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ABSTRACT

The purpose of this investigation was to research and document the application of remote sensing
technology for wetlands detection. Various sensors and platforms are evaluated for: suitability to
monitor specific wetland systems; effectiveness of detailing wetland extent and capability to moﬁitor
changes; and relative cost-benefits of implementing and updating wetlands databases.

The environment to be monitored consists of physiographic and ecological wetland resources affected
directly or indirectly by anthropogenic activity. Aircraft and satellite remote sensing can be used o
record and assess the condition of these resources. Monitoring of environmental conditions is based on
the observation and interpretation of certain landscape features. Although some forms of monitoring are-
continuous, resource monitoring from aircraft and satellite platforms is periodic in nature, with change
being documented through a series of observations over a given span of time.

This report summarizes the findings of a bibliographic search on the methods used to inventory and/or
detect changes in wetland environments. The bibliography contains numerous citations and is not
intended to be all-inclusive. Books, major journal and symposium proceedings were examined. The
findings documented will provide the potential user with a basic understanding of remote sensing
‘technology as it is applied to wetland monitoring and trend analysis.
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INTRODUCTION

There are two primary types of remote sensing projects relative to wetlands. The first, resource mapping.
involves acquisition of baseline data on type, extent, and health of wetland communities. The second
involves detection of change, either natural or anthropogenic, in those communities.

Most of the potential users of this data are responsible for-the management and protection of the wetland
resources within their respective states. To accomplish this, various types of data are required for
decision making. In considering use of remote sensing sensors and systems to provide such data, several
factors must be considered. What levels of precision and accuracy are required in identifying and
measuring wetland resources? How much "leeway” will be tolerated in the correct identification of -
- wetland communities? How "close” can the estimation of areal extent of specific wetland types be when
compared to actual acreage? This factor of precision must be viewed from an economic standpoint, i.e.,
what is the relative cost of each system versus its degree of precision?

Wetlands are dynamic ecosystems which are defined by federal regulating agencies as possessing three
essential characteristics: (1) hydrophytic vegetation, (2) hydric soils, and (3) wetland hydrology, which
is the driving force creating all wetlands (Federal Interagency Committee for Wetland Delineation, 1989).
These ecosystems are difficult to quantify because of complex interactions between these parameters.
Water level fluctuations and diverse geographic settings make the many types of wetlands difficult to
characterize as a group. Changes occur in wetlands and along boundaries in response to variations in the
hydrologic cycle in which seasonal, annual, and long term fluctuations are the driving factors. Wetlands
are also changed, altered, and encroached upon by human activity, such as urban and agricultural
developments, stream channel alterations, and draining and damming activities.

REMOTE SENSING OF WETLANDS

When wetlands are to be inventoried several issues need to be addressed about the method in which the
baseline or change data should be acquired, categorized, verified, integrated, stored, and distributed.
Because wetlands generally have poor accessibility due to uneven and unstable terrain and frequently tall
vegetation, any field work undertaken to inventory them is usually expensive, time consuming, and
sometimes inaccurate in location.. Reducing the amount of field work via remote sensing (aerial
photography, aircraft or satellite multispectral scanners) is a viable solution. Baseline inventorying should
consider climatological influences, and generally should have 2 multi-seasonal approach to capture all the
inherent variances of plant phenology. If wetland maps are based on persistence and extent of surface
water alone, their boundaries will vary seasonally. Change detection and trend analysis requires
ecological information be collected under optimum conditions so valid comparisons can be made betweén
several points in time. The availability of current and historical climatological and image data are
relevant in the wetland inventory planning process. Roller (1977) lists the advantages to monitoring
wetlands with remotely sensed data over conventional field surveys as: (1) economy, (2) timeliness, (3)
favorable viewing perspective, (4) synoptic observation, and (5) permanent graphic records. It should
be added that with the advent of geographic information systems (GIS), land cover/land use data layers
derived from aircraft or satellite-mounted multispectral sensors or digitally encoded aerial photographs,
can be incorporated fairly easily since their formats are digital. Furthermore, remotely sensed data
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collected for wetland change or monitoring activities may be utilized in future projects not under
consideration at the time of acquisition. With more sophisticated digital image processing techniques
available, imagery can be enhanced to answer other environmental questions. Limitations of monitoring
wetlands with remotely sensed data are evident when detailed environmental information is required, such
as a complete floristic make-up of a plant community, or if controversial regulatory decisions are to be
made regarding boundary delineation. Generally there are requirements for field verification (reference
data) in order to attach reliability or confidence estimates to the inventory. Logistic difficulties can arise -
because ideally ground reference data collection should coincide with the acquisition of the remotely
sensed data.

When planning wetland inventories or change detection studies which will utilize remotely sensed data,
a classification system must be selected or derived which will satisfy the users requirements. Many times
the resuiting wetland information derived may not be directly compatible or comparabie to previously
used classification systems or available reference data. Therefore, the end-user must decide the inventory
level of detail (vegetal components, minimum mapping unit, classification scheme, etc.) and whether
multistage and/or multitemporal sampling is required. Relationships that exist between the desired
mapping parameters and pre-existing classifications may form the basis for the final classification scheme.
If the classification system is hierarchial, it can be amended when information is attained at a higher level
of detail. .For instance, satellite data could be used to map an entire state and/or region, small scale
. photographs for regions and counties, large scale photographs for counties and townships, and hand-held
oblique photos from light aircraft or helicopter, with ground transects or plot samphng for individual
wetland systems (Roller, 1977)

Howland (1980) found that differentiation between vegetation signatures was best in the longer
wavelengths (red through infrared) for the broad variety of wetlands occurring in northern New England.
This phenomenon is attributed to the green biomass of vegetation which uniquely absorbs visible light
and strongly reflects near infrared (IR). Chlorophyll absorption in the visible spectrum and multiple
scattering in the near-IR due to internal plant structure allows for the characterization of vegetative
communities based on spectral patterns. In general, vegetation canopies have bidirectional reflectance,
but patterns can be further influenced by the understory component, leaf structures, density of vegetation,
etc. Furthermore, water absorbs a majority of the infrared energy which results in a sharp contrast
between vegetation and water in the IR wavelengths.

VlSlble wavelengths are more sensitive to atmospheric haze and particle scattering, although the
- blue-green spectrum can penetrate water for short distances. When _submergent vegetation is being
targeted, collection of remotely sensed data in the visible wavelengths can provide superior results under
the right atmospheric and hydraulic conditions.

Schloesser et al., (1985) found that low-altitude color aerial photography (1:6,000 scale) with limited
ground survey information, could economically identify beds of submerged macrophytes in the St. Clair-
Detroit River system. Conditions of minimai cioud cover with acquisition time at approximately solar
noon allowed maximum solar illumination and water penetration with minimal sun glint. Five
macrophyte genera and a sand substrate category were delineated on the photos with a overall accuracy
of 68% by six individual interpreters of varying experience. The authors suggest that improved accuracy
could result from a more detailed dichotomous key, and greater use of biological experience in

development of the key.



CLASSIFICATION SYSTEMS

There are a variety of classification systems used which are generally tailored to satisfy the needs of
resource managers who must monitor and regulate wetlands under specific mandates. The result of
different systems is maps and inventory products which are not murually compatible, i.e. different scales,
media formats, minimum mapping units, and classification schemes. Moreover, all classification systems
are not designed to incorporate the results of digital remote sensing, thereby requiring modifications
and/or ancillary data to be incorporated into the inventory to make them complete or compatible.

In 1979, the U.S. Fish & Wildlife Service (USFWS) published a nationwide classification system
(Cowardin, et al., 1979) for use in the National Wetlands Inventory (NWI). The Cowardin classification’
strategy utilizes a hierarchial approach where “Systems" form the highest ievel. Five systems are defined
as marine, estuarine, riverine, lacustrine, and palustrine. Marine and estuarine each ‘have two
subsystems, subtidal and intertidal; the riverine has four subsystems, tidal, lower perennial, upper
perennial, and intermittent; the lacustrine has two, littoral and limnetic; and the palustrine has no
subsystems (Cowardin, et al., 1979). Subsystems contain classes which are based on substrate material,
water regime, or vegetative type, and can be further defined within subclass. Dominance type is a level
subordinate to subclass and describes the dominant plant or animal species. Special modifiers can also
. be identified, such as water regime or water chemistry modifiers, and others which describe animal or
human modifications to the wetland. This FWS classification is designed to allow: (1) ecological units
which contain homogenous attributes to be described and grouped; (2) organization of these units to
facilitate resource management decisions; (3) consistent inventory and mapping of wetlands on a national
level; and (4) uniformity in concepts and terminology (Cowardin, et al., 1979). The Cowardin system
replaced the previous system employed by FWS in their 1955 nationwide wetland inventory which was
designed to emphasize the value of wetlands for general wildlife and waterfowl habit, i.e. Circular 39
" (Martin, et al., 1953, Shaw and Fredine, 1956). ‘

The accuracy of the NWI has never been tested for the nation as a whole, but a few assessments have
been done which compare the NWI classification to localized wetland mapping results. Problems arise
when comparisons are made between digitally processed land cover/land use data and a classification
_system like Cowardin which is designed for use with medium-to-large scale aerial photography. Only
. generalized classes can be compared when utilizing digital classifications of satellite or aircraft based
scanners for comparisons with existing NWI data. An overall identification accuracy of 95 percent was
determined by Swartwout, et al. (1981) for the NWI in Massachusetts. Hardin (1985), found similar
accuracies for the NWI in Delaware. Luman (1990), found good correspondence in Illinois when the
NWI information was regrouped and then compared to satellite-based classifications. Pickus (1990), also
found high correspondence (90%) when comparing NWI digital data, that was re-grouped as wetland
versus non-wetland, to a satellite-based land cover classification in southeast Louisiana.

“There is also a classification system developed by the U.S. Geological Survey (USGS) which is a
multi-purpose land use/land cover system designed for remotely sensed data (Anderson, et al., 1976).
This system is also hierarchial with a framework of nine general Level 1 categories that are further
subdivided into 37 Level 2 categories. Higher detailed categories can be designed into the system to suit
the user at the third and fourth levels. Wetland is one of nine Level 1 categories, with a subdivision at
the Level 2 for forested versus non-forested wetlands. The flexibility to either generalize or specify
species at higher levels allows inventory compatibility when the remotely sensed or ancillary inventory
data obtained is not described to the same level of detail. The higher levels (i.e., 3 and 4) are not usually
anainable strictly from remotely sensed data, and normally require ancillary mformauom
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AERIAL PHOTOGRAPHY APPLICATIONS

PHOTO-INTERPRETIVE PROCESS

The interpretation of aerial photographs to accurately map specific wetland vegetation and boundary
information is the most common method utilized by Federal, State, and local agencies. Photo analysis
involves the identification and delineation of specific features recognizable by their distinct "signatures”
(combinations of image characteristics). These characteristics include: tone, texture, shape, size, shadow
height, and spatial relationship. Additionally, examination of the aerial photos stereoscopically enables
* the interpreter to observe the vertical as well as the horizontal spatial relationships of the subject features,
Due to the complexity of the interpretative process and the wealth of data within aerial photos, accurate
photo interpretation requires considerable expertise. The accuracy of the interpretations depends on the
quality of photography, the experience of the photo-analyst with specific wetland settings, and the amount
of ground truth verification to be conducted.

Photographic systems acquire spectral information with films of various spectral sensitivities. In order
to maximize the photo-interpretation result, it is important to select a film type which will provide
maximum contrast between different plant communities. Choices available for camera systems are color,
color infrared, and panchromatic (i.e. black/white) films. Table 1 lists the spectral region and season
recommended by Roller (1977), in which to collect aerial photography that would take advantage of
phenological differences among common wetland vegetation.

TABLE 1 ‘
SPECTRAL REGIONS FOR WETLAND VEGETATION DISCRIMINATION (Roller 1977)

Yegetation type Season of maximum contrast Spectra] region

Aquatic submergent
shallow depths ’ Summer " Near infrared
_deeper depths Fall Visible
Floating ' | Summer ' Near infrared
Marsh emergent and meadgw Tail ' Visible
Shrubs Summer or Fall _ Visible or Near IR
Trees Fall Visible




SMALL SCALE PHOTOGRAPHY

The most notable resource mapping effort is that of the National Wetland Inventory (NWl') conducted by
the USFWS. Begun in 1977, it creates in map form a database of the Nation's wetlands and deepwate'r
habitats. Updates of specific areas are also conducted to document wetland gains or lossés. Nl
products have included detailed maps, wetland soils and plant lists, and reports on specific regions or
states. Color infrared photography (1:58,000 scale) was acquired nationwide between 1981-1984 by the
U.S.G.S. under the National High Altitude Aerial Photography Program (NHAP). Photo interpretations
derived from NHAP photography for the NWI were categorized by dominant vegetation and hydrologic
characteristics according to the USFWS classification system. The NWI identifies and maps wetlands
to the smallest acreage visible on the photographs being used (Carter, 1982). The resulting NWI maps
were produced using USGS 1:24,000 scale topographic maps as a base. These topographic quadrangles
(when available) are used as base maps because they provide a geometrically accurate starting point on
which to compile more recent photo-interpreted information. Standard USGS topographic maps depict
vegetative categories by unbounded symbols which makes them useful only for gross generalizations.

