (fig. 74—C), geomorphic setting (fig. 7C, E, F), posi-
tion relative to storm landfall (fig. 7C), rate of prestorm eleva-
tion change (fig. 74, D, E), and coefficient of variation (CV) in
prestorm data (fig. 7B, D, F)). SET stations within back-barrier
lagoonal settings to the right of landfall had a much greater
range in distance from landfall, where this category contained
both the closest and furthest away SET stations, compared
to stations to the left of landfall and in estuarine settings
(fig. 7C). Similarly, the range in CV in the prestorm elevation
change trend was greater in the back-barrier lagoonal setting

Table 6. Storm surge submodels. Predictors include distance
to storm landfall (kilometers/1,000; distance), geomorphic setting,
and position relative to landfall.

[, no data; *, indicates a two-way interaction between variables]

Geomorphic Position
Model Distance settinp relative to
g landfall

la X — —

2 X X —

3 X — X

4 x* x* —

5 e — e

compared to the estuarine setting (fig. 7F). The other bivariate
comparisons revealed no important relations (fig. 74, B, D, E).

Distribution of SET-MH Stations Used in Effects
Analysis

A number of factors contribute to the distribution of sam-
pling in large spatial datasets, resulting in uneven dispersion of
replicates among geographic and geomorphic settings. In this
study some of these spatial factors include the opportunistic
nature of the SET-MH network, the distribution of geomorphic
settings along the east coast from Virginia to Maine, and the
location of Hurricane Sandy landfall (fig. 8). The distribution
of eligible SET stations between geomorphic settings, posi-
tion relative to storm landfall, and distance from storm landfall
(table 4 and fig. 8C) show that the majority of stations within
back-barrier lagoonal marsh (BBL) were located to the right of
landfall (78 percent), and the majority of stations within estua-
rine marsh were located to the left of landfall (73 percent).
SET stations occur from 8 km to as much as 557 km from the
storm landfall (table 4).

Deviation from Expected Surface Elevation
Change Model

The model with a quadratic curve had the lowest AICc
value (1,758.71) for predicting the relation between deviation
from expected surface elevation change and distance from
storm landfall. The model with a linear curve was greater than
two points from this AICc_, model (AAICc = 21.34; table 8).
Therefore, the quadratic distance curve was included in all
deviation from expected elevation models.

Three of 46 models had a AAICc less than 2 from the
AlCc , model (table 9) for predicting the deviation from
expected surface elevation change. The simplest model was

Table 7. Results from variance inflation factor (VIF) analysis
assessing the colinearity between predictor variables in the
deviation from expected surface elevation model and the storm
surge submodel. VIF>3 indicates high colinearity.

[>, greater than; na, not applicable]

Variance inflation
factor values

Predictor Surface  Storm
elevation  surge
model  submodel
Distance from storm landfall 2.16 2.02
Geomorphic setting 1.66 2.21
Position relative to storm landfall 1.75 2.13
Exposure to storm surge 2.18 na
Rate of pre-Sandy elevation change 1.09 na
Coefficient of variation in pre-Sandy record 1.04 na
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Figure 7. Bivariate relations between predictor variables in the eligible total surface elevation dataset. Relations between distance
from storm landfall and A, rate of prestorm surface elevation change, B, coefficient of variation (CV) in prestorm surface elevation
change, and C, geomorphic setting and position relative to landfall categories. Relations between D, CV in prestorm surface elevation
change and rate of prestorm surface elevation change, and between geomorphic setting and £, rate of prestorm surface elevation
change, and F, CV in prestorm surface elevation change. Geomorphic setting categories include back-barrier lagoonal marsh (BBL) and
estuarine marsh (Estuarine). Position categories include left and right of landfall.
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Figure 8. Study region showing storm track, wind swaths (34 and 64 knots), and stations with eligible surface elevation table (SET)
data in each category: A, position relative to landfall (left or right), B, geomorphic setting, and C, storm surge. Storm track and wind
swath shapefiles from the National Oceanic and Atmospheric Administration (2014).
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Figure 8. Study region showing storm track, wind swaths (34 and 64 knots), and stations with eligible surface elevation table (SET)
data in each category: A, position relative to landfall (left or right), B, geomorphic setting, and C, storm surge. Storm track and wind
swath shapefiles from the National Oceanic and Atmospheric Administration (2014).—Continued

Table 8. Comparing distance from storm landfall curves (linear and quadratic) in the deviation from expected surface elevation model

and storm surge submodel using Akaike's Information Criterion, AlCc.

[A, change in]

Response Predictor AlCc AAICc Weight
.. . Distance + distance® 1,758.71 0 1
Deviation from expected elevation change Distance 1.780.05 3134 0
Storm suree Distance 145.04 0 0.62
ure Distance + distance? 145.98 0.94 1

model 15e, which consisted of an interaction between distance
from and position relative to landfall with no other predic-
tors (table 5). See table 3.1 in appendix 3 for model summary
information and figure 9 for model predicted versus response
plot. Model 15e was determined to be the best model avail-
able for predicting deviation from expected surface elevation
change following Hurricane Sandy.

As deviation from the expected surface elevation change
trend was spatially autocorrelated (P<0.001, SD=7.89), we
calculated effective sample size and used this to calculate
an adjusted AICc value for the three top models (table 10).
Although the AAICc based on the adjusted values (AAICc for
model 15¢=0.625 and model 15¢=0.633) differed from the
unadjusted values (AAICc=0.67 and 0.681, respectively), the
order did not change.

Parameter estimates from model 15¢ (best model)
indicate that within 200 km from storm landfall there was a

greater negative deviation from the expected elevation change
trend (elevation loss) and a greater effect of distance to land-
fall in stations to the right of landfall than to the left (fig. 10;
table 3.1 in appendix 3).

Owing to yearly variation among surveys, we expected
that poststorm measurements would exhibit some deviation
from the expected change trend, irrespective of hurricane
influence. Prestorm mean residual distance and poststorm
residual distance from the prestorm trend line were less than
or equal to +5 mm for 89.7 percent and 62.8 percent of eli-
gible SET stations, respectively, indicating greater variation
in the residual distance (in other words, exceeding +5 mm)
poststorm (fig. 11). Of the 223 eligible SET stations, there
were 125 stations (56.1 percent) with a deviation greater than
expected (elevation gain) and 98 stations (43.9 percent) with
a deviation less than expected (elevation loss; fig. 114). Based
on these distributions, we suggest that a deviation of greater
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Table 9. Deviation from expected surface elevation change models ranked by corrected Akaike’s Information Criteria (AlCc). Models
with small AlCc values are considered higher quality, and models with an AlCc difference of less than 2 (AAICc<2) are considered
equivalent (shaded blue). Of these equivalent models, the simplest model is indicated by an * and considered the best (model 15e).
Model details are listed in table 4. The number of estimated parameters (K) indicates model complexity and is used to calculate AlCc.
Weights indicate the normalized model likelihoods (sum to 1).

[A, change in]

Model K AlCc AAICc AICc weight Cumulative weight Log Likelihood
15d 7 1,749.13 0 0.27 0.27 —867.3
15¢ 8 1,749.65 0.52 0.21 0.48 —866.49

*15¢ 6 1,749.78 0.65 0.19 0.67 —868.69

7d 7 1,751.33 2.2 0.09 0.76 —868.4
15b 9 1,751.41 2.28 0.09 0.85 —866.28
e 8 1,752.78 3.65 0.04 0.89 —868.06
15a 10 1,753.54 4.41 0.03 0.92 —866.25
7b 9 1,754.04 491 0.02 0.94 —867.6
Ta 10 1,755.86 6.73 0.01 0.95 —867.41
l4c 8 1,757.5 8.37 0 0.96 —870.41
14d 7 1,757.79 8.66 0 0.96 —871.63
10d 7 1,757.88 8.75 0 0.96 —871.68
2 5 1,758.2 9.07 0 0.96 —873.96
3 6 1,758.5 9.37 0 0.97 —873.05
12¢ 8 1,758.63 9.5 0 0.97 —870.98
10c 8 1,758.68 9.55 0 0.97 —871
12d 7 1,758.72 9.59 0 0.97 —872.1
14b 9 1,758.79 9.66 0 0.98 —869.97
4 7 1,758.86 9.73 0 0.98 —872.17
10e 6 1,758.87 9.74 0 0.98 —873.24
12b 9 1,758.94 9.81 0 0.98 —870.05
1b 4 1,759.17 10.04 0 0.98 —875.49
13e 6 1,759.38 10.25 0 0.99 —873.5
12¢ 6 1,759.38 10.25 0 0.99 —873.5
13d 7 1,759.67 10.54 0 0.99 —872.57
10b 9 1,759.8 10.67 0 0.99 —870.48
13¢ 8 1,760.04 10.91 0 0.99 —871.68
5 8 1,760.14 11.01 0 0.99 —871.73
11d 7 1,760.42 11.29 0 0.99 —872.95
10a 10 1,760.59 11.46 0 0.99 —869.77
14a 10 1,760.6 11.47 0 0.99 —869.78
11c 8 1,760.78 11.65 0 1 —872.05
12a 10 1,761.06 11.93 0 1 —870.01
13b 9 1,761.18 12.05 0 1 —871.17
11b 9 1,762.09 12.96 0 1 —871.62
8¢ 8 1,762.19 13.06 0 1 —872.76
6 9 1,762.28 13.15 0 1 —871.72
8b 9 1,762.5 13.37 0 1 —871.83
13a 10 1,763.33 14.2 0 1 —871.14
9¢ 8 1,763.68 14.55 0 1 —873.5
1la 10 1,763.77 14.64 0 1 —871.37
8a 10 1,763.85 14.72 0 1 —871.41
8d 7 1,763.87 14.74 0 1 —874.68
9b 9 1,763.89 14.76 0 1 —872.52
9d 7 1,763.95 14.82 0 1 —874.71
9a 10 1,764.4 15.27 0 1 —871.68
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Figure 10. Poststorm deviation from expected surface
elevation change along the distance to storm landfall gradient
(kilometers/1,000). Lines are parameter estimates, from the best
model (model 15e), for stations to the right (closed circle, solid
line) and left (open circle, dashed line) of storm landfall. Dotted
grey line indicates no deviation from expected change. Only
eligible surface elevation data are displayed and used in analysis
(223 surface elevation table stations).

than 5 mm from expected is more likely to indicate an effect of
Hurricane Sandy on the rate of elevation change than a devia-
tion of less than 5 mm. If we look at the stations with a greater
than 5 mm deviation from expected, we find that stations to
the left of landfall were more likely to experience a greater
than expected elevation change (27 stations; 77.1 percent) than
a less than expected change (8 stations; 22.9 percent; fig. 124;
table 11). This trend was also evident in the range and mean
deviation from expected values exhibited to the left of landfall
(range=—28.8 to 60.0 mm; mean loss=—15.9+£3.6 mm; mean
gain=18.0+2.4 mm; table 11). This suggests elevation gain
was more prevalent than elevation loss in stations located to
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Table 10. Effective sample sizes (n_) for all top models. Of
these equivalent models the simplest model is indicated by an *
and considered the best (model 15e). Model details are listed in
table 4. K=number of estimated parameters, and n=223 surface
elevation tables stations.

[AICc, ™ corrected Akaike’s Information Criteria; A, change in]

Model K n AiCc,, AAICc,,
Deviation from expected surface elevation
15d 7 169 1,749.31 0
15¢ 8 170 1,749.89 0.58
*15e 6 170 1,749.90 0.60
Storm surge submodel
3 3 156 95.41 0
5 4 156 96.71 1.31

the left of landfall. To the right of landfall, the proportion of
stations with greater than expected change was similar to those
with less than expected change (28 stations (58.3 percent) and
20 stations (41.7 percent), respectively; fig. 12B; table 11).
Stations to the right tended to experience greater elevation loss
(range=—69.4 to 43.8 mm; mean loss=—19.7+4.8 mm; mean
gain=10.9+1.6 mm; table 11).

Stations with the greatest elevation loss were located
to the right of landfall, whereas stations that experienced the
greatest elevation gain were to the left of landfall (fig. 12,
table 11). The range in deviation from the expected elevation
change trend was greater to the right of landfall than to the
left (113.2 and 88.8 mm, respectively; table 11). To the right
of landfall there were greater negative values (elevation loss)
than to the left (minimum=—69.4 and —28.8 mm, respectively),
and the maximum positive value (elevation gain) was lower
to the right than to the left of landfall (maximum=43.8 and
60.0 mm, respectively; fig. 12).

Storm Surge Submodel

To predict the relation between storm surge and distance
from storm landfall, the model that assumed a linear rela-
tion between response and predictor variables had the lowest
AlICc value (145.04). Even though the model containing the
quadratic relation had a AAICc less than two (AAICc=0.94;
table 8), the linear relation was included in all storm surge
submodels.

Two of five models had a AAICc less than two from the
AlICc_. model (table 12) for predicting presence of storm
surge. The simplest model was submodel 3, which consisted
of distance from, and position relative to, landfall with no
interaction (table 6). See table 3.2 in appendix 3 for model
summary information. Submodel 3 was therefore considered
the best model available for predicting storm surge presence
during Hurricane Sandy.

We calculated effective sample size and used this to
calculate an adjusted AICc value for the two models with
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Table 11.

Summary information for stations with a deviation from expected elevation change greater than =5 millimeters. Number of

stations (n) with elevation gain and loss in each position relative to landfall category (all stations, left, right) and presence or absence of
storm surge, along with the maximum value, mean, and standard error (SE) are included.

Position Direction of Maximum deviation Mean + SE
elevation effect (percent) (in millimeters) (in millimeters)

Al Gain 55 (66.3) 60.0 14.4+1.5
Loss 28 (33.7) —69.4 ~18.643.6
Gain 27 (77.1) 60.0 18.042.4

Left
Loss 8 (22.9) -28.8 ~15.943.6
. Gain 28 (58.3) 438 10.9+1.6

Right
Loss 20 (41.7) —69.4 ~19.7+4.8
Gain 103 (58.9) 60.0 7.9+1.0

Storm surge
Loss 72 (41.1) —69.4 ~7.5+1.7
Gain 22 (45.8) 20.4 4.3+1.1
No storm surge

Loss 26 (54.2) -11.5 —2.5+0.6

Table 12.  Storm surge models ranked by corrected Akaike's Information Criteria (AICc). Models with small AICc values are considered
higher quality, and models with an AICc difference of less than 2 (AAICc<2) are considered equivalent (shaded). Of these equivalent
models the simplest model is indicated by an * and considered the best (model 3). Model details are listed in table 5. Number of
estimated parameters (K) indicates model complexity. Weights indicate the normalized model likelihoods (sum to 1).

[A, change in]

Model K AlCc AAICc AICc weight Cumulative weight  Log likelihood
3 3 95.36 0.65 0.65 —44.62
4 96.63 1.27 0.35 1 —44.22
3 138.21 42.86 0 1 —66.05
4 4 139.65 44.29 0 1 —65.73
la 2 145.04 49.68 0 1 —70.49

the lowest AICc value (table 10). The AAICc based on the
adjusted sample size (AAICc=1.31) was greater than the unad-
justed value (AAICc=1.27); however, the order did not change
(tables 10 and 12).

Based on submodel 3 (best model), the probability
that a station was exposed to the storm surge was predicted
to decrease with increasing distance from landfall (fig. 13;
table 3.2 in appendix 3). Submodel 3 also predicted a shorter
distance of influence to the left of landfall than to the right
(fig. 13; table 3.2 in appendix 3).

