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ABSTRACT

The U.S. Fish and Wildlife Service's National Wetlands Inventory (NWI) was
developed to map U.S. wetlands comprehensively, following the Cowardin
classification system. Wetlands are mapped by the NWI using small scale
aerial photographs, but the inventory is not field checked in detail. The
accuracy of this inventory has been questioned. During the summer of
1990, I field checked the portion of the NWI map of Charleston, OR
Quadrangle containing the South Slough National Estuarine Research
Reserve. Using the Cowardin classification, I delineated fresh and
saltwater wetlands in the South Slough Reserve and identified wetland
plant communities as Cowardin wetland types by field reconnaissance
methods.

I hypothesized that the NWI would have two kinds of errors: classification
errors and delineation errors. A classification error occurs when the
Cowardin wetland type is incorrectly designated on the NWI map. A
delineation error occurs when the wetland is incorrectly placed on the
NWI map, omitted, or included when it was not a wetland. Of the 402.3 ha
of wetlands I field checked, 52.4 ha were classified incorrectly and 16.2
ha were delineated incorrectly. On an area-basis the NWI is about 83%
accurate in this test case. Given the small scale of air photo
interpretation, I judged the NWI to be quite accurate in the South Slough
area.



INTRODUCTION

The wetlands of the conterminous United States have decreased in

acreage since the late 18th century as wetlands have been converted

to other uses. Over 200 years, the contiguous 48 states lost an

estimated 53 percent of their original wetlands. On average, the

conterminous United States have lost over 60 acres of wetlands an

hour between the 1780's and the 1980's (Dahl 1990). Oregon has

fared better than the nation, losing an estimated 38 percent of its

wetlands since the Colonial times (Dahl 1990). Over the past few

decades, wetlands have emerged from being regarded as places to be

drained, dredged, and filled to places understood to be dynamic

natural environments providing many benefits to man and places in

need of protection (Tiner 1984).

The mission of the National Wetlands Inventory (NWI), under the

direction of the United States Fish and Wildlife Service (USFWS), is

to map all the wetlands in the United States. This comprehensive

inventory of the nation's wetlands is a necessary step for their

protection and management. The NWI provides an objective

assessment of the extent of the nation's wetland resources so they

can better be protected and managed through federal and state laws,

policies, and regulations that protect wetlands.



Problem Statement

The NWI has completed only a portion of the wetland maps for the

nation. As these maps are finished, and become available for public

and private use, increasingly, they are being relied on for national,

state, and local wetland planning and management. However, the

accuracy of these maps has been questioned (Morrison 1991,

Swartwout et al. 1981, and Crowley et al. 1988). The NWI conducts

little field assessment of the maps after they are made. In most

cases, field reconnaissance precedes air photo interpretation of,

wetlands in an area (pers. comm. Dennis Peters 1989). Since there

is little field checking of the completed NWI maps, their accuracy is

not known. My goal in this research was to assess the accuracy of

the NWI in a limited area which included both estuarine and

palustrine wetlands.

In this paper, I first review the NWI, and how wetlands are

classified and mapped for inventory purposes, then examine other

studies on the accuracy of the NWI's maps. Second, I describe the

results of research I conducted to field check a portion of a NWI

map. I conclude by showing how my results compare to other studies

of the NWI, and discuss problems in evaluating the accuracy of the

NWI.
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REVIEW OF THE NATIONAL WETLANDS INVENTORY

In 1974, the USFWS directed its Office of Biological Services to

design and conduct a new comprehensive inventory of wetlands.

Subsequently, the National Wetlands Inventory was created to update

the 1954 inventory of wetlands in the United States (Shaw and

Fredine 1956). Unlike the 1954 inventor, whose single purpose was

to assess the amount and types of wetlands valuable as waterfowl

habitat, the scope of the inventory started in 1974 is considerably

larger. This new inventory provides basic data on the

characteristics and the extent of the nation's wetlands and

recognizes multiple functions provided by wetlands (Cowardin et al.

1979).

Prior to the 1954 inventory, Martin et al. (1953) completed a

wetland classification system for use in the subsequent wetlands

inventory. In the Martin et al. (1953) classification, many

nonvegetated wetland types were left out since the emphasis was

almost exclusively on waterfowl habitat (Stewart et al. 1980). The

1954 inventory results were published as USFWS's Circular 39

(Shaw and Fredine 1956).

