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Abstract
Wetlands are mapped across the USA for compliancewith §404 of the CleanWater Act using field-collected data and protocols in
the 1987 Federal Wetlands Delineation Manual (3-factor method). The National Wetlands Inventory (NWI) maps wetlands and
deepwater habitats for management and policy-making using aerial image analysis with limited field verification. There have
been few comparisons of maps other than for limited geographic areas or wetland types. We compared 3-factor wetland
delineations to NWI maps for 1751 assessment areas (AA) in different regions. We did not assess the accuracy of either product,
but instead compared mapped area and polygon count for existing data at sites, then aggregated results to broader scales and
compared with ancillary data to identify factors correlated with map differences. In a subset of NWI polygons eliminating non-
wetland Cowardin types, 74% of NWI polygons were mapped in commonwith 3-factor polygons. NWI identified greater area in
33% of AA and greater total area across all sites. Approximately 27% of AA had 3-factor but no NWI polygons, while 6.7% of
AA had features mapped only by NWI. Multiple factors likely contributed to differences including polygon size and temporal
mismatches between maps, suggesting caution be used when comparing products.
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Introduction

Section 404 of the Clean Water Act (CWA), administered by
the U.S. Army Corps of Engineers (USACE) and the U.S.
Environmental Protection Agency (EPA), provides the frame-
work for regulating wetlands in the U.S. at the federal level.
Regulations and guidance documents define wetlands and
provide procedures for their identification and delineation
(Environmental Laboratory 1987). The U.S. Fish and
Wildlife Service’s National Wetlands Inventory (NWI) has

created maps of wetlands and deepwater habitats for the entire
U.S. that are widely used by managers, policy makers, and the
public (Wilen and Bates 1995; Tiner 1997a; Dahl 2011; Dahl
and Stedman 2013). While sharing a common focus on wet-
lands, these programs use different definitions and protocols
and have distinct program histories and goals.

The USACE Wetland Delineation Manual (Environmental
Laboratory 1987) and subsequent regional supplements
(USACE 2007, 2008, 2010) use diagnostic field indicators
of hydrophytic vegetation, hydric soils, and hydrology to es-
tablish the presence of a wetland and identify its boundaries.
This method, referred to here as the 3-factor approach, re-
quires that under normal circumstances, indicators of soils,
vegetation, and hydrology be present for positive determina-
tion of a wetland (Environmental Laboratory 1987; Tiner
2016). Indicators are assessed in the field and any area meet-
ing these criteria, regardless of size, is a considered a wetland.

The NWI program produces maps of wetlands and deep-
water habitats across the U.S. through photo-interpretation of
aerial imagery. Maps depict the location, size, and type of
wetlands using the Cowardin et al. (1979) classification sys-
tem, as updated by the NWI program (Wilen and Bates 1995;
Tiner 1997a; Federal Geographic Data Committee 2013).
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NWI maps are an important tool for wetland management but
are not intended to define wetland boundaries for CleanWater
Act regulatory purposes (Wilen and Bates 1995), as clearly
indicated by a disclaimer on all NWI maps. However, NWI
maps and related Status and Trends Reports (Dahl 2000; Dahl
2006; Dahl and Stedman 2013), also based on aerial image
analysis, have been used to make inferences to management
goals and some local and state governments (e.g., Vermont)
have implemented wetland regulations based in part on NWI
data (Morrissey and Sweeney 2006) or have used it in zoning
regulations (Kusler 2006).

The NWI program has been innovative inmaking their data
accessible to the public. Their ‘Wetlands Mapper’ provides an
intuitive, web-based interface for accessing data, while raw
geospatial data are available for analysis by users of GIS soft-
ware. However, although distributed as a single, seamless
dataset, NWI is a heterogeneous mosaic of maps produced
from imagery collected at different times, varying spatial
scales, and several emulsion types (FGDC Wetlands
Subcommittee 2009; Tiner 2016). The age of NWI maps
varies widely, and in many areas, data underlying maps are
decades old. This may affect map accuracy for contemporary
landscapes, since wetlands may have been lost or created
since a particular NWI map was produced (Matthews et al.
2016).