The omission of storm surge from the best deviation-
from-expected-change model may reflect the variation in
direction (loss or gain) more than the magnitude of the effect.
There were a greater number of eligible SET stations with
storm surge present than absent (175 and 48 respectively;
fig. 14). The deviation from the expected elevation change
trend had both greater positive (elevation gain) and negative
(elevation loss) values and greater mean values at stations
exposed to the Hurricane Sandy storm surge (range=—69.4 to
60.0 mm, mean gain=7.94+1.0 mm, mean loss=—7.5+1.7 mm)
than those outside storm surge influence (range=—11.5 to
20.4 mm, mean gain=4.3+1.1 mm, mean loss=2.5+0.6 mm,
table 11). There were a greater percentage of stations within

the £5 mm deviation from the expected change trend in areas
that storm surge was absent from than present (77.1 percent
and 58.9 percent, respectively; fig. 14). This suggests that even
though storm surge tended to increase the magnitude of devia-
tion from expected it had a complex influence on marsh sur-
face elevation change, resulting in both loss and gain, which
may explain the absence of this effect in model selection.

Structural Equation Model Selected for
Interpretation

We used the best deviation-from-expected surface
elevation change model and storm surge submodel to create
arevised SEM (fig. 15; compare to initial model in fig. 4).
Distance from landfall (—0.71) and position relative to landfall
(—0.16) were found to explain the likelihood of storm surge
presence in the SET data. Observed storm surge presence or
absence, however, did not help explain deviation from the
expected surface elevation change trend. Rather, deviation
from expected elevation change was explained by the interac-
tion between distance from landfall and position relative to
landfall (see for example, figs. 10 and 12). Furthermore, geo-
morphic setting, coefficient of variation in prestorm elevation



trend, and rate of prestorm elevation trend had no significant
effect on the deviation from the expected elevation change.

Discussion

Spatial Variation in Storm Impacts

Understanding the impact of Hurricane Sandy on coastal
wetland elevation change requires knowledge of both the
physical characteristics of the storm and its interaction with
coastal landforms it encounters. Our analyses indicate there
are important landform differences in coastal geomorphology
and wetland setting on either side of the point of landfall at
Brigantine, New Jersey. To the right of landfall the predomi-
nant wetland type is back-barrier marsh, whereas to the left
of it is predominantly estuarine marsh along tidal tributaries
of Delaware Bay and Chesapeake Bay. Hurricane Sandy’s
physical characteristics meant that storm surge area was more
extensive right of the landfall in the northeast quadrant of the
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storm than left of the landfall where winds switched from out
of the northwest to out of the southwest during storm approach
and passage (Dennison and others, 2012; Middleton, 2016; see
fig. 1). This difference in surge dynamics resulted in impor-
tant differences in wetland impacts to the right and left of the
landfall point. The smaller surge area to the left of landfall
indicates a shorter distance of surge influence there compared
to the right of landfall (fig. 13). To the left of landfall, eleva-
tion gain was more prevalent than elevation loss, and the
greatest elevation gains for the northeast region were found

in these stations. To the right of landfall, stations were located
closer to landfall. These stations experienced the greatest
elevation loss and range in deviation from expected, and the
maximum elevation gains were lower than stations to the left.
These effects appear to be the result of the interaction between
distance from, and position relative to, landfall as shown in the
causal model (fig. 15). This finding is supported by a remote-
sensing study of Hurricane Sandy’s storm surge impact on salt
marsh condition (Rangoonwala and others, 2016), where salt
marshes located within 20 km right (north) of landfall expe-
rienced high surge persistence and high salt marsh condition
change compared to marshes further north of the storm track.

[ [ [ [ [ [
'~ o @ — =
5 3 1 ) $
M | & :
°
(] 60 o ) °
EXPLANATION
| —e— Right
@ " -O- Left
o
o )
5 1
2 .
@
5
[+ \
=] 1
c
& .
[<b)
=
2 .
E‘) \
= \
w
E
=
w
o z
0
0— %6 e ’ ]
| | | | | | |
0.0 0.1 0.2 03 0.4 05 0.6

Distance to storm landfall, in kilometers/1,000

Figure 13. Storm surge presence (1) or absence (0) along the distance from landfall gradient. Lines are parameter estimates, from the
best submodel (submodel 3), for stations to the right (closed circle, solid line) and left (open circle, dashed line) of storm landfall. Data
and models are based on eligible surface elevation data (223 surface elevation table stations). Points are randomly placed along the

vertical axis for visibility of overlapping points.
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Rapid assessment of Hurricane Sandy impacts based on
qualitative visual observations made in the weeks immediately
following the storm revealed low levels of impacts to coastal
marshes in general across the northeast region (American
Littoral Society, 2012; Grubel and others, 2012; Dennison and
others, 2012). For example, along the shores of New Jersey,
Long Island Sound, and New York Harbor-Raritan-Jamaica
Bays, 1417 percent of marshes experienced moderate levels
of damage, whereas 54—64 percent of marshes experienced
low levels of damage (American Littoral Society, 2012). Only
a few marshes exhibited high levels of impacts (for example,
Little Egg Harbor). Typically, wrack deposits were visible
at the marsh upland edge in many back-bay marsh areas but
not in the marsh itself. Marsh-edge erosion was observed in
some locations (for example, Barnegat Bay marshes located
at the point of landfall; Martha Maxwell-Doyle, Barnegat Bay
Partnership, oral commun., May 18, 2017), but no quantitative
data were available to evaluate its extent across the region. A
geographic information system (GIS) analysis of Hurricane
Sandy impacts to coastal wetlands of New Jersey revealed
that salt marshes were impacted by either erosion or sedi-
ment deposition (Hauser and others, 2015). Although such

visual observations can be useful, they also can be mislead-
ing because they do not account for the storm’s influence on
subsurface processes such as shallow subsidence or shallow
expansion (for example, root zone expansion from enhanced
root growth or dilation water storage), which can vary widely
among sites and storms and are often the dominant control on
elevation change (Cahoon, 2006). For example, compaction
by storm surge, when it occurred, ranged from 3 to 33 mm in a
recent review of major storm impacts (Cahoon, 2006).

In an empirical, quantitative evaluation of three marshes
in Delaware Bay left of landfall and three marshes in Barnegat
Bay right of landfall where SET-MH sampling stations had
been established 1.5 years prior to Hurricane Sandy, Quirk
(2016) found little evidence of widespread wrack, sediment
deposition, or vegetation removal on the marsh surface. Over
the poststorm period, surface accretion/erosion was within
the range of variability prior to the storm in all six marshes.
Surface elevation change over the poststorm period was
within the range of variability of prestorm trends for four of
the six marshes, with one of the remaining marshes exhibiting
significant shallow expansion and the other significant shallow
subsidence. Similar storm surge effects on sediment deposition
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processes were observed in 1989 by Gardner and others (1991,
1992) in a South Carolina salt marsh impacted by Hurricane
Hugo, a category 4 storm whose approach was perpendicular
to the shore. Mud was deposited in the forest located inland
of the salt marsh, but not in the marsh itself (Gardner and
others, 1991). They hypothesized that the 3- to 4-m-deep
surge protected the marsh surface from wind, wave action,
and currents. Quirk (2016) also hypothesized that much of the
material carried by Hurricane Sandy flood waters passed over
the marsh and was deposited along areas of taller structure
than marsh grass, such as the upland-forest edge. Indeed,
recent investigations using large-scale experimental flumes
demonstrate that vegetated marsh surfaces effectively attenu-
ated waves and prevented erosion of the marsh surface during
storm surge flooding (Moller and others, 2014; Rupprecht and
others, 2017). See Leonardi and others (2018) for a review of
the interaction between storm surge and salt marsh vegetation
as it relates to surface sedimentation and erosion.

These observations may explain why surface eleva-
tion gain was lower and surface elevation loss more likely in
marshes located right of landfall, where storm surge was more
extensive and strongest during Hurricane Sandy. It is likely
there were fewer opportunities for sediment deposition on
the marsh surface and more opportunities for compaction of
the marsh substrate by the overburden of the 3- to 4-m storm
surge compared to marshes located left of landfall. It may also
provide insight into why marsh surface elevation gain was
more prevalent in the marshes to the left of landfall, where the
surge was less extensive and less deep, such as Chesapeake
Bay. In Chesapeake Bay, Dennison and others (2012) reported
that winds during Hurricane Sandy started from the northwest
as the storm approached the mid-Atlantic (blowing water to
the south, out of the bay) and transitioned to the southwest as
the eye of the storm passed inland north of Chesapeake Bay
(fig. 1). The wind shift to the southwest blew water from the
west side to the east side of Chesapeake Bay, causing wind-
driven flooding on the east shore. Thus, deviation from the
expected poststorm elevation trend was greater on the east
side than the west side of the Chesapeake Bay (5.4+1.7 mm
versus 0.7+0.9 mm). Poststorm field observations by Cahoon
at Blackwater National Wildlife Refuge (NWR; east side)
revealed storm-related sediment deposits on some brackish
marsh surfaces along the Blackwater River that flows into
Fishing Bay on the east shore of Chesapeake Bay. Apparently,
sediment-laden water pushed up into the headwaters of rivers
and small bays along the east shore of the bay associated with
the ~1 m surge resulted in more prevalent sediment deposition
and elevation gain in those marshes.

These results are consistent with the physical charac-
teristics of Hurricane Sandy, but the range of variation in
poststorm residual distance from predicted surface elevation
change both left and right of the storm (fig. 12), and in the
presence and absence of storm surge (fig. 14), indicates that
a combination of factors beyond just the physics of the storm
influenced wetland responses. Some of these factors likely
include sediment supply, wetland productivity and integrity,

wetland elevation relative to mean sea level, and the degree of
hydrologic alterations by human activities.

Implications for Marsh Resilience

The long-term impacts on marsh resilience of a high-
magnitude, low-frequency event like Hurricane Sandy are
variable and may appear incongruous with such a physically
powerful event. For example, although we do not know the
impact of Hurricane Hugo on marsh surface elevation change
throughout the entire coastline it affected, that storm had no
long-term impact on salt marsh integrity at North Inlet in
South Carolina (Gardner and others, 1991, 1992). Similarly,
Rachlin and others (2017) report that species composition
of vascular flora of salt marshes in New Jersey, New York,
and Connecticut showed a high degree of stability (in other
words, little change) following Hurricane Sandy. Longenecker
and others (2018) report that vegetation cover and composi-
tion were similar before and after Hurricane Sandy in tidal
marsh at Edwin B. Forsythe NWR in New Jersey, which is
located at the point of landfall. In addition, Wang and others
(2017) report a very complex pattern of accretion and ero-
sion of marsh surfaces for salt marshes across Jamaica Bay,
but eroded marsh surfaces recovered from the sediment loss
after 1 year. Quirk (2016) hypothesized that Hurricane Sandy
impacts on marsh surface accretion and elevation change will
have little influence on longer-term elevation trends as well.
Given the degree of spatial variation we found in Hurricane
Sandy surge effects on marsh elevation change, the impli-
cations for marsh resilience to future storms also will vary
spatially across the northeastern United States.

Our analyses provide inferences for storm impacts in the
short-term (1-year poststorm). Namely, those stations located
left of landfall, compared to those on the right, experienced
a greater deviation from expected elevation change, and the
deviation was more likely to be positive (elevation gain).
Stations to the right of landfall experienced smaller maximum
deviations from expected, and the deviations were more likely
to be negative (elevation loss). Although long-term inferences
(>1 year poststorm) cannot be drawn from our analyses, it is
clear that the more prevalent gain in elevation in the marshes
located left of storm landfall more likely resulted in gains
in elevation capital (marsh elevation in relation to mean sea
level; Reed, 2002; Cahoon and Guntenspergen, 2010) for
those marshes. In contrast, the predominance of elevation
loss in marshes to the right of landfall in the barrier island
systems of northern New Jersey, New York, and Connecticut
likely indicates those marshes lost elevation capital. Another
potential factor contributing to elevation loss in the northern
marshes to the right of landfall is that they are all built on
underlying coarse-grained parent materials deposited during
and immediately after the last glaciation. This has implications
for sediment transport and trapping, with northern marshes
often considered sediment starved and more dependent on
organic matter accumulation, which ultimately impacts
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long-term marsh stability (Stevenson and others, 1988). Hur-
ricane Sandy came ashore just south of the glacial deposit line,
which adds another confounding factor in understanding the
geomorphic setting along this coastline.

Future coastal flood risk for the east coast of the United
States will be strongly influenced by sea-level rise and
changes in the frequency and intensity of tropical cyclones
(Tebaldi and others, 2012; Woodruff and others, 2013; Little
and others, 2015). The return period for Hurricane Sandy’s
flood height is predicted to decrease during the next century by
a factor of as much as 17-fold, owing to both sea-level rise and
changes in storm climatology (Lin and others, 2016). The fre-
quency of tropical cyclones is projected to decrease, although
the frequency of more intense storms (category 4 and 5) is
projected to increase, as is overall tropical cyclone intensity
(Knutson and others, 2010; Bender and others, 2010; Peduzzi
and others, 2012). For the northeastern U.S. coast (Virginia
and northward), relative sea-level rise is projected to be
greater than the global average for most future Global Mean
Sea Level rise scenarios (for example, 0.3 to 0.5 m or more
by the year 2100 under the Intermediate Scenario [Sweet and
others, 2017]), and the mid-Atlantic coast of the United States
is considered a hotspot of accelerated sea-level rise (Sallenger
and others, 2012). Furthermore, acceleration in flooding,
including minor flooding, is predicted to occur for the north-
east region (Ezer and Atkinson, 2014), although the existence
of coastal wetlands is known to reduce flood damage to
human infrastructure on the coast (Narayan and others, 2017).
Thus, gains in marsh elevation capital are needed to offset the
projected increases in sea level and coastal flooding frequency
(Cahoon, 2015), and to sustain existing marshes. Notably, as a
result of Hurricane Sandy, more marshes in the Delaware Bay
and Chesapeake Bay region gained short-term resilience than
marshes in the New Jersey to Connecticut region. Yet, each
future major storm to make landfall in the northeastern United
States will have its own unique characteristics and storm surge
impacts on coastal marsh elevation that will have a cumulative
effect on future marsh elevation capital and resilience. The
impact of each high-magnitude, low frequency storm event (in
other words, hurricanes) will be additive to the impacts of the
low-magnitude, high-frequency storm events (in other words,
northeaster storms) that typically occur in the northeast region
of the United States each year and can generate substantial
storm surges during the winter and spring (Davis and Dolan,
1993; Booth and others, 2016).

Factors to Consider in Development of
a Strategic Monitoring Framework

Objective 4 of this project is to develop a framework
for a strategic monitoring network of SET-MH (from here on
SET) stations in the northeastern United States to improve
assessments of climate change impacts and related phenomena
on coastal wetlands. The 965 eligible SET stations located in
the northeastern United States (fig. 3), including both geo-
morphic settings of estuarine marsh and back-barrier lagoonal
marsh, are classified as estuarine emergent marsh (NWI
classification: E2EM) habitat. We provide information on the
spatial distribution of SET stations and compare this with the
amount and distribution of estuarine emergent marsh across
the region (fig. 16). We also incorporated two risk factors
into this analysis: hurricane return interval and storm surge
footprint. These analyses will highlight geographical areas
that are under-represented by SET stations and can be used to
guide future installation and improve our assessment of coastal
marsh resilience to the impact of climate change and storm-
related phenomena on coastal wetlands.

