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ing techniques, the USGS Land Use and Land
Cover Classification System (ANDERSON et al.,
1976), or modified versions of it, have been used
in numerous land use mapping projects. This clas-
sification system, shown in Table 1, includes only
two generalized levels. Because of its generalized
levels, it meets the needs of many land use plan-
ning and management activities. However, by it-
self, it is inadequate for C-CAP. It fails to em-
phasize and provide sufficient detail for wetlands,
water, and submerged lands. It does not clearly
separate wetland and upland vegetation. It com-
plicates the use of satellite remote sensors by mix-
ing land cover and land use categories. As a result
we have chosen to modify the Anderson classifi-
cation system: to emphasize land cover categories
detectible by remote sensing; to include new
changes proposed by USGS (USGS, 1992); to aug-
ment wetland and water categories by adopting
major categories from the Cowardin classification
system (COWARDIN et al., 1979); and to rectify
inconsistencies between the Anderson and Co-
wardin systems by redefining some classes.
COWARDIN (1978) wrote a good overview of the
historical development of wetlands classification
systems. In 1974 the U.S. Fish and Wildlife Ser-
vice (FWS) began planning a new National Wet-
lands Inventory and, after examining the existing
classifications, decided to design a new one. The
FWS’s wetlands classification system (COwWARDIN
et al., 1979) was developed by a team of wetland
ecologists with the assistance of local, state, and
federal agencies. After major revisions and exten-
sive field testing, in 1980 FWS officially adopted
A Classification of Wetlands and Deepwater
Habitats of the United States (WILEN, 1990).
The FWS scheme is hierarchical and defines
five systems: marine, estuarine, riverine, lacus-
trine, and palustrine. As shown in Figure 1, sub-
systems are defined at the second level of the
hierarchy. The subsystems—such as subtidal vs.
intertidal—are distinguished by major differences
in hydrology. A third level of the hierarchy is
represented by 12 classes, which may appear un-
der one or more of the systems. Further subdi-
visions of the FWS scheme are not shown in Fig-
ure 1. The classes are based on the dominant life
form of plants for vegetated areas and substrate
type for unvegetated areas. Classes are relatively
easy to detect on aerial photographs. The classes
are subdivided into subclasses at the fourth level
of the hierarchy, subclasses represent finer dis-
tinctions in plant life form or substrate compo-

sition. The fifth and lowest level is the dominance
type, defined by the dominant plant or animal
species present. The system is open-ended at the
level of dominance type, and no attempt is made
by FWS to supply a complete list; it is assumed
that users will identify them as needed.

In addition to the classification hierarchy, the
CoWARDIN et al. (1979) classification scheme has
modifying terms for water regime, water chem-
istry, soils, and special conditions (e.g., human
modification); a regional locator (after BAILEY,
1976) is also supplied. These terms may be ap-
plied at the level of detail selected by the user.

The Anderson and Cowardin classification sys-
tems have been used in many upland and wetland
mapping programs (KiraLy et al., 1990). Unfor-
tunately, many federal, state, and county agencies
use classification systems which differ to the point
of making it impossible to “‘cross-walk” (exchange
data) between them (REeScHKE, 1990; DETHIER,
1992). Also, the need for frequent updates of wet-
lands and deepwater habitat inventories is forcing
mapping and change-detection programs to make
more efficient use of satellite and aircraft remote
sensing data. Therefore, this coastal land cover
classification system was designed for use with
remotely sensed data and to make it compatible
with other coastal mapping programs and data
bases.

C-CAP CLASSIFICATION SYSTEM

As shown in Table 2, the C-CAP land cover
classification system includes three Level I su-
perclasses: 1.0 Uplands, 2.0 Wetlands, and 3.0
Water and Submerged Lands. These superclasses
are broken down into classes and subclasses at
Level II and Level III, respectively. While the
categories of the C-CAP coastal classification sys-
tem, discussed briefly below, are generally com-
patible with ANDERSON et al. (1976) and CowaRr-
pIN et al. (1979) system definitions, some
modifications were necessary to accommodate re-
motely sensed data, rectify inconsistencies be-
tween ANDERSON et al. (1976) and COWARDIN et
al. (1979), and move toward land cover and away
from land use categories. Detailed definitions of
all classes and subclasses in Table 2 are presented
in DoBsoN et al. (1993). At this time we decided
not to develop a more detailed subdivision of
classes at and beyond Level I11. At Levels IV and
V, each program is likely to have unique needs
and attempting to make a generally acceptable
breakdown at those levels would not be practical.
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Table 2. C-CAP coastal land cover classification system*

Table 2. Continued.