General procedures for mapping wetlands using the 3-
factor approach are identical across the U.S. (Environmental
Laboratory 1987), but wetland types and the specific soil,
vegetation, and hydrology indicators useful for their identifi-
cation and boundary delineation vary, prompting the develop-
ment of region-specific indicators (USACE 2008, 2010).
Wetland delineations using the 3-factor approach are typically
completed by private companies, with oversight fromUSACE
regulators and other federal and state agencies. Because of
variation in project setting, scope, and complexity, and the
large number of individuals involved in preparing delineations
nationally, there is considerable heterogeneity in the charac-
teristics of 3-factor wetlands maps, which may also contribute
to differences in mapping outcomes with the NWI.

Past Comparisons of NWI and 3-Factor Maps

Despite the long history of both the USACE and NWI
programs, there have been few quantitative comparisons
of maps produced by the two approaches, and most
have been for small geographic areas or specific wet-
land types (Nichols 1994; McMullen and Meacham
1996; Kudray and Gale 2000). Several authors have
used NWI maps to test new mapping techniques using
remote sensing or to compare wetland maps produced
using methods other than the 3-factor approach
(Johnston and Meysembourg 2002; Wardlow and
Egbert 2003; Brooks et al. 2004; Wardrop et al.

2007b; Wright and Gallant 2007; Martin et al. 2012;
Rampi et al. 2014; Kloiber et al. 2015; Xie et al. 2015).

Where 3-factor delineations and NWI maps have
been compared , outcomes have var ied wide ly
(Morrissey and Sweeney 2006; Wu et al. 2014;
Matthews et al. 2016; Sharpe et al. 2016). In three
northeastern US National Parks, Sharpe et al. (2016)
found good agreement between NWI and 3-factor wet-
land polygons, and in the heavily forested Upper
Peninsula of Michigan, NWI maps were “91% accurate”
in identifying 3-factor wetlands, although how different
types of errors influenced accuracy wasn’t reported
(Kudray and Gale 2000). In New York, 90% of sample
locations within NWI wetland boundaries were 3-factor
wetlands (Wu et al. 2014), but other research from the
same region found NWI maps did not capture ~40% of
the wetland area mapped using the 3-factor approach
(McMullen and Meacham 1996). A Virginia study found
that 91% of palustrine wetlands identified by NWI had
all 3-factors present, but the total wetland area mapped
by NWI was only 9.9% of that mapped using the 3-
factor approach (Stolt and Baker 1995). In the Northeast
US, 79% of forested vernal pools were mapped by NWI
(Calhoun et al. 2003), but another study in the region
found that half of small forested wetlands were missed
(Baldwin et al. 2009). A comparison of original and
updated NWI maps to 3-factor delineations found that
the original NWI missed 49% of wetland area for poly-
gons greater than 0.2 ha with differences concentrated
in forested areas (Matthews et al. 2016).

Study Objectives

In this study we provide a quantitative comparison of maps
produced by the NWI and 3-factor wetland delineations from
a range of sites across the USA and describe factors potential-
ly contributing to observed differences. We sought to compare
the correspondence between the number, area, and boundary
characteristics of areas mapped by NWI and 3-factor ap-
proaches to address the following questions:

& How does the total number and area of wetlands and deep-
water polygons mapped by NWI compare with delinea-
tions performed using the 3-factor approach?

& How does the age of available NWI data relate to differ-
ences in mapping outcomes with 3-factor delineations?

& Does regional context correlate with differences in map-
ping outcomes between NWI and 3-factor approaches?