Methods

Spatial Analysis

The number of hexagons (each 4,000 ha or 40 km? in
area; Weist and others, 2016), amount of marsh area, number
of marsh patches, dominant geomorphic settings, and number
of SET stations per predefined subregion were determined.
The spatial distribution and density of SET stations in the
study area was summarized in ArcMap 10.1 to show the
number of stations per subregion, number of marsh patches
with stations present, number of stations per hexagon, and the
number of stations with federally owned data, indicating there
is a long-term commitment to data collection. The spatial dis-
tribution of estuarine emergent marsh was determined for each
subregion as the total marsh area, number of marsh patches
and broad geomorphic settings of marsh patches, total marsh
area per hexagon, and the presence of publicly owned estua-
rine emergent marsh within each hexagon, indicating poten-
tial locations for future SET station installations. From these
analyses we calculated the percent of hexagons containing
SET stations, the density of stations per marsh area for each
subregion expressed as the number of stations per 1,000 ha
of marsh area, the percentage of marsh patches per subregion
containing stations, and the broad geomorphic settings of sta-
tion locations.
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Incorporating Risk—Data Sources and
Application

There are a multitude of additional factors that could be
considered when identifying spatial gaps in an opportunis-
tic assemblage of stations. We identified two additional risk
factors with data available for the entire study area: hurricane
return interval and storm surge footprint. The return interval
of hurricanes (100 years/number of hurricane strikes) was
calculated for the coastal counties on the basis of data from the
National Hurricane Center (NHC), which maintains a list of all
direct and indirect strikes from all hurricane categories from
19002009, and was last updated in February 2010 (National
Oceanic and Atmospheric Administration, 2010). For this proj-
ect, direct and indirect strikes of all hurricane categories were
included in the number of hurricane strikes over the length of
record.

The potential storm surge footprint was acquired from the
Sea, Lake, and Overland Surges from a Hurricane (SLOSH)
model (Forbes and others, 2014) that is used by the National
Weather Service and NHC to compute storm surge and create
management and planning products based on hypothetical hur-
ricane tracks. We used the potential storm surge footprints for
the maximum of maximums (MOM) for hurricane categories
1-5, which represent the worst case scenario based on model
results from more than 10,000 simulated storms (Federal
Emergency Management Agency, 2015b). See also Longe-
necker (2011).

75° 70°
[
45° | — -
/ -
-
o ’
3
) Coastal Maine
———— 7
ATLANTIC
OCEAN
0° EXPLANATION
I Hectares estuarine emergent marsh ]
s /'ﬁ,\"" <:> <1
wyy S @ 1-95
44 @ 95208
Delaware Bay . AV
22 ) 346-543
Coastal Delmarva . 54.4-83.2
VA () 83314822
Eastern Chesapeake Bay O 148.3-308.3
Western Chesapeake Bay . 308.4-660.3
- - Coastal Virginia @ 660428464
NC { \
M | |
Map image is the intellectual property of Esri and is used herein under license. 0 150 300 KILOMETERS
Copyright © 2019 Esri and its licensors. All rights reserved. } 1 ,'
0 90 180 MILES

Figure 16. Study region between Maine and Virginia (inclusive) indicating area of estuarine emergent marsh per hexagon (40 square
kilometers or 4,000 hectares). Note the hexagon grid is restricted to areas where estuarine emergent marsh is present in the National

Wetlands Inventory acquired in 2010.



Results

Spatial Distribution of SET-MH Stations

Spatial distribution of SET stations across the Atlantic
coast from Virginia to Maine can be evaluated for the entire
region or by subregion. SET stations are not evenly distributed
across the region, as installations were based on agency and
project priorities. We then calculated the percent of hexagons
in each subregion that contain SET stations (table 13). With
this approach, five of the subregions (Cape Cod-Casco Bay,
Long Island, coastal New Jersey, Delaware Bay, and coastal
Delmarva) are fairly evenly represented with 18—22 percent of
hexagons containing some SET stations. However, southern
New England and coastal Virginia have few hexagons with
stations (approximately 9.5 percent), and coastal Maine, as
well as both western and eastern Chesapeake Bay, are much
less represented with less than 8 percent of the hexagons
in those regions containing stations. SET stations are also
unevenly distributed within each subregion (fig. 17). For
example, most of the SET stations in the coastal Maine subre-
gion are in the northern portion (fig. 2).

Subregions are not equivalent with respect to marsh
area, marsh patch size, and geomorphic settings. Therefore,
we summarized the number and size of marsh patches per
subregion and the density of SET stations relative to existing
estuarine emergent marsh (table 14). Two of the four subre-
gions with the greatest number of SET stations (coastal New

Results K] |

Jersey=141 and eastern Chesapeake Bay=102) have large
areas of marsh (>50,000 ha) and consequently low densities
of stations per marsh area (2.8 and 1.51 stations per 1,000 ha
of marsh, respectively; table 14). Coastal Maine, eastern
Chesapeake Bay, and western Chesapeake Bay are underrep-
resented by percent of marsh patches with SET stations (less
than 1 percent of marsh patches containing stations), and the
density of SET stations was low in the southern portion of the
region (fewer than 3 stations per 1,000 ha of marsh) and in
coastal Maine (4.8 stations per 1,000 ha of marsh) compared
to the midregion from Long Island to Cape Cod/Casco Bay
(>9 stations per 1,000 ha of marsh; table 14).

The percent of hexagons with SETs per subregion was
not evenly distributed (y* =42.5, df=9, P<0.001), and the
density of SETs (number of stations per 1,000 ha estuarine
emergent marsh) was strongly clustered (Global Moran’s
1=0.157, P<0.001), confirming that SET stations are not
evenly distributed.

Within each subregion, SET stations were generally clus-
tered on the basis of Global Moran’s I, a measure of spatial
autocorrelation, calculated for number of stations per 1,000 ha
of estuarine emergent marsh in each hexagon (table 13).
Southern New England and coastal New Jersey subregions
were exceptions, in that distribution of SET station density
was not significantly different from random (Global Moran’s
I P-values>0.1). Each subregion also had at least one pair of
adjacent hexagons that both contained some SET stations.
Therefore, the overall minimum distance between hexagons
with SET stations was 0 km. However, the mean minimum
distance (or the mean distance to the nearest hexagon with

Table 13. Summary of the spatial distribution of surface elevation table-marker horizon (SET-MH) stations, hexagons (with estuarine
emergent marsh [E2EM]), hexagons (with E2EM marsh) with SET-MH stations, mean minimum distance between hexagons with SETs,
and Global Moran’s | (measure of clustering) across 10 subregions between Maine and Virginia (inclusive).

[km?, square kilometer; m, meter; ha, hectare; <, less than]

Mean minimum  Global Moran’s |

Numberof  Percentof Total number Numberof  Percent of distance (m) (for number of
Subregion SET-MH SET-MH of hexagons  hexagons hexagons
. . ) . . between hexagons  SETs/1,000 ha
stations stations (40 km?) with SETs with SETs .
with SETs marsh)
Coastal Maine 31 32 208 8 3.8 3,039 0.074*
Cape Cod, Casco Bay 189 19.6 113 25 22.1 271 0.215%%*
Southern New England 124 12.8 180 17 9.4 6,898 0.983
Long Island 105 10.9 107 23 21.5 1,415 0.150%*
Coastal New Jersey 141 14.6 109 24 22.0 1,533 0.087
Delaware Bay 88 9.1 38 19 21.6 715 0.229%%*
Coastal Delmarva 90 9.3 93 17 18.3 1,323 0.202**
Eastern Chesapeake Bay 120 12.4 212 16 7.1 3,410 0.149%**
Western Chesapeake Bay 68 7.0 311 7 2.3 7,362 0.058*
Coastal Virginia 9 0.9 21 2 9.5 0 0.165%*
Across region 965 100 1,442 158 10.9 2,277 0.157%**

*Significantly different from random (clustered) with P value <0.1.
**Significantly different from random (clustered) with P value <0.01.

***Significantly different from random (clustered) with P value <0.001.
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Inventory acquired in 2010.




SET stations) ranged from 0 km in coastal Virginia (where
there are only two hexagons with SET stations) to 7.4 km in
western Chesapeake Bay (table 13). The maximum distance to
the nearest hexagon with SET stations ranged from 0 (coastal
Virginia) to 34 km (southern New England).

SET Station Distribution Within a Subregion

Within a subregion, additional detail can be incorporated
to identify gaps in SET station coverage of geomorphic set-
tings present. For example, we quantified the broad geomor-
phic settings present in the marsh patches of each subregion
and then compared the broad geomorphic settings of the
existing SET stations (table 15, figs. 18 and 19). This com-
parison is not relevant for subregions where there is only one
broad geomorphic setting present, such as eastern and western
Chesapeake Bay, and Delaware Bay. For several subregions,
however, this comparison highlights existing gaps. In coastal
Virginia, all stations are located in back-barrier lagoon set-
tings, even though the percentage of total marsh area in this
geomorphic setting is only 29.1 percent (table 15). In the Cape
Cod/Casco Bay subregion, most stations (by count, number of
marsh patches, and number of hexagons) are located in back-
barrier lagoon settings, even though there is a mix of estua-
rine and back-barrier lagoon marsh patches in the subregion
(26.2 percent and 73.8 percent of marsh area, respectively;
table 15). The inverse is true in southern New England, where
most stations (by count, number of marsh patches, and number
of hexagons) are located in estuarine settings, even though
there is a fairly even mix of estuarine and back-barrier lagoon
marsh patches in the subregion (37.7 percent and 61.8 percent
of marsh area, respectively; table 15).
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At the subregion level, the amount of marsh area (fig. 16)
can be used to identify areas/hexagons in which multiple SET
stations would be recommended (a greater number of replicate
stations for those hexagons with more marsh area). At a local
level (within a hexagon), there are other details to be consid-
ered, including marsh patch ownership (for example, Federal
lands, fig. 204) and availability of observers. Additionally, the
presence of publicly owned marsh (fig. 20B) could be used
within an area identified as a spatial gap to highlight candi-
date hexagons for future installations. Additional information
about SET station distribution within a marsh or study area is
presented in the SET-MH protocol manual (Lynch and others,
2015).

Incorporating Risk

This report includes spatial representation of two risk
factors associated with hurricanes that could be considered
when identifying spatial gaps in an opportunistic network: the
return interval of hurricanes by county (fig. 21) and the poten-
tial storm surge footprint (fig. 22-25). These risk factors are
shown in relation to the hexagon sampling grid with current
SET locations highlighted. Note that the color coding of the
storm strength categories is cumulative, where red indicates
flooded by hurricanes of category 1 and above, orange by
category 2 and above, yellow by category 3 and above, and
green by category 4 and above. FEMA SLOSH modeling for
category 5 hurricanes was not completed for areas north of
North Carolina, and thus this category was not included in the
analyses. Note that some hexagons appear to have no data for
the hurricane return period and storm surge footprint. This is
due to the fact that some marsh areas (and therefore hexagons)

Table 14. Summary of the spatial distribution of estuarine emergent marsh patches (E2EM) and surface elevation table-marker horizon
(SET-MH) stations within marsh patches among 10 subregions between Maine and Virginia (inclusive).

[ha, hectare]

Total area Number of Percent of Number of
X Percent Number Average (range) SET-MH
. of estuarine R marsh patches marsh patches -
Subregion of regional of marsh marsh patch . . stations per
emergent . with SET-MH  with SET-MH
marsh area patches size (ha) . . 1,000 ha
marsh (ha) stations stations
of marsh
Coastal Maine 6,234 2.0 1,441 4.33 (0.02-297.69) 12 0.83 4.81
Cape Cod, Casco Bay 20,368 6.4 536 38.00 (0.03-2,559.53) 21 3.92 9.28
Southern New England 9,782 3.1 1,166 8.47 (0.01-436.84) 19 1.63 12.68
Long Island 9,921 3.1 716 13.86 (0.02-373.47) 27 3.77 10.58
Coastal New Jersey 50,319 15.8 507 94.82 (0.01-8,815.53) 19 3.75 2.80
Delaware Bay 58,788 18.4 138  360.06 (0.05-16,937.31) 9 6.52 1.48
Coastal Delmarva 45,388 14.2 471 96.37 (0.04-7,688.65) 9 1.91 1.98
Eastern Chesapeake Bay 77,725 24.4 3,277 23.42 (0.03-27,778.83) 8 0.24 1.51
Western Chesapeake Bay 34,221 10.7 4,858 7.19 (0.03-1,752.32) 6 0.12 1.99
Coastal Virginia 5,939 1.9 56  102.71 (0.11-2,452.92) 2 3.57 1.52
Across region 318,685 100 13,166 24.14 (0.01-27,778.83) 132 1.00 3.03
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are not included in the terrestrial boundaries of counties and
modeling efforts. It can be assumed that hexagons to the open
water side of counties have the same hurricane return interval
as the adjacent county and that these hexagons are flooded by
all storm surges.

Risk of Hurricane Strikes and Storm Surge by
Subregion

The subregion with the highest hurricane return interval
(<10 years) is coastal Virginia, which represents a small por-
tion of the entire study area (fig. 21). However, this subregion
has among the lowest number of SET stations per 1,000 ha of
marsh (1.52) in the entire study area (table 14). A much greater
portion of the study area, in particular the central portion,
experiences a 10-30 year return interval, including parts of
western Chesapeake Bay, coastal Delmarva, Delaware Bay,
coastal New Jersey, Long Island, southern New England, Cape
Cod/Casco Bay, and coastal Maine (fig. 21). The Long Island,
southern New England, Cape Cod/Casco Bay and coastal
Maine subregions have the highest number of SET stations per
1,000 ha of marsh in the study area (table 14). Yet the percent
of marsh patches with SET stations is low in many of these
subregions, especially western Chesapeake Bay, coastal Del-
marva, southern New England, and coastal Maine (table 14),
such that many areas of these subregions do not have any
SET stations. A smaller portion of the study area that includes
western Chesapeake Bay, coastal Delmarva, and coastal New
Jersey experiences a 30-50 year return interval, and there are
only about 2 SET stations per 1,000 ha of marsh in these sub-
regions. The longest hurricane return intervals (50100 years

and >100 years) occur primarily in the eastern Chesapeake
Bay, Cape Cod/Casco Bay, and coastal Maine subregions.

The predicted worst-case scenario storm surge footprints
acquired from the SLOSH model for the MOM for storm
categories 1-5 are presented in figure 22 for the entire study
area and for the northern, central, and southern portions of the
study area in figures 23-25. Storm surge footprints are most
prevalent in the southern portion of the study area from coastal
New Jersey to coastal Virginia (figs. 23-25), where all subre-
gions are broadly impacted except for the western Chesapeake
Bay. For the southern portion of the study area there are less
than 2 SET stations per 1,000 ha of marsh, except for coastal
New Jersey where there are 2.80 SET stations per 1,000 ha of
marsh. A higher resolution view of storm surge footprints for
each subregion is presented in figures 26-32. In the coastal
Maine subregion, SET stations are not located within the
storm surge footprints. In the remaining subregions, there is
much stronger overlap between SET station locations and
storm surge footprints, although there are no SET stations in
some prominent storm surge footprints.

Discussion

During the past two decades, more than 1,100 SET sta-
tions have been installed in coastal marshes in the northeastern
United States in 96 unique geographic settings. These stations
were installed separately and independently by academic
researchers; local, state, and Federal government agencies (for
example, USGS, NOAA, National Park Service, U.S. Fish and
Wildlife Service), and non-government organizations for the

Table 15. Summary of the spatial distribution of surface elevation table-marker horizon (SET-MH) stations, estuarine emergent marsh
patches (E2EM), and geomorphic settings among 10 subregions between Maine and Virginia (inclusive).

