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Introduction

Tidally influenced coastal wetlands, both saline and fresh,
appear where terrestrial and marine environments meet and are
considered important ecosystems for identifying the impacts
of climate change. Coastal wetlands provide valuable benefits
to society and the environment in the form of flood protection,
water-quality improvements, and shoreline erosion reduction,
making them one of the most important ecosystems in the world
(Barbier, 2013). Historically, these ecosystems have vertically
adjusted to match rising sea levels through biologic and physical

It is estimated that thousands of SET-MH stations have
been installed along the coastline of the lower 48 United States,
but the distribution of the stations, especially across protected
and managed lands, has not been synthesized across manage-
ment agencies. SET-MH installations are managed by many
different organizations, making a single map of SET-MH station
locations difficult to obtain, if not impossible. This Fact Sheet is
an attempt to better document the location of SET-MH stations
situated on lands protected from human development across
the lower 48 United States. We do this by synthesizing location
data from previously published peer review literature articles

processes (Kirwan and Guntenspergen, 2012), but they
are increasingly vulnerable to submergence as sea-level
rise accelerates (Saintilan and others, 2022). Measuring
vertical change on lands protected from human influence
allows scientists to understand how vulnerable coastal
wetlands are to submergence. But to fully understand
this vulnerability, scientists must identify where verti-
cal change in coastal wetlands is being measured across
the lower 48 United States, a task that has not yet been
undertaken. In this Fact Sheet, we document the spatial
distribution of vertical change measurements in coastal
wetlands to inform where gaps may still be in the Surface
Elevation Table—Marker Horizon (SET-MH) coverage
within protected lands across the lower 48 United States.

How Is Elevation Change in Coastal
Wetlands Measured?

The SET-MH method is a global standard that pro-
vides a nondestructive way to make highly accurate and
precise measurements of sediment elevation of coastal
wetlands over long periods of time relative to a fixed
point (U.S. Geological Survey, 2018; fig. 1). Marker hori-
zons, deposited layers of clay distinct from the wetland
soil (fig. 14, 1B), are used to measure how much
sediment and organic matter have accumulated on the
marsh surface between measurements. Combining
such measurements with those taken with a rod surface
elevation table (fig. 14, 1C) quantifies surface eleva-
tion change by measuring the processes that control
wetland soil elevation.
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Figure 1. A, Diagram showing an example of a Surface Elevation

Table—Marker Horizon station, which can be used to make high precision
measurements of elevation change, biologic and sedimentologic accretion,
and subsidence in coastal wetlands (modified from U.S. Geological Survey,
2018). B, Photograph showing accretion above feldspar marker horizon. C,
Photograph showing Surface Elevation Table (SET) being used to measure
elevation change via the nine pins on the SET arm, averaged over the arm and
four different directions the arm can face. Photographs by Celina Balderas
Guzmén, used with permission.
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The Fishing Bay marsh complex, one of the most expansive and
intact marshes of the Blackwater National Wildlife Refuge, in August.
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(Feher and others, 2022; Moon and others, 2022; Saintilan and
others, 2022; Moorman and others, 2023) and combining them

with publicly available data on protected lands (U.S. Geological

Survey, 2022).

What Are Protected Lands?

The Protected Areas Database for the United States (PAD-
US) is the official inventory of marine and terrestrial protected
areas, “dedicated to the preservation of biological diversity and

other natural, recreation and cultural uses [including extraction],

managed for these purposes through legal or other effective
means” (U.S. Geological Survey, 2022). This inventory lists
lands protected by Federal, State, and non-profit organizations,
and other management entities. Some of the protected areas
within it are U.S. National Wildlife Refuges, National Parks,
National Estuarine Research Reserves, or State and local parks

and preserves. The PAD-US database was used as a tool to deter-

mine how many SET-MH stations from a nationwide database
fell within protected lands by overlaying the SET-MH station
locations onto the protected land locations.

How Many Protected Lands Are

Measuring Coastal Wetland Elevation
Change?

A first step in understanding a protected wetland’s risk
of submergence as sea-level rise accelerates is through spatial
understanding of where coastal wetland elevation change is
being measured. The U.S. Geological Survey and its collabora-
tors at the National Park Service, National Estuarine Research
Reserves, and U.S. Fish and Wildlife Service have installed
SET-MH stations and have been monitoring wetland elevation
change for many years. The stations documented here are a sub-
set of 980 SET-MH stations (Feher and others, 2022; Moon and

others, 2022; Saintilan and others, 2022; Moorman and others,
2023) that

(1) have on average been measured for 9 years, but span
3-30 years,

(2) measure elevation change in tidal freshwater forested
wetlands, salt marshes, or mangrove forests, and

(3) have not been experimentally manipulated.

Because of our selection criteria for SET-MH stations, the
number of SET-MH installations listed in our database that are
situated on protected lands across the United States is conserva-
tive. It is, however, important to have these criteria for selection
because many SET-MH stations have been installed for experi-
mental purposes, are too young to provide reliable trends, or may
be in coastal areas outside of the influence of tides.

Of the 980 SET-MH stations within our database, 646 of
them are on protected lands (fig. 2) but are managed by dif-
ferent organizations (fig. 3). Within the dataset, most stations
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Figure 2. Map showing the relative density of protected
Surface Elevation Tables (SETs) across the lower 48 United
States. The map shows the relative density of protected
SET-MH stations across each coast and is a subset of the 980
stations from the larger, nationwide database comprised of
data from Moorman and others (2023), Feher and others (2022),
Moon and others (2022), and Saintilan and others (2022).
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Figure 3. Bar graph showing how Surface Elevation Table
(SET) stations on protected lands are distributed across 13
management entities.



(380) are on lands under Federal jurisdiction, followed by State
managed areas (117) and areas managed by multiple groups
(112). Of these 646 protected SET-MH stations, 55 percent of

them are sited in saltmarshes according to data from the National
Wetlands Inventory (U.S Fish and Wildlife Service, 2019; fig. 4).

SET-MH stations sited in subtidal habitats, or habitats below the

lowest tidal limit, make up another 18 percent (fig. 4). Freshwater

forested wetlands and freshwater marshes together make up 13
percent of protected wetlands, while mangroves and tidal flats
make up 6 and 3 percent, respectively. Five percent of SET-MH
stations on protected lands fall into the “other” category (fig. 4).

Benefits of SET-MH Stations Being on
Protected Lands

Long-term records of elevation change across protected
areas have the ability to influence management decisions as
coastal wetlands across the United States become increasingly
susceptible to loss by submergence. An understanding of which
protected lands are losing elevation fastest enables identification
of high priority management areas for intervention or actions.
By documenting the widespread distribution of these SET-

MH stations across protected areas, we may be taking a first
step in facilitating the formation of networks of collaborators
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Figure 4. Bar graph organizing Surface Elevation Table (SET)
stations on protected lands (x-axis) by wetland type (legend
shading) described by the National Wetland Inventory Type
(U.S. Fish and Wildlife Service, 2019).

monitoring elevation change across broader scales. Assessments
of the distribution of SET-MH stations across ecologically rel-
evant abiotic gradients can inform managers, where monitoring is
missing along these different gradients.
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