1.0 Upland
1.1 Developed Land
1.11 High Intensity
1.12 Low Intensity
1.2 Cultivated Land
1.21 Orchards/Groves/Nurseries
1.22 Vines/Bushes
1.23 Cropland
Grassland
1.31 Unmanaged
1.32 Managed
1.4 Woody Land (Scrub-Shrub/Forested)
1.41 Deciduous
1.42 Evergreen
1.43 Mixed
1.5 Bare Land

—
@

1.6 Tundra

1.7 Snow/Ice
1.71 Perennial Snow/Ice
1.72 Glacier

2.0 Wetland (Defined to exclude Bottoms, Reefs, Nonpersistent
Emergent Wetlands, and Aquatic Beds, all of which are
covered under 3.0, Water and Submerged Land.)

2.1 Marine/Estuarine Rocky Shore
2.11 Bedrock
2.12 Rubble

2.2 Marine/Estuarine Unconsolidated Shore (Beach, Flat,
Bar)
2.21 Cobble-gravel
2.22 Sand
2.23 Mud/Organic
2.3 Estuarine Emergent Wetland
2.31 Haline (Salt Marsh)
2.32 Mixohaline (Brackish Marsh)
2.4 Estuarine Woody Wetland (Scrub-Shrub/Forested)
2.41 Deciduous
2.42 Evergreen
2.43 Mixed
Riverine Unconsolidated Shore (Beach, Flat, Bar)
2.51 Cobble-gravel
2.52 Sand

2.

o

2.53 Mud/Organic
2.6 Lacustrine Unconsolidated Shore (Beach, Flat, Bar)
2.61 Cobble-gravel
2.62 Sand
2.63 Mud/Organic
2.7 Palustrine Unconsolidated Shore (Beach, Flat, Bar)
2.71 Cobble-gravel
2.72 Sand
2.73 Mud/Organic

2.8 Palustrine Emergent Wetland (Persistent)

2.9 Palustrine Woody Wetland (Scrub-Shrub/Forested)
2.91 Deciduous
2.92 Evergreen
2.93 Mixed

3.0 Water and Submerged Land (Defined to include all deep-
water habitats and those wetlands with surface water but
lacking trees, shrubs, and emergents.)

3.1 Water (Bottoms and undetectable reefs, aquatic beds
or nonpersistent emergent wetlands)
3.11 Marine/Estuarine
3.12 Riverine
3.13 Lacustrine (Basin > 20 acres)
3.14 Palustrine (Basin < 20 acres)

3.2 Marine/Estuarine Reef

3.3 Marine/Estuarine Aquatic Bed
3.31 Algal (e.g., kelp)
3.32 Rooted Vascular (e.g., seagrass)
3.321 High Salinity (= 5 ppt; Mesosaline, Polysaline,
Eusaline, Hypersaline)
3.322 Low Salinity (< 5 ppt; Oligosaline, Fresh)

3.4 Riverine Aquatic Bed
3.41 Rooted Vascular/Algal/Aquatic Moss
3.42 Floating Vascular

3.5 Lacustrine Aquatic Bed (Basin = 20 acres)
3.51 Rooted Vascular/Algal/Aquatic Moss
3.52 Floating Vascular

3.6 Palustrine Aquatic Bed (Basin < 20 acres)
3.61 Rooted Vascular/Algal/Aquatic Moss
3.62 Floating Vascular

Those classes and subclasses which are required
by C-CAP and which each regional C-CAP project
will include in its data base are underlined in
Table 2. The underlined classes, with the excep-
tion of aquatic beds, can generally be detected by
satellite remote sensors, particularly when sup-
ported by programmatically required surface lev-
el observations and ancillary data sources.

Uplands

The definitions of Uplands classes and sub-
classes are similar to those in ANDERSON et al.
(1976) and USGS TECHNICAL INSTRUCTIONS

* The underlined classes are those which C-CAP is committed
to include in its data base.