Broad geomorphic
settings of all

Broad geomorphic

Broad geomorphic Broad geomorphic

marsh patches; settings of SETs; settings of SETs; settings of SETs;
. ercent by count ercent by count percent of marsh percent of hexagons
Subregion P v P y patches with SETs with SETs
and (area)
. Back-barrier . Back-barrier . Back-barrier . Back-barrier
Estuarine Estuarine Estuarine Estuarine
lagoon lagoon lagoon lagoon
Coastal Maine 94.0 (90.1) 5.4(9.8) 100 0 100 0 100 0
Cape Cod, Casco Bay 65.3(26.2) 33.6(73.8) 12.2 86.2 23.8 76.2 24.0 76.0
Southern New England ~ 52.0 (37.7) 47.3 (61.8) 62.9 29.8 63.2 31.6 70.6 294
Long Island 5.5(4.8) 94.4(95.2) 14.3 85.7 14.8 85.2 17.4 95.7
Coastal New Jersey 32.7(9.9) 67.3(90.1) 17.0 83.0 21.1 78.9 16.7 83.3
Delaware Bay 100 (100) 0 (0) 100 0 100 0 100 0
Coastal Delmarva 0.4 (1.6) 99.6 (98.5) 0 100 0 100 0 100
Eastern Chesapeake Bay 100 (100) 0(0) 100 0 100 0 100 0
Western Chesapeake Bay 100 (100) 0 (0) 100 0 100 0 100 0
Coastal Virginia 28.6(70.9) 71.4(29.1) 0 100 0 100 0 100
Across region 82.1(61.4) 17.7(38.6) 46.3 524 459 53.4 48.4 53.8




purpose of investigating and monitoring elevation dynamics in
coastal wetlands. The SET stations are located in wetlands that
are best suited to address specific research questions or moni-
tor the habitat sustainability of important biological resources
at a specific wetland. Thus, this existing network of stations
represents an opportunistic collection of sampling locations
that are not a strategically deployed collection of stations
designed to evaluate wetland elevation dynamics on broader
regional scales or across a suite of geomorphic settings and
environmental stressors. One purpose of this report was to
provide a framework that can be used to develop a strategi-
cally designed SET sampling network for the northeastern
region of the United States. The intended audience consists of
policy makers, government resource management agencies,
and SET practitioners. The goal is for this information to be
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used in decision-making regarding where new SET stations
are installed in the northeastern United States, filling in gaps
in the existing opportunistic network when possible, to better
address priority concerns for the region.

To this end, the report provides examples of how a
regional inventory of SET station metadata can be used to
identify limitations in an opportunistic network, which can
inform decisions on future installations. For example, our
evaluation of the northeastern region assemblage of stations
reveals that the general geographic coverage of SET stations
is limited, given the low percentage of marsh patches with
stations, the low density of stations (number per 1,000 ha of
marsh), and the clumped distribution of stations in 8 of the
10 subregions. Furthermore, each rod SET station covers only
~1.37 square meters of marsh surface area, leading to a recent
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Figure 18.

Dominant broad geomorphic setting of marsh patches (estuarine emergent marsh; E2EM) in each hexagon (40 square

kilometers) across the study region (Virginia to Maine, inclusive). Note that the hexagon grid is restricted to areas where E2EM is
present in the National Wetlands Inventory acquired in 2010. Estuarine category includes estuarine embayment and estuarine brackish
marsh. Back-barrier lagoon category includes back-barrier lagoon marsh and estuarine embayment systems within back-barrier

lagoons. Other category includes open coast and tidal fresh marsh.
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Figure 19. Percent of estuarine emergent marsh patch (E2EM) area by broad geomorphic settings in each hexagon (40 square
kilometers) across several subregions with mixed geomorphic settings (Long Island, southern New England, and Cape Cod/Casco Bay),
with A, percent estuarine marsh, and B, percent back-barrier lagoon. Note that the hexagon grid is restricted to areas where E2EM is
present in the National Wetlands Inventory acquired in 2010. Estuarine category includes estuarine embayment and estuarine brackish
marsh. Back-barrier lagoon category includes back-barrier lagoon marsh and estuarine embayment systems within back-barrier
lagoons.
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Figure 20. Study region between Maine and Virginia (inclusive) indicating A, the number of surface elevation table-marker horizon
(SET-MH) stations owned by Federal agencies per hexagon (40 square kilometers), 664 SETs in 107 hexagons; and B, hexagons with
publicly owned marsh (by states, National Park Service, or U.S. Fish and Wildlife Service). Note that the hexagon grid is restricted to
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areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010.
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innovation to expand wetland elevation measures across 1 ha
of marsh surface from an SET station using a level (Cain and
Hensel, 2017). In addition, coverage of the two dominant geo-
morphic settings in a subregion is often skewed to one of the
two settings, and the distribution of stations in wetlands with a
high probability of hurricane strikes and storm surge impacts
is often limited and uneven. These analyses can be used to
address priority regional concerns such as a broader geo-
graphical understanding of the vulnerability of coastal marshes
in the region to relative sea-level rise, including a comparison
of geomorphic settings, and the impacts of storms on wetland
resilience. Such a strategic network can provide data to man-
agers and policymakers that better inform the development of
management and adaptation plans for coastal resources in the
region.

The priority concerns for the northeastern region will
have to be developed by the target audience of this report,
namely, the regional policymakers and resource managers

charged with maintaining these critical biological resources.
During planning for a strategic distribution of SET stations,
there are other issues to be addressed before the plan can be
implemented, specifically, financial and infrastructural sup-
port. Development of a regional monitoring network requires
not only financial investment in the SET-MH equipment but
also in the personnel to install the stations and collect and
manage the data over the long-term (Webb and others, 2013).
This typically requires institutional commitment and support;
see for an example the Louisiana Coast-wide Reference Moni-
toring System (https://www.lacoast.gov/crms/Home.aspx). At
the local or subregion scale, SET stations can be strategically
installed in locations and settings gradually over time, and for
a lower initial investment, to fill in the existing gaps in the
opportunistic network.

Finally, the analyses of regional storm impacts were
limited by the exclusion of a majority of stations where SET
data did not meet the criteria needed for the analyses. There
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Figure 21.

0 100 200 KILOMETERS

0 50 100 MILES

Hurricane return period (based on National Hurricane Center hurricane strike dataset from 1900-2009 for U.S. coastal

counties) for the study region (Virginia to Maine, inclusive) with hexagon (40 square kilometers) sampling grid and hexagons with
surface elevation table-marker horizon (SET-MH) stations indicated. Note that the hexagon grid is restricted to areas where estuarine
emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along open water that is

outside of terrestrial county boundaries.
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are several steps individual data collectors can take to improve
the quality of their SET-MH data and its potential for inclusion
in future regional data analyses. First, collect data on a regular
multi-seasonal basis to develop long-term data records. The
single largest reason for data being excluded from our analysis
was that data records were less than 3 years duration, largely
as a result of stations being installed less than 3 years prior to
the storm. Data from these stations will be available for use

in future regional assessments so long as regular data collec-
tion continues. Furthermore, data collection should occur in
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multiple seasons to allow better comparisons to poststorm
readings (table 3) and should be conducted before and after
severe storm events. Other data quality factors to consider
include diligent quality assessment/quality control checks to
minimize data processing time, storing the data in an R-user
friendly format, conducting routine elevation surveys to cer-
tify the stability of the SET benchmarks, and where regional
networks have been established, standardizing data collection
of potential covariates (for example, wetland elevation within
the tidal frame) by all data holders in the region.
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Figure 22.
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Predicted worst-case scenario storm surge footprints by hurricane storm strength, from the Federal Emergency

Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges from Hurricanes) model maximum of
maximums (MOM:s) for the study region (Virginia to Maine, inclusive) with hexagon (40 square kilometers) sampling grid and hexagons
with surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes
of category 1 and above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA
SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to
areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area
along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 23. Northern portion of study area predicted worst-case scenario storm surge footprints by hurricane storm strength, from the

Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
model maximum of maximums (MOMs) for Cape Cod/Casco Bay and coastal Maine subregions with hexagon (40 square kilometers)
sampling grid and hexagons with surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where
red is flooded by hurricanes of category 1 and above, orange by category 2 and above, yellow by category 3 and above, and green by
category 4 and above. FEMA SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the
hexagon grid is restricted to areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this
area includes marsh area along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by

all categories.
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Figure 24. Central portion of study area predicted worst-case scenario storm surge footprints by hurricane storm strength, from the
Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
model maximum of maximums (MOMs) for Cape Cod/Casco Bay, southern New England, Long Island, and part of coastal New Jersey
subregions with hexagon (40 square kilometers) sampling grid and hexagons with surface elevation table-marker horizon (SET-MH)
stations indicated. Color coding is cumulative, where red is flooded by hurricanes of category 1 and above, orange by category 2

and above, yellow by category 3 and above, and green by category 4 and above. FEMA SLOSH modeling for category 5 hurricanes
not completed for areas north of North Carolina. Note that the hexagon grid is restricted to areas where estuarine emergent marsh

is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along open water that is outside of
terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 25. Southern portion of study area predicted worst-case scenario storm surge footprints by hurricane storm strength, from the
Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
model maximum of maximums (MOMs) for coastal Virginia, eastern and western Chesapeake Bay, coastal Delmarva, Delaware Bay, and
coastal New Jersey subregions with hexagon (40 square kilometers) sampling grid and hexagons with surface elevation table-marker
horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of category 1 and above, orange

by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA SLOSH modeling for category 5
hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to areas where estuarine emergent
marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along open water that is outside of
terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 26. Coastal Maine subregion predicted worst-case scenario storm surge footprints by hurricane storm strength, from the
Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
model maximum of maximums (MOMSs) with hexagon (40 square kilometers) sampling grid and hexagons with surface elevation
table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of category 1 and
above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA SLOSH modeling
for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to areas where the
estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along open

water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 27.
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Cape Cod/Casco Bay subregion (and neighboring areas) predicted worst-case scenario storm surge footprints by hurricane

storm strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland
Surges from Hurricanes) model maximum of maximums (MOMSs) with hexagon (40 square kilometers) sampling grid and hexagons with
surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of
category 1 and above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA
SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to
areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area
along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 28. Southern New England subregion (and neighboring areas) predicted worst-case scenario storm surge footprints by
hurricane storm strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and
Overland Surges from Hurricanes) model maximum of maximums (MOMs) with hexagon (40 square kilometers) sampling grid and
hexagons with surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded

by hurricanes of category 1 and above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and
above. FEMA SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is
restricted to areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes
marsh area along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 29. Long Island subregion (and neighboring areas) predicted worst-case scenario storm surge footprints by hurricane storm
strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges
from Hurricanes) model maximum of maximums (MOMs) with hexagon (40 square kilometers) sampling grid and hexagons with surface
elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of category
1 and above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA SLOSH
modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to areas
where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along
open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 30. Coastal New Jersey subregion (and neighboring areas) predicted worst-case scenario storm surge footprints by hurricane
storm strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland
Surges from Hurricanes) model maximum of maximums (MOMs) with hexagon (40 square kilometers) sampling grid and hexagons with
surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of
category 1 and above, orange by category 2 and ahove, yellow by category 3 and above, and green by category 4 and above. FEMA
SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to
areas where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area
along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 31. Delaware Bay subregion (and neighboring areas) predicted worst-case scenario storm surge footprints by hurricane storm
strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas SLOSH (Sea, Lake, and Overland Surges
from Hurricanes) model maximum of maximums (MOMs) with hexagon (40 square kilometers) sampling grid and hexagons with surface
elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where red is flooded by hurricanes of category
1 and above, orange by category 2 and above, yellow by category 3 and above, and green by category 4 and above. FEMA SLOSH
modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that the hexagon grid is restricted to areas
where estuarine emergent marsh is present in the National Wetlands Inventory acquired in 2010; this area includes marsh area along
open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be flooded by all categories.
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Figure 32. Coastal Virginia and eastern/western Chesapeake Bay subregions (and neighboring areas) predicted worst-case scenario
storm surge footprints by hurricane storm strength, from the Federal Emergency Management Agency (FEMA) Coastal Flood Loss Atlas
SLOSH (Sea, Lake, and Overland Surges from Hurricanes) model maximum of maximums (MOMs) with hexagon (40 square kilometers)
sampling grid and hexagons with surface elevation table-marker horizon (SET-MH) stations indicated. Color coding is cumulative, where
red is flooded by hurricanes of category 1 and above, orange by category 2 and above, yellow by category 3 and above, and green by
category 4 and above. FEMA SLOSH modeling for category 5 hurricanes not completed for areas north of North Carolina. Note that

the hexagon grid is restricted to the area where estuarine emergent marsh is present in the National Wetlands Inventory acquired in
2010; this area includes marsh area along open water that is outside of terrestrial FEMA modeling boundaries, which is assumed to be
flooded by all categories.
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Conclusions

Using data collected from an assemblage of SET-MH sta-
tions spread across the northeast U.S. coastline from Virginia
to Maine, we evaluated the effects of Hurricane Sandy on
marsh elevation trends by comparing prestorm and poststorm
data. We hypothesized that the effect of Hurricane Sandy on
marsh elevation trends would differ by position relative to
landfall (right or left) and distance from landfall in southern
New Jersey, as both these variables influence the presence or
absence of storm surge as a result of the physical character-
istics of tropical cyclones (fig. 4). As expected, storm surge
strength and extent were greater to the right of landfall in the
northeast quadrant of the storm, compared to the left of land-
fall. Thus, the interaction of position relative to landfall with
distance from landfall significantly influenced marsh elevation
trends (fig. 15), indicating significant spatial variation in Hur-
ricane Sandy effects and potential resilience to future storms
across the region.

The majority of SET stations had a poststorm deviation
from the expected elevation change trend that was within a
range commonly observed in prestorm data (<5 mm). For the
SET stations where deviation from the expected trend was
greater than 5 mm, position relative to landfall had a signifi-
cant influence. More marshes located to the left of landfall,
where storm surge was less extensive and less deep, had a
significant and greater deviation in their elevation trend that
was more likely to be positive (elevation gain), compared to
marshes located to the right of landfall where the surge was
more extensive and deeper. Fewer marshes located to the
right of landfall had a significant deviation in their elevation
trend, and that trend was more likely to be negative (eleva-
tion loss). In addition, positive trends (elevation gain) were
lower compared to left of landfall. The cause for this finding
apparently is directly related to storm surge impacts on marsh
sediment deposition. Other researchers (Gardner and others,
1991, 1992; Quirk, 2016) have shown that 3- to 4-m-deep
storm surge results in sediment deposition in habitats inland of
coastal marshes but less so in the marshes themselves, and the
deep surge water apparently protects the marsh surface from
erosive forces related to currents and waves that would affect
more shallowly flooded surfaces. Substrate compaction by
the storm surge overburden may have contributed to elevation
loss in marshes located to the right of landfall, as has occurred
in other marshes during previous storms (Cahoon, 2006), but
this was not measured because marker horizon data were not
available from all sites. In contrast, wind-driven flooding of
sediment laden water pushed into the headwaters of rivers
and small bays on the east shore of Chesapeake Bay associ-
ated with an ~1-m surge resulted in more prevalent sediment
deposition and elevation gain on the marsh surfaces there.
Consequently, as a result of Hurricane Sandy, more marshes
located left of landfall (for example, Chesapeake Bay region)
gained more elevation capital (Cahoon and Guntenspergen,
2010), and hence resilience, than marshes located to the right
of landfall.