Clarifying the nature of differences between maps pro-
duced using these two programs can help minimize confusion
for wetland managers and the public and ensure appropriate
use of information in management and policy making.
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Methods

Overview

There were three main steps in the analysis: 1) data acquisition
and preprocessing; 2) GIS-based site-level geographic com-
parisons between 3-factor and NWI wetland polygons; and 3)
statistical aggregation and analysis to identify patterns and
important correlates of differences in mapping outcomes
(Fig. 1). The goal was to evaluate the correspondence between
the occurrence, area, and boundaries of wetlands mapped
using the two approaches. In this study, we explicitly did not
evaluate the accuracy of either product, since field validation
was not possible due to lack of site access, land use changes,
and the logistics of the large number of sites analyzed. Rather,
we compared the similarity of wetland maps produced by the
two approaches using several quantitative metrics.

Data Sources and Processing Procedures

The 3-factor wetland data used in this study came from several
sources. The USACE administers the regulatory §404 pro-
gram, but most delineations are done by consulting companies
on behalf of private landowners. Obtaining 3-factor delinea-
tions was difficult because USACE districts do not generally
archive geospatial layers such as shapefiles or CAD drawings
and most private wetland delineators were unwilling to share
data due to client confidentiality. Where available, we obtain-
ed data from USACE districts, USACE scientists, states, non-

governmental organizations, and other agencies such as the
National Park Service. Publicly-available delineation data
from baseline assessments of mitigation banks included in
RIBITS (Regulatory In-lieu Fee Bank Information Tracking
System) were used (Martin and Brumbaugh 2011) as well as
limited data provided by private consulting firms. All delinea-
tions, including those done at the larger military installations,
were field-based assessments. As is standard practice when
conducting 3-factor delineations, aerial imagery was used to
aid in landscape interpretation, but all boundary lines were
determined in the field using indicators in the 1987 Wetland
De l i nea t i on Manua l and re l evan t supp l emen t s
(Environmental Laboratory 1987; USACE 2010) and bound-
aries captured using USACE guidelines.

A primary source of 3-factor data was scanned hardcopy
maps in permit applications. These were transformed into
GIS-analyzable data through a process of scanning, geo-
referencing and rectifying hard copy maps, then digitizing
features for GIS analysis (Figs. 1 and 2). Using ArcGIS
(ESRI, Inc., version 10.4), we digitized assessment area
(AA) boundaries, defined as individual, contiguous polygons
where wetlands, if present, were mapped. This was commonly
a parcel boundary, but for some sites (e.g., a pipeline corridor),
AA were polygons using a fixed offset from a centerline.
Delineated 3-factor wetlands were then digitized and the AA
boundary, acting as a common reference frame, was used to
extract NWI polygons. The area encompassed by the AA
boundary was used in calculations of response metrics such
as the proportional area mapped by each map product.

AA boundaries were used to extract NWI data obtained as
separate state-level downloads from the USFWS NWI
website. Data represented the current distribution of the
NWI product in October 2016, but included data created over
40+ years. The scale of imagery for mapping has varied over
time, influencing the target mapping unit (TMU) size repre-
sented by each NWI map (Dahl et al. 2015). High altitude
imagery collected at scales of either 1:80,000 or 1:58,000
was used to develop maps in the 1970’s and 1980’s, while
more recent maps have used higher resolution imagery,
allowing for a smaller TMU. NWI polygons are classified
using the Cowardin et al. (1979) at the time of mapping, but
not all Cowardin classes are considered wetlands using the
USACE methodology. For example, some sites classified as
Lacustrine, Marine deepwater, and Riverine do not meet the
USACE criteria (Matthews et al. 2016). Therefore, our anal-
yses were done using two versions of the NWI: the first (full
NWI) included all NWI polygons for a given AA, while the
second (reduced NWI), excluded polygons in the Lacustrine,
Riverine, and Marine deepwater systems as well as polygons
with the following NWI Cowardin modifiers: RB – Rock
Bottom, UB – Unconsolidated Bottom, AB – Aquatic Bed,
RF – Reef, SB – Streambed, and US – Unconsolidated Shore
(beaches, bars, and flats). These often do not meet one or more

Fig. 1 Flowchart illustrating main steps in analysis: data preparation (a),
site level analysis (b), and aggregate modeling and analysis (c)
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of the 3-factor criteria. See electronic supplement for list of
NWI attribute codes and wetland types. The location of each
AAwas used to extract contextual information from ancillary
GIS data layers such as temperature (Daly et al. 2008; PRISM
Climate Group 2014), administrative areas (e.g., USACE
Divisions), ecoregions, and ecological land units (Bailey
1980; Omernik 1987; Metzger et al. 2013).