The smallest area that can be depicted on a 1:24,000 scale map is about 0.4 hectare (0.9 acre). Starting
in 1988, the USGS has initiated another nationwide acquisition of high flight CIR photography that is
scheduled to be completed in 1992. The National Aerial Photography Program (NAPP) will collect
1:40,000 scale CIR, leaf-on, quarter quad-centered photography on a state-by-state basis.

Small scale CIR photography other than NHAP and NAPP have been utilized to map wetlands. Carter
et al. (1979) found that a 1:130,000 scale photograph had a recognizable or interpretable limit of
approximately 0.5 hectare (1.2 acre). This fact underscores the need to define the level of detail the
wetland inventory will require based on its ultimate use. Wetland mapping projects are usually
individually designed programs geared to satisfy either legal requirements for regulation, the needs of the
mapping agency, or organizations conducting environmental assessments. For most regulatory permitting
procedures and site specific planning activities, accurate boundary delineation is critical. The use of small
- scale photography (i.e. 130,000 scale or smaller) is primarily limited to the identification of plant
communities with distinct spectral characteristics.

MEDIUM TO LARGE SCALE PHOTOGRAPHY

. Specific locations and vegetation types are easily identifiable on large scale photography, even by photo
users with minimal experience. Very large scale photographs are also useful in investigations of wetlands
that are small, isolated, or narrow and linear. These characteristics, especially when combined, make
-these type wetlands virtually impossible to detect with small scale photography.

AERIAL PHOTO PREVIOUS WORK

In a study reported by Howland (1980), color infrared (CIR) film was found to be superior to color and .
multi-band black and white photography for vegetation discrimination in a diverse inland wetland in
Vermont. Besides film choice, attention must also be given to the time of year and even the time of day
when acquiring imagery. Grace (1985) found that for inland non-persistent emergents in the southeastern
U.S., mid-August to mid-September was the best time to collect photography for annual comparisons
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since most species would be represented and in a mature state. A study by Carter, et al. (1979), found -
that the time period between August to mid-October was optimum for identifying open water and marsh
categories in Tennessee. In another study by Gammon and Carter (1979) of the Great Dismal Swamp.
it was found that photographs obtained during vegetation dormancy allowed for better identification of
wetland boundaries, areas covered by water, drainage patterns, separation of coniferous forest from
deciduous, and classification of some understory components. In tidal environments, Brown (1978) found
August to early October best for saline wetlands, late June to early September best for fresh/brackish
wetlands, and that fresh water wetlands needed coverage twice, mid-to-late June and late August due to
specific plant species being predominant at different times.

Wetland resource mapping projects have been performed for advanced wetlands identification projects

~at EPA’s Environmental Monitoring Systems Laboratory (EMSL) in Las Vegas, and the Photo
Interpretation Center (EPIC) located in Vint Hill Farms, Virginia (Norton, 1986a, 1986b; Duggan, 1983;
D.R. Williams, 1983; Mack, 1980). Hydrogeologic and ecologic evaluation methods are applied in field
work to assist in advanced wetlands mapping efforts. Utilizing this type of information allows managers
to take a "proactive” stance relative to jurisdictional determinations and suitability of land parcels for

- development, rather than obtaining data on a case by case basis. Other detailed resource mapping is
conducted for EPA’s Regional Offices for wetland areas of special or critical concern (Norton, et al.,
1985). -

The following list of identifiable features is provided to acquaint the reader with data available from such
projects. A nominal scale of 1:12,000 -1:24,000 and use of color/CIR photos is assumed

o Wetland boundary delineation
.0 Area

o Edge, drainage length/densities
o Shape of upland/wetland edge
o Fetch/exposure

0 Vegetation growth form

o Cover density and distribution
o Species composition and health
o Tidal flooding regime

o Tidal conduits, inlets, outlets
o Erosion '

W

Change detection projects which utilize ‘aerial photography involve the use of one to a number of
historical sets of photographs to document changes either natural or anthropogenic (D.R. Williams, 1989,
1985; Grace, 198S; Niedzwiedz and Batie, 1984; Hardisky and Klemas, 1983; and others). Listed below
are features that are useful in change detection analyses which are interpretable from color/CIR
photography with scales ranging from 1:10,000 to 1:24,000.

o Pre-development vegetation patterns
o Natural vegetation removal



o Surface drainage network

0 Sediment

o Dredging, turbid water

o Fill or spoil deposition

o Erosion

o Ground staining, scarring

0 Vegetation stress or damage
o Contaminant sources

Although there is no "average" change detection project, a description follows of some requirements and
products which are typical. Federal agencies charged with enforcement of Section 404 of the Clean
~Water Act, which authorizes permits for the discharge of dredge or fill materials into the waters of the
United States, extensively utilize aerial photointerpretive data to document alleged illegal development
of wetland properties. Many times chronological documentation must be performed so that the illegal
filling of wetlands can be substantiated. Regulatory enforcement related projects typically involve
numerous historical photographs with detailed comparative analysis, interpreted overlays, field verification
of interpreted results, and very large scale graphic displays. Therefore, costs for in-depth wetland
delineation are substantially higher than for conventional wetland resource mapping efforts. Costs to
produce this type of detail, which may be required in court cases, have averaged approximately $1,000
per square mile ( D.R. Williams, LESC, Personal Communication, 1990). In other instances.
investigations are aimed at quantifying the loss of wetland resources over time by climatological affects.
D.C. Williams and Lyon (undated) correlated changing Great Lakes water levels to wetland extent, and
Grace (1985) investigated the effect of thermal discharges on seasonal wetland production.

A state agency in Georgia acquires aerial photography at predetermined intervals to monitor development
along the Atlantic coastline (S. Stevins, Georgia Dept. of Natural Resources, Personal Communication,
1990). The U.S. Army Corps of Engineers performs similar monitoring in most of their districts, as they
are responsible for making jurisdictional determinations of wetlands regulated under Section 404 of the
Clean Water Act. The progressive destruction of wetlands in association with hazardous waste sites is
also documented, and this information is used to plan clean up activities at CERCLA (Comprehensive
Environmental Response Compensation, and Liability Act of 1980) sites (Norton and Prince, 1985).

At an agricultural conversion site in Florida seven sets of available historical photos, black-and-white and
color photographs with scales ranging from 1:10,000 to 1:24,000, were acquired and interpreted. The
purpose of the investigation was to assess and document the type and amount of wetland habitat
destruction (D.R. Williams, 1981). Natural vegetation present before conversion, vegetation removal,
and surface drainage network construction were documented over time. Ground information was
collected prior to the photo analysis, and comparisons conducted to confirm map accuracy after
completion. Frequently, photography is flown at periodic intervals to ascertain if a developer is in
compliance with Federal and/or State issued permits. If such investigations become court cases, large
courtroom displays of interpreted data are prepared with expert witness testimony usually given by the
principal investigator or experienced photo-interpreter.



SATELLITE OR AIRCRAFT BASED SENSOR SYSTEMS

DIGITAL IMAGE PROCESSING

Digital image processing of satellite or aircraft-acquired data into land cover categories involves the
examination of the reflectance or spectral patterns of pixels contained within the image. Image data is
. organized into a matrix, i.e. raster format, with each pixel (or cell) covering a certain dimension on the
ground. Each pixel contains one data value representing the spectral intensity of that location on the
earth’s surface for a particular wavelength, i.e., 7 wavelength bands, 7 intensity values. Fundamental
energy-matter interactions control and influence the spectral characteristics of land cover types. The
proportion of energy reflected, absorbed, and transmitted for each cover type varies depending on the
material and ground conditions (Lillesand and Kiefer, 1987). Most of the earth’s features have unique
spectral characteristics, and thereby can be identified and mapped on the basis of their spectral signatures.

Pixels commonly correspond to more than one type of land cover and therefore the pixel value represents
a weighted average. The result is that each raster pixel is a combined product of all the resources present
at that ground location. Presence of "mixed pixels” causes problems when boundary or edge information
is required. Boundary effects can take the form of mixed pixels occurring as transition areas between
adjacent cover types. The spectral characteristics of those mixed pixels are unlike the land-cover types
on either side, and depending on the classification technique utilized to process the digital data, may be
incorrectly grouped as a separate class.

Other possible sources of error or inconsistencies when dealing with satellite or aircraft data originate
from atmospheric scattering, sun angle, topographic influences, and the process of geographical
‘rectification of the imagery. The scattering, sun angle, and topography can be modelled or accounted
for by assumptions and/or ancillary data, while the rectification process has a reportable posmonal error
once the geometric transformation is completed.

In digital image processing, data can be analyzed in several ways, most commonly with either image
enhancement or image classification algorithms. In order to summarize the remotely sensed data into land
cover/land use, those processes which are addressed as classification techniques are employed. The
general approach in the classification of digital imagery fall into two categories; supervised or
unsupervised approaches. In a supervised classification, known land cover types such as forest,
agriculture, wetland, and urban have been identified either through field work, aerial photography, maps,
or personal experience (Heaslip, 1975). These sites are then located in the image and homogeneous
examples are delineated. These delineated areas serve as training sites because their spectral
characteristics are related to known resources, and can be used to “train” the classification algorithm
(Jensen, 1986). Statistical information is gencraied 107 each identified training cover type and
subsequentiy that information is used to classify all unknown pixels remaining in the image. Conversely
in unsupervised classifications, the location of particular land cover types is not known, and the statistical
parameters required to define the training classes are then determined with clustering algorithms. It is
then the responsibility of the analyst to label these clusters with the appropriate land cover category.

Evaluation of the land-cover classification accuracy requires comparison hetween the classification resuiis
and reference data for the area. This reference data can be taken from various sources such as existing
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specialized maps, photo-interpreted aerial photographs. and actual "field checks" (see Appendix Ci.
However, the reference data which is utilized during classification should not be used in the accuracy
assessment as ‘it heavily biases the results. Congalton (1988) compared several sampling schemes r'o'r
assessing the accuracy of classified remotely sensed data, and found that generally a one percent sample
should be obtained. To assess the agreement between the classification and the rererence data.
site-specific comparisons are made by calculating the frequency of coincident classes, point by point. on
the reference data and the classification results. These values are reported in an error matrix (sometimes
called a confusion matrix or contingency table). The total overall percent correct is the ratio of the sum
of diagonal values to total number of cell counts in the matrix. Proportions of diagonal values to row
sums are the category accuracy relative to errors of commission, and proportions of diagonal values to
column sums as category accuracy relative to errors of omission (Story and Congalton, 1986). Detailed
statements of accuracy are derived from the error matrix in the form of individual land-cover category
accuracies. For each class, percent commission and percent omission are calculated from the &ITOr matrix
as well as the overall accuracy.

CHANGE DETECTION WITH DIGITAL IMAGERY

Change detection projects which utilize digital imagery are generally more limited in the amount and type
of historical data available. Digital change detection tasks are somewhat complex and require consistent
multiple date imagery acquisition to insure reliable mapping of baseline conditions and change trends.
Several different image processing methods can be employed for change detection studies. These methods
(image differencing, image ratioing, classification comparison, comparison of pre-processed imagery, and
vector change analysis) are specifi¢ to the form in which the imagery is obtained, and to what precision
the two images can be co-registered (Jensen, 1986). It should be noted that depending on whether the
imagery used is "raw” or unclassified, or the result of classification or transformation algorithms, the
different methods of digital change analysis will produce slightly different information. For example,
image differencing results in an image (or map) that reveals only the locations that have undergone
change, and is directly dependent upon the spatial registration between the images. Conversely.
comparisons between two classified images depict both the changed area locations and the nature of the
change (Howarth and Wickware, 1981). The accuracy of this type of derived change detection map, and
the statistics generated from it, are contingent on both the spatial registration between the maps and the
individual classification accuracies of the maps (Hodgson et al., 1988). Furthermore, the composite map
produced from digital change analysis will not have an accuracy greater than the least accurate map in
the analysis (Newcomer and Szajgin, 1984). .

Digital change detection offers an alternative to manual photo-interpretation, but can be more difficult
to perform accurately due to the spatial, spectral, and temporal constraints placed on multi-date imagery
analysis. The results from photo interpretation of large-scale photographs may have higher accuracies,
but are time consuming, difficult to replicate, prone to errors of omission, and costly in terms of data
acquisition. Digital change detection studies must utilize analysts familiar with the environment to be
inventoried, the quality/accuracy of the data set(s), and the characteristics of change detection algorithms
in order to be successful (Jensen, 1986).