In recognition that there were multiple needs for a comprehensive

wetland inventory, the USFWS developed a new national

classification system to replace the Martin et al. (1953) wildlife-

oriented system as a first step in the new inventory. There were

several reasons to replace the older classification: exclusive focus
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of Circular 39 on waterfowl habitat, increased understanding of

wetland ecology, and the need for federal consistency among

different agencies (Cowardin et al. 1979). The result was published

as the Classification of Wetlands and Deepwater Habitats of the

United States (Cowardin classification) to meet the demands for

the new wetland inventory of the nation (Cowardin et al. 1979).

Since the early 1970s the Soil Conservation Service, the U.S. Army

Corps of Engineers, the Environmental Protection Agency, and the

USFWS have acquired responsibilities concerning wetlands, and each

agency needs a wetland inventory. Unfortunately, some of these

agencies use different classification systems as well as different

definitions for wetlands than those used by the NWI (U.S. Army Corps

of Engineers et al. 1989). In 1974, the USFWS determined that they

must create a classification system and definition of wetlands that

could be used by federal agencies for all wetlands, vegetated and

non-vegetated.

The goal of the NWI is to establish a wetland database for the entire

nation. This mandate came from a growing awareness that wetlands

provide many ecological and social values, and that wetlands are

disappearing at a rapid but poorly documented rate. Accordingly, the

wetland inventory has two separate components:

1. A set of large scale maps of the nation's wetlands based
on the Cowardin classification.

2. A statistical data base with which to evaluate wetland
status and trends.
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Cowardin Classification

The Cowardin classification has four major goals: (1) to describe

ecological units that have certain homogeneous natural attributes;

(2) to arrange these units in a system that will aid decisions about

resource management; (3) to furnish units for mapping; and (4) to

provide uniformity in concepts and terminology throughout the

United States (Cowardin et al. 1979).

The Cowardin classification is a broad, hierarchical classification

that is open-ended. The user can add specific categories of interest

to the classification. As a hierarchical classification which starts

in general terms and progresses to more specific terms, the

Cowardin classification subdivides wetlands in four categories:

system, subsystem, class, and dominance type (Figure 1). Modifiers

are used to further describe wetland classes. This classification

uses 5 systems, 8 subsystems, 11 classes, an unspecified number of

dominance types, and at least 21 modifiers. Since this is an open-

ended classification, the exact number of dominance types and

modifiers will vary with the user.

Systems form the highest level of the classification hierarchy. The

five systems are marine, estuarine, riverine, lacustrine, and

palustrine. Wetland systems are based on shared hydrologic,

geomorphic, chemical or biological factors. Marine and estuarine



SYSTEM	 E - ESTUARINE
I 

I	 I
SUBSYSTEM	 1- SUBTIDAL	 2 - INTERTIDAL

I 
I	 I	 I I	 I

CLASS UB - Unconsolidated	 AB - Aquatic AB - Aquatic US - Unconsolidated EM - Emergent
Bottom	 Bed	 Bed	 Shore

SYSTEM

CLASS

P - PALUSTRINE

EM - Emergent	 SS - Scrub	 FO - Forested
Shrub

SYSTEM	 R - RIVERINE

SUBSYSTEM	 3 - Upper Perennial
	 4 - Intermittent

CLASS
	 UB - Unconsolidated

	 SB - Streambed
Bottom

MODIFIERS

WATER REGIME SPECIAL MODIFIERS

NON-TIDAL	 TIDAL b-Beaver
A-Temporarily Flooded 	 M-Irregularly Exposed f-Farmed
C-Seasonally Flooded	 N-Regularly Flooded h-Diked/Impounded
F-Semipermanently Flooded	 P-Irregularly Flooded
H-Permanently Flooded 	 R-Seasonal - Tidal

Figure 1. A portion of the Cowardin classification adapted and
annotated from the NWI maps.
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systems each have two subclasses: subtidal and intertidal. The

riverine system has four subclasses: tidal, lower perennial, upper

perennial, and intermittent. The lacustrine system has two

subclasses: littoral and limnetic. Finally, the palustrine system has

no subsystems (Cowardin et al. 1979).