GIS and Statistical Analyses

For each AA, the count and total area of wetland polygons for
each dataset was summed and the percentage of each AA
mapped calculated by summing wetland area and dividing it
by total AA area. Area data were used to calculate the normal-
ized index of area difference (NDAI, eq. 1), a metric meant to
allow comparisons between AA of different sizes. NDAI
values range from −1, for areas with only NWI polygons
mapped, to 1, for sites with only 3-factor polygons mapped,
and is undefined when no features are mapped by either prod-
uct.

NDAI ¼ A3 f −ANWI
� �

A3 f þ ANWI
� � ð1Þ

Aggregate analyses comparing mapping outcomes between larger units like
USACE Divisions and ecoregions were done using R, version 3.53 (R Core
Team 2017).

Results

We evaluated 1751 separate assessment area (AA) polygons covering more
than 1,529,950 ha (Fig. 2). Individual AAvaried from less than 0.5 ha to over
809,371 ha on the White Sands Missile Base in NewMexico. The largest AA
were military installations in the southwestern states and Alaska, Pacific
Northwest, Midwest, and Southeastern US. Total AA area was greatest in
the South Pacific USACE Division, followed by the Pacific Ocean and
South Atlantic Divisions. The Pacific Ocean Division included several large
DoD installations in Alaska and had the largest median AA polygon size,
followed by the South Atlantic USACE Division. Within any Division, there
waswide variation in AA area. Total AA area was greatest in NewMexico and
Alaska, due to the large DoD installations. In contrast, more numerous but
smaller AAwere analyzed in Florida and Illinois. Our sample AA occurred in
over 30 different Bailey eco-regional provinces. The Chihuahuan semi-desert
province had the greatest total AA area, followed by the Yukon inter-montane
plateaus taiga province in Alaska. The age distribution of NWImaps across all
AAwas similar to that of the NWI product nationally. In our dataset, 1979 was
the image year with the greatest NWI mapped area, while 1981 had the highest
polygon count (Fig. 3). In contrast, the peak year for 3-factor delineations was
2015. For all COE divisions except the North Atlantic, peak area and AA
count were greatest in the early 1980s.

Area Mapped by NWI and 3-Factor Datasets

Approximately 304,900 ha was mapped across all AA using the full NWI data
set (inclusive of all Cowardin types including non-wetland deepwater fea-
tures), covering 19.9% of the area. Approximately 71% of these NWI poly-
gons intersected 3-factor wetland polygons. Approximately 89,435 ha, 29% of
the full NWI dataset, were areas mapped only by NWI. Some of these are
likely not wetlands per 3-factor definition. The reduced NWI data set, created
by excluding polygons classified in the Cowardin classification as riverine,

Fig. 2 Assessment areas (AA, red points) where 3-factor and NWI polygons were compared. Shading indicates total AA area summed for each state
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lacustrine, freshwater pond, or marine deepwater (electronic appendix,
Table 1) included 285,256 ha, a reduction of ~7% from the full NWI data
set. Of this total, 74% was mapped in common with the 3-factor data set,
and 26% mapped exclusively by NWI. Areas mapped exclusively as 3-
factor wetlands comprised 12% of total 3-factor wetland area under the re-
duced NWI data set. Polygon size was highly variable, in part because ‘sliver’
polygons created when NWI and 3-factor polygons partly overlap with AA.
In 14% of AA, no wetlands were mapped, while ~27% of AAmapped some