SATELLITE SENSORS

There are two primary sources for obtaining satellite acquired digital imagery, Earth Observation Satellite
Company (EOSAT) and Systeme Pour 1'Observation de la Terre (SPOT) Corporation. EOSAT is a
participant in a cooperative agreement between the National Oceanic and Atmospheric Administration
(NOAA) and the USGS to facilitate the commercialization of satellite based technology to the private
sector. At present there are two satellites being operated by EOSAT, Landsat 4 and 5. The Landsat
systems carry two types of sensors, the multispectral scanner (MSS), and the thematic mapper (TM).
Both the Landsat 4 and 5 satellites have exceeded their design lives by three years with Landsat 5 being
the primary system utilized in North America. The MSS provides data in four spectral bands: visible
green, visible red, and two reflected infrared bands at about 80-meter ground resolution. The TM has
" six spectral bands with 30-meter resolution and a thermal infrared band with 120-meter resolution. The
Landsat TM sensor possesses higher spectral resolution because of the seven individual bands which
capture reflectance data in the visible through the thermal portions of the electromagnetic spectrum. The
TM system is the newer of the two systems aboard Landsat 4 and 5, and still has resource mapping
capabilities that have not been fully explored. These satellites are in polar orbits and are .capable of
collecting spectral information every 16 days over the same surface area.

France launched the first SPOT satellite in February 1986. This satellite has sensors on board which are
capable of producing 10-meter resolution black-and-white panchromatic images, and 20-meter resolution
three band multispectral images. SPOT sensors can be directed off-nadir to produce stereoscopic
coverage and have a repeat collection cycle of 26 days. The spatial resolution of the SPOT satellite is
finer than Landsat TM, but the lessor spectral resolution and smaller area per scene of SPOT imagery
make comparisons difficult between the two sensors. The two systems could be considered
complimentary in that the SPOT imagery has been merged with Landsat imagery, with resulting hybrid
imagery that reflects the spatial resolution of SPOT with the spectral resolution of Landsat (Salvaggio and
Szemkow, 1989; Welch and Ehlers, 1987)

Landsat MSS Previous Work

Landsat MSS has been investigated for its utility in wetland mapping and inventory updating of broad
wetland communities (Jensen, et al., 1980; Hardin, 1985; May, 1986; and others). Some of the resource
mapping problems encountered with the use of Landsat MSS data for wetlands originate from the low
spatial resolution (80-meter) of the MSS sensor which hampers detection of wetlands smaller than 1.6
. hectares (4 acres), the inability to place boundaries with high reliability, and uncertain availability of
multi-date imagery (16-day repeat cycle and cloud free conditions required) for use in dlscnmmauon of
different vegetation types based on phenology.

A study by Jensen, et al. (1980) compared Landsat MSS, color aerial photography, and radar images for
the identification of giant kelp beds in southern California. It was found that kelp was separable from
ocean in Landsat MSS, but that the acreage estimates. generated from Landsat MSS were consistently
underestimated in comparison to those derived from the color photography. Such underestimations were
attributed to the photo interpreter’s ability to identify less-dense areas of kelp on the photographs.

A swdy undertaken by Ernst-Dottavio, et al. (1981) was aimed at determining whether Landsat MSS
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could identify inland wetlands in northern Indiana. In that study, spectral characteristics of inland
wetlands were quantified utilizing a helicopter-mounted radiometer sensitive 1o the four Landsat MSS
channels. The study found hardwood swamps, shallow marshes, and shrub swamps to be spectrally
similar, therefore the classification resulted in low individual class accuracies. However, the deep marsh
environment showed higher accuracies, and an overall accuracy of 71 percent was reported for the
mvestnoanon

In a study by Wood (1983) black-and-white photography, aerial 35mm color stides, CIR highflight
photography, Landsat MSS, and Landsat TM simulator were used to document historical changes in
wetlands in California. The Landsat MSS classification results showed considerable confusion when
compared to land use maps complied from the CIR aerial photography. As a result, the wetland areas
were greatly overestimated. Wood suggests that better classification accuracies could have been obtained
with perhaps a different image date, or a multi-temporal approach.

Hardin (1985) reported an overall accuracy of 72 percent for distinguishing wetland from non-wetland
in Delaware utilizing multi-date Landsat MSS images acquired in 1974. Classification accuracies ranged
between 74 percent to 28 percent for individual marine species. Freshwater wetlands were less accurately
classified, and most misclassifications occurred between the various wetland types. Hardin believes state
statutory requirements make it unlikely for Delaware to ever discard the use-of low altitude photography
in favor of satellite data, even if accuracy were greatly improved.

In another study using Landsat MSS data, May (1986) evaluated the feasibility of using automated
classification techniques to update habitat maps based on the Cowardin system. In comparing the
resulting Landsat MSS based habitat classifications with existing habitat maps prepared from aerial
photographs, the study found a high degree of omission and commission errors, and low mapping
accuracies for all habitat categories. It was noted that the fundamental problem encountered in the study
was the inability to accurately co-register the Landsat MSS to the photo-derived habitat maps.

andsat TM Previ Work

Landsat TM, has improved wetland monitoring capabilities over the Landsat MSS system. In comparison
to the Landsat MSS, the TM sensor provides seven narrower spectral bands, better spatial resolution,
improved radiometric sensitivity, and a higher number of quantization levels (i.e. digital numbers for TM
= 256, for MSS = 128). TM is still subject to a repeat collection cycle of 16 days, and use of the data
is contingent upon near cloud-free conditions.

In a study by Wood (1983) Landsat TM Simulator data was acquired over California’s Central Valley
to supplement existing aerial photography and Landsat MSS. The objective was to develop a series of
historical maps to document the extent of wetland change between-1937 and 1982. Very little ¢onfusion
was found between wetland and other land use classes based on unsupervised classification results. The
comparison of four resulting classes (permanent wetland, seasonal wetland, native vegetation, and water)
against the manual photo interpretation of CIR transparencnes, resulted in an overall agreement exceedmg
90%.

In a study By Jacobson, et al. (1987) a waterfowl habitat inventory map was generated for an area
northeast of ‘Anchorage using Landsat TM acquired in August 1987. The result was a thematic map
depicting six waterfowl habitat classes (deep freshwater, shallow freshwater, turbid water, aquatic bed,
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deep marsh, and shallow marsh). Direct comparisons between the TM classified waterfowl habitat
information and the existing NWI for the area was not possible due to different classification strategies.
The 51 unique wetland types identified by the NWI for this area were reduced to 24, and contained oniv
those categories which were related to waterfowl habitat. Frequency analysis was performed bétween
the two data sets. The TM results when compared to the reduced NWI data set as coincident, omitted.
or committed categories, achieved an accuracy of over 90% for lacustrine systems and about 25% for
seasonal and temporarily flooded wetlands. When point and linear wetlands were removed from the NW|
data, the TM classification missed 78% of the wetlands under two acres. The NWI mapped the area as
having 83% of the wetland basins under 2 acres in size. The authors conclude that Landsat TM can
provide reliable wetland information for basins greater than two acres, and because of the computerizad
nature of the resulting data bases, updates can be incorporated when more detailed information becomes
available. Generally, when current TM imagery and NWI information are combined, wetland
preservation and planning issues can be addressed more readily. o :

A study to identify suitable wetland habitats for wood stork with Landsat TM data was undertaken by
Hodgson, et al. (1988) in east-central Georgia. In the analysis, a computer classified foraging habitat
map was created using TM imagery collected for two years, with each year having imagery for both

"wet” and "dry” seasons. Seven categories were generated: deep water, shallow water, macrophytes,
cypress/mxxed wetland, bottomland/hardwoods, pine/mixed uplands, and agriculture/clearings.
Classification accuracy was evaluated by comparing the TM results to previously verified foraging sites.
Overall accuracy results of 74% and 88% for the two years investigated were reported.

. Pickus (1990) found Landsat TM to be an effective tool for delineating wetlands under the Environmental
Protection Agency’s (EPA) Section 404 Wetlands Advanced Identification program in southeastern
. Louisiana. Based on comparisons between field collected reference data and NWI data, correlation
between the classified TM imagery and field verification resulted in an 85% accuracy in distinguishing
wetlands. Accuracies of 86% and 71 % were obtained in the identification of bottomland hardwoods and
uplands respectively. Results were poor for cypress/tupelo (48%) and water (S6%) categories. When
compared to digital NWI data, the classified TM wetlands identification had a very high correlation
(90%). Ancillary information was utilized in this project to create a geographic information system (GIS)
which contained in addition to the satellite derived land cover, hydrography, soils, transportation and
elevation layers. Pickus concluded that for this project, digital analysis of Landsat TM, when
incorporated into a GIS containing ancillary data, was sufficient for advanced wetlands identification.

In the State of Illinois, preliminary evaluations have begun to assess the potential of satellite data for
updating of the NWI (Luman, 1990). TM data from May 1987 were classified into _generic Anderson
Level | land-cover categories (agriculture, grass, shrub, forest, wetland, and water) for a study site
located in southern Illinois. Sample point comparisons were made against a variety of ancillary data, and
the overall map accuracy was found to be 85%. When individual categories were evaluated, accuracies

ranged from 52% for shrub, 76% for wetland, and 97% for non-turbid water. Luman conciudes that TM
dara would 5¢ useful for derection of previously unmapped wetland habitats.

SPOT Previous Work

Very few references were located in which SPOUT imagery was evaluated for wetland mapping
applications. SPOT Corporation has published brochures describing applications in which SPOT imagery
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was used for wetland monitoring and vegetation inventorying projects. One project involved the detailed
mapping of a national wildlife refuge into 18 classes based on density, species compositiort. and other
factors. In this instance, SPOT panchromatic and multispectral imagery were merged for analysis with
a resultmg minimum mapping unit of 0.01 hectare. No accuracy assessment was cited for this example.

SPOT also lists projects where submerged aquatic vegetation was located and mapped successfully, and
another where a wetland area dominated by a particular species was mapped and correlated to vegetation
index factors for assessing biomass distribution. Again, no accuracy statements were made about either
of these applications.

In a study by Mackey (1990), eleven dates of SPOT multispectral imagery collected over three years were
evaluated to determine seasonal and annual changes in a 400-hectare, southeastern freshwater marsh.
Unsupervised classification techniques were used to generate land cover maps for each date. Satellite TM
and aircraft multispectral imagery have been analyzed for this site in previous years with reported
accuracies ranging from 70% to 85% for distinguishing open water, freshwater marsh, shrub-scrub, and
cypress/tupelo cover types (Jensen, et al., 1987, 1986, 1984). No accuracy assessment was performed,
but the author contends that accuracies from this project would be consistent with previous work
performed by Jensen. The resulting data were analyzed for trend analysis with a predxctlon for a drier,
more persistent wetland community developing.

Luman (1990) analyzed two SPOT scenes (each a hybridization ¢ontaining both panchromatic and
multispectral information) for utility in updating the NWI in Illinois. The existing NWI information was
regrouped to match a state-based classification system for direct comparison against the results from
digital classification. Good correspondence was found between the satellite-based classifications and the
NWI maps, especially where the NW1 had been simplified to the state-based classification, and the NWI
source information had been of good-to-high qu’ality Luman concludes that the use of the two SPOT
sensors merged (MSS and panchromatic data), is acceptable for detailed analysis of wetland habitat
structure, and for validating water regime modifiers within the Cowardin classification. The higher
-spatial resolution of SPOT appears to provide a tool in which to monitor wetland change effectively.

AIRCRAFT MULTISPECTRAL SCANNERS

Aircraft multispectral scanners (aircraft MSS) are multi-band sensors which can have from four to 230
separate channels or bands in which the sensor collects information from various parts of the
electromagnetic spectrum. These systems are designed to measure and record the radiant energy reflected
and emitted from the ground, and have a wider range of spectral sensitivity than photographic systéms.
Their exact configurations vary by the spectral ranges which are sensed and how narrow the bandwidth
the sensors are capable of recording. Very specific data acquisition parameters are required for planning
aircraft MSS missions. The area to be covered must be specified in terms of location, size, and
boundaries, with the position of the flight lines clearly defined (usually lat/long coordinates). If
mosaicking of the data is-required, all flight lines should be flown in the same direction to minimize
illumination differences. Also specified are the appropriate spectral channels, acquisition time.
(time/day/month/year), and flying height which controls the resulting resolution and amount of- digital
data obtained. Resolutions as fine as 1 meter are possible from aircraft based sensors. Supporting field
data collection requirements should be clearly defined prior to the mission (see Appendix C). Following
data acquisition, post-processing is necessary to calibrate the data for systematic scanner distortions. The
resulting digital data is in raster format There are a limited number of these operanonal systems
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available for public use (EPA-EMSL. NASA AMES. GEOSCAN). Landsat TM data is more practical
than airborne MSS because it is routinely collected and less expensive. Conversely, aircraft MSS systems
can offer flexibility in terms of resolution. timing, and finer spectral sensitivity. Most of the
aircraft-mounted multispectral systems are also equipped wuh mappmg cameras to allow simultaneous
collection of aerial photography.

The EPA Environmental Monitoring Systems Laboratory - Las Vegas (EMSL-LV) operates an aircratt-
based MSS in which a highly precise navigation system has been incorporated to provide very accurate
spatial registration. In the past few years, the Air Force's Global Positioning System (GPS) has
revolutionized positioning technology. The use of GPS adds a dimension of geometric control and
correcnon that has not been available in the past. The major probiem with aircraft scanners is poor

geometry with data being adversely affected by variations in aircraft attitude or deviations from the flight
line. Relauvely inexpensive GPS receivers and computer software are available which allow positional
accuracies ranging from 5 to 25 meters to be obtained. This combined with recent developments in
digital elevation modeis (DEMs), offers multispectral data that is geomemcally much superior to older
previous data.