(1992). The Uplands superclass consists of seven
classes: Developed Land, Cultivated Land, Grass-
land, Woody Land, Bare Land, Tundra, and Snow/
Ice (Table 2). Uplands classes were modified from
Level I classes in the USGS Land Use/Land Cover
Classification System (ANDERSON et al., 1976;
USGS, 1992). Urban or Built-Up Land was ren-
amed Developed Land and subdivided into two
new subclasses: High Intensity Developed and Low
Intensity Developed. High Intensity Developed
Land refers to heavily built-up urban centers.
Concrete, asphalt, and roofs of buildings cover
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most of the land area and very little vegetation is
present. Low Intensity Developed Land refers
mainly to single family housing areas that contain
landscaped and vegetated areas around the build-
ings, streets, and throughfares. These two sub-
classes can be further broken down into four to
eleven categories each (Residential, Commercial,
Industrial, etc.) as was done in the USGS system’s
Level II breakdown (ANDERSON et al., 1976; USGS,
1992). (Note that these are land use, not land
cover, categories.)

Cultivated Land, i.e., Agricultural Land
(ANDERSON et al., 1976), includes both woody (or-
chards, nurseries, vineyards, etc.) and herbaceous
(cropland) cultivated lands. The chief indications
for this class in remote sensing imagery will be
distinctive geometric field and road patterns. Ac-
cording to ANDERSON et al. (1976) this is land used
primarily for production of food and fiber.

Grassland differs from Rangeland (ANDERSON
et al., 1976) by excluding shrub-brushlands. Un-
managed Grassland encompasses lands dominat-
ed by naturally occurring grasses and forbs which
are not fertilized, cut, tilled, or planted regularly.
Managed Grasslands are areas in which people
have an influence in maintaining the area. Ex-
amples of these areas are yards, golf courses, for-
est or shrub areas converted to grassland, or areas
of permanent grassland with altered species com-
position. This category includes managed pas-
tures and pastures with vegetation that grows as
fallow. Pastures are used for grazing activities, as
farmland maintained as grassland, or are used for
growing and harvesting of hay, straw, and fallow
for future animal feeding.

A new class, Woody Land, is designated to in-
clude nonagricultural trees and shrubs. The cat-
egory alleviates the problem of separating various
sizes of trees and shrubs with satellite remote sen-
sors but allows a height-based separation at a low-
er level with additional data. The class Woody
Land is partitioned into three subclasses: Decid-
uous, Evergreen, and Mixed. These three sub-
classes can be discriminated with remote sensors.

Bare Land (i.e., Barren Land of ANDERSON et
al., 1976) includes land areas which are similar to
the Anderson Level 1II classes for Barren Land.
Bare Land is composed of bare rock, sand, silt,
gravel, or other earthen material with little or no
vegetation and having a limited ability to support
life. Vegetation, if present, is more widely spaced
and scrubby than that in the class Woody Land
(trees and shrubs). Unusual conditions, such as a

heavy rainfall, occasionally result in growth of a
short-lived, luxuriant plant cover. Wet, nonvege-
tated exposed lands are included in the wetland
categories.

Land may be bare temporarily because of hu-
man activities. When it may reasonably be in-
ferred from the data that the barren land will be
returned to its former cover and the time scale
for recovery is short, it is not included in the class
Bare Land. Cultivated land, for example, may be
temporarily without vegetative cover because of
seasonal cropping or tillage. Similarly, Developed
Land may have temporary waste and tailing
dumps. In contrast, areas of intensively managed
forest land may have clearcut blocks evident.
When the former cover can be discerned and the
area is obviously in a state of long-term transition
to a different cover, it is categorized Bare Land,
in order to avoid inferential errors.

Wetlands

According to COWARDIN et al. (1979), wetlands
are lands where saturation with water is the dom-
inant factor determining soil development and
the types of plant and animal communities living
in the soil and on its surface. The single feature
that all wetlands share is soil or substrate that is
at least periodically saturated with or covered by
water.

The upland limit of wetland is designated as
(1) the boundary between land with predomi-
nantly hydrophytic cover and land with predom-
inantly mesophytic or xerophytic cover; (2) the
boundary between soil that is predominantly hy-
dric and soil that is predominantly nonhydric; or
(3) in the case of the wetlands without vegetation
or soil, the boundary between land that is flooded
or saturated at some time during the growing sea-
son each year and land that is not (COWARDIN et
al. (1979). The majority of all wetlands are veg-
etated and are found on soil.

