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Abstract Scientists investigating wetland soil vertical devel-
opment have required a high precision, high accuracy tech-
nique to measure wetland surface elevation change over time.
The Surface Elevation Table (SET), capable of millimeter-
scale precision, has proven effective in supporting
hypothesis-based inquiry into mechanisms of wetland vertical
development.More recently, SETsampling stations have been
established in many areas to monitor wetland elevation
change in an effort to gauge wetland resilience to accelerated
sea level rise. Unfortunately, each SET sampling station
covers an area of about 1 m2, and the technique was not de-
signed to monitor elevations across broad, hectare-sized spa-
tial scales. The purpose of this study is to investigate an alter-
native method for obtaining repeated, high-precisionmeasure-
ments of wetland elevation and elevation change that could
easily be extended to the hectare scale. This study compares
the precision and accuracy of a novel digital barcode leveling
technique to the now well-accepted SET for the purposes of
measuring wetland surface elevation change. Results suggest
that leveling can provide wetland elevations with similar ver-
tical precision as the SET over much larger spatial scales and
with an instrument that costs about the same as the SET.
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Introduction

Coastal wetlands exist within a relatively narrow elevation
range defined by the extent of the tides, typically from mean
low water to mean high water (McKee and Patrick 1988). A
narrow elevation range makes coastal wetlands vulnerable to
accelerated sea level rise (Kirwan and Megonigal 2013). The
future survival of these valuable ecosystems depends on their
ability to either migrate laterally/upslope (Kana et al. 1988;
Kirwan et al. 2016) or accrete vertically via sediment transport
and deposition (e.g., Harrison and Bloom 1977; Stumpf 1983;
Stevenson et al. 1986; Reed 1995) and the production of or-
ganic matter (Nyman et al. 1993; McKee et al. 2007), at a rate
sufficient to offset rising water levels and local land subsi-
dence (Morris et al. 2002). Coastal wetland vulnerability to
accelerated sea level rise is also related to a wetland’s
Belevation capital^ (sensu Reed 2002) or the elevation of the
wetland platform above local mean sea level. The higher the
capital, the more time a wetland may have to persist in an era
of rapidly rising sea levels; the lower the capital, the more
critical the need to have robust processes of elevation gain.

For management to make informed decisions on wetland
vulnerability and to choose the best options to help wetlands
persist in response to rapid local sea level rise (e.g., Raposa
et al. 2016), four critical pieces of information are needed: (1)
wetland elevations, (2) local water levels/tidal datums, (3)
local rates of sea level change, and (4) wetland elevation
change rates. High accuracy, repeated measurements of eleva-
tions and water levels are needed since the rates of change are
at the millimeter-per-year scale (Webb et al. 2013). In
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addition, high precision, repeated measurements of wetland
elevation over time are required to estimate rates of elevation
change (Cahoon et al. 2000; Webb et al. 2013).

The Surface Elevation Table (SET) was designed specifi-
cally as a high precision tool to measure rates of wetland
elevation change (Boumans and Day 1993; Cahoon et al.
2002a). The SET has been the archetype in hypothesis testing
aimed to investigate and understand processes contributing to
marsh accretion (e.g., Cahoon et al. 1995; Morris et al. 2002;
McKee 2011; Lynch et al. 2015). Since the early 2000s, the
design of the most widely used SET instrument is based on the
BRod SET^ (Cahoon et al. 2002b). The instrument consists of
a portable horizontal bar which attaches to a deep in situ bench
mark; the typical Rod SET allows the investigator to conduct
manipulative experiments within sampling areas of about
1 m2 (e.g., Langley et al. 2009). The elevation change of the
sediment surface, relative to the bench mark, is determined by
measuring the distance from the bar to the substrate with ver-
tically arranged pins of fixed length (Fig. 1).

Over the past two decades, the SET has supported a large
number of ground-breaking research papers that have elucidat-
ed the processes and rates of vertical wetland soil development
and wetland sustainability in the face of rising sea levels (e.g.,
Cahoon et al. 2006; McKee et al. 2007; Langley et al. 2009;

Cahoon 2015). Over this time, the SET method has been used
in over 20 countries on six continents (Webb et al. 2013).