Applications for aircraft MSS systems,include:.

Vegetation classification

Land cover / Land use mapping
Water Quality monitoring

Wetland mapping

Monitoring of heated water discharges
Underground fire monitoring

Map updating

Geothermal monitoring

OO0 O0OO0OO0O0OOO

EMSL-LV's system and services are available to interested Federal and State agencxes through
interagency agreements (see Appendix A-EMSL).

Aircraft MSS Previous Work

Savastano et al. (1984) reported the results of a study utilizing aircraft MSS to classify and map diverse
nearshore marine and estuarine habitats in St. Joseph Bay, Florida. The objective was to develop
methods for separating seagrass and macroalgal habitats from the ocean bottom using a four band (blue
through near IR) multispectral scanner. The near IR provided the capability to discriminate between
emergent vegetation and water, but contained no useful information on submerged habitats as near-IR
energy is almost completély absorbed by water. The information content of the blue band, which can
penetrate shallow water environments, was lacking due to a low instrument signal-to-noise ratio. When
digitally classified data were compared to ground truth information, it was found that the classification
subdivided the desired categories 100 finely, breaking out classes that could not be identified on the basis
of existing information. The study concluded that although it was not possible to collect ground truth
information as detailed as the aircraft MSS, the resulting habitat maps were found to be generally
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~In an EPA Environmental Monitoring Systems Laboratory (EMSL) study by Page (1982), an 11-channel

aircraft MSS was used to map nearshore kelp beds off the southern California coast. The study site was
selectively chosen to be an ideal example, as the kelp beds were large and well developed. Uns-upervised
classification was performed on the aircraft MSS imagery using four of the channels (green, red. reflected
IR, and thermal IR). and results were compared to estimates derived from manual interpretation of
concurrently collected CIR aerial photography. It was found-that the aircraft MSS~derived kelp estimates
were considerably lower than the photo-derived estimates. This was attributed to the inherent
generalization of mapping boundaries in the photo interpretation process. where the kelp beds were
identified as large, visually distinct units. It was concluded that the photo interpretation process resulted
in the inclusion of non-kelp features (i.e. ocean) within the kelp mapping units. Page summarized that
aircraft MSS data could accurately survey, map, and compile acreage estimates for nearshore kelp
resources. It appeared that the digital approach yielded results which had excellent positional agreement
with maps produced from photo interpretation, while providing better estimates of kelp bed areal extent.

Extensive work has been done utilizing aircraft MSS data for inland wetlands mapping in South Carolina
(Jensen, et al., 1987, 1986, 1984; Grace, 1985). In one investigation, 11-channel aircraft MSS data were
collected in March 1981, with 3 meter resolution over the Savannah River floodplain (Jensen, et al.,
1986). The data were analyzed to determine the optimum combination of channels for separability of
wetland types, with green, red, and two near IR bands being ultimately selected. Supervised
classification techniques were employed to map the data into the Cowardin classification system.
Categories identified were: persistent emergent marsh, nonpersistent emergent marsh, shrub/scrub, algal
mat, mixed deciduous upland forest, and mixed deciduous swamp forest. An overall accuracy of 83%
was reported when comparisons were made on a pixel-to-pixel basis to ground transects. Another aspect
conducted under this research was an effort to relate the types of vegetation present with water
temperature. Daytime thermal-IR data were collected during the same mission, and compared against
the classified maps constructed from the four channel subset. A statistical analysis was performed in
which it was determined that associations did exist between vegetation types and their apparent
temperature class intervals. However, Jensen concedes that other factors besides temperature, such as
sedimentation and oxygen stress, may affect the establishment of different plant communities.

In a recent study undertaken at EPA-EMSL by Mynar (1990), an 11-channel aircraft-MSS was utilized
to map nearshore habitats in Puget Sound, Washington. The project objective was to develop aircraft
'MSS data processing protocols with preliminary work focusing on seven test sites. A regional Cowardin
classification was developed for the Puget Sound marine estuarine system by the Washington State Natural
Heritage Program. MSS data collection corresponded with low tide conditions in July 1988, with CIR
aerial photography collected simultaneously at a scale of approximately 1:13,000. The resolution of the
MSS data was approximately five meters. The final MSS-derived classifications for two sites were
analytically compared with classifications derived from manual interpretation of the simultaneous CIR
aerial photography. The overall comparable at the two sites were quite low, 55 and 53 percent. Mynar
attributes the low accuracies to poor field verification data, and lack of accurate co-registration between
the two databases, i.e. MSS classification and photo-interpreted CIR photography. It should be noted that.
lack of agreement does not necessarily indicate the MSS classifications did not correctly depict the
habitats. A larger "minimum mapping unit" results from photo interpretation methods in which resources
are interpreted and outlined on photographs. Low accuracy statistics have previously resulted when
manually interpreted results are compared to high resolution MSS classified data where each individual
pixel is evaluated and categorized (Page, 1982). The rectification process consisted of three separate,
yet related components: MSS data registration to an earth coordinate system (UTM); aerial-
photo-interpreted results registered to UTM coordinates; and the co-registration of the photo-interpreted
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results and the MSS data. Due to the nature of the estuarine environment, reliable ground control points
were difficult to locate (i.e. shifting sand, mud. and water).. Mynar concludes that MSS acquisition must
be timed accordingly to capture the resource(s) under investigation, that ground verification data must
be compatible with remotely sensed data, and image rectification needs to be more precise in order to
access whether MSS imagery is appropriate for nearshore habitat inventories. A future mission is
planned for 1991 to acquire aircraft MSS over Puget Sound utilizing the enhanced capabilities of GPS
to increase spatial accuracy.

RADAR APPLICATIONS

Radar can be useful for identifying broad wetland classes over large areas, particularly if the area is
perpetually cloudy. The longer wavelength radar systems have the ability to penetrate clouds and
herbaceous vegetation canopies. Radar is known to be sensitive to differences in the dielectric constant
of surface materials, and produces intense backscatter or return signals from some wet forested areas.
Dlsadvantages of using radar are the high costs, limited data avaxlablhty, and the complexity of the

imagery.

In a study conducted by Place (1985), Seasat radar images were evaluated for their ability to improve
wetland mapping when combined with conventional sources, i.e. aerial photography. The Seasat satellite
was launched in June 1978 and failed later that year in October. It was an L-band (23.5 cm) synthetic
aperture radar (SAR), having H-H polarization, and 25-meter resolution. If vegetation or moisture
conditions are of interest, Seasat is useful only for areas which are.generally flat. Place compared Seasat
interpreted imagery and NWI data at four test sites on the coastal plain between Maryland and Florida.
Place concluded, based on statistical comparisons, that photo-interpreters who used Seasat radar images
_to. compliment their conventional sources were able to map forested wetland more accurately. (greater than
85%), than those who did not. :

VIDEOGRAPHY | o

Airborne videography is not a replacement for aerial photography, but rather a substitute or
complimentary data source when the quality and/or cost of an aerial survey can not be supported.
Scientists at the USDA Agricultural Research Service Unit at Welasco, Texas, have been doing basic
research on applications of both normal color and infrared video for rangeland and other vegetation, and
the US Fish and Wildlife Service in North Dakota have been using video to assist in assessments of
wetland and riparian ecosystems (Driscoll, 1990).

Advantages of video systems are: immediate availability of imagery; in-flight error-proofing capabilities:
ability to use narrow band filters for finer spectral resolutnon ability to function in a wider range of
atmospheric conditions than conventional photography; and ability to utilize satellite-type data processing
software for analysis. Disadvantages include a lower resolving power than aerial photography and
difficulties with calibration.

Several video camera systems have been developed ranging from biack-and-white with vicihla/NIR
.apau.uucs w mumspectral talse color systems. A comprehensive description of the various vxdeo
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Systems available can be found in Everitt and Escobar (1989). Imagery from these systems have been
used successfully to detect and assess ecological conditions such as plant communities and species. insect
pests, soil moisture, soil drainage and salinity, grass phytomass ievels. and burned areas (Everint and
Escobar, 1989). High resolution airborne video data have also been utilizeq to update cartographic
databases (Ehler et al., 1989). Video image data lends itself 10 the utilization of automated imaoe .
processing techniques, which can then be linked to geographic information systems (GIS) and used io
update information layers.

Wu (1989) utilized a comm‘ercially available VHS-format camcorder as an alternative to conventional

the target/scene.
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GEOGRAPHIC INFORMATION SYSTEMS

Spatial relationships are apparent when viewed as cartographic products, but to anal yze and model spatial
processes quantitatively, the information needs to be in digital form. Geographic information systems
(GIS) are distinguished from other database management systems by their ability to perform spatial
analyses with multiple levels of data in a selected geographic area. Computenzed GIS are widely utilized
1o store, query, retrieve, display, and manage large amounts of digital data assembled from many sources.
This data is typically geographic, environmental, cultural, statistical or political. The technological
migration from costly minicomputers to inexpensive workstations has greatly expanded the user base of
GIS. Use of remotely sensed data has become more common in GIS applications as many commercial
" GIS packages have image display capabilities and some rudimentary image processing functions.
Geographic data can be represented using either vector/polygon or raster/grid ‘data formats. '
GIS does not generate primary data, it captures and processes information in a spatial context and serves
as a platform on which decisions can be made. The ability to geometrically transform and integrate
multiple data types is very important when accounting for differences in scale, projections, resolutions,
and coordinate systems. The analysis of the data can be as simple as measuring line lengths and areas,
or as complex as using modeling techniques to create "what if” scenarios. Analyses which are commonly -
used include measurements (distance, area, volume), interpretation or processing of a basic layer of data
to create additional layers, boolean analytical processing, overlay analysis, distance searches, statistical
" calculations, and report generation. It should be noted there are functions which are difficult to perform
in an image processing system (raster) that are relatively easy in a GIS (vector) and vice versa. For |
example, geometric or overlay operations are easier to perform in the raster domain whereas network
analysis or topologic operations are more suited to the vector domain (Ehlers et al., 1989).

Both vector and raster methods of representing the spatial extent of geographical information can be
translated or interchanged though the use of data exchange formats. The conversion of raster or other
forms of spatial data into vector form can be approached in several ways. The most common is manual
digitization from existing paper sources which is labor intensive, thereby expensive, and requires in-place
quality control procedures to reduce error propagation. Data exchange formats are a common approach
to solving the solution of integrating various digital source data. Some GIS software packages offer
conversion packages which transform raster or vector data into a single variable file (SVF) format. The
(SVF) format is one type of bridge between vector and raster file structures. '

The simultaneous display of raster images with vector cartographic data offers the capability to perform
change detection analyses. In many applications where GIS databases exist, this tool can be used to
update map resource information on a regular basis, or for rudimentary location and query functions.
Often just a visual interpretation of geocoded data allows an index to be placed on the surface of the
image, which then becomes available for interactive queries in the GIS. For example, a transportation

network vector layer might be overlaid on a rasier sateilite image. The vector fiie then could be edited
and new arttributes connected to features for updating statistical information if construction altered the
transportation network. Over time newly acquired 1mages could be utilized the GIS with minimal cost
and labor..
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Burrough (1986) lists the following recommendations for the use of vector and raster data structures in
GIS: ’

Vector: wvector :ur archiving phenomenologically structured data (e.g., soils, land-use units. etc.). for
network analysis (e.g., transportation, etc.), for high quality line drawing, and digital terrain modeling.

Raster: raster for map overlays, map combinations, spatial analysis, altitude matrices, and for simulations
and modeling when surfaces are encountered.

Combination Vector/Raster: for plotting high quality lines with vectors, in combination with efficient
area filling in color with raster structures such as run length codes or quadtrees.

VECTOR GIS SYSTEMS

The most dominant type of GIS are vector-based and have a data structure based on topology to store the
relationships among various spatial objects. Cartographic information is characterized by point, line, and
area features which are further defined by information about what is on either side, and how it is
- connected to the other lines. This coordinate information is then cross-referenced to attribute files which
contain spatial location in relation to other descriptive attributes. Vector/polygon data structures describe
the unique lines or forms of specific geographic features (streets, lakes, rivers, etc). The coordinate
space is presumed to be continuous, not quantized as with raster data, which allows all positions, lengths,
and dimensions to be defined with vector data structures (Burrough, 1986). This vector representation
of data is a way to replicate the feature as exactly as possible in a digital form.

Vector GIS have the capability to organize diverse types of data into a single database which contains the
coordinate location of the feature, and it’s geographical, cultural, or scientific attributes. These attributes
are the key identifiers in organization and description of the data layers contained within the GIS. The
relational database capabilities allow for access to non-GIS attribute data. Raster data are processed into
a single layer or dimension with one pixel value before becoming a layer in a vector-based GIS.
Maintenance of these spatial descriptors as a part of the data base, allows GIS to perform normal data
base ‘management functions as well as spatial manipulations.