In the coastal classification system (Table 2),
“Wetland” includes all areas considered wetland
by COWARDIN et al. (1979) except for wetland Bot-
toms, wetland Reefs, wetland Aquatic Beds, and
Nonpersistent Emergent Wetlands. The class
breakdown under Wetlands was adopted from the
Cowardin system, shown in Figure 1. At Level II
C-CAP employs certain of Cowardin classes (e.g.,
Rocky Shore, Unconsolidated Shore, Emergent
Wetland) or groups of Cowardin classes (e.g.,
Woody Wetland = Scrub-Shrub + Forested Wet-
land), in combination with CowARDIN et al. sys-
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tems (i.e., Marine, Estuarine, Riverine, Lacus-
trine, Palustrine). Thus a typical Level II class in
the C-CAP system might be Palustrine Woody
Wetland.

Salinity displays a horizontal gradient in
marshes typical of coastal plain estuaries. This is
evident not only through the direct measurement
of salinity but in the horizontal distribution of
marsh plants (DAIBER, 1986). Therefore Estua-
rine Emergent Wetlands are partitioned into Ha-
line (Salt) and Mixohaline (Brackish) Marshes.
For both subclasses we use the definitions shown
in COWARDIN et al. (1979). The salinity for Mixo-
haline ranges from 0.5 ppt to 30 ppt and for Haline
includes salinities greater than or equal to 30 ppt.
Within a marsh, plant zonation is usually quite
evident. Along the Atlantic coast of North Amer-
ica the pioneer plant on regularly flooded mud
flats is saltmarsh cordgrass, Spartina alterniflora,
which often appears in pure stands. In more el-
evated areas, which are flooded by tidal water less
frequently Saltmeadow hay, Spartina patens of-
ten becomes dominant. The upland edges are bor-
dered by marsh elder, Iva frutescens and ground-
sel tree, Baccharis halimifolia. Thus salt marshes
could be subdivided further into High Marsh and
Low Marsh. However, the spatial and spectral
resolution of satellite sensors may not be adequate
to differentiate plant differences at this scale.
Therefore this distinction was not made part of
the C-CAP requirement.

The other modifications to the Cowardin sys-
tem have been based on the specific needs of
C-CAP and the ability to discern land cover by
satellite sensors. C-CAP aggregated Estuarine
Scrub-Shrub and Estuarine Forested into a single,
Estuarine Woody, class. The primary sensors to
be used by C-CAP, such as LANDSAT TM, can-
not differentiate the 6-meter height boundary be-
tween these two original classes. Furthermore, an-
ticipated C-CAP models do not require the
separation of these two classes. Similarly, C-CAP
aggregates Palustrine Scrub-Shrub and Palus-
trine Forested into a single, Palustrine Woody,
class. C-CAP recognizes the difficulty of discrim-
inating Estuarine Emergent Wetlands from Pal-
ustrine ones using satellite remote sensors, and if
experience proves that this is so, we may have to
aggregate them in the future. The same comment
applies to Estuarine Woody Wetlands and Pal-
ustrine Woody ones.

The classification system does not attempt to
identify freshwater Nonpersistent Emergent

Wetlands, since they are invisible during much
of the year and difficult to detect by remote sen-
sors; these wetlands are classified as “Riverine
Water” and “Lacustrine Water,” respectively.
Marine and Estuarine Rocky Shores are com-
bined into a single class, Marine/Estuarine Rocky
Shore. The same is done for Marine and Estuarine
Unconsolidated Shores.

Water and Submerged Land

In this classification, all areas of open water
with less than 30% cover of trees, shrubs, persis-
tent emergent plants, emergent mosses, or lichens
are grouped under the heading “Water and Sub-
merged Land,” regardless of whether the area is
considered wetland or deepwater habitat under
the CowaRrpIN et al. (1979) classification. The
Level II C-CAP classes, which are modified by
Cowardin System names (Figure 1), are “Water,”
“Reef,” and ‘“Aquatic Bed.” Typical Level II
classes are Marine/Estuarine Reef or Palustrine
Aquatic Bed (Table 2). Marine and Estuarine
Reefs and Aquatic Beds are combined into two
classes, Marine/Estuarine Reefs and Marine/Es-
tuarine Aquatic Beds.