The class makes up the next level of the hierarchy after the

subsystem. Classes are based on substrate material, or on

vegetative life form (Cowardin et al. 1979). The same class may

appear under one or more of the systems or subsystems. Six classes

are based on substrate material: rock bottom,- unconsolidated

bottom, rocky shore, unconsolidated shore, streambed, and reef. Five

classes are based on vegetation life form: aquatic bed, moss-lichen

wetland, emergent wetland, scrub-shrub wetland, and forested

wetland (Cowardin et al. 1979).

The dominance type is founded on the "dominant" plant or animal life

form prevailing in a wetland (Cowardin et al. 1979). The dominance

type is labeled by the user. This is where the classification is open-

ended. Dominance type is not shown on NWI maps.

Modifiers applied to the class are essential for many uses of the

classification (Cowardin et al. 1979), and are the most specific

wetland feature mapped on the NWI maps. In tidal areas, the type

and duration of flooding are described by four water regime

modifiers: subtidal, irregularly exposed, regularly flooded, and

irregularly flooded. In nontidal areas, eight water regime modifiers
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are used: permanently flooded, intermittently exposed,

semipermanently flooded, seasonally flooded, saturated, temporarily

flooded, intermittently flooded, and artificially flooded.	 Definitions

for these terms are given in Cowardin et al. (1979). Special

modifiers are used where appropriate: excavated, impounded, diked,

partly drained, farmed, and artificial. Although farmed wetlands

were inventoried and mapped in the first set of NWI maps, they have

not been mapped since 1980 (pers. comm., Dennis Peters). While this

classification system is complex when viewed in its entirety, its

use in the field at a specific location is straightforward.

The NWI maps show wetland classes according to the Cowardin

classification by letters and numbers referred to as an "alpha-

numeric" to provide mappable labels on wetland units (Figure 2).

System
SubsystemI Class

E2EMN	 Modifier

E-estuarine 2-intertidal
EM-emergent N-regularly flooded

Figure 2. Illustration of alpha-numeric employed by the
Cowardin system.
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Mapping U.S. Wetlands

The NWI presently uses high-altitude color infrared (CIR) aerial

photographs to map wetlands, although formerly, black and white

photographs were used. The scale of the aerial photography

commonly ranges from 1:50,000 to 1:70,000. Photo-interpreters,

hired by the NWI under contract, delineate and classify the wetlands

directly on the aerial photographs.

Ideally there are six major steps in the production of NWI maps:,

1. aerial photo-interpreter and regional wetland
coordinator conduct preliminary field investigations of
area to be mapped;

2. photo-interpretation of high-altitude photos;

3. quality control review of photo-interpretation;

4. draft maps prepared and distributed to federal and state
agencies for review;

5. field verification of draft maps; and

6. final maps produced.

Unfortunately, the NWI does not have the funding to carry out step 5,

the field verification of draft maps, so the NWI assumes that the

photo-interpretation is accurate. For example, before starting the

interpretation, a team of five people took one week to field check

the entire states of Washington and Oregon (pers. comm., Dennis

Peters 1989). For these maps to be used with confidence there must
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be more field checking. However, it is unlikely that funding will be

available to carry this out; therefore, it is important to evaluate a

variety of NWI maps for accuracy.

The methodology and scope of work in conducting a national mapping

program imposes some limitations on accuracy. Aerial photo-

interpretation has an inherent margin of error (Shima et al. 1976).

Also, wetlands are identified on aerial photos based on visible,

recognizable features reflecting the conditions at the time the

photos were taken. For example, dense summer tree cover may

obscure small wetlands, or standing water may be absent in a dry

year. Wetlands smaller than 2-3 acres may not be mapped.

Regularly tilled agricultural wetlands are intentionally omitted as a

matter of USFWS policy (Oregon Division of State Lands, 1990).

Use of the NWI

Since the NWI maps became available in the early 1980s, they have

been in great demand. Both the application of increasing regulation,

and increasing impacts on wetlands have created a need and demand

for the NWI maps by a diverse group of users. Local, county, state

and federal planners use the NWI maps as well as consultants,

engineers, and private citizens.