RASTER GIS SYSTEMS

In a raster environment, each pixel (or cell) represents one data type spatially, so if a house, tree, and

road intersect at a pixel those elements are put into separate layers. Raster-based systems are compatible

with the data produced by satellite or aircraft based sensors, and raster-based scanned maps and

photographs. These systems produce imagery in raster form comprising a rectangular array of pixels,

which is then analyzed and stored to create a grid map. The processed data may be in a digital form such

as a thematic map created by computer classification, or in graphic form such as a paper map derived

from visual image interpretation. Raster systems, because of data storage configuration can take longer
to process and display, and usually require more computer disk space. Moreover, raster data may not

explicitly represent feature boundaries, and instead have a stair-stepped appearance.
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DIGITAL DATA SOURCES

Many digital spatial data sources have come into existence, and the use of such sources compared with
generating new data is almost always less expensive and timé consuming (see Appendix A). Remote
sensing can provide a means for acquiring very recent land cover/land use data, and when merged with
other data (i.e. soils, hydrology, roads, etc.) allows the greatest use to be made not only of the remotely
sensed data, but all data available to the investigator from other sources. For some applications maps.
field data, and/or aerial photography would need to be scanned or manually digitized into a
machine-readable form for integration with existing digital products. All data layers, whether procured.
generated through digital image processing, or manual digitizing, should have reported spatial and
thematic accuracies associated with the real world. When acquiring digital data from reliable sources,
minimum standards for accuracy are usually ensured. Data of questionable integrity should be eliminated
from consideration unless the intent is to use the information as a data layer on which updates.
refinements, or corrections are to made later when more accurate information becomes available. The
overall accuracy of any GIS database is dependent upon the data layer with the lowest accuracy or
resolution. The integration of various types of spatial and geographic information enables remote sensing
to provide useful input for a broad range of applications in a cost-effective manner. For many
environmental applications, remotely sensed data represents only one source of input for studying
complex environmental problems. Some other sources of spatial data include maps, aerial photographs
census mformatnon field measurements, and meteorological records.

The challenge then, is not only where to get information but how to integrate information flow between
different geoprocessing technologies. Once a GIS is functioning, information can be drawn fr m a single,
. consistent, uniform database which avoids the possibility of having separate collections of coni. u.tmg data.
A comprehensive GIS will support various computer mapping and graphlc products.

GIS -rovides a convenient and organized method for analysis of wetland ecosystems. GIS provides
ﬂexxbnhty in which to build a cohesive database on which additional information can be incorporated, and
refinements made if project objectives change. ‘Relationships can be modeled and different scenarios put
‘forth that may need to be addressed for impact assessments or trend analyses on the wetland ecosystem.
The results of such capabilities provide the resource/project manager the best information available for
better protection. and management of wetland resources. A
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EXAMPLE PROJECT COSTS

‘Each wetland resource mapping project is highly individualized depending upon legal requirements and/or
the needs of the agency conducting the investigation. The following estimated project costs should be
regarded with caution as differing study objectives result in varying costs.

Communication must begin in the planning phase of any inventory project, and focus on data acquisition
requirements and subsequent processing/interpretation to ensure that the final product will meet the user’s
needs. Decisions made regarding the scope of such endeavors must include the RS/GIS specialists so any
preconceived expectations can be realistically evaluated and modified if necessary.

Table 2 contains generic information regarding remote sensing system specifications and acquisition costs.

Table 3 contains summary information pertaining to described projects/programs found described later
in this section.

TABLE 2

REMOTE SENSING SENSOR SPECIFICATIONS
& ACQUISITION COSTS

Sensor Costs - Spatial Temporal Coverage

" (sq. mile) Resolution (sq. mile)
AVHRR L.1x1l1lkm 2/day 1,500,000
$0.00017 :
Landsat TM 30x30m 16 days -~ 10,000
$0.32
SPOT 10x10m . 26 days 1,200
$1.83
CIR Photo 1-3m variable - 32
$10-$15 (1:40,000)

Aircraft MSS 1§x15m variable variable
& CIR Photo 1-3m
$15-320
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EPA-EMSL PROJECTS

The following resource mapping projects were undertaken at EPA's Environmental Monitoring Systems
Laboratory in Las Vegas.

Aguatic Macrophyte Mapping - Clark Fork & Tributaries, MT

Color infrared photography, 1:18,000 scale, were collected July 1988 concurrently with aircratft
muitispectral scanner data. The purpose of the project was shoreline interpretation of wetlands and
associated vegetation (algal blooms, rooted macrophytes, and riparian tracts), and non-point pollution
source features (cropland, pasture, confined feeding, landfills, waste water treatment facilities, outfall
locations, timber harvests, golf courses/urban recreation, nursery/orchard, industrial, commercial, and
residential). The areal coverage and interpretation efforts centered on several river courses located in
Montana, Idaho, and Washington. Only the area contained within the photographs were analyzed and
mapped for the above class groupings.

Project costs reflect EMSL project management, photo acquisition and film processing, manual
photo-interpretation of 740 flight line miles, graphic personnel support, and a deliverable of bound reports
(3 volumes/set) containing the photo-interpreted overlays attached to the photographs. Not included are
costs associated with aircraft usage, flight crew, and aircraft maintenance. No map transfer or
digitization of the photo-interpreted data was performed. The cost for this pro;ect is estimated at $37.00
per square mile ($0.06 per acre).

Lake Pend QOreille Watersh haracterization Using I .andsat TM Dat

A Landsat Thematic Mapper subscene (100km X 100km) dated July 1989 was used in-this analysis. An
Anderson Level 1 land cover characterization (forest, agriculture, rangeland, barren, water, wetland, and
urban) was derived using unsupervised image processing techniques. The resulting overall accuracy
reported for only the forest, agriculture, rangeland, and barren categories was 78% (Lee, 1990).
Statistical data were generated regarding areal extent of land cover resources for approximately 1,000
square miles (640,000 acres). This information was used by the State of Idaho for non-pomt pollution
modeling efforts for the Lake Pend Oreille watershed.

- Proj ect costs reflect EMSL project management, TM imagery acquisition, supporting NHAP photographs.
image processing, accuracy assessment, final report, and graphic products (slides and map acetate
overlays at 1:100,000 scale). The cost is estimated at $20.62 per square mile ($0.03 per acre).

mde Tdaeifanaine TTofon ¥ oamdans TRA N
°""'“r.!a:‘.‘ Hardwoods Identificat ifi Live Ls

Subsets of two Landsat Thematic Mapper scenes dated April 1988 and August 1988 were used in a pilot
project to assist in advanced identification of wetlands. The analysis focused on four 7.5 minute
quadrangles (approximately 240 sq. miles) located in southern Illinois in which several different image
processing methodologies were tested for optimum bottomland hardwood wetland identification.
Completion of this portion if the pilot is scheduled for September 1990. Once completed. the next phase
will apply the’ derived results to a watershed level analysis of wetland resources (not included in cost
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estimation). An Anderson Level 1 land cover was derived, except for the wetland class which was
further subdivided into a Level 2 classification (forested vs. non-forested wetlands). The overall
agreement between the satellite-based classification and photo-interpreted CIR photography collected in
August 1988, was approximately 81 percent. A field site verification effort is planned for spring 1991,
with an accuracy assessment to follow.

Project costs reflect EMSL project management, TM imagery acquisition, supporting photo-interpretation
of existing CIR imagery (1:24,000), image processing, accuracy comparisons between the TM
classification and photo-interpretation, final report, and graphic products (slides and plots). The cost is
estimated at $122.00 per square mile ($0.19 per acre).

Pearl River Wetlands Advanced 1 ificati

A GIS database was constructed for the Pearl River Watershed (approximately 200 sq. miles) located in
southern Louisiana in which layers were generated for hydrography, soils, land cover, transportation,
elevation, and field reference data. The data layers were integrated or compiled from digital and map
sources obtained from Landsat TM imagery (land cover), NWI, SCS, and USGS. Two dates of Landsat
TM imagery were obtained from pre-copyrighted archived data. Wetlands were identified as wetland vs.
fion-wetland, and further subdivided into local species such as bottomland hardwoods and cypress/tupelo
groupings. ' Overall accuracy between the GIS based wetland identification and the field verification
information was 85% (Pickus, 1990).

Project costs reflect EMSL project management, TM image processing, GIS data layer digitization or
. integration, development of a user friendly GIS interface (ARC/INFQ), and a formal project report. The
cost is estimated at $133.00 per square mile ($0.21 per acre).

~

USF&WS NWI PROGRAM

The production of NWI information is performed by blocks of USGS quadrangles. USGS color infrared
NHAP and NAPP photography are photo-interpreted according to the Cowardin classification (Cowardin,
et al., 1979) with interpreted results transferred to the appropriate quadrangles. These maps are available
in paper form by quadrangle, and subsequently become digitized in selected areas where cost-sharing
between the USF&WS and the customer/user is provided. To date, 60% of the conterminous U.S., and
20% of Alaska have been completed. The average cost per acre ranges from $0.03 to $0.06, depending
on the number and complexity of wetlands found within the quadrangle (D. Woodward, USFWS-NWI,
personal communication, 1990.)

USACE PROJECT

The following project is being performed by the U.S. Army Corps of Engineers, Detroit District,
Engineering Division, Great Lakes Hydraulics & Hydrology Branch.
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A GIS incorporating land cover/current use inventory information was created with source information
derived from photo-interpreted CIR aerial photography (1:24,000 dated Aug/Sept 1988) for approximately
1500 linear miles of the U.S. Great Lakes shoreline excluding the State of Michigan. The State of
Michigan has been constructing a digital land cover data base over the past ten years utilizing
photo-interpreted 1:24,000 scale CIR photography. The land cover/current use classification used in this
Corps project is based upon the classification system utilized by the State of Michigan, Department of
Natural Resources called MIRIS (Michigan Resource Inventory System). The MIRIS classification is a
refined Anderson Level 3 which subdivides the wetland category into wooded wetlands (wooded and
shrub/scrub classes), non-wooded (aquatic beds, emergents, flats), and Great Lakes coastal submergent
classes. The final photo-interpreted map overlays are digitally scan-encoded into vector format.

Project costs are based on contractS which required photo acquisition and film processing, manual
interpretation, map transfer, and digital scan encoding/quality control to vector form (Intergraph). The
costs do not include Corps district project management or additional coordination provided by the State
of Michigan. The cost is estimated at $42.00 per square mile ($0.07 per acre) (R.L. Gauthier, USACE
personal communication, 1990).

STATE MAPPING PROGRAMS (Also see Appendix B)

Florida

The Florida Department of Transportation (DOT), State Topographic Office mapped the state’s wetland
_ resources under contract to the Florida Freshwater Gaming Commission. Landsat TM data from 1986-88
for the entire state was classified to a user-specified Anderson Level 3. The TM data analysis was
supplemented with soils data and existing photography (CIR 1:40,000, B&W 1:24,000) to allow
refinement of classes during production. The classification categories included: coastal strand, saltmarsh,
wet and dry prairies, swamps (mangrove, cypress, hardwood, bay), pine forest, mixed hardwoods, upland
forest, exotic. species, disturbed communities, bare ground, and open water. The classified data is
available only in digital form with inherent 30 meter pixel resolution. Project costs reflect TM data
acquisition, DOT image analysis, and limited field reviews. The costs do not include Freshwater Gaming
Commission project coordination, or their independent field reviews of the final classification. The cost
is estimated at $9.50 per square mile or $0.02 per acre (G. Maudin/A. Shopmyer, Florida DOT, personal
communication, 1990).

Georgia '
In 1972, the state passed the Marshland Enforcement Act Wthh mandated an aerial surveillance program

be established to monitor and regulate the state’s coastal estuaries. Black-and-white aerial photography
is periodically acquired at a scale at 1:40,000. In addition, routine light aircraft and helicopter Sights
collect 35min phofos 10 monitor shoreline development, assure compliance to state laws, and to locate
unauthorized developments. Reports are generated on a case-by-case basis for unauthorized activities.
No standard minimum mapping unit was given, but is estimated to be between 0.5 and 1 acre (S. Stevins,
GDNR, personal communication, 1990). No cost data were available. :

Michigan

In Michigan, the entire state hac been enccded inio a digiiai GiS (intergraph) by the Michigan Department
of Natural Resources (MDNR), Michigan Resource Inventory System (MIRIS). Color infrared aerial
photography (dated 1979 and 1985, 1:24,000) were photo-interpreted. for land cover/land use with a
minimum mapping unit of one acre. Wetlands were mapped to an revised Anderson Level 3 (lowland
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hardwood, shrub wetland, emergent wetland, and aquatic beds). Data is available by county in a variety
of formats (digital, map, and statistical). The cost is estimated at $39.00 per square mile or $0.06 per
acre (M. Scieszka, MDNR, personal communication, 1990).