Although the SET was originally designed to support
hypothesis-driven research, the function of the SET has ex-
panded to include the monitoring of long-term elevation
change across wetland landscapes spanning hundreds to thou-
sands of hectares (e.g., National Estuarine Research Reserve
System 2012; Lynch et al. 2015). The typical Rod SETsample
station measures only 1.3 m2, and due to instrumental con-
straints as well as the labor intensive nature of the SET meth-
od, estimates of wetland elevation change are often derived
from data collected from very few sample stations. Sampling
stations are often spatially clustered, especially if boardwalks
are constructed for access and protection of the marsh surface.
Although the use of appropriate treatments and controls has
enabled SET-based research to provide high quality data and
robust conclusions, the use of SETs to monitor elevation
change across wide areas is of concern. The generalizations
derived from a few 1.3 m2 plots may not be representative of
the greater wetland. Consequently, there is a need for a more
efficient and spatially extensive method for obtaining repeat-
able, high precision wetland elevations (Webb et al. 2013).

Numerous approaches have been proposed for obtaining
marsh elevations over broader spatial scales, all of which have
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Fig. 1 Conceptual diagram of a Surface Elevation Table (SET) showing
the deployment of the horizontal reference bar atop the SET base, which
is locked onto the SET bench mark during a measurement session. The
SET bench mark is a deep driven rod, the top meter of which is encased in

PVC. The figure also shows how SET pin height measurements are used
to compute the elevation of sediment surface with respect to the top of the
SET mark, which is also the Vertical Point of Reference, or VPR
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associated challenges. Although traditional geodetic leveling
has the highest precision of all surveying techniques, it re-
quires access to nearby bench marks with published eleva-
tions. Additionally, geodetic leveling equipment is not de-
signed for unstable surfaces such as wetlands. Global
Navigation Satellite System (GNSS) techniques have vertical
errors in the centimeter range and may require long observa-
tion times (Soler et al. 2006) and are therefore not well-suited
to obtain elevations and monitor elevation change at the sub-
centimeter scale. Other techniques such as Real-Time
Kinematic Global Navigation Satellite System (RTK GNSS)
techniques are costly, require much training, and may also
have errors on the centimeter scale (Henning 2011). Light
Detection and Ranging (LiDAR) provides accurate elevations
across broad swaths of landscape (Gesch 2009). However,
even with enhanced techniques becoming available to shrink
the typical error associated with LiDAR data (from decimeter
to sub-decimeter), these errors are still too coarse to monitor
annual change (Medeiros et al. 2015).

More affordable techniques requiring simple technology
have been devised to measure wetland elevation as well.
Smith and Warren (2007) proposed using watermarks
(water-soluble paint on sticks) to measure marsh topography.
Unfortunately, though, waves can bias the results, and the
vertical stability of the stakes is not verified. DeLaune et al.
(1994) monitored the elevation of marsh hummocks using
optical leveling. An approximately 6-m-long pipe was
inserted into the ground to serve as a bench mark, and eleva-
tions of hummocks and pond bottoms were measured relative
to the benchmark using a level. The authors claimed that al-
though this method allows for a greater surface area of marsh
to be sampled than the first generation SET (1250 vs. 4 m2),
the precision was reported to be significantly lower than the
SET (at the centimeter level)—a scale deemed too imprecise
to track surface elevation change on an annual basis.

After two decades of experience using the SET and recent
advances in surveying technology, we propose the novel ap-
plication of a relatively inexpensive sub-millimeter precision
digital barcode (laser) level for long-term monitoring of wet-
land elevation change over a hectare-size area. The instrument
is approximately the same price as a SET instrument, does not
require intensive training, is potentially less prone to observer
bias, and can rapidly measure elevation differences.
Measurements of height differences (instrument specifications
claim a precision of 0.1 mm) can be taken over wetland areas
1 ha or more (100 m radius according to product specifica-
tions) with just one setup of the tripod-mounted level. The
technique is also adapted to make use of preexisting SET
benchmarks for vertical control.

In this study, we compare the inexpensive digital barcode
leveling technique to the now well-accepted SET for the pur-
pose of measuring wetland surface elevation. We test whether
repeatable millimeter-scale precision in wetland surface

elevation can be obtained with this leveling technique. We
also investigate on how these two techniques compare among
different wetland types. This leveling method has the potential
to expand the spatial coverage of millimeter-scale wetland
elevation change which would be of benefit for monitoring
wetland resilience to accelerated sea level rise.