3-factor wetlands but no NWI wetland area. These were primarily in arid
climate regions with small wetlands occurring in low densities. In contrast,
only 7% of AA had wetlands mapped only by NWI. For those AA with
wetlands mapped by both NWI and 3-factor approaches, there was general
congruence in the locations of wetlands, but often differences in polygon shape
or mapped area. The relationship between the proportional area mapped by
NWI and 3-factor datasets varied depending on the abundance of wetlands in
anAA.Where a large proportion of an AAwasmapped as wetland, on average
theNWI approachmapped a greater area than the 3-factor approach. However,
where the average proportional mapped wetland area was less than ~12%, the
reverse was true (Fig. 4).
Normalized difference area index (NDAI) values showed a similar trend

across AA of different sizes. Where the proportion of AA mapped as wetland
by NWI was low, the values were positive, indicating greater 3-factor wetland
area. As the percent of area mapped as wetland by NWI increased, average
NDAI dropped below zero, indicating greater NWI wetland area relative to 3-
factor area. This pattern was relatively consistent whether the AAwere small
or large, or whether the full or reduced NWI data were considered (Fig. 5).
The fraction of AA mapped by the two protocols varied among Bailey

ecoregions. The Yukon Inter-Montane Plateaus Bailey Province had the
greatest fraction of mapped wetlands in common between 3-factor and NWI
approaches, while the Great Plains Steppe and Chihuahuan Semi-Desert
Provinces had the lowest common mapped area. NDAI values, which normal-
ize area differences into the same scale for small to large AA, were variable
within and among USACE Divisions. The Northwest USACE Division had
the highest median NDAI, followed by the South Pacific Division (Fig. 6).
Across all AA, the Mississippi Valley Division had the widest variation in
NDAI. Comparisons of mapping outcomes in relation to imagery age used
to produce NWI maps revealed no consistent effect of image date nor a strong
relation to annual climate means. The 3-factor approachmapped slightly great-
er%AA in areaswith lower mean annual temperatures, but no consistent trend
was observed for the effect of PRISM-modelled precipitation.

Discussion

While there was general congruence in wetland area mapped, there were
important differences in outcomes for the NWI and 3-factor approaches that
limit their comparability. The difference in total area mapped by 3-factor and
NWI datasets was greatest when comparing NWI maps that included all
Cowardin types, unsurprising since these are known to include some classes
not meeting the 3-factor criteria (e.g., deepwater habitats). In excluding river-
ine, marine deepwater, pond, and lacustrine types (the reduced NWI dataset),
we still mapped greater total NWI area than 3-factor polygons in almost a third
of AA. However, fewer sites mapped some NWI and no 3-factor polygons
than the reverse scenario, highlighting how differences in definitions, goals,
and issues like TMU can influence mapping results.
Past comparisons of wetland area mapped by NWI and 3-factor approaches

have shown variable results. Analyses of specific wetland types like forested
vernal pools have emphasized the difficulty of capturing small forested wet-
lands on aerial imagery, leading to their omission on maps (Baldwin and
deMaynadier 2009). Many AAwe analyzed were part of linear transportation
corridors with small features mapped by the 3-factor approach but not identi-
fied by the NWI. These differences are to be expected given TMU size limits
published by NWI. Transportation corridors are typical of areas affected by
COE wetland regulation but are not representative of all the wetland types
mapped by NWI.
The magnitude of differences between maps produced using each approach

depends on the metric being evaluated. Focusing on area differences and
ignoring the relative abundance of wetland polygons on the landscape makes
differences appear larger than if differences are framed as the proportion of
landscape mapped as wetland. Overall differences may be relatively small
where wetlands are a small portion of the landscape, such as in the southwest-
ern U.S. For example, doubling the area mapped as wetland in an AAwhere
wetlands are 1–2% of the landscape will not produce a large change in the
percent of AA that is wetland.
Factors beyond definitional differences may contribute to discrepancies between