Oregon is one of several states that has adopted the NWI as a basis

for the State Wetlands Inventory and Wetland Management Program

(Oregon Division of State Lands, 1990). In Oregon, Senate Bill 3
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(1989) require that local planners use the state inventory and, on an

interim basis, the Oregon Division of State Lands (DSL) has adopted

the NWI maps. Local planners must notify DSL if there is any

proposed activities in a wetland on the NWI map. DSL in turn will

review the activity and contact the local planner, the person

proposing to do the activity, and advise the land owner that a

removal-fill permit may be needed to proceed with the activity. The

DSL works closely with the Army Corps of Engineers; the latter

agency is responsible for regulating wetlands under Section 404 of

the Clean Water Act. The NWI is not intended to map regulated

wetlands, and because of scale problems and -the lack of on-site

assessment, can not be used for jurisdictional wetland delineation.

It is used by wetland managers and local planners to identify the

likelihood of the presence of a wetland in a region of interest.

Evaluations of NWI Accuracy

Studies attempting to evaluate the accuracy of the NWI maps have

been done in Massachusetts, Vermont, and Washington. There,

apparently, have been few such assessments; none including the

three cited here, has been published.

Swartwout, MacConnell, and Finn (1981), selected nine

representative rural Massachusetts communities to test the

accuracy of the NWI. They divided 594 wetlands into three

categories: open water, forested, and open (emergent and

shrub/scrub palustrine and emergent and shrub/scrub estuarine)
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wetlands and sampled wetlands in each study area. Each category

was represented by 198 wetlands. The open water category

contained the fewest errors (1 out of 198 samples), while the

forested wetlands and open wetlands categories had 8 and 9 errors

out of 198 samples respectively. The researchers recognized three

kinds of errors: (1) commissions of wetlands, (2) omissions of

wetlands, and (3) incorrect class of wetlands. A commission is

where an upland is mapped as a wetland. An omission is where a

wetland is mapped as an upland. This Massachusetts study examined

the NWI only down to the class level of the Cowardin system, so,

errors at the modifier level are not shown. The overall findings of

this Massachusetts study were that the NWI maps had a delineation

accuracy of 85% referring to omissions and commissions, and a

classification accuracy of 95% (Swartwout et al. 1981). The percent

accuracy referred to the percent of the number of wetlands

correctly identified and/or delineated.

The Agency of Natural Resources Division of Water Quality in

Vermont field checked the NWI maps in 1988 as part of a

preliminary test of new wetland regulations in Vermont (Crowley et

al. 1988). The field investigators assessed the NWI using two

techniques: (1) interpretation of aerial photographs and orthophotos

for a preliminary comparison; and (2) brief site visits of 261 sites

to assess wetland location and class.

In Vermont, the delineation accuracy of the NWI maps was examined

for two different characteristics, whether or not an area was a
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wetland, and the delineation of the area. First, a sample of 261

wetlands were taken from all wetlands mapped on four NWI

quadrangles. Each wetland in the sample was checked for wetland

presence by a brief field visit. A total of 91% of the NWI-mapped

wetlands were accurately mapped in that they did have wetland

characteristics. Slightly more commissions were found than

omissions; 5% of the NWI-mapped wetlands were found to be

uplands, and 4% of the wetlands were missing from the NWI map.

Second, the accuracy of the wetland/upland boundary in eighteen

NWI-mapped wetlands were intensively checked. A total of 78cY0,of

the wetlands were accurately delineated, i.e., -boundaries were the

same as shown in the NWI map, while 22% of the wetlands were

"fairly accurate", i.e., some part of the wetland was either more

extensive or less extensive than shown on the NWI map (Crowley et

al. 1988).

While the Vermont researchers field checked the NWI-classification

of the wetlands, they did not include a statistical analysis of the

accuracy of the NWI-classification of wetlands, and only a narrative

of the NWI-classification was given.	 However, they noted that

many of the wetlands observed contained different vegetation

classes than those indicated on the NWI maps. The researchers

pointed out that while some of the classification errors would be

due to mapping errors, it is very likely that there were actual

changes in the wetlands since the original aerial photos were taken

eleven years earlier in October 1977 (Crowley et al. 1988).
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In Washington, the Department of Ecology funded a pilot project to

map the wetlands in Thurston County and to compare the mapped

wetlands with those in the NWI (pers. comm., Steven Morrison 1991).