Site Descriptions

Four wetland sites of varying substrate firmness and vegeta-
tion community were selected for the SET-Digital Barcode
Leveling comparison study (Fig. 2): a tidal freshwater marsh
with highly organic soils located at the Jug Bay Wetlands
Sanctuary (JB), a brackish marsh with highly organic soils at
the Smithsonian Environmental Research Center (SERC), a
brackishmarsh withmoremineral soils at the Chesapeake Bay
Environmental Center (CBEC), and a salt marsh with mineral
soils at the Assateague Island National Seashore (ASIS). All
sites were located in the Chesapeake Bay region of Maryland,
USA. Data were collected from four to six preexisting Rod
SET stations located within each marsh, totaling 19 stations.
Each station consisted of a permanent deep rod reference mark
that could be mated to the portable SET instrument (Cahoon
et al. 2002b). The field work was conducted throughout the
summer of 2014, and measurements were collected at varying
stages of the tide.

Materials and Methods

A Leica Sprinter 250 M digital level was chosen for this study
based on its availability, low purchase price, and small error
claimed in product descriptions (0.1 mm precision; 1.0 mm
accuracy per kilometer, double-run). Additional equipment
included an aluminum slip-leg tripod to hold the level and a
telescoping aluminum barcode level rod. The SET instrument
used was a variation of the Rod SET designed by the National
Geodetic Survey (NGS), a version of which is widely used by
the National Estuarine Research Reserve System and some
National Parks and National Wildlife Refuges (Figs. 1 and
3). The dimensions of this SETare similar to those of the other
versions (Cahoon et al. 2002b), although the bar holding the
pins is double-sided, enabling two orientations (180° apart) to
be measured at once. The base of the instrument is separate
from the bar and enables the bar to occupy a total of eight
different orientations around the central reference mark, 45°
apart.

Repeated measurements of sediment elevation with respect
to the SET reference mark were collected at each SET station,
alternating between the SET method and the digital level. The
base of the SET instrument was deployed on the SET mark
and plumbed. The horizontal bar was positioned atop the base,
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and for each orientation occupied by the bar (typically four
orientations 90° apart around the SET mark), the marsh sur-
face corresponding to the mini Btransect^ defined by the nine
pins was marked with flagging (Fig. 3). These flags were used
to constrain the regions in which to place the level rod for the
subsequent leveling portion of the study. All nine SET pins
within each chosen orientation of the SET arm were lowered
to the sediment surface, and their heights recorded. The SET
instrument was then removed prior to using the leveling tech-
nique. The leveling technique involved setting up the tripod
and level at some distance (typically 5–15 m away) from the
SET station, taking a backsight to the vertical point of

reference (VPR) of the SET reference mark (top-most part of
the SET receiver), and then foresights to the sediment surface
within a particular orientation which had been occupied by the
SET (Fig. 4). The footprint of the level rod is approximately
6 cm × 4 cm, and the linear distance between the two flags was
about 30 cm: to ensure consistency, the level rod was placed
by each flag, and two additional placements were made equi-
distant between the flags, for a total of four level rod place-
ments. The measurement interval ended with final closure on
the VPR (the final foresight matching the initial backsight
within 1 mm of error). This entire process was repeated for
each chosen orientation of the SET instrument. Typically,

Chesapeake Bay

ASIS

CBECSERC

JB

Atlantic 

Ocean

Fig. 2 Locations of the wetland
sites used in this study: a tidal
freshwater marsh at Jug Bay (JB)
along the Patuxent River
(N38.7861, W076.7119); a
brackish marsh within the Rhode
River, at the Smithsonian
Environmental Research Center
(SERC; N38.8883W076.5542); a
brackish marsh near the main
stem of the Bay, at the
Chesapeake Bay Environmental
Center (CBEC; N38.9492
W076.2289); and a back-barrier
salt marsh at the Assateague
Island National Seashore (ASIS;
N38.0378 W075.2400)

Fig. 3 Image showing the
process of taking SET
measurements in a tidal
freshwater marsh (left panel) and
using flagging to mark the
locations of SET orientations
(four shown). The flags constrain
the measurement surfaces for
level rod placement (right panel)
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three repetitions of each method were performed to obtain a
minimum sample size for the comparison of the two tech-
niques at each SET sample station, although a couple stations
only had two replicates.

The vertical offset of the NGS Rod SET used in this study
(measurement (A) in Fig. 1) was found to be fixed at 0.395 m
(to within 1 mm) within a range of 6° of tilt in the base. The
lengths of all 18 pins were the same, so dimension (C) was
also constant (Fig. 1). The elevation of the soil surface mea-
sured by each pin was therefore expressed with respect to the
top of the SET mark (to enable comparison of data to leveled
heights). The nine pin measurements within a given orienta-
tion of the SET instrument were averaged for each replicated
reading of the SET sample station. Similarly, all four individ-
ual level shots taken with the digital level within a given
orientation of the SET sample station and replication were
averaged to give a mean elevation of the marsh surface along
that orientation (also with respect to the top of the SET mark).