maps. Identification of wetlands for NWI maps relies on tonal variations in photo-
graphic images thatmay not alignwith field indictors used in the 3-factor approach.
While evidence of all three indicators (vegetation, soils, and hydrology) is required
forwetland determination using the 3-factor approach under normal circumstances,
indicators of one or two classes can be used for mapping a wetland under the NWI
protocol (Federal Geographic Data Committee 2013; Tiner 2016). Differences in
factors such as the prevailing climate at the time of image acquisition or site
visitation can also lead to different outcomes (Dahl et al. 2015). Features smaller
than the TMUmay not be included in NWImaps, while the 3-factor approach has
no minimum mapping unit size.
Our results are consistent with past studies that found varying differences

between wetlandmaps. In the mid-Atlantic region, a nearly twofold increase in
wetland area was observed when updated maps were compared to older NWI
maps created in the 1980s from high altitude B&Wand CIR imagery (Wardrop
et al. 2007a, b), with differences attributed to small wetlands missed due to
forest canopy cover. Morrissey and Sweeney (2006) found that NWI missed
nearly 80% of wetland polygons in their study area by not mapping wetlands
smaller than the TMU. Aerial signatures may not always track hydrologic
patterns that are best assessed in the field or with other remote sensing data.
Research from Maryland (Lang and McCarty 2009) found that 82% of areas
mapped as wetland by NWI were not identified as being inundated using
LiDAR data, although many past studies found differences due to omission
rather than commission were more common for NWI maps in forested areas
(Tiner 1990; Stolt et al. 1995; Kudray and Gale 2000).
Each region of the U.S. has wetland types that are problematic to identify and

map. For instance, forested pinewood flats wetlands in the southeast coastal
plain are difficult to identify and delineate using air photos (Ozesmi and Bauer
2002), while ponds and lacustrine wetlands are comparatively easy to identify
and map (Tiner 1997b). The variable size of AA could affect metrics, since
relatively small differences in interpretation by different mappers and registra-
tion may average out over large areas but be more significant for small AA.
Basic geometric properties of AA were also highly variable, ranging from
compact and regular parcel boundaries to irregularly shaped areas along roads.
Differences in AA size and shape may be drivers of differences in map out-
comes distinct from those due to definitional or methodological reasons.

Fig. 3 Count of study AA by image year used to map wetlands (NWI
approach) or delineation year (for the COE 3-factor approach, 3F). Note
that the NWI image year is not generally the same as the year the mapwas
produced or published
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While the age of imagery used to produce NWI data was not correlated with
differences in mapping outcomes in our analysis, we attribute this primarily to
the nature of our sample. Newer NWI wetland maps likely provide a better
representation of contemporary wetland distribution because polygons based
on older imagery have a greater likelihood to have been modified by changes
in land use or hydrologic regime. Improvements in image resolution and GIS
technology can significantly improve mapping accuracy (Wardrop et al.
2007b; Lang and McCarty 2009; Kloiber et al. 2015; Matthews et al. 2016),
especially for small wetlands. Approaches for mapping wetlands have im-
proved since the origins of the NWI program in the 1970s. Higher quality

imagery, the use of LiDAR, and advances in data processing techniques such
as object-oriented analysis and machine learning algorithms have improved
both the accuracy and efficiency of mapping (Maxa and Bolstad 2009; Kloiber
et al. 2015; O'Neil et al. 2019). However, due to fundamental difference in the
two approaches, mapping outcomes will likely always differ.
A variety of factors can influence the accuracy and precision of 3-factor

delineations. Correctly identifying wetland plants is difficult outside of the
growing season. Hydrology indicators can be unreliable in dry seasons for
wetland types with intermittent or ephemeral hydrologic regimes like vernal
pools, playas, or wet meadows (Brostoff et al. 2001; Lichvar et al. 2004;

Fig. 4 Percent of AA mapped as wetland by NWI (top row: inclusive of
all Cowardin types, bottom row: reduced Cowardin types) vs. 3-factor
datasets. Blue dots represent individual AA polygons, the dashed 1–1

line, and the best-fit LOESS (i.e., local polynomial regression) trend
line (red) fit through the data and 95% confidence interval. Columns
plot data for AA are separated by quantiles of AA size