During high water in the spring of 1990, 21 square miles of 1:12,000

CIR aerial photos were flown in Thurston County. These aerial

photos were interpreted for wetland presence/absence in the same

manner as the NWI interprets the 1: 58,000 CIR aerial photos. The

Thurston County project however, was concerned only with the

delineation of the wetland/upland boundaries, not the classification

of wetlands. The photo interpretation was digitized into a

Geographic Information System (GIS).

Besides the aerial photo interpretation, the Thurston County project

digitized as separate layers the hydric soils shown in the Soil

Conservation Service (SCS) maps and wetlands mapped in the NWI.

From these two mapped data bases, the researchers created a GIS

composite of the NWI and the SCS maps. They found the NWI map by

itself to be 59.7% accurate with respect to delineation as compared

with their own map. The GIS composite of the NWI and the SCS maps

was 81.6% accurate. They determined, that while the NWI tended to

under-map the wetlands by 40%, the SCS tended to over-map the

wetlands (hydric soils were interpreted as wetlands) by 40% (pers.

comm., Steven Morrison 1991). The GIS composite helped to

compensate for the opposing errors in the NWI and the SCS maps. It

is important to recognize that the Thurston County research

assumed that the wetland maps based on large scale images were an

accurate depiction of the wetland distribution.
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The Thurston County study did not field check many of the wetlands

interpreted in their own maps. They assumed that the larger scale

photos would eliminate most of the interpretation errors found on

the NWI maps.
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METHODS

Study Site Choice

The South Slough National Estuarine Research Reserve (South Slough)

was established in 1974 as one of four National Estuarine Research

Reserves on the Pacific Coast (Figure 3). It is diverse and provides a

research base for many scientists. South Slough was chosen as the

study site for field checking the NWI because: it has a defined

jurisdictional boundary; it contains a variety of different wetland

types; accurate wetland information would benefit South Slough's

data base and enhance future research efforts; and technical

assistance and logistic support could be provided by South Slough

research staff.

The boundary of South Slough provides a specific limit to the field

checking of the NWI map. Furthermore, the land is publicly owned

which meant that I did not have to seek permission of many land

owners for access. In addition to having a defined jurisdictional

boundary, South Slough has a variety of wetland types, including

estuarine, palustrine, and riverine wetlands, as well as forested and

non-forested wetlands. Some of the wetlands have been modified by

diking, and others by beaver damming. The numerous types and

variety of wetlands in South Slough enabled me to field check many

different types of wetland habitats.
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Figure 3. South Slough National Estuarine Research Reserve
in Charleston, OR ( 43° 19'N, 125° 19'W); the study site
for field checking the NWI.



1 8

Approach

I hypothesized that there would be two general types of errors in the

South Slough section of the NWI Charleston map: incorrect wetland

classification, and incorrect wetland delineation.	 I further

considered that errors could occur at three levels in the Cowardin

classification: system errors, class errors, and modifier errors. For

example with a system classification error, a wetland may be

mapped on the NWI as one system and found in the field to be a

different system. I considered three types of delineation errors:

mapping a wetland as upland, missing a wetland, and incorrect

location of a particular wetland.

Two additional hypotheses framed my research. First, the NWI is

most accurate at the system level of the classification and least

accurate at the modifier level of the classification. Second,

wetland boundary delineation is most accurate in emergent wetlands

and least accurate in forested wetlands. These hypotheses were

based on the assumption that the interpretation of the Cowardin

system was based on multiple criteria which could be directly

observed on the photo. On the other hand, the Cowardin modifier was

based on subtle photo indicators mostly related to a single criterion,

water regime. In the case of the delineation, I assumed that forest

canopy would interfere with wetland interpretation in an area where

understory was a primary determinant of a wetland. On the other

hand, emergent vegetation would not be obscurred.
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Field Methods

A general field reconnaissance in June 1990 allowed me to become

familiar with South Slough's wetland habitats and plant

communities. Two days were spent in the field examining wetland

plant species and determining wetland types and distributions of

wetlands in South Slough. A field protocol was developed as a result

of the reconnaissance.