The mean surface elevation of each SET orientation as
measured by the level was compared to the corresponding
mean elevation as obtained by the pin heights (level–SET).
The dataset for the analysis contained 90 relative elevation
differences between the level and the SET, divided up accord-
ing to study sites (JB, SERC, CBEC, and ASIS), SET sample
stations within each site (ranging in number from four and six

stations), and orientations within each SET plot (ranging from
four or six).

A linear model was used to test for the effect of study site
on the mean differences computed above (R version 2.15.1;
lmer function in lme4 package):

yijk ¼ μþ αi þ δ j i½ � þ εk i; j½ �
For i ¼ 1;…4; j ¼ 1;…6; and k ¼ 1;…6:

The mean difference between the level and the SET is
explained by an overall mean difference between the two
techniques (μ), the fixed effect of the ith wetland site (αi),
the random effect of the jth SET sample station nested within
study site i (δj[k]), and the random effect of the kth position
within the jth SET sample station within the ith study site
(εk[ij]). A Tukey-adjusted multiple pairwise comparison was
used to compare among the different sites.

The average surface elevation for each orientation and each
replication was used to compute the standard error of the mea-
surement method (SET and level). The standard error of sur-
face elevations of each SET orientation as measured by the
level was compared to the corresponding standard error as
obtained by the pin heights (level–SET). An additional eval-
uation of standard error was conducted with the digital level at
the tidal freshwater site (JB), after it was found that this habitat
had the greatest effect on the digital barcode’s error. This ad-
ditional evaluation consisted of placing the level rod at 31
flagged locations on the marsh surface along the length of a
long (≈100 m) boardwalk across the marsh. Each flagged
location was measured twice; between readings, the level
rod was removed from the surface and then re-positioned.
The level was not moved between replicate measurements.
Care was taken to avoid compressing the soil with the level
rod during each reading.

Results

The digital barcode level compared well to the SET technique
across most sites (Fig. 5). The tendency was for the level to
give a lower mean elevation than the SET. Most of the differ-
ences were small and not significantly different from zero
(P ≥ 0.280), except for Jug Bay, where the mean elevations
derived from leveling were significantly lower than the SET
readings (P = 0.028). ASIS had a positive mean difference less
than 1 mm; SERC and CBEC had negative mean differences
ranging from −1.5 to −2.5 mm. The mean difference at JB,
however, was highly negative (15.6 mm). The linear model
showed a significant study site effect (P < 0.002; Table 1) due
to the highly negative mean difference at JB compared to the
other marshes (P ≤ 0.0002; Table 2). The precision of the two
techniques appeared similar, with the differences in standard
errors approximating a bell-shaped distribution centered be-
tween 0 and 1 mm (Fig. 6). The average standard error for the

Fig. 4 Image showing the use of the digital barcode level in a tidal fresh
marsh. The level rod, showing the digital barcode, is placed on the
wetland surface within the SET sample station

Estuaries and Coasts



leveling technique was estimated at 3.5 mm, whereas the error
of the SET measurements was 2.5 mm.

When the differences in standard errors are separated into
study sites, however, important differences appear (Fig. 7). At
JB, there are more positive values of difference in standard
error between the techniques, suggesting that the elevations
obtained using the SET were more precise. While there is a
greater spread of standard deviation differences at SERC, the
results are only slightly skewed positive. At both CBEC and
ASIS, differences in standard errors cluster around zero and
vary by up to 2 mm.

The additional measurements of repeatability using the dig-
ital barcode level at JB revealed that with care and attention,
90% of the replications were within 4.2 mm of each other.
Although the average repeatability error was small (averaged
−1.9 ± 0.5 mm), it was significantly different from zero
(P = 0.0004), suggesting that the placement of the level rod
on the very soft freshwater sediments did in fact compress the
surface significantly, even if it was mostly within a millimeter.