Fig. 5 Best-fit LOESS (i.e., local
polynomial regression) trend line
and 95% confidence interval fit to
NDAI values for the reduced set
of NWI polygons. Separate
panels plot data separated by
quantiles of AA size. When total
wetland area was small, NDAI
values were positive, indicating
greater 3-factor area, but the
reverse was true at higher wetland
percentages, regardless of AA
size (different panels in figure)
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Lichvar et al. 2008; Korfel et al. 2010). Precisely delineating boundaries can be
difficult in many ecological contexts, especially if the wetland practitioner is
inexperienced. These factors need to be recognized as potentially affecting
comparisons. Another caveat to our analysis is that small spatial shifts can
more easily result in non-congruence between tested dataset pairs when poly-
gons are small.
NWI maps are available for most of the U.S., but 3-factor delineations are

typically only done for USACE permitting. Thus, they represent a small frac-
tion of all the habitats mapped by NWI. Inferences should be restricted to the
domain represented by our sample. Even if we had access to all 3-factor
delineations done across the U.S., it would still poorly represent wetlands
where few USACE permit actions are taken. Wetland delineations for regula-
tory compliance are not systematically archived. This limited the data available
for our analyses. Wetland delineations are a potentially valuable source of
field-based wetland mapping, and if these data could be made available, they
could be useful for a wide variety of analyses.
NWI maps are not produced for regulatory use, as is clearly stated on the

maps and accompanying digital data downloads. But as the only national-scale
wetlands dataset, there is the potential for people to use NWI data to evaluate
the effects of regulatory programs. However, results from this study suggest
that the NWI geospatial dataset, as made available through the online NWI
Wetlands Mapper, should not be used for quantifying wetland change attrib-
utable to the USACE regulatory program on wetlands, and as a static dataset, it
should not be used to monitor change. Despite issues like spatial or temporal
misalignment of the 3-factor and NWI datasets, we found general congruence
between wetlands mapped by 3-factor and NWI approaches, suggesting that
NWI data can be used as a landscape scale indicator of where Corps regulatory
wetlands are likely to occur. However, the differences we observed highlight
the necessity of field verification for boundary identification using the 3-factor
approach for regulatory purposes.
NWI mapping is primarily based on image analysis with limited field veri-

fication. Field verification could be provided for more areas if 3-factor wetland
delineation data were more widely available. However, multiple barriers limit
the utility of 3-factor wetland data. The infrastructure for managing and dis-
tributing delineation data, especially the spatial component, is poorly devel-
oped. Importantly, most 3-factor delineations are done for regulatory purposes
and so are not an unbiased sample of wetlands in any region.
The NWI program continues to update maps, but in many regions the maps

are decades old. Improved data and analysis techniques offer the promise of
more accurate and efficient mapping in the future, which could support other
types of analyses (Wright and Gallant 2007; Lang and McCarty 2009; Lang

et al. 2013; DeLancey et al. 2019). For example, assessments of ecological
condition such as the Floristic Quality Assessment Index (FQAI) can utilize
NWI to calibrate landscape assessments, identify areas for restoration, or in-
form management (Fennessy et al. 2007; Wardrop et al. 2007b). Because they
are field-based, 3-factor delineation data could provide useful information that
is hard to obtain from imagery alone such as HGM subclass (Wardrop et al.
2007a).

Conclusions

We compared maps produced for two national wetland programs, each with
different purposes and methods. We found mapping outcomes were variable,
within and between different geographic and ecological contexts. Differences
were related to wetland definitions, methods (e.g., aerial photo interpretation
versus characterization of field indicators), and scale limitations such as image
resolution and target mapping sizes for older NWImaps. Wetland delineations
developed using the 3-factor approach are an underutilized but potentially
valuable source of data for improving wetland mapping efforts and opportu-
nities for synergy should be pursued by the programs.
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