After the initial reconnaissance, working maps for use in the field

were made be enlarging both the USGS Charleston, OR 1: 24,000

topographical map and the1:24,000 NWI map to the final scale 1:

3,000. These large scale maps were used in the field for marking

the type of wetland, the dominant vegetation community (plant

assemblage) for each type of wetland, and the estimated ground

locations of the wetland. This information recorded in the field

provided a basis for correcting the wetland classification and

delineation.

During the summer of 1990, I systematically examined all the

wetlands in South Slough, and sought out wetlands that may have

been missed on the NWI map. Each distinct NWI mapped wetland was

field checked as a discreet unit. Once in a particular wetland, I first

walked along the lowest boundary of the wetland which was often

the marsh/mud flat boundary. Then, I would walk along the highest

boundary of the wetland which was often the upland/wetland



20

boundary. While walking the border of an individual wetland, I would

watch for wetland indicators on the border of the wetland that

would indicate a change in the type of wetland. I also walked a

transect, approximately in the center of the wetland, parallel with

the elevation gradient to determine the separation of high from low

salt marsh, and the transition to a palustrine wetland. Once I

walked the upper and lower parameter of a distinct wetland, and

examined any anomalies in that wetland, I would move to the next

wetland to be field checked.

I field checked the Cowardin type of wetland, and described the

dominant vegetative community in the field for each wetland; the

type of wetland and vegetation was denoted on the field maps. In

estuarine wetlands, the tidal level was inferred from direct

observations, indicator plant species, sediments deposited on

vegetation, and detritus deposited by the high tide (such as tidal

wrack). Determining the frequency of tidal flooding by such indirect

indicators helped me to identify the modifiers for each estuarine

wetland.

Each evening, aerial photographs of the areas field checked earlier

that day were studied. I used two scales of aerial photographs: 1982

CIR 1:58,000, and 1986 black and white 1:1,200. The CIR photos

were the actual interpreted images that the NWI contractor

annotated when delineating the wetlands in South Slough provided by

Dennis Peters, NWI Regional Wetland Coordinator for USFWS Region

9. The large-scale black and white photos were taken by WAC
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Corporation. Employing the combination of field observation and

interpretation of large scale air photos, I was able to correctly

classify the wetlands, and determine whether the NWI's delineation

of the wetlands was accurate. The imagery also allowed me to seek

any missed wetlands.

Using the field and photo based data, I mapped changes from the NWI

map. A computerized planimeter was used to measure areas of

change from the NWI map as well as area of total wetlands field

checked in South Slough.
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RESULTS

Of the 402.3 hectares of wetlands that I field checked in South

Slough, 68.6 hectares (17.1% of the wetland area) were either

incorrectly classified or delineated on the NWI map. Of these errors,

52.4 ha were errors in the Cowardin classification and 16.2 ha were

delineation errors. The South Slough study area encompassed 166

individual wetlands mapped by the NWI. The errors above

represented 36 individual wetlands misclassified, and 25 individual

wetlands wrongly delineated. In figure 4 errors in classification

and delineation on the NWI map in South Slough are summerized by

total area of each error type. Three levels of Cowardin

classification errors are shown in Figure 4A: system errors, class

errors, and water modifier errors. System errors were negligible

(0.3 ha). The total areas of wetlands with class errors (24.9 ha) and

with water modifier errors (27.2 ha) were similar. Three types of

delineation errors are depicted in Figure 4B: inclusion, delineation,

and missing. There were no errors of inclusion; i.e. no uplands were

mapped as a wetlands by the NWI in South Slough. The delineation

errors (2.3 ha) were all cases where the boundaries of wetlands

were not mapped accurately by the NWI. A total of 13.9 ha of

wetlands representing 17 individual wetlands were mapped by the

NWI as uplands; i.e. they were missing wetlands.