Discussion

The need for an efficient and spatially extensive method for
monitoring wetland surface elevation change will only

increase as sea level rise becomes a greater threat to low-
lying coastal wetlands. This study shows that leveling can
be comparable in both precision and accuracy to the SET.
Within the brackish and salt marshes, the differences between
the two techniques ranged from 0.2 to 2.2 mm; these differ-
ences lie within the standard error of the SET itself (4.9 mm
standard error at the orientation level; Table 3). Although the
SET appears to be somewhat more precise than leveling, pos-
sibly due to the fact that the pins return to the exact same patch
of marsh surface, the residual mean square error (RMSE) is
1 mm smaller than the error of the SET technique. However,
very soft sediments (as in JB) require special care when using
the leveling technique. Our results suggest that with increased
vigilance of level rod placement (and the use of catwalks/
boardwalks), vertical errors can be maintained below the cen-
timeter scale in wetlands with similar soft sediments.
Additionally, the construction of a custom Btopo foot^ could
help reduce the sinking of the level rod in very soft sediments.

One constraint of this study is that we are not able to di-
rectly compare pin-reading to level-reading. Within each ori-
entation of the SET arm, nine SET pin measurements were
made for every four digital barcode level measurements.
Averaging over twice as many SETmeasurements than digital
barcode measurements lowers the variability estimate of the
SET and our results are therefore somewhat biased in favor of
the SET. Furthermore, the SET pins return to the same loca-
tion on the wetland surface at each sampling event, whereas
the four level rod placements likely varied up to several cen-
timeters between replicate sampling events.

How could the results of this study be applied to an actual
wetland elevationmonitoring study?What kind of sample size
would be needed? Assuming the investigator would want to
discern, at the 95% confidence level, an average wetland sur-
face elevation change of 3 mm between sampling intervals,
and given the estimate of measurement variability observed in

Table 1 Analysis of variance table for the fixed effect of study site on
the mean difference between the digital barcode leveling technique and
the SET in determining the elevation of different wetland surfaces in the
Chesapeake Bay area

Effect Sum of squares Degrees
of freedom

Mean square F P

Site 1228.4 3 409.5 8.5 0.0016

SET (site) 724.1 15 48.3

Fig. 5 Themean difference in the
elevation measurements between
the digital barcode leveling
technique and the SET technique
(level–SET) within four sites in
the Chesapeake Bay area. Error
bars represent standard errors
(mm)
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this study (0.0047 m; Table 3), an estimated sample size of 40
sample points would be required. This assumes returning to
the same general sampling point, as was done in this study.
The 40 sample points could easily encompass an area of 1 ha
with good spatial representation (average point separation of
20 m). Similarly, we would need four to five SET sample
stations to discern a similar trend, at a much reduced spatial
coverage (ideal spacing of 88 m apart). Clearly, the leveling
technique could augment spatial coverage of elevation/change
measurements within a site instrumented with SET sample
stations.

Considering the costs and the benefits of each technique,
we note that the cost of the latest version of the SET (Fig. 1) is
around US $2000 (2016), the same cost as the digital barcode
level equipment used in this study. The cost of establishing a
single SET sample station is about $400–700. From an exper-
imental design perspective, a minimum of three SET sample
stations would be required to estimate both the mean and the
variance associated with elevation change in a sample site. For
the leveling technique, only one in situ reference mark is re-
quired (savings of $800–1400). According to the leveling

manufacturer specifications, distances of over 100 m are ca-
pable with little loss of precision; at a conservative radius of
60 m, a full hectare can easily be sampled. However, distur-
bance to the larger wetland area needs to be considered, and,
depending on the strength of the soil, the leveling technique
may require the construction of catwalks to prevent negative
impacts from repeated sampling. Labor costs are likely simi-
lar, as a team of two are typically required for both techniques,
although the time required to sample 40 points with the level
rod would likely be less than measuring three SET plots (1.5–
3 h). In the end, the two techniques may result in similar costs,
but leveling would enable much broader spatial coverage,
which is important from a monitoring perspective.

Our results suggest that this inexpensive digital barcode
leveling technique should be considered within the perspec-
tive of a range of surveying techniques. As shown in Table 3,
the error associated with leveling on marsh surfaces can pro-
vide good results at the hectare scale. In addition, leveling can
be used to directly measure the elevation of the wetland sur-
faces (with respect to an official vertical datum such as the
North American Vertical Datum of 1988 or NAVD 88).
Wetland surface elevation and its relationship to vegetation
communities are required to calibrate the models developed
to improve the vertical accuracy of LiDAR-derived wetland
digital elevation models (Medeiros et al. 2015). Medeiros
et al. have shown that vertical errors can be brought down to
the centimeter scale with the application of vegetation
community-specific algorithms relating the three-
dimensional structure of these plant communities and the spe-
cific LiDAR returns they generate. Elevations are also re-
quired inputs to mechanistic models of wetland sensitivity to
sea level rise (e.g., Morris et al. 2002) and other models of
wetland sustainability to sea level rise (e.g., SLAMM; Craft
et al. 2009). Real-time GNSS techniques (including RTK) are
typically used to generate digital elevation models and are
often used to create ground-control points for remotely sensed
data (e.g., Ward et al. 2013; Ward et al. 2016). Care must be
taken with the use of RTK as vertical accuracies can be on the
order of centimeters (Renschler et al. 2002). Single-base RTK