Even though marsh settings were separated geographi-
cally with more back-barrier lagoon settings right of landfall
and estuarine marsh left of landfall, estuarine marsh setting did
not influence marsh elevation trends or the presence/absence
of storm surge (fig. 15). The spatial characteristics of the storm
apparently overwhelmed any influence that geomorphic setting
had on storm impact.

Lastly, we developed a framework that will enable
conversion of the opportunistic assemblage of 965 stations in
the northeast United States into a strategic monitoring net-
work designed to address specific climate change impacts and
related phenomena identified by land managers and stakehold-
ers. To accomplish this, we evaluated the spatial distribution
and density of SET-MH stations in relation to geographic cov-
erage, marsh setting, availability of public land, and historical
storm surge footprints and hurricane return intervals in order
to identify gaps in our understanding of risk and our ability to
assess it. The analyses revealed that the general geographic
coverage of SET stations is limited, given the low percent-
age of marsh patches with stations, low density of stations,
and the clumped distribution of stations in 8 of the 10 pre-
defined subregions. Also, spatial coverage of the two dominant
geomorphic settings in a subregion is often skewed to one of
the settings, and the distribution of stations in wetlands with a
high probability of hurricane strikes and storm surge impacts
is often limited and uneven. These findings can be used by
managers and planners to inform the creation of a strategic
monitoring network by providing a guide to future SET sta-
tion installations at regional and local scales, the results from
which can inform management and adaptation efforts for
coastal resources in the region. These management concerns
will have to be identified and prioritized by the target audi-
ence of this report, the local and regional policymakers and
resource managers charged with maintaining critical biological
resources. Final plan designs will have to incorporate financial
and infrastructural support required to collect and manage the
data over the long term.
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Glossary

accretion The accumulation of matter, both
mineral and organic, carried by a river or
stream. Vertical accretion refers to the buildup
of the sediment substrate, whereas lateral
accretion refers to horizontal expansion of the
sediment substrate.

covariate An observable, continuous sec-
ondary variable that may affect the response
variable. Covariates are often used in a statis-
tical model to help control variability, so that
the response to the primary factors of interest
can be discerned. For example, wetland eleva-
tion relative to mean high water is a second-
ary variable that may help determine the effect
of vegetation type on elevation change.

elevation change Change in the height of
the wetland surface (positive or negative)
relative to the base of the SET mark as mea-
sured by the surface elevation table (SET).

hurricane strike Refers to a location where
a hurricane strike occurs, if the location
passes within the hurricane’s strike circle, a
circle of 125 nautical mile (n mi) diameter,
centered 12.5 n mi to the right of the hur-
ricane center (looking in the direction of mo-
tion). This circle is meant to depict the typical
extent of hurricane force winds, which are
approximately 75 n mi to the right of center
and 50 n mi to the left (from http://www.nhc.
noaa.gov/aboutgloss.shtml#1).

indirect hurricane strike Refers to loca-
tions that do not experience a direct hit from
a hurricane, but do experience hurricane force
winds (either sustained or gusts) or tides of at
least 4 feet above normal (from http://www.
nhc.noaa.gov/aboutgloss.shtml#i).

inundation The total water level that occurs
on normally dry ground as a result of the
storm tide, expressed in terms of height above
ground level (from Blake and others, 2013).

marker horizon An artificial soil horizon
placed on a wetland surface to measure verti-
cal accretion (in other words, the accumula-
tion of material above the marker horizon).
Feldspar is a common marker material.

marsh buffer A designated area surround-
ing marsh polygons; a buffer allows adjacent

Glossary

marsh in close proximity to be combined into
a single marsh patch.

marsh patch Discrete spatial areas of marsh
defined by marsh polygons (from National
Wetlands Inventory, code E2EM); a 50-meter
marsh buffer was created around each marsh
polygon, and those polygons with intersecting
buffers are considered to be part of the same
marsh patch. The 50-m buffer connects poly-
gons that are artificially divided by channels
or roads.

marsh polygon Geographic boundary sur-
rounding estuarine emergent marsh identified
by the National Wetlands Inventory (code
E2EM).

marsh resilience The capacity of a marsh
system to maintain function, structure, and

feedbacks in the face of disturbance (Folke
and others, 2004)

sea-level rise, eustatic Vertical rate of in-
crease in local sea level; typically determined
from long-term sea-level records.

sea-level rise, relative The combination of
eustatic sea-level rise and local vertical land
motion (in other words, isostatic land sub-
sidence or uplift and near surface processes
including shallow subsidence and shallow
expansion).

SETmark The permanent infrastructure
established at a surface elevation table-marker
horizon (SET-MH) station, from which SET
measurements are taken; also colloquially
referred to as a SET benchmark in early SET
literature. If an SET mark meets National
Geodetic Survey bluebook standards, it can be
referred to as a bench mark. There are three
types of SET marks: pipe SET mark, deep-rod
SET mark (deep RSET mark), and shallow-
rod SET mark (shallow RSET mark).

shallow expansion The upward movement
of the wetland surface relative to the base of
the SET mark caused by subsurface expansion
of the substrate (for example, dilation water
storage or enhanced root growth), calculated
as the difference between vertical accretion,
as measured by a marker horizon, and eleva-
tion change, as measured by the SET (in other
words, vertical accretion minus elevation).
Shallow expansion only applies to the portion
of the substrate above the base of the SET
mark and not the portion below it.
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shallow subsidence The sinking or down-
ward movement of the wetland surface rela-
tive to the base of the SET mark caused by
subsurface compaction or soil shrinkage. It is
calculated as the difference between vertical
accretion, as measured by a marker horizon,
and elevation change, as measured by the
SET (in other words, vertical accretion minus
elevation). Shallow subsidence only applies to
the portion of the substrate above the base of
the SET mark, and not the portion below it.

storm surge The abnormal rise of water gen-
erated by a storm, over and above the predict-
ed astronomical tide, expressed in terms of
height above normal tide levels (from Blake
and others, 2013)

storm tide The water level owing to the
combination of storm surge and astronomical
tide, expressed in terms of height above a ver-
tical datum, for example, the North American
Vertical Datum of 1988 or Mean Lower Low
Water (from Blake and others, 2013).

subsidence The sinking or downward
movement of a surface relative to a datum.

surface elevation table (SET) A portable me-
chanical device that provides high-resolution
measurements of relative elevation change in
wetland sediments or shallow water bottoms
relative to the depth of the SET mark to which
it is attached. The original SET was designed
to attach to a hollow pipe mark. The rod SET
(RSET) was designed to attach to either a
stainless steel rod mark (deep RSET mark) or
a shallow hollow-legged mark (shallow RSET
mark).

surface sediment deposition The process of
suspended sediment deposition on the wetland
surface; which contributes to wetland vertical
accretion.

vertical accretion The building up of a
wetland surface through the deposition and
accumulation of sediments. See accretion.
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An in-depth and detailed description of the surface eleva-
tion table-marker horizon (SET-MH) method is provided in
the SET-MH protocol by Lynch and others (2015). For anyone
wishing to use this method to measure wetland elevation
dynamics, it is recommended that you consult this document
before commencing. The following text is a brief overview of
the SET-MH method derived from the SET-MH protocol.

Surface Elevation Table

The surface elevation table (SET) is a portable, mechani-
cal device that attaches to a pipe or rod mark driven per-
manently into the wetland substrate (fig. 1.1) and provides
high-precision measurements of relative elevation change in
wetland sediments or shallow water bottoms relative to the
base of the pipe or rod mark. The measurements are made by
lowering nine pins from the SET device to the wetland surface
from as many as eight positions around the mark. The SET is
attached to the mark in such a way that it reoccupies the same
reference plane in space, and each time readings are taken
each pin reoccupies the same point on the wetland surface.
Hence, the measurements are repeatable, can be made over
long periods of time, and are of sufficiently high resolution to
compare to long-term sea level trends measured by tide gages
(Cahoon, 2015). Detailed designs of the original (pipe) SET
are provided in Boumans and Day (1993) and Cahoon and
others (2002a); detailed designs of the Rod SET are in Cahoon
and others (2002b) and Callaway and others (2013).

Marker Horizon

A marker horizon is an artificial soil layer placed on
the wetland surface that over time becomes buried and from
which vertical accretion can be measured (fig. 1.24). Numer-
ous materials are used as marker horizons (for example, sand,
feldspar, brick dust), but the most common is feldspar because
it is (1) bright white and easily distinguishable from the sedi-
ments, (2) has a higher density than water, and (3) forms a
colloidal layer when wet. A core is taken through the horizon,
and the thickness of sediment accumulated above the horizon
is measured as vertical accretion (fig. 1.28). Marker horizons
are typically established at an SET station within the immedi-
ate vicinity of the SET on the date of the initial SET reading
(fig. 1.24).

Shallow Subsurface Processes

When used in combination, the SET and MH methods
provide information on both surface and below ground pro-
cesses that influence elevation change (fig. 1.3; Cahoon and
others, 1995a). The SET measures elevation change (VLM )
over the depth of the mark that includes both surface accretion

The Surface Elevation Table-Marker Horizon Method 59

The Surface Elevation Table-Marker Horizon Method

and erosion combined with subsurface processes of subsidence
or expansion (for example, expansion of the root zone by root
growth). The MH measures near-surface vertical accretion
(VA). The difference between VA minus VLM _ indicates the
amount of shallow subsidence or expansion occurring between
the depth of the MH and base of the SET mark (fig. 1.3).
Subsurface process influences on elevation change occurring
below the base of the mark are not included in the SET-MH
measurements.
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Figure 1.1. A, Photographs of the surface elevation table (SET) developed in the 1990s and, B, the rod surface elevation table (RSET)
developed in the 2000s, deployed on their benchmarks and pin heights being measured. Photographs by Donald R. Cahoon,
U.S. Geological Survey.
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Figure 1.2. A, Photograph showing the spatial relation between the rod surface elevation table (RSET) mark and feldspar marker
horizons established on a recent thin-layer sediment deposit designed to restore elevations in this degraded marsh. Photograph by
Cahoon and others (2019). Note the RSET benchmark is covered with a cap to protect it during the deposition of dredged material.

B, Photograph showing a core taken through a marker horizon revealing the visible feldspar layer from which vertical accretion is
measured. Photograph by Donald R. Cahoon, U.S. Geological Survey.
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Figure 1.3. Diagram of a wetland substrate showing the vertical relation between the measurements of elevation change by the rod
surface elevation table (RSET) (vertical land motion or VLM, ) and vertical accretion (VA) by the marker horizon. Shallow subsidence
(VLM ) or expansion (VLM ) is calculated from a direct comparison of the two rates (VA-VLM, ). Crustal vertical land motion (VLM ) is not
measured by the SET-MH method. Figure from Cahoon, 2015.



Appendix2. SET-MH Metadata Spreadsheet

Table 2.1. Surface elevation table-marker horizon (SET-MH) data.

[ME, Maine; VA, Virginia; MA, Massachusetts; CT, Connecticut; NH, New Hampshire; NY, New York; RI, Rhode Island; NJ, New Jersey; DE, Delaware; MD, Maryland; NWR, National Wildlife Refuge;
WMA, Wildlife Management Area; NS, National Seashore; LTER, Long Term Ecological Research site; PIE LTER, Plum Island Ecosystems; VCR LTER, Virginia Coast Reserve; NPS, National Park Service;
USFWS, U.S. Fish and Wildlife Service; USGS, U.S. Geological Survey; NYC, New York City; TNC, The Nature Conservancy; MERI, Meadowlands Environmental Research Institute; FDU, Fairleigh Dickin-
son University; SERC; Smithsonian Environmental Research Center; NERR, National Estuarine Research Reserve; LIS, Long Island Sound]

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Acadia National Park, ME Acadia.Bass.Harbor ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Bass.Harbor ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Bass.Harbor ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Schoolic.Peninsula ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Schoolic.Peninsula ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Schoolic.Peninsula ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Maine.Coast.Heritage ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Maine.Coast.Heritage ME 1 Coastal Maine NPS Estuarine Embayment
Acadia National Park, ME Acadia.Maine.Coast.Heritage ME 1 Coastal Maine NPS Estuarine Embayment

Acadia National Park, ME Acadia.Thompson.Island ME 1 Coastal Maine NPS Estuarine Embayment

Acadia National Park, ME Acadia.Thompson.Island ME 1 Coastal Maine NPS Estuarine Embayment

Acadia National Park, ME Acadia.Thompson.Island ME 1 Coastal Maine NPS Estuarine Embayment

PETIT MANAN NATIONAL WILDLIFE Gouldsboro Marsh 3 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

PETIT MANAN NATIONAL WILDLIFE Gouldsboro Marsh 2 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

PETIT MANAN NATIONAL WILDLIFE Gouldsboro Marsh 1 ME 1 Coastal Maine USFWS Estuarine Embayment

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

PETIT MANAN NATIONAL WILDLIFE Sawyers Marsh 3 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

PETIT MANAN NATIONAL WILDLIFE Sawyers Marsh 2 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

PETIT MANAN NATIONAL WILDLIFE Sawyers Marsh 1 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hallowell Island ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hallowell Island ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hallowell Island ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. West ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. West ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. West ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. East ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. East ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Hobart St. East ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Ox Cove Rd. Area ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Ox Cove Rd. Area ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

MOOSEHORN NATIONAL WILDLIFE Ox Cove Rd. Area ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

PETIT MANAN NATIONAL WILDLIFE Sawyers Marsh 4 ME 1 Coastal Maine USFWS Estuarine Embayment
REFUGE

Back Bay NWR Long.Island.South VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh

Back Bay NWR Long.Island.South VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh

9
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Back Bay NWR Long.Island.South VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR Long.Island.North VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR Long.Island.North VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR Long.Island.North VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR North.Marsh VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR North.Marsh VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Back Bay NWR North.Marsh VA 10_Coastal Virginia USFWS Non-tidal Brackish Marsh
Plum Island Ecosystems LTER LTE-MP-LPP MA 2 CapeCod CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Plum Island Ecosystems LTER LTE-MP-LPA MA 2 CapeCod_CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Plum Island Ecosystems LTER LTE-MP-LPA MA 2 CapeCod CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Plum Island Ecosystems LTER LTE-MP-LPA MA 2 CapeCod CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Plum Island Ecosystems LTER LTE-MP-LPP MA 2 CapeCod CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Plum Island Ecosystems LTER LTE-MP-LPP MA 2 CapeCod CascoBay Marine Biological Back-barrier Lagoon Marsh
Lab/PIE LTER
Cape Cod NS, MA Nauset.Marsh MA 2 CapeCod CascoBay NPS Back-barrier Lagoon Marsh
Cape Cod NS, MA Nauset.Marsh MA 2 CapeCod_ CascoBay NPS Back-barrier Lagoon Marsh
Cape Cod NS, MA Nauset.Marsh MA 2 CapeCod CascoBay NPS Back-barrier Lagoon Marsh
Cape Cod NS, MA Nauset.Marsh MA 2 CapeCod CascoBay NPS Back-barrier Lagoon Marsh
Boston Harbor Island, MA Boston.Harbor.Peddocks.Island MA 2 CapeCod CascoBay NPS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State

Sub_Region

Partner

Broad_Geomophic_Setting

Boston Harbor Island, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Boston.Harbor.Peddocks.Island

Boston.Harbor.Peddocks.Island

Boston.Harbor. Thompson.Island

Boston.Harbor. Thompson.Island

Boston.Harbor. Thompson.Island

Boston.Harbor. Thompson.Island

Cape Cod NS, MA N

Cape Cod NS, MA N

Cape Cod NS, MA N

Cape Cod NS, MA GUTSET

Cape Cod NS, MA_ GUTSET

Cape Cod NS, MA_ GUTSET

Cape Cod NS, MA PHRAGSET

Cape Cod NS, MA PHRAGSET

Cape Cod NS, MA PHRAGSET

Cape Cod NS, MA HTSET

Cape Cod NS, MA_HTSET

Cape Cod NS, MA HTSET

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

99

aoual|Isay puepap [eiseo?) uo s)oedw) Apues auesLuny



Table 2.1.

Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State Sub_Region

Partner

Broad_Geomophic_Setting

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Cape Cod NS, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Boston Harbor Island, MA

Plum Island Estuary

Plum Island Estuary

Plum Island Estuary

Cape Cod NS, MA H

Cape Cod NS, MA HHSET

Cape Cod NS, MA H

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Cape Cod NS, MA H

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Cape Cod NS, MA HHSET

Boston.Harbor.Calf.Island

Boston.Harbor.Calf.Island

Boston.Harbor.Calf.Island

MAR-RO-OldLevine-Set1

MAR-RO-NewLevine-Set2

MAR-RO-NewLevine-Setl

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

2 CapeCod CascoBay

2 CapeCod CascoBay

2 CapeCod_CascoBay

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

NPS

PIE LTER

PIE LTER

PIE LTER

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Open Coast

Open Coast

Open Coast

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State

Sub_Region

Partner

Broad_Geomophic_Setting

Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Plum Island Estuary
Hampton-Seabrook Estuary
Hampton-Seabrook Estuary
Hampton-Seabrook Estuary
Hampton-Seabrook Estuary

Hampton-Seabrook Estuary

MAR-RO-NewLevine-Set3

MAR-RO-OldLevine-Set2

MAR-RO-OldLevine-Set3

MAR-RO-InfillPond-Set2

MAR-RO-InfillPond-Set3

MAR-RO-Morrislsle-Set1

MAR-RO-Morrislsle-Set2

MAR-RO-Morrislsle-Set3

MAR-RO-Holyls-Set 3

MAR-RO-Holyls-Set 2

MAR-RO-HolyIs-Set 1

MAR-RO-LawsPt-Set2

MAR-RO-LawsPt-Setl

Browns Seafood

Walton Road

Hampton

Hampton Falls

Route 101

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

NH

NH

NH

NH

NH

2 CapeCod CascoBay
2 CapeCod CascoBay
2 CapeCod_CascoBay
2 CapeCod CascoBay
2 CapeCod CascoBay
2 CapeCod_CascoBay
2 CapeCod CascoBay
2 CapeCod CascoBay
2 CapeCod_CascoBay
2 CapeCod CascoBay
2 CapeCod CascoBay
2 CapeCod_CascoBay
2 CapeCod CascoBay
2 CapeCod CascoBay
2 CapeCod_CascoBay
2 CapeCod CascoBay
2 CapeCod CascoBay

2 CapeCod_CascoBay

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

PIE LTER

Academic

Academic

Academic

Academic

Academic

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Hampton-Seabrook Estuary Route 1 NH 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Rye Harbor - Awcomin Marsh Awcomin NH 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Rye Harbor - Awcomin Marsh Awcomin NH 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Rye Harbor - Awcomin Marsh Awcomin NH 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Rye Harbor - Awcomin Marsh Awcomin NH 2 CapeCod_CascoBay Academic Back-barrier Lagoon Marsh
Plum Island Estuary Plum Island Estuary Oak Knoll MA 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Plum Island Estuary Plum Island Estuary Oak Knoll MA 2 CapeCod_CascoBay Academic Back-barrier Lagoon Marsh
Plum Island Estuary Plum Island Estuary Oak Knoll MA 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Plum Island Estuary Plum Island Estuary Oak Knoll MA 2 CapeCod_CascoBay Academic Back-barrier Lagoon Marsh
Squamscott River Squamscott River NH 2 CapeCod CascoBay Academic Estuarine Brackish Marsh
Great Bay NERR Sandy Point NERR NH 2 CapeCod CascoBay Academic Estuarine Embayment
Great Bay NERR Sandy Point NERR NH 2 CapeCod CascoBay Academic Estuarine Embayment
Great Bay NERR Sandy Point NERR NH 2 CapeCod CascoBay Academic Estuarine Embayment
Great Bay NERR Sandy Point NERR NH 2 CapeCod CascoBay Academic Estuarine Embayment
Great Bay Farms Great Bay Farms NH 2 CapeCod CascoBay Academic Estuarine Brackish Marsh
Great Bay Farms Great Bay Farms NH 2 CapeCod CascoBay Academic Estuarine Brackish Marsh
Great Bay Farms Great Bay Farms NH 2 CapeCod CascoBay Academic Estuarine Brackish Marsh
Webhannet Marsh Webhannet MarshMile Rd ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Webhannet Marsh Webhannet Marsh_Mile Rd ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh_Oxcart Lane ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh_Harbor Rd ME 2 CapeCod_CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh Harbor Rd ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh_Harbor Rd ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh_Harbor Rd ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh DIM ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh DIM ME 2 CapeCod CascoBay Academic Back-barrier Lagoon Marsh
Webhannet Marsh Webhannet Marsh DIM ME 2 CapeCod_CascoBay Academic Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel Carson NWR_Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel Carson NWR_Granite Point Marsh ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel Carson NWR_Granite Point Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel Carson NWR_Granite Point Marsh ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
MOMOMOY NATIONAL WILDLIFE North Monomoy 03 MA 2 CapeCod_ CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE

MOMOMOY NATIONAL WILDLIFE North Monomoy 02 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE

MOMOMOY NATIONAL WILDLIFE North Monomoy 01 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE

MOMOMOY NATIONAL WILDLIFE Morris 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
PARKER RIVER NATIONAL WILDLIFE  Cross Farm 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Cross Farm 03 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Cross Farm 01 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Grape Clam 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = Clam Flats 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Clam Flats 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Grape 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Knobb 03 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Knobb 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = Knobb 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Bill Forward 2014 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Npool Impoun 03 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = Nelson 02 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Nelson 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = NP02 MA 2 CapeCod_ CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = NPO03 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Nelson 03 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = Npool Impoun 02 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
PARKER RIVER NATIONAL WILDLIFE = Npool Impoun 01 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  NPO1 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Area B 03 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Area B 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Area B 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  AASO1 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  After 02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  After 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = AASO03 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  After 03 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  AAS02 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  SP02 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  SPO1 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = AAN 01 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  SP03 MA 2 CapeCod_ CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = ANN 02 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE = B2 5-40 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE B2 4-120 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
PARKER RIVER NATIONAL WILDLIFE = B2 1-80 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Control 4-120 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Control 3-120 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE  Control 3-40 MA 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
PARKER RIVER NATIONAL WILDLIFE =~ ANN 03 MA 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
REFUGE
Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Moody Marsh ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Moody Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Bourne 3 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Bourne 2 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Bourne 1 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Furbish 3 ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Furbish 2 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Furbish 1 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Webhannet Marsh Mile South 3 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Webhannet Marsh Mile South 2 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Webhannet Marsh Mile South 1 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Webhannet Marsh Mile North 3 ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
Webhannet Marsh Mile North 2 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
RACHEL CARSON NATIONAL Harbor 02 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

RACHEL CARSON NATIONAL Drakes 03 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

RACHEL CARSON NATIONAL Drakes 02 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

RACHEL CARSON NATIONAL Little River 2 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

RACHEL CARSON NATIONAL Little River 1 ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

RACHEL CARSON NATIONAL Little River 3 ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

Rachel Carson NWR Mousam Seaward 10 ME 2 CapeCod CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Mousam Seaward 9 ME 2 CapeCod CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Mousam Seaward 3 ME 2 CapeCod CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Mousam River 5 ME 2 CapeCod CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Mousam River 7 ME 2 CapeCod_CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Mousam River 6 ME 2 CapeCod CascoBay USFWS Estuarine Embayment

Rachel Carson NWR Granite Point Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh

Rachel Carson NWR Granite Point Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Rachel Carson NWR Granite Point EU 2 new ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Granite Point Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Granite Point Marsh ME 2 CapeCod_CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Granite Point Marsh ME 2 CapeCod CascoBay USFWS Back-barrier Lagoon Marsh
Rachel Carson NWR Goosefare Restrict 4 ME 2 CapeCod CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Goosefare Restrict 3 ME 2 CapeCod CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Goosefare Restrict 1 ME 2 CapeCod CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Goosefare 2 ME 2 CapeCod CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Goosefare 3 ME 2 CapeCod_CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Goosefare 1 ME 2 CapeCod CascoBay USFWS Estuarine Embayment
Rachel Carson NWR Rachel.Carson ME 2 CapeCod_CascoBay USGS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel.Carson ME 2 CapeCod CascoBay USGS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel.Carson ME 2 CapeCod CascoBay USGS Back-barrier Lagoon Marsh
Rachel Carson NWR Rachel.Carson ME 2 CapeCod CascoBay USGS Back-barrier Lagoon Marsh
Wells NERR, Maine WR8 ME 2 CapeCod_CascoBay NERR Back-barrier Lagoon Marsh
Wells NERR, Maine LR21 ME 2 CapeCod CascoBay NERR Back-barrier Lagoon Marsh
Mamacoke Marsh Mamacoke Marsh_Waterford CT 3 Southern New England  Academic Estuarine Embayment
Mamacoke Marsh Mamacoke Marsh Waterford CT 3 Southern New England  Academic Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Mamacoke Marsh Mamacoke Marsh Waterford CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island_Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island _Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island _Stonington CT 3 Southern New England  Academic Estuarine Embayment
Barn Island Barn Island _Stonington CT 3 Southern New England  Academic Estuarine Embayment
Pelham Bay Park A series (LIS side of Park), Pelham Bay Park A series (LIS side of NY 3 Southern New England  NYC Estuarine Embayment
Bronx, NY Park) PB

Pelham Bay Park A series (LIS side of Park), Pelham Bay Park A series (LIS side of NY 3 Southern New England NYC Estuarine Embayment
Bronx, NY Park) PB

Pelham Bay Park A series (LIS side of Park), Pelham Bay Park A series (LIS side of NY 3 Southern New England  NYC Estuarine Embayment
Bronx, NY Park) PB

Pelham Bay Park B series (Hutchinson River Pelham Bay Park B series (Hutchinson NY 3 Southern New England NYC Estuarine Embayment
side of Park), Bronx, NY River side of Park) PB

Pelham Bay Park B series (Hutchinson River Pelham Bay Park B series (Hutchinson NY 3 Southern New England NYC Estuarine Embayment
side of Park), Bronx, NY River side of Park) PB

Pelham Bay Park B series (Hutchinson River Pelham Bay Park B series (Hutchinson NY 3 Southern New England  NYC Estuarine Embayment
side of Park), Bronx, NY River side of Park) PB

Narragansett Bay NERR, Prudence Island RI Nag RI 3 Southern New England ~ NERR Estuarine Embayment

Narragansett Bay NERR, Prudence Island RI Nag RI 3 Southern New England ~ NERR Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Narragansett Bay NERR, Prudence Island Rl Nag RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Nag RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island R Nag RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Nag RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Coggeshall RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Coggeshall RI 3 Southern New England =~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island Rl Coggeshall RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Coggeshall RI 3 Southern New England =~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Coggeshall RI 3 Southern New England ~ NERR Estuarine Embayment
Narragansett Bay NERR, Prudence Island RI Coggeshall RI 3 Southern New England ~ NERR Estuarine Embayment
Sachuest NWR, Middletown RI Sachuest Point RI 3 Southern New England  Other Back-barrier Lagoon Marsh
Sachuest NWR, Middletown RI Sachuest Point RI 3 Southern New England  Other Back-barrier Lagoon Marsh
Sachuest NWR, Middletown RI Sachuest Point RI 3 Southern New England  Other Back-barrier Lagoon Marsh
Gooseneck Cove, Newport RI Gooseneck Cove RI 3 Southern New England  Other Estuarine Embayment
Gooseneck Cove, Newport RI Gooseneck Cove RI 3 Southern New England  Other Estuarine Embayment
Gooseneck Cove, Newport RI Gooseneck Cove RI 3 Southern New England  Other Estuarine Embayment
Long Island Sound - Sherwood Island State ~ Sherwood CT 3 Southern New England  Academic Estuarine Embayment

Park
Long Island Sound - Sherwood Island State ~ Sherwood CT 3 Southern New England  Academic Estuarine Embayment

Park
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Long Island Sound - Sherwood Island State ~ Sherwood CT 3 Southern New England  Academic Estuarine Embayment
Park

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Hoadley CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Jarvis Creek Jarvis CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Jarvis Creek Jarvis CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Jarvis Creek Jarvis CT 3 Southern New England  Academic Estuarine Embayment

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Hoadley Creek Long Island Sound - Hoadley Creek CT 3 Southern New England  Academic Estuarine Embayment
Hoadley

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic

Leetes
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Leetes Island Marsh Long Island Sound - Leetes Island Marsh ~~ CT 3 Southern New England  Academic
Leetes

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

Long Island Sound - Quinnipiac Estuary Long Island Sound - Quinnipiac Estuary ~ CT 3 Southern New England  Academic Estuarine Brackish Marsh
Quinnipiac

STEWART B. MCKINNEY NATIONAL GMU CT 3 Southern New England =~ USFWS Back-barrier Lagoon Marsh

WILDLIFE REFUGE
STEWART B. MCKINNEY NATIONAL GMU CT 3 Southern New England  USFWS Back-barrier Lagoon Marsh

WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

STEWART B. MCKINNEY NATIONAL GMU CT 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

STEWART B. MCKINNEY NATIONAL DEPO001 CT 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

STEWART B. MCKINNEY NATIONAL SMU CT 3 Southern New England  USFWS Estuarine Embayment
WILDLIFE REFUGE

STEWART B. MCKINNEY NATIONAL SMU CT 3 Southern New England ~ USFWS Estuarine Embayment
WILDLIFE REFUGE

STEWART B. MCKINNEY NATIONAL SMU CT 3 Southern New England ~ USFWS Estuarine Embayment
WILDLIFE REFUGE

NINIGRET NATIONAL WILDLIFE NIN RI 3 Southern New England  USFWS Back-barrier Lagoon Marsh
REFUGE

NINIGRET NATIONAL WILDLIFE NIN RI 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
REFUGE

NINIGRET NATIONAL WILDLIFE NIN RI 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
REFUGE

NINIGRET NATIONAL WILDLIFE Ninigret North RI 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
REFUGE

NINIGRET NATIONAL WILDLIFE Ninigret North RI 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
REFUGE

NINIGRET NATIONAL WILDLIFE Ninigret North RI 3 Southern New England  USFWS Back-barrier Lagoon Marsh
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE SD RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE SD RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE Chafee RI 3 Southern New England  USFWS Estuarine Embayment

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

JOHN H. CHAFEE NATIONAL WILDLIFE Chafee RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE Chafee RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE JHC RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE MB RI 3 Southern New England  USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE MB RI 3 Southern New England ~ USFWS Estuarine Embayment
REFUGE

JOHN H. CHAFEE NATIONAL WILDLIFE MB RI 3 Southern New England =~ USFWS Estuarine Embayment
REFUGE

SACHUEST POINT NATIONAL SPT RI 3 Southern New England  USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

SACHUEST POINT NATIONAL SPT RI 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

SACHUEST POINT NATIONAL SPT RI 3 Southern New England  USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

MOMOMOY NATIONAL WILDLIFE Minimoy MA 3 Southern New England  USFWS Back-barrier Lagoon Marsh
REFUGE

MOMOMOY NATIONAL WILDLIFE Minimoy MA 3 Southern New England  USFWS Back-barrier Lagoon Marsh
REFUGE