The location of the changes from the NWI map, based on my field

checking, is summarized in Figure 5. In this map, the cross-hatching

and shaded areas indicate the type of change from the NWI map at
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Figure 4. (A) Area of wetlands misclassified on the NWI in
South Slough at three levels of Cowardin
classification. (B) Area of wetlands delineated in error
on the NWI map in South Slough. Total wetland area is
402.3 ha.
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Figure 5. Five kinds of errors on the NWI map of South Slough
showing areas missed by the NWI; areas on the NWI
misclassified by system, by class, and by modifier; and dikes
not shown on the NWI.
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Figure 6. NWI map of South Slough showing corrected classifications
and delineations by underlined and boxed alpha-numerics.
Original NWI classifications shown in parentheses. Alpha-
numeric key is given in Figure 1.
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South Slough. These changes superimposed on the original NWI South

Slough map are desplaed in Figure 6.
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DISCUSSION

I hypothesized that the NWI would be most accurate in depicting the

most generalized levels of the Cowardin classification, i.e., the

system level, and least accurate at the most specific level, i.e., the

water modifier level. I found that the NWI in South Slough was very

accurate at the system level with one wetland, comprising only 0.3

ha out of 402.3 ha total, being misidentified at the system-level.

This minor error in system classification was a case in which a

palustrine emergent wetland was classified as an estuarine

emergent wetland. Given the fact that this distinction is principally

related to salinity, the NWI was very accurate in mapping this

distiction throughout the South Slough.

The class-level and modifier-level had similar error rates. At the

class-level, 24.9 ha or 6.2% of the total area field checked was

misclassified, and at the modifier-level, 27.9 ha or 6.8% of the total

area was misclassified. The bulk of the misclassification at the

class-level related to difficulties in precisely identifying the

emergent wetlands. In some cases emergent wetlands were

classified as aquatic bed, or aquatic bed was misclassified as

unconsolidated bottom. These kinds of errors are clearly related to

the problems of classification of wetlands subject to tidal

fluctuations. Misclassification of scrub/shrub as emergent or

forested as scrub/shrub could have come about from natural

succession over the eight-year period between when the aerial

photos were taken and my field checking.
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The most common error at the class-level resulted from the NWI

missing or misclassifying fringing salt marshes in the South Slough.

Although numerous, these errors did not account for much area. The

fringing salt marshes missed were narrow strips of salt marsh 10

to 30 m wide situated between a tidal flat and an upland. Out of 16

fringing salt marshes identified in the field that were mapped

incorrectly by the NWI, 6 were missing and 10 were classified

incorrectly. The actual class of these fringing marshes is emergent

(EM), while the NWI mapped these areas as either aquatic bed (AB) or

unconsolidated shore (US), both components of a tidal flat. The NWI

occasionally showed a tidal flat meeting an upland, when in the field

I observed a fringing salt marsh between the tidal flat and the

upland.

These fringing salt marshes could have been too small for the NWI

photo-interpreter to identify on the 1:58,000 imagery used for

mapping. Carter et al. (1979), however, found wetland areas as

small as 0.5 ha in size and 20 m in length could be mapped from

1:130,000 CIR aerial photography. Since the NWI used approximately

1:58,000 CIR aerial photography to delineate the wetlands at South

Slough, image scale should have been adequate for these areas to be

correctly interpreted, but they were not. The NWI claims it does not

map wetlands smaller than two to three acres so the fringing

wetlands at South Slough may have been omitted for this reason or

they may have been at the lower size limit for identification by the

NWI photo-interpreter.
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In many areas, the NWI delineated a salt marsh as low marsh only,

and showed only three high salt marshes in South Slough. 	 The

distinction between low salt marsh and high salt marsh, both

emergent estuarine wetlands, depends on water regime. The water

regime modifier N defines an area where tidal water alternately

floods and exposes the land surface at least once daily, a

characteristic of low salt marsh. The modifier P defines an area

which is flooded by tidal water less often than daily, a

characteristic of a high salt marsh (Cowardin et al. 1979). The NWI

mapped 15 distinct high salt marshes identified in the field as low

salt marshes. Misinterpreting high salt marsh as low salt marsh

accounted for 15.4 ha out of a total of 27.2 ha with modifier errors

in the NWI at South Slough.

The NWI delineation of South Slough wetlands was very accurate.

Only 16.2 ha (4% of the area) out of a total of 402.3 ha of the field-

checked wetlands were delineated incorrectly. With respect to the

number of different wetlands, 8 out of a total of 166 wetlands were

delineated in error. A major reason for this high accuracy is that

the relatively steep topography of South Slough dictates many

wetland/upland boundaries. In many areas, steep, forested slopes

come down to the edge of the estuary, providing a clear boundary

between the forested upland and the flat wetland. Furthermore, the

boundaries between palustrine and estuarine wetlands are distinct

because vegetation differences between a fresh water and a salt
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water wetlands in most cases register clearly on CIR aerial

photographs (Shima et al. 1976).