Marine/Estuarine Aquatic Beds includes the
subclass Rooted Vascular (e.g., seagrass) which is
broken down into High Salinity (= 5 ppt) and
Low Salinity (< 5 ppt). The break was made at
5 ppt salinity because that level separates seagrass
types which are different and important to the
C-CAP project. High Salinity includes mesosa-
line, polysaline, eusaline, and hypersaline salinity
categories of COWARDIN et al. (1979). Low Salinity
includes Cowardin’s oligosaline and fresh cate-
gories.

The class “Water” includes Cowardin et al.’s
Rock Bottoms, Unconsolidated Bottoms and
Nonpersistent Emergent Wetlands, as well as
Reefs and Aquatic Beds which are not identifiable
as such. Since most C-CAP products will display
water as a single class, we have aggregated water
into a single class, 3.1 Water. At the same time,
we recognize that the major systems (Marine/Es-
tuarine, Riverine, Lacustrine, Palustrine) are eco-
logically quite different from each other. For this
reason, and due to the limitations of remote sen-
sors, we show the four systems as Level III sub-
classes, i.e., 3.11 Marine/Estuarine Water, 3.12
Riverine Water, 3.13 Lacustrine Water, and 3.14
Palustrine Water. Even though the C-CAP does
not commit itself to provide the subclass data, it
provides this option to participants who may have
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such data available. Having the water subclasses
also makes the C-CAP scheme more compatible
with the Cowardin system. The subclass 3.11 Ma-
rine/Estuarine Water includes Bottoms and un-
detected Reefs and Aquatic Beds. The subclasses
3.12 Riverine Water, 3.13 Lacustrine Water, and
3.14 Palustrine Water include Bottoms and un-
detected Aquatic Beds as well as Nonpersistent
Emergent Wetlands. Palustrine water bodies are
smaller than Lacustrine ones, covering areas
smaller than 20 acres.

With the exceptions stated, most of the Wet-
land and Water classes have definitions which are
similar to those contained in CowARDIN et al.
(1979). From a satellite remote sensing point of
view, close adherence to the Cowardin et al. (1979)
definitions seems to make the system more cum-
bersome than it needs to be. However, this is nec-
essary so that data could be interchanged with
other programs, such as the National Wetlands
Inventory, which is based on the Cowardin sys-
tem. As a minimum, key cross-walks between ma-
jor classification systems need to be identified and
maintained.

SUMMARY AND CONCLUSIONS

The C-CAP coastal land cover classification
system has the following attributes:

(1) It emphasizes wetlands, vegetated submersed
habitats, and adjacent uplands to meet spe-
cial requirements of NOAA’s C-CAP pro-
ject, yet at the same time is compatible with
other federal and state agency programs, in-
cluding the National Wetlands Inventory;

(2) Many of its Upland classes are adapted from
ANDERSON et al. (1976) and USGS (1992) while
the Wetland and Water classes are modifi-
cations of those in CowARDIN et al. (1979),
minimizing the need to define new classes;

(3) Classes are defined primarily in terms of land
cover, minimizing the number of land use
terms, to eliminate confusion and to improve
the reliability of detection;

(4) It is hierarchical, with special consideration
for use with GIS data bases;

(5) It is designed to facilitate the use of satellite
(TM, SPOT) data, yet is compatible with air-
craft and field data at the more detailed levels.

The C-CAP classification system, developed at
joint meetings with representatives from various
government agencies, including NOAA, U.S. Geo-

logical Survey, EPA, and FWS, is designed to be
useful to resource managers and researchers for
studying and inventorying wetlands, deepwater
habitats, and adjacent uplands. While the break-
down of the Upland classes may not be detailed
enough for certain nonwetland-oriented pro-
grams, the classification scheme can be modified
to accommodate the needs of land use and land
cover mapping programs being conducted by the
Forest Service, Soil Conservation Service, Bureau
of Land Management, and others concerned with
arid lands, forests, grasslands, etc. (DRISCOLL et
al., 1983, 1984; USDA/SCS, 1992). We plan to test
the ability to “crosswalk” from the proposed land
cover classes to those contained in systems used
by other programs as well as to determine the
compatibility with global classification systems
being developed by the United Nations and its
various agencies (JENNINGS, 1993; UNESCO,
1973).
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