Wisconsin

In Wisconsin, the entire state’s wetlands were mapped in approximately five years and was completed
in 1984 by the Wisconsin Department of Natural Resources (WDNR). Black and white infrared
photography at a scale of 1:20,000 were photo-interpreted with acquisition costs averaging $30,000 per
county. Interpretative data was transferred to 1:24,000 scale township-centered rectified base maps with
a minimum mapping unit of two acres. Data is compiled on a county-by-county basis with three to four
counties revised annually. All current work is performed by contractors. The state is in the process of
creating a GIS which incorporates both past and ongoing work. The costs reflect Wisconsin DNR project
management, photo acquisition and film processing, photo-interpretation, map transfer, and manual
digitization of the map overlays. Maps are available in paper and digital formats where digitization is
completed. The cost is estimated at $43.00 per square mile or $0.07 per acre (L. Stoerzer, WDNR,

personal communication, 1990).

PROJECT AND PROGRAM SUMMARY TABLE

Project Data  Analysis Map "Encoded Minimum Cost
Source Transfer Map Unit " Acre

EPA-EMSL PROJECTS

Clark Fork AP/MSS WL ,NPS No ‘ No 0.5 acre $0.06
LPO, ID ' T™/AP Lc No No 1-2 acre $0.03
BLH, IL T™M/AP . WL, LC Yes Yes 1-2 acre $0.19
Pearl R. ™ WL No No 1-2 acre $0.21

OTHER FEDERAL PROGRAMS

WL Yes Yes 1-2 acre $0.06

NWI AP

USACE AP 1C, LU Yes Yes 1-2 acre $0.07
STATE PROGRAMS

Florida T™/AP WL No No 1 acre $0.02
Georgia AP WL : No No 0.5-1 acre ) N/A
Michigan AP ic, LU Yes Yes 1 acre $0.06
Wisconsin AP ‘WL Yes Yes 2 acre $0.07

Analysis Symbols

AP - Aerial photography

MSS - Aircraft multispectral scanner
T - Landsat Thematic Mapper

LC -~ Land Cover

LU - Land Use

WL - Wetland

NPS - Non-point source

25



REFERENCES

Anderson, J.R., E.E. Hardy, J.T. Roach, and R.E. Witmer,. 1976. "A Land Use Cover Classification
System For Use With Remote Sensor Data”, U.S. Geological Survey Professional Paper 964, 27p.

Brown, W.W., 1978. "Wetland Mapping In New Jersy and New York", Photogrammet'ric Engineering
and Remote Sensing, Vol. 44 No. 3, pp. 303-314. .

Burrough, P.A., 1986. Principals of Geographic Information Systems for Land Resources Assessment.
Oxford University Press. New York.

Carter, V., 1982. "Application of Remote Sensing to Wetlands". 'In Remote Sensing for Resource
Manaoement (C.J. Johannsen and J.L. Sanders, eds.), Soﬂ Conservation Society of America, Ankeny,
Iowa.

Carter, V.v, D.L. Malone, and J.H. Burbank, 1979. "Wetland Classification and Mapping In Western
Tennessee”, Photogrammetric Engineering and Remote Sensing, Vol. 45, No.3, pp. 273-284. '

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe, 1979. "Classification of Wetlands and
Deepwater Habltats of the United States™. U.S. Fxsh and Wildlife Service, Report No. FWS/OBS-70/31,
103p.

‘Duggan, J.S., 1983. "Puget Sound Wetlands Inventory: Photography Volumes 1-6", EPA-Environmental
Monitoring Systems Laboratory, Las Vegas, NV. Report No. TS-AMD-82072.

Driscoll, D., 1990. "Remote Sensing: USFS Pest Management Group” in GIS World Magazin-e,
Oct/Nov. .

Ehlers, M., G. Edwards, and Y. Bedard, 1989. “Integration of Remote Sensing with Geographic
Information Systems: A Necessary Evolution”, Photogrammetric EngmeermgA - Remote Sensing, Vol.
55, No. 11, pp. 1619-1627.

Ehlers, M., R.J. Hintz, and R.H. Gréene, 1989. "High Resolution Airborne Video System for Mapping
and GIS Applications”, Proceedings 12th Biennial Workshop on Color Aerial Photography and
Videography, American Society of Photogrammetry and Remote Sensing, pp. 171-177.

Ermnst-Dottavio, C.L., R.M. Hoffer, R.P. Mroczynski, 1981. “Speétral Characteristics of Wetland
Habitats”, Photogrammetric Engineering and Remote Sensing, Vol.47, No.2, pp. 223-227.

Evéritt, J.H. and D.E. Escobar, 1989. "The Staus of Video Systems for Remote Sensing Applications”,
Proceedings 12th Biennial Workshop on Color Aerial Photography and Videography, American Society
of Photogrammetry and Remote Sensing, pp. 6-29.

Federal Interagency Committee for Wetland Delineation, 1989. Federal Manual for Identifying and
Delineating Jurisdictional Wetlands. US Army Corpe of Engineers TS Envircnmcnial Proieciion
Agency, US Fish and Wildlife Service, and USDA Sonl Conservation Service. Cooperatwe technical
publication, 76 pages plus appendices.

26



Gammon, P.T. and V. Carter, 1979. "Vegetation Mapping With Seasonal Color Infrared Photographs”,
Photogrammetric Engineering and Remote Sensing, Vol. 45, No. 1, pp. 87-97,

Grace, J.B., 1985. "Historic Macrophyte Development in Par Pond", Submitted to the U.S. Dept. of
Energy, Envnronmental Sciences Division, Savannah Rlver Laboratory, Report No. DPST-85-841,
Aieken, South Carolina.

Hardin, D.L., 1985. "Remote Sensing of -Wetlands for Fish and Wildlife Habitat Management in
Delaware - A Comparison of Data Sources”, Integration of Remotely Sensed Data In GIS for Processing
of Global Resource Information, CERMA Proceedings, Washington, DC.

‘Hardisky, M. A., and V. Klemas, 1983. "Tidal Wetlands Natural and Human-Made Changes from 1973
t0 1979 in Delaware Mappmg Techniques and Results", Environmental Management, Vol. 7, No. 4, pp.
339-344.

Heaslip, G.G., 1975. "Environmental Data Handling". John Wiley and Sons, New York.

- . Hodgson, ME., I.R. Jensen, H.E. Mackey, and M.C. Coulter, 1988. "Monitoring Wood Stork Fordging

Habitat Using Remote Sensing and GIS", Photogrammetric Engineering and Remote Sensing, Vol. 54,
No. 11, pp. 1601-1607.

Howarth, P.J. and G.M. Wickware, 1981. "Procedures for Change Detection Using Landsat Digital
Data”, Journal of Remote Sensing, Vol. 2, pp. 277-291.

Howland, W.G., 1980. “"Multispectral Aerial Photography for Wetland Vegetanon Mappm
Photogrammetric Engmeermg and Remote Sensing, Vol. 46, No. 1, pp. 87-99. -

Jacobson, J.E., R.A. Ritter, and G.T. Koeln, 1987. "Accuracy of Thematic Mapper Derived Wetlands
As Based On National Wetland Inventory Data”, ASPRS/ACSM/WFPLS Fall Convention, American
Society of Photogrammetry and Remote Sensing, Falls Church, VA.

Jensen, J.R., E.W. Ramsey, H.E. Mackey, E.J. Christenseh, and R.R. Sharitz, 1987. "Inland Wetland
Change Detection Using Aircraft MSS Data”, Photogrammetric Engineering and Remote Sensing, Vol.
53 No. 5, pp. 521-529.

Jensen, J.R., M.E. Hodgson, E.J. Christensen, H.E. Mackey, L.R. Tinney, and R.R. Sharitz, 1986.
"Remote Sensmg Inland Wetlands: A Multispectral Approach”, Photogrammetnc Engineering and Remote
Sensing, Vol. 52, No. 1, pp. 87-100.

Jensen, J.R., 1986. "Introductory Digital Image Processing”. Prentice Hall, New Jersey.

Jensen, J.R., M. Hodgson, E.J. Christensen, H.E. Mackey, and S.S. Sharitz, 1984. "Multispectral
Remote Sensing of Inland Wetlands in South Carolina: Selecting the Appropriate Sensor”, Submitted to
the U.S. Dept. of Energy, Savannah'River Laboratory, Aieken, S.C.

Jensen, J.R., EJ. Christensen, and R. Sharitz, 1984. "Non-Tidal Wetland Mapping in South Carolina
Using Airborne Multispectral Scanner Data”, Remote Sensing of Environment, 16:1-12.

27



Jensen, J.R., J.E. Estes, and L. Tinney, 1980. "Remote Sensing Techniques for Kelp Surveys”,
Photogrammetric Engineering and Remote Sensing, Vol. 46, No. 6, pp. 743-755.

Lee, K.H., 1990. "Internal Report-Watershed Characterization Using Landsat Thematic Mapper (TM)
Satellite Imagery: Lake Pend Oreille, Idaho". EPA-Environmental Monitoring Systems Laboratory, Las
Vegas, Report No. TS-AMD-90C10. '

Lillesand, T.M. and R.W. Kiefer, 1987. "Remote Sensing and Image Interpretation”. John Wiley and
Sons, New York.

Luman, D.E., 1990. "The Potential for Satellite-Based Remote Sensing Update of the Illinois Portion
of the National Wetlands Inventory”, Quarterly Report, submitted to the lllinois Department of
Conservation.

Mack, W.M., 1980. "Aerial Survey of Utah Wetlands", EPA-Environmental Monitoring Systems
Laboratory, Las Vegas, NV. Report No. TS-AMD-08047. .

Mackey Jr., H.E., 1990. "Monitoring Seasonal and Annual Wetland Changes in a Freshwater March
with SPOT HRV Data", Technical Papers 1990 ASCM-ASPRS Annual Convention, pp. 283-292.
American Society of Photogrammetry and Remote Sensing, Falls Church, VA

Martin, A.C., Neil Hotchkiss, F.M. Uhler, and W.S. Brown, 1953. "Classification of Wetlands of the
United States”, Special Science Report Number 20. U.S. Fish and Wildlife Service, Washington, D.C.,

14 pp.

May Jr., L.N., 1986. "An Evaluation of landsat MSS Digital Data for Updating Habitat Maps of the
Louisiana Coastal Zone", Photogrammetric Engineering and Remote Sensing, Vol. 52, No. 8, pp. 1147-
1158.

Mynar II, F., 1990. "Classification of Puget Sound Nearshore Habitats Using Aircraft Multispectral
Scanner Imagery”, EPA, Environmental Monitoring Systems Laboratory, Las Vegas. Report TS-AMD-
90Cl11. ' . S

- Newcomer, J.A. and J. Szajgin, 1984. "Accumulation of Thematic Map Error in Digital Overlay
Analysis”, The American Cartographer, Vol.11, No. 1, pp. 58-62.

Niedzwiedz, W.R. and S.S. Batie, 1984. "An Assessment of UrBan Development 1nto Coastal Wetlands
Using Historical Aerial Photography: A Case Study”, Environmental Management, Vol. 8, No. 3, pp.
205-214.

Norton, D.J., 1986a. "Suitability Study of Chincoteague Wetlands, Virginia”, EPA-Environmental
Photographic Interpretation Center, Vint Hill, VA. Report No. TS-AMD-85037.

Norton, D.J., 1986b. "Initial Feasibility Study: Wetlands Identification Sussex County, Delaware", EPA-
Environmental Photographic Interpretation Center, Vint Hill, VA. Report No. TS-AMD-86071.

28



Norton, D.J., S.W. Engle, and J.D. Simmons, 1985. "Water Resources Management Applications of
Remote Sensing at EPA’s Environmental Photographic Interpretation Center”, Proceedings of the S1st
Meeting American Society of Photogrammetry and Remote Sensing, Washington, D.C.

Norton, D.J. and J. Prince, 1985. "Using Remote Sensing for Wetlands Assessment in Superfund
Hazardous Waste Sites”, Proceeding of the 19th International Symposium on Remote Sensing of
Environment, ERIM, Ann Arbor, MI.

Page, S.H., 1982. "Remote Sensing of Kelp Beds Demonstration Report: Channel Islands National Park,
California”, EPA-Environmental Monitoring Systems Laboratory, Las Vegas, Report No. TS-AMD-
82003. - '

Place J.L., 1985. "Mapping of Forested Wetland: Use of Seasat RADAR Images to Complement
Conventional Sources”, Professional Geographer, 37(4), pp. 463-469.

Pickus, J., 1990. "Pearl River Wetlands Advanced Identification: A Geographical Information Systems
Demonstration Project”, EPA-Environmental Monitoring Systems Laboratory, Las Vegas, Report No.
215-90C05S. '

}

Roller, N.E.G., 1977. "Remote Sensing of Wetlands", Environmental Research Institute of Michigan,
(NASA-CR-153282), Ann Arbor, Michigan, 165 pp.

Salvaggxo C. and P. Szemkow, 1989. "Generation of High-Resolution Hybrid Multiband Imagery from
Existing Hngh-Resolutlon Panchromatic and Low-Resolution Multispectral Images”, Technical Papers,
1989 ACSM-ASPRS Annual Convention, Amencan Society of Photogrammetry and Remote Sensing,
Falls Church, VA.