Great Meadows Great Meadows_ Stratford CT 3 Southern New England  USFWS Back-barrier Lagoon Marsh

Great Meadows Great Meadows_Stratford CT 3_Southern_New_England ~ USFWS Back-barrier Lagoon Marsh

Great Meadows Great Meadows_ Stratford CT 3 Southern New England ~ USFWS Back-barrier Lagoon Marsh

Great Meadows, NWR Great.Meadows CT 3 Southern New England  USGS Back-barrier Lagoon Marsh

Great Meadows, NWR Great.Meadows CT 3 Southern New England  USGS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Great Meadows, NWR Great.Meadows CT 3 Southern New England ~ USGS Back-barrier Lagoon Marsh
Great Meadows, NWR Great.Meadows CT 3 Southern New England  USGS Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Sectionl MA 3 Southern New England  NERR Back-barrier Lagoon Marsh
Wagquoit Bay NERR Waquoit Bay NERR Sectionl MA 3 Southern New England =~ NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Sectionl MA 3 Southern New England  NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Sectionl MA 3 Southern New England =~ NERR Back-barrier Lagoon Marsh
Wagquoit Bay NERR Waquoit Bay NERR_Section3 MA 3 Southern New England ~ NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Section3 MA 3 Southern New England = NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Section3 MA 3 Southern New England  NERR Back-barrier Lagoon Marsh
Wagquoit Bay NERR Waquoit Bay NERR Section2 MA 3 Southern New England =~ NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Section2 MA 3 Southern New England  NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Section2 MA 3 Southern New England =~ NERR Back-barrier Lagoon Marsh
Wagquoit Bay NERR Waquoit Bay NERR_Section3 MA 3 Southern New England ~ NERR Back-barrier Lagoon Marsh
Waquoit Bay NERR Waquoit Bay NERR_Section2 MA 3 Southern New England = NERR Back-barrier Lagoon Marsh
Idlewild Park, Queens, NY Idlewild Park, Queens, NY_IP NY 4 Long Island NYC Estuarine Embayment
Idlewild Park, Queens, NY Idlewild Park, Queens, NY IP NY 4 Long Island NYC Estuarine Embayment
Idlewild Park, Queens, NY Idlewild Park, Queens, NY_IP NY 4 Long Island NYC Estuarine Embayment
Spring Creek Park, Queens, NY Spring Creek Park, Queens, NY SC NY 4 Long Island NYC Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Spring Creek Park, Queens, NY Spring Creek Park, Queens, NY SC NY 4 Long Island NYC Estuarine Embayment
Spring Creek Park, Queens, NY Spring Creek Park, Queens, NY SC NY 4 Long Island NYC Estuarine Embayment
Udall’s Cove Park Preserve, Queens, NY Udall’s Cove Park Preserve, Queens, NY 4 Long Island NYC Estuarine Embayment
NY_UC
Udall’s Cove Park Preserve, Queens, NY Udall’s Cove Park Preserve, Queens, NY 4 Long Island NYC Estuarine Embayment
NY_UC
Udall’s Cove Park Preserve, Queens, NY Udall’s Cove Park Preserve, Queens, NY 4 Long Island NYC Estuarine Embayment
NY_UC
Jamaica Bay, NY GATE.Big.Egg.Spray NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Big.Egg.Spray NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO.REF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO.REF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO.REF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.JOCO NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Black.Bank NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Watch.Hill NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Watch.Hill NY 4 Long Island NPS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Broad_Geomophic_Setting
Fire Island NS, NY FIIS.Watch.Hill NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Hospital .Point NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Hospital.Point NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Hospital .Point NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Great.Gun NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Great.Gun NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Big.Egg.Reference NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Big.Egg.Spray NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Big.Egg.Reference NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Big.Egg.Reference NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Black.Bank NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Black.Bank NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East.NF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East.NF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East.NF NY 4 Long Island NPS Back-barrier Lagoon Marsh
Jamaica Bay, NY GATE.Elders.East NY 4 Long Island NPS Back-barrier Lagoon Marsh
Fire Island NS, NY FIIS.Great.Gun NY 4 Long Island NPS Back-barrier Lagoon Marsh
East Creek-Sands Point, NY EC NY 4 Long Island NYS Back-barrier Lagoon Marsh

8

aoual|Isay puepap [eiseo?) uo s)oedw) Apues auesLuny



Table 2.1.

Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State Sub_Region

Broad_Geomophic_Setting

East Creek-Sands Point, NY

East Creek-Sands Point, NY

West Pond-Glen Cove, NY

West Pond-Glen Cove, NY

West Pond-Glen Cove, NY

Frost Creek-Lattingtown, NY

Frost Creek-Lattingtown, NY

Frost Creek-Lattingtown, NY

Flax Pond-Old Field, NY

Flax Pond-Old Field, NY

Flax Pond-Old Field, NY

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

EC

EC

WP

WP

WP

IFC

FC

FC

FP

FP

FP

Bass.Creek

Bass.Creek

Bass.Creek

Lawrence.Marsh

Lawrence.Marsh

Lawrence.Marsh

North.Greensedge. West. Hempstead

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

4 Long Island

NYS

NYS

NYS

NYS

NYS

NYS

NYS

NYS

NYS

NYS

NYS

TNC

TNC

TNC

TNC

TNC

TNC

TNC

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State

Sub_Region

Broad_Geomophic_Setting

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

Long Island, New York

North.Greensedge. West. Hempstead

North.Greensedge. West. Hempstead

Pine.Neck

Pine.Neck

Pine.Neck

Pine.Neck

Pine.Neck

Pine.Neck

Hubbard.Creek

Hubbard.Creek

Hubbard.Creek

Indian.Island

Indian.Island

Indian.Island

Indian.Island

Indian.Island

Indian.Island

Accabonac.Harbor

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

NY

4 Long Island
4 Long Island
4 Long Island
4 Long Island
4 Long_ Island
4 Long Island
4 Long Island
4 Long Island
4 Long Island
4 Long Island
4 Long_ Island
4 Long Island
4 Long Island
4 Long Island
4 Long Island
4 Long Island
4 Long_ Island

4 Long Island

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

TNC

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Back-barrier Lagoon Marsh

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Long Island, New York Accabonac.Harbor NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Accabonac.Harbor NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Mashomack.Point NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Mashomack.Point NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Mashomack.Point NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Cedar.Beach NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Cedar.Beach NY 4 Long Island TNC Back-barrier Lagoon Marsh
Long Island, New York Cedar.Beach NY 4 Long Island TNC Back-barrier Lagoon Marsh
SEATUCK NATIONAL WILDLIFE Lido Beach NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Lido Beach NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Lido Beach NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
SEATUCK NATIONAL WILDLIFE Seatuck NY 4 Long Island USFWS Back-barrier Lagoon Marsh
REFUGE
Wertheim NWR, NY Wwu NY 4 Long Island USFWS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Wertheim NWR, NY WwU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WwWu NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Smith Point, NY Smith.Point NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Smith Point, NY Smith.Point NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Smith Point, NY Smith.Point NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WEU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WEU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WEU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WNU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WNU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Wertheim NWR, NY WNU NY 4 Long Island USFWS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Absecon NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Absecon NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Absecon NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Fish Island South NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Middle Island NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Absecon, New Jersey Absecon, New Jersey Fish Island North NJ 5 Coastal New Jersey USGS Back-barrier Lagoon Marsh
Forsythe NWR- West Creek, NJ (Barnegat West Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh

Bay)
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Forsythe NWR- West Creek, NJ (Barnegat West Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Bay)
Forsythe NWR- West Creek, NJ (Barnegat West Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Bay)
Island Beach State Park, NJ (Barnegat Bay)  Island Beach State Park NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Island Beach State Park, NJ (Barnegat Bay)  Island Beach State Park NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Island Beach State Park, NJ (Barnegat Bay)  Island Beach State Park NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Forsythe NWR- Mantoloking, NJ (Barnegat Reedy Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Bay)
Forsythe NWR- Mantoloking, NJ (Barnegat  Reedy Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Bay)
Forsythe NWR- Mantoloking, NJ (Barnegat Reedy Creek NJ 5 Coastal New Jersey Other Back-barrier Lagoon Marsh
Bay)
Saw Mill Creek Marsh, Staten Island, NY Saw Mill Creek, Staten Island, NY _SM NY 5 Coastal New Jersey NYC Estuarine Embayment
Saw Mill Creek Marsh, Staten Island, NY Saw Mill Creek, Staten Island, NY SM NY 5 Coastal New Jersey NYC Estuarine Embayment
Saw Mill Creek Marsh, Staten Island, NY Saw Mill Creek, Staten Island, NY SM NY 5 Coastal New Jersey NYC Estuarine Embayment
NJ Meadowlands WS.1 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands WS.2 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands WS.3 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands EDS.1 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands EDS.3 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands EDS.2 NJ 5 Coastal New Jersey MERI Estuarine Brackish Marsh
NJ Meadowlands RB.4 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
NJ Meadowlands RB.6 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands RB.5 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands RB.1 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands RB.2 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands RB.3 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SM.1 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SM.2 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SM.3 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands LR.1 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands LR.2 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands LR.3 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SHS.1 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SHS.2 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
NJ Meadowlands SHS.3 NJ 5 Coastal New Jersey MERI/FDU Estuarine Brackish Marsh
Sandy Hook NJ GATE.Sandy.Hook NJ 5 Coastal New Jersey NPS Back-barrier Lagoon Marsh
Sandy Hook NJ GATE.Sandy.Hook NJ 5 Coastal New Jersey NPS Back-barrier Lagoon Marsh
Sandy Hook NJ GATE.Sandy.Hook NJ 5 Coastal New Jersey NPS Back-barrier Lagoon Marsh
CAPE MAY NATIONAL WILDLIFE TMBUO02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
CAPE MAY NATIONAL WILDLIFE TMBUO1 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE TMBUO3 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Headwaters01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Headwaters02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Headwaters03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Swamp01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Swamp02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
CAPE MAY NATIONAL WILDLIFE Cedar Swamp03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
REFUGE
EDWIN B. FORSYTHE NATIONAL Reeds Bay/Hamm Cove SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Wildlife Drive 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL EAST POOL NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL East Pool 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL East Pool 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Wildlife Drive 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Galloway South 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Galloway South 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Galloway South 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Wildlife Drive 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
EDWIN B. FORSYTHE NATIONAL Galloway North 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Wildlife Drive 04 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Galloway North 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Galloway North 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Reeds Bay SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Reeds Bay/Hamm Cove SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Oyster Creek SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Oyster Creek SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Oyster Creek SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mullica SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mullica SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mullica SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mull. Wild SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Nacote Crk. Treat SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Nacote Crk. Treat SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mull. Wild SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Motts/Mull. Wild SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Nacote Crk. Treat SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh

WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
EDWIN B. FORSYTHE NATIONAL Parkertown SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL West Creek NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL West Creek NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL West Creek NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Parkertown SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Dinner 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Dinner 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Purple* NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Yellow* NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Green * NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Purple* NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Purple* NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Cedar Run Dock SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Green * NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Yellow* NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mill Crk-Cedar Run SET Green * NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Cedar Run 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Cedar Run 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
EDWIN B. FORSYTHE NATIONAL Cedar Run 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T (New) SET 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T (New) SET 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL AT&T (New) SET 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Forked River 05 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Forked River 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Forked River 06 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Forked River 04 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Ocean Gate 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Ocean Gate 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Ocean Gate 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Good Luck Point 02 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Good Luck Point 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Good Luck Point 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mandolay 03 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh

WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
EDWIN B. FORSYTHE NATIONAL Mandolay 01 NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Mandolay 02 NJ 5_Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Reedy Creek NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Reedy Creek NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Reedy Creek NJ 5_Coastal New_Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5_Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5 Coastal New Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Metedeconk NJ 5_Coastal New_Jersey USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE
Forsythe, New Jersey Little.Beach NJ 5 Coastal New Jersey USFWS
Forsythe, New Jersey Little.Beach NJ 5 Coastal New Jersey USFWS
Forsythe, New Jersey Little.Beach NJ 5_Coastal New Jersey USFWS
Forsythe, New Jersey Little.Beach NJ 5 Coastal New Jersey USFWS
Forsythe, New Jersey Little.Beach NJ 5 Coastal New Jersey USFWS
Forsythe, New Jersey Little.Beach NJ 5_Coastal New_Jersey USFWS
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
Forsythe NWR ATT NJ 5 Coastal New Jersey USFWS
EDWIN B. FORSYTHE NATIONAL Horse Point NJ 5 Coastal New Jersey Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Horse Point NJ 5 Coastal New Jersey Back-barrier Lagoon Marsh
WILDLIFE REFUGE
EDWIN B. FORSYTHE NATIONAL Horse Point NJ 5 Coastal New Jersey Back-barrier Lagoon Marsh
WILDLIFE REFUGE
Delaware NERR (St Jones Component) Impoundment DE 6 _Delaware Bay NERR
Delaware NERR (St Jones Component) Boardwalk DE 6 _Delaware Bay NERR
Delaware NERR (St Jones Component) Wildcat DE 6 Delaware Bay NERR
Delaware NERR (St Jones Component) Upstream Isaacs Branch DE 6 Delaware Bay NERR
Delaware NERR (Blackbird Creek Blackbird Landing Road DE 6 _Delaware Bay NERR
Component)
Delaware NERR (Blackbird Creek Delon DE 6 Delaware Bay NERR
Component)
Delaware NERR (Blackbird Creek Eagle’s Nest DE 6_Delaware_Bay NERR
Component)
Delaware NERR (Blackbird Creek Beaver Branch DE 6 _Delaware Bay NERR
Component)
Delaware NERR (St Jones Component) Reserve.Ditch DE 6 Delaware Bay NERR
Delaware NERR (St Jones Component) Trail DE 6 Delaware Bay NERR
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

Dennis, NJ (Delaware Bay) Dennis Creek NJ 6_Delaware Bay Other Estuarine Embayment

Dennis, NJ (Delaware Bay) Dennis Creek NJ 6_Delaware Bay Other Estuarine Embayment

Dennis, NJ (Delaware Bay) Dennis Creek NJ 6_Delaware Bay Other Estuarine Embayment

Downe, NJ (Delaware Bay) Dividing Creek NJ 6 _Delaware Bay Other Estuarine Embayment

Downe, NJ (Delaware Bay) Dividing Creek NJ 6_Delaware Bay Other Estuarine Embayment

Downe, NJ (Delaware Bay) Dividing Creek NJ 6_Delaware Bay Other Estuarine Embayment

Bivalve, NJ (Delaware Bay) Maurice River NJ 6 _Delaware Bay Other Estuarine Embayment

Bivalve, NJ (Delaware Bay) Maurice River NJ 6_Delaware Bay Other Estuarine Embayment

Bivalve, NJ (Delaware Bay) Maurice River NJ 6_Delaware Bay Other Estuarine Embayment

PRIME HOOK NATIONAL WILDLIFE SET IV 03 DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE SET IV_02 DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE SET IV 01 DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-6 (Deep) DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-5 (Deep) DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-4 (Deep) DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-3 (Deep) DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-2 (Deep) DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE PH2-1 (Deep) DE 6 Delaware Bay USFWS Estuarine Embayment

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

PRIME HOOK NATIONAL WILDLIFE Set 2 (Deep) DE 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