Fig. 6 Differences in standard errors between the digital barcode leveling
technique and the SET technique (level–SET) as used to determine the
elevation of wetland surfaces. All study sites are included in the graph;
one outlier removed (−14 mm; SERC) to better reveal shape of
distribution clustered around zero

Table 2 Multiple comparisons (Tukey adjusted) between the fixed effects of study site on the mean differences between the digital barcode leveling
technique and the SET in determining the elevation of different wetland surfaces in the Chesapeake Bay

Comparison Mean
difference (mm)

Standard
error (mm)

t P (2-tailed) Significance

ASIS—CBEC −1.8 3.4 −0.53 0.95

ASIS—JB 15.4 3.5 −4.39 1.00E−04 ***

ASIS—SERC 2.6 3.1 −0.83 0.84

CBEC—JB 13.6 3.3 −4.09 0.0002 ***

CBEC—SERC 0.8 2.9 −0.27 0.99

SERC—JB 12.8 3.1 4.15 0.0002 ***

***Indicates significance at the P < 0.05 level
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is also much more expensive, requiring significant investment
in terms of equipment (on the order of tens of thousands of
dollars), personnel (much training is required for deployment
and post-processing), and software (thousands of dollars). In
contrast, the leveling technique employed in this study was on
the order of $2000 everything included.

Recently, investigators have used the regional wetland ele-
vation change trends obtained from SET networks to assess
large-scale vulnerability of wetlands to future sea level rise
scenarios (e.g., Lovelock et al. 2015). Using the leveling tech-
nique could provide more spatially robust data to support such

modeling. However, a limitation of both SET and leveling is
that the technique will only measure vertical change with re-
spect to the local reference marks. While typically assumed to
be static, the stability of the bench marks is often unknown. In
such cases, local land subsidence from natural processes, as
well as human activities, may result in the under-estimation of
relative sea level rise within the wetland. For this reason, both
SET and leveling techniques should consider correcting for
vertical land motion, either via leveling to a local tide station
or using high accuracy GNSS observations over time (Swales
et al. 2016).
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Fig. 7 Differences in standard errors between the digital barcode leveling technique and the SET (level–SET) in determining the elevation of wetland
surfaces. Graphs are separated into the four different wetland study sites

Table 3 Comparison of residual
mean square error (RMSE)
among different elevation
measurement techniques

Technique Spatial scale (order
of magnitude)

Error (RMSE, mm) Notes

Lidar 10–100s km2 140 Gesch (2009)

RTK 10s ha 20–60 Renschler et al. (2002)

Digital level1 1 ha 7.8 This study

SET1 1 m2 4.9 This study

Digital level2 1 ha 4.7 This study

SET3 1 m2 1.5 This study

1 Residual mean square error for an individual observation (rod measurement, pin placement)
2 Residual mean square for the average of the four rodmeasurements taken within a given position of the SET plot
across all sites
3 Residual mean square error for the pin readings averaged to the level of the SET plot across all sites
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Over the past 25 years, the SET technique has enjoyed
widespread success in the understanding of wetland vertical
soil development in numerous countries around the globe and
in a wide variety of different wetland settings. Although the
technique has proven valuable for the purposes of hypothesis
testing, the technique is laborious and the resulting area sam-
pled is small. The results of this study suggest that an inex-
pensive digital barcode level can provide similar wetland ele-
vation measurements compared to the SET, and these mea-
surements can be easily extended to a hectare scale. Since
local bench marks are needed as vertical control for the level-
ing technique, it seems appropriate to use the SET reference
marks, allowing for a calibration of the leveling technique
based on local conditions. The SET technique will certainly
continue to be used, but we propose that wetland elevation
change monitoring consider more than these square-meter da-
ta. Our study suggests that they be included as part of a larger
monitoring program featuring hectare-scale data (leveling)
with minimal loss of precision and accuracy.
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