Savastano, K.J., K.H. Faller, and R.L. Iverson, 1984. "Estimating Vegetation Coverage in St. Joseph
Bay, Florida with an Airborne Multispectral Scanner”, Photogrammetric Engineering and Remote
Sensing, Vol. 50, No. 8, pp. 1159-1170.

Shaw, S.P. and C.G. Fredine, 1956. "Wetlands of the United States”, U.S. Fish and Wildlife Service,
Circular 39, 67 pp. - ‘ : \

SPOT Image Corporatioh, 1897 Preston White Drive, Reston, VA 22091, (703)620-2200.

Story, M. and R.G. Congalton, 1986. "Accuracy Assessment: A User’s Perspective”, Photogrammetric
Engineering and Remote Sensing, Vol. 52, No. 3, pp. 397-399.

Swartwout, Dj W.P. MacConnell, and J.T. Finn, 1981. "An Evaluation of the National Wetlands
Inventory in Massachusetts In-Place Resource Inventones Workshop, University of Maine, Orono, ME,
pp. 685-691.

Welch, R. and M. Ehlers, 1987. "Merging Multiresolution SPO’I’ HRV and Landsat TM Data",
Photogrammetric Engineering and Remote Sensing Vol. 53, No. 3, pp. 301-303. '

29



Williams, D.C. and J.G. Lyon, undated. "Use of A Geographic Information System Data Base to
Measure and Evaluate Wetland Changes in the St. Marys aner Michigan”, Submitted to the Detrou
District, U.S. Army Corps of Engineers.

Williams, D.R., 1989 " Aerial Photographic Analysis of Utah Sand and Gravel Company Settling Ponds,
Salt Lake County, Utah", EPA-Environmental Momtormg Systems Laboratory, Las Vegas, NV. Report
No.TS-PIC 88218.

Wiiliams, D.R., 1985. "Current and Historical Photographic Inventory of Agricultural Development,
Great Cedar Swamp, Middlesborough County, Massachusetts”, EPA-Environmental Monitoring Systems
Laboratory, Las Vegas, NV. Report No. TS-AMD-85532.

Williams, D.R., 1983. "Wetland Delineatibn and Photdgraphy Piceance Creek, Colorado and James
River, South Dakota EPA-Environmental Monitoring Systems Laboratory, Las Vegas, NV. Report No.
TS-AMD-82002.

Williams, D.R., 1981. "Historical Inventory of Development Activity M & K Ranches, Gulf County,
~ Florida”, EPA-Env:ronmental ‘Monitoring Systems-Laboratory, Las Vegas, NV. Report No TS- AMD-
8125.

Wood, B.L., 1983. "Wetland Mapping in Colusa County, California”, NASA/AMES International
Renewable Resource Inventions for Monitoring Conference, Corvallis, OR.

Wu, S.T., 1989. "Utility of a Digital Video and Image Analysis System for Forest and Coastal Wetland

Mapping”, Proceedings 12th Biennial Workshop on Color Aerial Photography and Videography,
"‘American Society of Photogrammetry and Remote Sensing, pp. 164-170.

30



BIBLIOGRAPHY

Alam, M.S., S.D. Shamsuddin, and S. Sikder, 1990. "Application of Remote Sensing For Monitoring
Shrimp Culture Development In A Coastal Mangrove Ecosystem In Bangladesh”, Technical Papers, 1990
ACSM/ASPRS Annual Convention, American Society of Photogrammetry and Remote Sensing, Falls
Church, VA, Vol. 4, pp. 23-32.

Balogh, M.E. and D.L. Becker, 1986. "Riparian Vegetation Inventory: Parker II Division of the I_ower
Colorado River, Blythe, California”, EPA-Environmental Monitoring Systems Laboratory, Las Vegas,
Report No. TS-AMD-85561. ' :

Bartlett, D.S., V. Klemas, O.W. Crichton, and G.R. Davis, 1976. "Low-Cost Aerial Photographic
Inventory of Tidal Wetlands”, University of Delaware, College of Marine Studies, Newark, DE.
Submitted to Dept. of Natural Resources and Environmental Control, State of Delaware.

Benson, A.S. and S.D. DeGloria, 1985. ‘“Interpretation Of Landsat4 Thematic Mapper and
Multispectral Scanner Data For Forest Surveys”, Photogrammetric Engineering and Remote Sensing, Vol.
51, No. 9, pp. 1281-1289.

Best, R.G., M.E. Wehde, R.L. Linder, 1981. "Spectral Reflectance of Hydrophytes". Remote Sensing
*.of Environment, Vol. 11, pp. 27-35. ‘ :

Bogucki, D.J., 1978. "Remote Sensing To Identify, Assess, and Predict Ecological Impact On Lake
Champlain Wetlands", State University of New York, College at Plattsburgh.

Boule, M.E., G.B. Shea, _1978. "Snohomish Estuary Wetlands Study”, Northwest Environmental
Consultants Inc., Seattle, Washington. Submitted to Seattle District, U.S. Army Corps of Engineers.

Byrne, G.F., P.F. Crapper, and K.K. Mayo, 1980. "Monitoring Land-Cover Change by Principal
Components Analysns of Multi-temporal Landsat Data”, Remote Sensing of Environment, Vol. 10, pp.
175-184. .

Carter, V. and D.G. Smith, 1973. "Utilization Of Remotely Sensed Data In The Management Of Inland
Wetlands”, U.S. Geological Survey, Contracts IN-385 and 1414, 15p.

Chavez, P.S., C. Guptill, and J.A. Bowell, 1984. "Image Processing Techniques For Thematic Mapper
Data”, Technical Papers, 50th Annual Meeting of The American Society of Photogrammetry, Vol. 50,
No. 2, pp. 728-742.

Civco, D.L., 1989. "Topographic Normalization of Landsat Thematic Mapper Digital Imagery",
Photogrammetric Engineering and Remote Sensing, Vol. 55, No. 9, pp. 1303-1309. -

Civeo, D.L., W.C. Kennard, and M.W. LeFor, 1978. "A Technique For Evaluating Inland Wetland
Photomterpretanon The Cell Analytical Method (CAM)", Photogrammetric Engineering and Remote
-Sensing, Vol. 44, No. 8, pp. 1045-1052.

31



Congalton, R.G., 1988. "A Comparison of Sampling Schemes Used In Generating Error. Matrices for
Assessing the Accuracy of Maps Generated from Remotely Sensed Data”, Photogrammetric Engineering
and Remote Sensing , Vol. 54, No.5, pp. 593-600.

Cowardin, L.M. and V.I. Myers, 1974. "Remote Sensing for Identification and Classification of
Wetland Vegetation”, Journal of Wildlife Management, 38(2), pp. 308-314.

Dottavio, C.L., and F.D. Dottavio, 1984. "Potential Benefits of New Satellite Sensors To Wetland
Mapping”, Photogrammetric Engineering and Remote Sensing, Vol. 50. No. 5, pp.599-606.

-Ernst, C.L., and R.M. Hoffer, 1981. "Using Landsat data with Soils Information to Identify Wetland
Habitats”, In Satellite Hydrology. Proceedings, Pecora V Symposium. American Water Resources
Association, Minneapolis, Minnesota.

Farmer, A.M., and M.S. Adams, 1989. "A Consideration of the Problems of Scale in the Study of the
Ecology of Aquatic Macrophytes”, Aquatic Botany, Vol. 33, pp. 177-189.

Federal Interagency Committee for Wetland Delineation, 1989. Federal Manual for Identifying and
Delineating Jurisdictional Wetlands. U.S. Army Corps of Engineers, U.S. Environmental Protection
Agency, U.S. Fish and Wildlife Service, and U.S.D.A. Soil Conservation Service, Washmgton D.C.
Cooperative technical publication, 76 pp. plus appendices.

Frayer, W.E., T.J. Monahann, D.C. Bowden, and F.A. Gfaybill, 1983.  "Status and Trends of
Wetlands and Deepwater Habitats in the Conterminous U.S. 1950’s to 1970’s", U.S. Fish & Wildlife
Service, National Wetlands Inventory, St. Petersburg, FL.

Gilmer, D.S., E.A. Work, J.E. Colwell, and D.L. Rebel, 1980. "Enumeration of Prairie Wetlands With
Landsat and Aircraft Data”, Photogrammetric Engineering and Remote Sensing, Vol. 46, No. §, pp. 631-
634.

Hall, L.B., R.C. Clar, J.D. Von Loh, J.N. Halls, M.J. Pucherelli, and R. McCabe, 1988. "The Use
of Remote Sensing and GIS Techniques for Wetland Identification and Classification in the Garrison

Diversion Unit-North Dakota”, Technical Papers 1988 ACSM-ASPRS Annual Convention, American

Society of Photogrammetry and Remote Sensing, Falls Church, VA.

Jaynes, R.A., L.D. Jr., Clark, and K.F. Landgraf, "Inventory of Wetlands and Agricuitural Land Cover
in the Upper Sevner vaer Basm Utah", University of Utah, Center for Remote Sensing and Canography, ‘
Salt Lake City, UT.

Jensen, J.R. and B.A. Davis, 1987. "Remote Sensing of Aquatic Macrophyte Distribution in Selected
South Carolina Reservoirs”, Technical Papers 1987 ASPRS-ACSM Annual Convention, Vol. 1, pp. 57-
65. American Society of Photogrammetry and Remote Sensing, Falls Church, VA,

Jer:en, J.R., 1.LE. Estes, and L. Tinney, 1980. "Remote Sensing Techniques for Kelp Surveys”,
Photogrammetric Engineering and Remote Sensing, Vol. 46, No. 6, pp. 743-755.

32



Johnson, M.O. and W.D. Goran, 1987. "Sources of Digital Spatial Data for Geographic Information
Systems”, U.S. Army Corps of Engineers, Construction Engineering Research Laboratory, Technical
Report No. N-88-01, 33 pp.

Karaska, M.A., S.J. Walsh, and D.R. Butlér, 1987. "Impact of Environmental Variables on Spectral
Signatures Acquired by the Landsat Thematic Mapper", Technical Papers, 53rd Annual Meeting of the
American Society of Photogrammetry and Remote Sensing, Vol. 1, pp. 371-384.

Kempka, R.G. and R.P. Kollasch, 1990. “California Waterfowl Habitat Evaluation Using Remote
Sensing Techniques®, Ducks Unlimited Contract Final Report California Department of Fish and Game
Wildlife Management Division, 92 pp.

Klemas, V., 1983. "Evaluation of Spatial Radiometric and Spectral Thematic Mapper Perfqrménce for
Coastal Studies”, Quarterly Status Report, Delaware University, 4p.

Klemas, V. and M.A. Hardisky, undated. "Remote Sensing of Estuaries: An Overview", Univefsity of
Delaware, College of Marine Studies, Newark, Delaware. :

Laboratory for Application' of Remote Sensing (LARS) Purdue University, 1979. "Application of Remote
Sensing Technology to the Solution of Problems in the Management of Resources in Indiana”, W.
Lafayette, Indiana.

Long, K.S., 1979. "Remote Sensing of Aquatic Plants", USACE Waterways Experiment Station
Technical Report No. A-79-2, Vicksburg, MS.

.Lyon, J.G., 1979. "Remote Sensing Analysis of Coastal Wetland Characteristics: St. Clair Flats,
Michigan”, Proceedmgs of the 13th International Symposium on Remote Sensmg of Environment, ERIM,
Ann Arbor, MI, pp.1117-1129.

Mackey, H.E. Jr. and J.R. Jensen, 1988. "Macrophyte Mapping with Video Technology in a Fresh
Water Lake", Proceedings of the First Workshop on Videography, American Society of Photogrammetry
and Remote Sensing, pp. 86-71, 265.

Mackey, H.E. Jr. and J.R. Jensen, 1988. "Remote Sensing of Wetlands applications Overview",
Proceedings of the First Workshop on Videography, American Socnety of Photogrammetry and Remote
Sensing, pp. 32-33.

Mackey, H.E. Jr., J.R. Jensen, M.E. Hodgson, and K.W. O’Cuillin, 1987. "Color Infrared Video
Mapping of Upland and Wetland Communities”, Proceedings of the 11th Biennial Workshop Color Aerial
Photography and Videography in the Plant Scxences American Society of Photogrammetry and Remote
Sensing, pp. 252-260.

Masry, S.E. and S. MacRitchie, 1980. "Different Considerations in Coastal Mapping", Photogrammetric
Engineering and Remote Sensing, Vol. 46, pp. 521-528.

McEwen, R.B., W.J. Kosco, and V. Carter, 1976. "Coastal Wetland Mapping”, Photogrammetric
Engineering and Remote Sensing, Vol. 42, No.2, pp. 221-232.

33



Mead, R.A. and P.T. Gammon, 1981. "Mapping Wetlands Using Orthophotoquads and 35mm Aerial
Photographs”, Photogrammetric Engineering and Remote Sensing, Vol. 47, No. 5, pp. 649-652.

Meisner, D.M., 1986. “Fundamenwls of Airborne Video Remote Sensing”, Remote Sensing of
Environment, 19:63-79.