My second hypothesis was that delineation errors would be greater

for forested wetlands than for emergent wetlands. I found three

types of wetlands missing on the NWI map: forested wetlands,

scrub/shrub wetlands, and fringing salt marshes. The total area of

wetlands missed by the NWI is 13.9 ha, accounting for 3.5% of the

wetlands area checked. The missing fringing salt marshes were

discussed above. Four scrub/shrub wetlands and one forested

wetland observed in the field are missing. Each of these missing

wetlands consists of a scrub/shrub or forested wetland surrounding

a stream that empties into the estuary. The probable source of this

NWI error is that it is hard to differentiate on the aerial photos

between a forested upland and a scrub/shrub or forested wetland,

because the forest canopy often obscures the indicator understory

vegetation.

My evaluation of the NWI compares favorably with the three other

studies that have evaluated the NWI accuracy. Swartwout et al.

(1981) found the NWI to be very accurate in Massachusetts (95%

classification accuracy and 85% delineation accuracy, based on

number of wetlands not area). However, it is hard to compare this

study to my field checking of the South Slough because Swartout et

al. evaluated the older NWI maps which used black and white aerial

photographs instead of CIR aerial photographs, and their evaluation

was based on sampling as opposed to mine which was a full
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assessment. However, the Swartwout et al. study is noteworthy in

that they found the NWI to be very accurate as I did in this study.

The Crowley et al. (1988) study in Vermont also showed the NWI to

be accurate (78% of the area delineated accurately). This Vermont

study included only a narrative description of the Cowardin

classification accuracy of the NWI. While Crowley et al. (1988)

concluded that many of the Cowardin classification errors were due

to actual changes in wetlands over time, I found that most of the

South Slough errors were in the photointerpretation. There was an

eleven year difference between the time of aerial photos and the

field checking in the Vermont study, while only a eight year lag in

my study. The longer time lag between the aerial photos and field

checking in the Vermont study could have possibly been the reason

that Crowley et al. concluded that much of the classification change

was due to wetland succession. Wetlands are dynamic vegetation

systems which change over time and this source of difference must

be remembered by any user of the NWI maps. The only differences

observed in South Slough from the NWI map, attributable to the time

lag factor, are two beaver-dammed palustrine wetlands.

The Thurston County study in Washington found the NWI to be the

least accurate, with only 59.7% of the area delineated correctly.

The Thurston County study used large scale CIR aerial photos to

check the NWI wetland accuracy, but did very little field checking.
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The reason for such a large discrepancy in the delineation errors

between my study (4% of the area delineated incorrectly) and the

Thurston County study (40.3% of the area delineated incorrectly)

may be because the study sites are very different. While the South

Slough is a topographically bounded estuary with steep slopes

dictating many of the upland/wetland boundaries, Thurston County is

a more varied and topographically complicated area. There are large

areas of forested and scrub/shrub wetlands in Thurston County that

are difficult to interpret from the small scale photos that the NWI

uses. Another reason for the large delineation error in the Thurston

County project may be that they included farmed wetlands on their

maps and the NWI does not. The Thurston County study demonstrates

how the choice of study area and definition of wetland can effect

the results of an evaluation of the accuracy of the NWI.
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CONCLUSION

The NWI map of South Slough is quite accurate considering the broad

scope of the NWI's goal to map all the wetlands in the U.S. Most of

the errors in mapping at South Slough were Cowardin-classification

errors, accounting for 52.4 ha or13°/0 of the total area field checked.

Delineation errors accounted for 16.2 ha or only 4% of the total area

field checked.

Although the NWI does not field check most of the maps produced,

they are still valuable tools. These maps are excellent at locating

wetlands, and giving the user a general idea of what type of wetland

will be in a particular location. For exact delineation or functional

use of wetlands, field assessments are necessary; but for national

or regional trend analysis and finding where wetlands are likely to

located, the NWI is an excellent resource.
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