PRIME HOOK NATIONAL WILDLIFE Set 1 (Deep) DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Sunray03 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Sunray(02 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Sunray01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Delhaven03 NJ 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Delhaven02 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Delhaven01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Green Creek 03 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Green Creek 01 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Green Creek 02 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Headwaters 03 NJ 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Headwaters 02 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Headwaters 01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Creek01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Creek02 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Dias Creek03 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Bidwells Headwaters03 NJ 6 Delaware Bay USFWS Estuarine Embayment

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

CAPE MAY NATIONAL WILDLIFE Reeds Beach01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Bidwells Headwaters02 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Reeds Beach02 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Reeds Beach04 NJ 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Bidwells Headwaters01 NJ 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

CAPE MAY NATIONAL WILDLIFE Reeds Beach03 NJ 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SETO03 AF DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET03 KELL DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SET02 AF DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SETO01 AF DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SBO03 DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET02 KELL DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SB02 DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET01 KELL DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SBO1 DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SET03 Kent DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SETO01 Kent DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SETO02 Kent DE 6 Delaware Bay USFWS Estuarine Embayment

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

BOMBAY HOOK NATIONAL WILDLIFE  Set03-BHIS DE 6_Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SET02 GI DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SETO01 GI DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  Set01-BHIS DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE = SET03 GI DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  Set02-BHIS DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SET01 BHIN DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET02 BHIN Redo DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  Set01 LTHB DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SET03 BHIN DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET03 LTHB DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE SET02 LTHB DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

BOMBAY HOOK NATIONAL WILDLIFE  SET04 LTHB DE 6 _Delaware Bay USFWS Estuarine Embayment
REFUGE

SUPAWNA MEADOWS NATIONAL Bald02 NJ 6_Delaware Bay USFWS Estuarine Embayment
WILDLIFE REFUGE

SUPAWNA MEADOWS NATIONAL Bald03 NJ 6_Delaware Bay USFWS Estuarine Embayment
WILDLIFE REFUGE

SUPAWNA MEADOWS NATIONAL Bald01 NJ 6 _Delaware Bay USFWS Estuarine Embayment
WILDLIFE REFUGE

SUPAWNA MEADOWS NATIONAL Mud01 NJ 6_Delaware Bay USFWS Estuarine Embayment
WILDLIFE REFUGE

SUPAWNA MEADOWS NATIONAL Mud03 NJ 6 Delaware Bay USFWS Estuarine Embayment

WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

SUPAWNA MEADOWS NATIONAL Mud02 NJ 6_Delaware Bay USFWS Estuarine Embayment
WILDLIFE REFUGE
PRIME HOOK NATIONAL WILDLIFE Set 3 (Deep) DE 6 Delaware Bay USFWS Estuarine Embayment
REFUGE

Bombay Hook NWR Bombay.Hook DE 6 Delaware Bay USGS Estuarine Embayment
Bombay Hook NWR Bombay.Hook DE 6 _Delaware Bay USGS Estuarine Embayment
Bombay Hook NWR Bombay.Hook DE 6 Delaware Bay USGS Estuarine Embayment
Bombay Hook NWR Bombay.Hook DE 6 Delaware Bay USGS Estuarine Embayment
EA Vaughn EA Vaughn EAVI1-ditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
EA Vaughn EA Vaughn EAV1-ditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
EA Vaughn EA Vaughn EAV1-ditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
EA Vaughn EA Vaughn EA V2-unditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
EA Vaughn EA Vaughn EA V2-unditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
EA Vaughn EA Vaughn EA V2-unditched MD 7 Coastal Delmarva NERR Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.5 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.5 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.5 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.5 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.8 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.8 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Assateague Island, MD ASIS.Marsh.8 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.8 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.6 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.6 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.6 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.6 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.11 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.11 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.11 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
Assateague Island, MD ASIS.Marsh.11 MD 7 Coastal Delmarva NPS Back-barrier Lagoon Marsh
FISHERMAN ISLAND NATIONAL FIE Plot 1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

FISHERMAN ISLAND NATIONAL FIE Plot 2 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

FISHERMAN ISLAND NATIONAL FIE Plot 3 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

FISHERMAN ISLAND NATIONAL FIW Plot 1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

FISHERMAN ISLAND NATIONAL FIW Plot 2 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

FISHERMAN ISLAND NATIONAL FIW Plot 3 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

EASTERN SHORE OF VIRGINIA ESV Plot 3 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
NATIONAL WILDLIFE REFUGE

EASTERN SHORE OF VIRGINIA ESV Plot 1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh

NATIONAL WILDLIFE REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

EASTERN SHORE OF VIRGINIA ESV Plot 2 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
NATIONAL WILDLIFE REFUGE

EASTERN SHORE OF VIRGINIA Bull Plot 3 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
NATIONAL WILDLIFE REFUGE

EASTERN SHORE OF VIRGINIA Bull Plot 2 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
NATIONAL WILDLIFE REFUGE

EASTERN SHORE OF VIRGINIA Bull Plot 1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
NATIONAL WILDLIFE REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE Cedar 03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE Cedar 02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE Cedar 01 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE BDM3 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE BDM2 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE BDM1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE APool01 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE APool02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE APool03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

WALLOPS ISLAND NATIONAL Wall 01 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

WALLOPS ISLAND NATIONAL Wall 02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

WALLOPS ISLAND NATIONAL Wall 03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
WILDLIFE REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE SPSMO01 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE

CHINCOTEAGUE NATIONAL WILDLIFE SPImp03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh

REFUGE
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
CHINCOTEAGUE NATIONAL WILDLIFE = SPImp0O1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE SPSM02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE = SPImp02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE SPSMO03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE Wild 02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE Wild 01 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE Wild 03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE RPSMO02 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE RPSMO1 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
CHINCOTEAGUE NATIONAL WILDLIFE RPSMO03 VA 7 Coastal Delmarva USFWS Back-barrier Lagoon Marsh
REFUGE
Watchapreague, VA Watchapreague,VA Mockhorn West VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague, VA Mockhorn East VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague,VA Curlew Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague, VA Curlew Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague,VA_Curlew Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague,VA Curlew Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague, VA _Gates Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
Watchapreague, VA Watchapreague,VA Gates Bay VA 7 Coastal Delmarva USGS Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
VCR - LTER tidal.creek VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER low VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER mid VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER low VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER mid VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER low VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER mid VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER hig VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER hig VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER hig VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER FowlingPoint VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER tidal.creek VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER tidal.creek VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
VCR - LTER tidal.creek VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER tidal.creek VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER_ChimneyPole VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER ChimneyPole VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER ChimneyPole VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
VCR - LTER VCR - LTER ChimneyPole VA 7 Coastal Delmarva VCR-LTER Back-barrier Lagoon Marsh
Nanticoke River Nanticoke River 1 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
Nanticoke River Nanticoke River 1 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
Nanticoke River Nanticoke River 1 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
Nanticoke River Nanticoke River 2 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 2 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 2 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 3 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 3 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 3 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Brackish Marsh
Nanticoke River Nanticoke River 4 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
Nanticoke River Nanticoke River 4 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
Nanticoke River Nanticoke River 4 MD 8 Eastern Chesapeake Bay Academic Institution Estuarine Embayment
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Table 2.1.

Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State Sub_Region

Broad_Geomophic_Setting

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Monie Bay, MD

Deal Island WMA

Deal Island WMA

Deal Island WMA

Deal Island WMA

Deal Island WMA

Deal Island WMA

MCMST2L

MCMST2H

MCMSTIL

MCMST3L

MCMST3H

MCMSTIH

MCHST3L

MCHSTIH

MCHST3H

MCHSTIL

MCHST2L

MCHST2H

Deal Island WMA Deal2-unditched

Deal Island WMA Deal2-unditched

Deal Island WMA_Deal2-unditched

Deal Island WMA Deall-ditched

Deal Island WMA_Deall-ditched

Deal Island WMA_Deall-ditched

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay

8 Eastern Chesapeake Bay

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

NERR

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

801

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Deal Island WMA Deal Island WMA_Deal4-ditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Deal Island WMA Deal Island WMA_Deal4-ditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Deal Island WMA Deal Island WMA_Deal4-ditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Deal Island WMA Deal Island WMA Deal3-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Deal Island WMA Deal Island WMA_Deal3-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Deal Island WMA Deal Island WMA_Deal3-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Monie Bay, MD Monie Bay, MD Monie Creek-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Monie Bay, MD Monie Bay, MD Monie Creek-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Monie Bay, MD Monie Bay, MD_Monie Creek-unditched MD 8 Eastern Chesapeake Bay NERR Estuarine Brackish Marsh
Saxis WMA Saxis VA 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Saxis WMA Saxis VA 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Saxis WMA Saxis VA 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Saxis WMA Saxis VA 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Audubon Property- Farm Creek Wetlands Audubon.Property.Fishing.Bay MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Audubon Property- Farm Creek Wetlands Audubon.Property.Fishing.Bay MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Fishing Bay WMA Fishing.Bay.8A MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Fishing Bay WMA Fishing.Bay.8A MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment

Fishing Bay WMA Fishing.Bay.8A MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
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Table 2.1.

Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location

Site

State Sub_Region

Broad_Geomophic_Setting

Fishing Bay WMA

Fishing Bay WMA

Fishing Bay WMA

Fishing Bay WMA

Fishing Bay WMA

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Blackwater NWR

Fishing.Bay.8A

Fishing.Bay.8D

Fishing.Bay.8D

Fishing.Bay.8D

Fishing.Bay.8D

BWB_Unit3A

BWB_Unit3A

BWB_Unit3A

BWB_Unit3D

BWB_Unit3D

BWB_Unit3B

BWB_Unit3B

BWB_Unit3B

BWB_Unit3C

BWB_Unit3C

BWB_Unit3C

Blackwater.7A

Blackwater.7A

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

MD

8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay
8 Eastern Chesapeake Bay

8 Eastern Chesapeake Bay

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

USGS

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Embayment

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh

Estuarine Brackish Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Broad_Geomophic_Setting
Blackwater NWR Blackwater.7A MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.7A MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A31 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A31 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A31 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A31 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A31 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.7D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2B MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2B MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2B MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.7D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.7D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.7D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2A MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Broad_Geomophic_Setting
Blackwater NWR BWB_Unit2A MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2A MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2C MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2C MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_Unit2C MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A10 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A10 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A10 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A10 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlD MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_ UnitlD MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlD MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlC MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_ UnitlC MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlC MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlB MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_ UnitlB MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Broad_Geomophic_Setting
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB UnitlB MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlA MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_UnitlA MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR BWB_ UnitlA MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Eastern Neck, NWR Eastern.Neck MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Eastern Neck, NWR Eastern.Neck MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Eastern Neck, NWR Eastern.Neck MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Eastern Neck, NWR Eastern.Neck MD 8 Eastern Chesapeake Bay USGS Estuarine Embayment
Blackwater NWR BWB_Unit3D MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Blackwater NWR Blackwater.A33 MD 8 Eastern Chesapeake Bay USGS Estuarine Brackish Marsh
Goodwin Island Goodwin Island Middle Island - Water VA 9 Western Chesapeake Bay NERR Estuarine Embayment

Quality Station
Goodwin Island Main Island - Reference Site Transect VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Goodwin Island Main Island - Reference Site Transect VA 9 Western Chesapeake Bay NERR Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Broad_Geomophic_Setting
Goodwin Island Goodwin Island Main Island - Thorofare VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Transect
Goodwin Island Goodwin Island Main Island - Thorofare VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Transect
Goodwin Island Goodwin Island Middle Island Transect VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Goodwin Island Goodwin Island Middle Island Transect VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Goodwin Island Goodwin Island Middle Island Transect VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Goodwin Island Goodwin Island Main Island - North VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Transect
Goodwin Island Goodwin Island Main Island - North VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Transect
Catlett Island Catlett Island Inner Site VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Catlett Island Catlett Island_Inner Site VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Taskinas Creek Taskinas Creek Reference Site Transect VA 9 Western Chesapeake Bay NERR Estuarine Brackish Marsh
Catlett Island Catlett Island Outer Site VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Catlett Island Catlett Island Outer Site VA 9 Western Chesapeake Bay NERR Estuarine Embayment
Taskinas Creek Taskinas Creek Reference Site Transect VA 9 Western Chesapeake Bay NERR Estuarine Brackish Marsh
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued

SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment
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Table 2.1. Surface elevation table-marker horizon (SET-MH) data.—Continued
SET_Geographical_Location Site State Sub_Region Partner Broad_Geomophic_Setting

Smithsonian Environmental Research Center SERC MD 9 Western Chesapeake Bay SERC Estuarine Embayment

Western Shore, Cove Point Western Shore, Cove Point Cove Point MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment

Western Shore, Cove Point Western Shore, Cove Point Cove Point MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment

Western Shore, Parkers Creek Western Shore, Parkers Creek Parkers MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment
Creek

Western Shore, Parkers Creek Western Shore, Parkers Creek Parkers MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment
Creek

Western Shore, Parkers Creek Western Shore, Parkers Creek Parkers MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment
Creek

Western Shore, Parkers Creek Western Shore, Parkers Creek Parkers MD 9 Western Chesapeake Bay Academic Institution Estuarine Embayment
Creek

SERC, MD Hog.Island.SERC MD 9 Western Chesapeake Bay USGS Estuarine Embayment

SERC, MD Hog.Island.SERC MD 9 Western Chesapeake Bay USGS Estuarine Embayment

SERC, MD Hog.Island.SERC MD 9 Western Chesapeake Bay USGS Estuarine Embayment

SERC, MD Hog.Island.SERC MD 9 Western Chesapeake Bay USGS Estuarine Embayment
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Appendix 3. Best Model Summaries

Appendix 3. Best Model Summaries 17

Model summaries for the deviation from expected surface elevation model and storm surge submodel using the eligible

surface elevation table (SET) data (table 3.1 and table 3.2, respectively).

Table 3.1. Summary output for best deviation from expected surface elevation change model (model 15e). Adjusted values for reduced

effective sample size (170) in parentheses when differs from unadjusted values (n=223).

[<, less than]

Residuals
Minimum 1st quarter Median 3rd quarter Maximum
—47.03 —4.28 —-1.65 4.06 55.90

Predictor Estimate Standard error t-value P-value
Intercept -23.90 4.18(4.77) —=5.73 (-5.00) <0.0001
Distance 186.16 33.41(38.26) 5.57 (4.87) <0.0001
Distance squared —279.00 54.47(62.38) —5.12 (—4.47) <0.0001
Position 22.39 6.17(7.07) 3.63 (3.17) <0.001 (<0.005)
Distance x Position —103.66 31.91(36.55) —3.25(-2.84) <0.005 (<0.01)

Residual standard error: 12.04 on 118 degrees of freedom

Multiple R-squared: 0.16
Adjusted R-squared: 0.14

F-statistic: 10.33 on 54 and 218 DF, p-value: <0.0001

Table 3.2. Summary output for the best storm surge submodel (model 3) using eligible surface elevation table (SET) dataset. Adjusted

values for reduced effective sample size (156) in parentheses when differs from unadjusted values (n=223).

[<, less than]

Residuals
Minimum 1st quarter Median 3rd quarter Maximum
—2.18 0.00 0.01 0.33 2.68
Predictor Estimate Standard error ztvalue Ptvalue
Intercept 24.41 4.56 (5.45) 5.36 (4.48) <0.0001
Distance —54.53 9.83 (11.75) —5.55 (—4.64) <0.0001
Position —11.68 2.52(3.01) —4.64 (—3.88) <0.0001 (<0.0005)

Null deviance: 232.288 on 222 degrees of freedom
Residual deviance: 89.249 on 220 degrees of freedom

Akaike’s Information Criteria: 95.249
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