Meisner, D.M. and D.E. Lindstrom, 1985. "Design and Operation of Color Infrared Aerial Video",
Photogrammetric Engineering and Remote Sensing, Vol. 51, No. 5, pp. 555-560.

Mouéhot, M.C., G. Sharp, and E. Lambert, undated. "Thematic Cartography of Submerged Marix;e
Plants Using the Fh‘xor&scence Line Imager”, Canada Centre for Remote Sensing, Ottawa, Ontario.

Nelson, RW., W.J. Logan, and E.C. Weller, 1983. "Playa Wetlands and Wildlife on the Southern
Great Plains: A _Characterizatibn of Habitat", US Fish and Wildlife Service, Fort Collins, Colorado,
Report No. FWS/OBS-83/28, 163 pp.

Newbury, G.E., 1981. "'Changes in the Wetlands of Hunting Creek, Fairfax County, Virginia", U.S.
Army Engineer Topographic Labs, Fort Belvoir, VA.

- Nixon, P.R. D.E. Escdbar, and R.M. Menges, 1985. "Use of Multi-band Video System for Quick
Assessment of Vegetal Condition and Discrimination of Plant Species”, Remote Sensing of Environment,
17:203-208. : '

Pelletier, R.E., R.T. James, and J.C. Smoot, 1990. "Evaluation Hydrologic Modelling Components of
the Florida Everglades With AVHRR and Ancillary Data", Technical Papers, 1990 ASCM-ASPRS
Annual Convention, Vol. 4, pp. 321-330, American Society of Photogrammetry and Remote Sensing,
Falls Church, VA.

Sabins Jl'.' F.F., 1987. Remote Sensing Principals and Interpretation. W.H. Freeman and Company,
- New York.

Scarpace, F.L., B.K. Quirk, R.W. Kiefer, and S.L. Wynn, 1981. "Wetland Mapping from Digitized
Aerial Photography”, Photogrammetric Engineering and Remote Sensing, Vol. 17, No. 6, pp. 829-838.

Scarpace, F.L., R.W. Kiefer, S. L. Wynn, B.K. Quirk, and G.A. Frederichs, 1975. "Quantitative
Photo-Interpretation for Wetland Mapping”, Proceedings of the 41st Meeting of the American Society
of Photogrammetry, American Society of Photogrammetry and Remote Sensing, Falls Church, VA,
pp-750-771. '

Schowengerdt, R.A., 1983. Techniques for Image Processing and Classification. Academic Press,
Orlando, FL, 249p. o

Sharp, G., J. Carter, D.L. Roddick, and G. Carmichael, 1981. "The Utilization of Color Aerial
Photography and Ground Truthing To Assess Subtidal Kelp (Laminaria) Resources in Nova Scotia,
Canada”, Technical Papers 1981 ASPRS-ACSM Annual Convention, American Society of
. Photogrammetry and Kemote Sensing, Faiis Cnurch, VA.

34



Shima L.J., R.R. Anderson, and V.P. Cater, 1976. "The Use of Aerial Photography in Mapping the
Vegetation of a Freshwater Marsh”, Chesapeake Science, Vol. 17, No. 2, pp.74-85.

SPOT Image Corporation, 1897 Preston White Drive, Reston, VA 22091, (703)620-2200.

Steffenson, D.A., and E.E. McGregor, 1976. "The Application of Aerial Photography to Estuarine
Ecology”, Aquatic Botany, Vol. 2, pp. 3-11. :

Steward, W.R., V. Carter, and P.D. Brooks, 1980. “Inland (Non-tidal) Wetland Mapping",
Photogrammetric Engineering and Remote Sensing, Vol. 46, No. 5, ppP- 617-628.

Stohr, C.J. and T.R. West, 1985. "Terrain and Look Angle Effects Upon Multispectral Scanner
Response”, Photogrammetric Engineering and Remote Sensing, Vol. 51, No, 2, pp. 229-235.

U.S. Army Corps of Engineers, 1988. "Environmental Impact Statement for Operations, Maintenance
and Minor Improvements of the Federal Facilities at Sault Ste. Marie, Michigan, Appendix F: Sediment
Aquatic Plant, and Bathymetry Mapping from Airborne Scanner Data", Detroit District Corps of
Engineers, Detroit, MI. A

Wallsten, ‘M., and P.O. Forsgren, 1989. "The Effects of Increased Water Level on Aquatic
Macrophytes”, Journal of Aquatic Plant Management, Vol. 27, pp.32-37.

Weismiller, R.A., 1979. "The Application of Remote Sensing Technology to the Solution of Problems
in the Management of Resources in Indiana”, Semiannual Status Report, Purdue University.

Weismiller, R.A., S.J. Kristof, D.X. >Scholz, and P.E. Anuta, 1977. "Change Detection in Coastal Zone
Environments”, Photogrammetric Engineering and Remote Sensing, Vol. 43, No. 12, pp. 1533-1539.

Wicker, K.M. and K.J. Meyer-Arendt, 1981. "Utilization of Remote Sensing in Wetland Management”,
Proceedings, Pecora VII Symposium, Falls Church, VA. American Society of Photogrammetry, pp. 217-
229. : . '

Williamson, F.S.L., 1974. “Investigations on Classification Categories for Wetlands of Chesapeake Bay
Using RS Data", Smithsonian Institution Annual Report, Oct. 1972-Oct. 1973, 98 p.

Wobber, F.J., 1974. “Remote Sensing Trends in State Resources Management”, Photogrammetric
Engineering and Remote Sensing, Vol. 40, No. 9. '

Work, E.A. and D.S. Gilmer, 1976. "Utilization of Satellite Data For Inventorying Prairie Ponds and
Lakes", Photogrammetric Engineering and Remote Sensing, Vol. 42, No. S, pp.685-694. :

35



GLOSSARY

This glossary is included to assist the reader of this report in understanding those relatively uncommon
terms that are widely used in remote sensing and space operations. Many of these terms are defined
specifically as they are used in remote sensing, space operations, and related activities; these definitions
may different from standard definitions for the same word. '

TERMS

ABSORPTION. The process by which electromagnetic radiation (EMR) is assimilated and converted
into other form(s) of energy, primarily heat. Absorption takes place only on the EMR that enters a
medium, and not on EMR incident on the medium but reflected at its surface. A substance that absorbs
EMR may also be a medium of refraction, diffraction, or scattering; however, these processes involve
no energy retention or transformation and are distinct from absorption.

ABSORPTION BAND. A range of wavelengths (or frequencxes) of EMR that is assimilated by a
substance.

. AIRPHOTO IMAGES. A 9" by 9" photograph acquired vertically downward or obliquely from the air
on 10" roll film. Airphoto images may be in the form of paper prints or transparent film. ‘

AIRVIDEOGRAPHY. The growing new field of acquiring vertical airvldeo images and making
measurements from digitized frames of such imagery for the purpose of monitoring or managing
agricultural and natural resources, tax assessment, environmental degradation, etc

- ALGORITHM (computing tenmnology) A statement of predefined steps to be followed in the solution
of a problem.

. ARC/INFO. A vector (arc) based Geographic Information S_yStem (GIS) developed use on
' minicomputers and personal computers (PC ARC/INFO).

AVHRR. Advanced Very High Resolution Radiometer imagery produced by NOAA Satellites.

BACKGROUND.  Any effect in a sensor or other apparatus or system above which the phenomenon of
interest must manifest itself before it can be observed. See background noise.

BACKGROUND NOISE. (1) In recording and reproducing, the total unwanted disturbance within a
useful frequency band, independent of whether or not a signal is present. The signal is not to be included
~ as part of he disturbance. (2) In receivers, the random oscillation in the absence of signal modulation
on the caitier. Ambieni Osciliaiions detecied, measured, or recorded with the s.gna. become part of the
background noise. Included in this definition is the interference resulting from primary power supplies,
that is commonly described as hum.

BAND, SPECTRAL. An interval in the electromagnetic spectrum defined by two wavelengths,
frequencies, or wave numbers.
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.BRIGHTNESS The attribute of visual perception in accordance with which an area appears to emit
more or less light.

BRIGHTNESS VALUE (BV or DN digital number). A number in a range of 0-63, 0-127, or 0-255
that is related to the amount of radiance in Watts/cm striking a detector in the multi-spectral scanner.

BYTE. A unit of measure based upon a base 2 number system where each byte represents 256 data
levels.

CELL. In remote sensing, an area on the ground from which EMR is emitted or reflected.

CLASSIFICATION. (1) An administrative system wherein information, equipment, or processes are
categorized according to their importance. - (2) A systematic arrangement of objects (which have been
-imaged) into a logical structure or hierarchy. (3) A computer process of determining the grouping of
cells in coregistered, multispectral, multitemporal, and/or multisensor rasters to map the location of
materials and identify their type (e.g., type of crop, surface cover map, map line type by color, etc,)

CIR IMAGE. A Color InfraRed i 1mage or photograph renders healthy, green vegetation in bright red.
Damaged, diseased, or dying vegetation will appear in shades of pink, tan, and yellow. The original
sensing devise used for collecting color infrared images may be a electronic scanner or special film type
which maps the photographic infrared radiation just beyond the range of human vision into the red
intensity in the display or film. The red radiation from the scene is mapped into green in the display or
film. The green radiation from the.scene is mapped into the blue display or film. The blue radiation
.from the scene is filtered out and not recorded.

A physical or biological impact on growing plants which begins to cause a deterioration in their vigor,
that is, their water and/or chlorophyll content, will cause more rapid decreases in their reflectance of
photo infrared radiation and corresponding increases in their red reflectance.

-CLUSTER. A homogeneous group of units which are very "like” one another. "Likeness" between
units is usually determined by the association, similarity, or dnstance between the measurement patterns
associated with the units.

COREGISTRATION. This indicates that the associated raster and vector objects overlay each other
accurately in a geographic sense.

DETECTION. The act of discovering or percewmg an object on an image. It does not imply
recognition or identification of that object.

D.E.M. Digital Elevation Model data is distributed by the USGS in raster from on open reel magnetic
tapes. It consists of two basic types. The DMA type was originally created by the Defense Mapping
Agency in a fixed cell size and also a 3 arcsecond by 3 arcsecond cell size and distributed in 1 by 1
degree files. A newer format of elevation data is available for those 7.5° USGS quadrangies which have
been processed into 1 by 1 arcsecond elevation cells.

DIGITAL IMAGE (or digitized image, or digital picture function). An image in digital format that is

obtained by partitioning the area of the image into a finite two-dimensional array of small uniformly
shaped mutually exclusive regions, called resolution cells, and assigning a "representative” grey shade
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to each such spatial region. A digital image rhay be abstractly thought of as a function whose domain
is the finite two-dimensional set of resolution cells and whose range is the set of grey shades.

DIGITIZATION, MANUAL. The process of conversion of analogue or. graphic data into digital form
by an operator with or without mechanical or computer aids.

DIGITIZE. To use numeric values to represent data.

DIGITIZER GRAPHIC. Machine that changes graphic cartographxc mformauon into a d:gltal format
for computer input. ,

ELECTROMAGNETIC SPECTRUM. (1) A system that élassiﬁes according to wavelength, all energy
" that moves, harmonically, at the constant velocity of light. (2) A continuum that is convennonally broken
into arbxtrary segments (as ultraviolet, visible, radlo)

FALSE COLOR. Reproduction that shows objects in colors other than their true color. Usually, the
color refers to color infrared, but not necessarily.

GAIN (electronic). Ratio of output signal to input of a device.

GEOMETRIC ACCURACY. Four types: Geographic (latitude-longitude) based on the standard Earth-
fixed coordinates reference system, which employs latitude and longitude. Positional - the ability to
locate a point in an image with respect to a map. Scene Registration - the ability to superimpose the same
point in two images of a scene taken at the same time (different spectral bands). Temporal Registration -
the ability to superimpose a point in two images of the same scene taken at different times (same or
different spectral bands. ‘

GIGABYTE, GBYTE, OR GB. A computer unit measurement used to indicate 1,000,000,000 bytes,
1,000,000 kilobytes, 1,000 megabytes, or .001 terabytes.

GIS A Geographic Information System is a computer system designed to allow users to collect, n1anage,
and analyze large volumes of spatially referenced and associated attribute data. The major components
of a GIS are: a'user interface, system/data base management capabilities; data base creation/data entry
capacity; spatial data manipulation and analysis packages; and display/product generation functions. From
USGS Open File Report 88-105: A Process for Evaluating Geographic Information Systems.

GPS Global Positioning System technology was developed by the US Department of Defense for military
applications. The technology makes positioning on Earth possible to within millimeters of accuracy.
GPS is based on a constellation of NAVSTAR satellites orbiting earth (by 1992 a total of 24 satellites will
have been launched in 12-hour orbits, so at least four satellites - the minimum required to obtain 3D
nogitional data - will bc visible 10 a GFS at aimost any point on Earth). The GPS receiver, a small
portable device that weighs only a few pounds, acquires the signals from these four satellites and using
a method called “"satellite ranging”, calculates the position on Earth by measuring the length of time it
takes for the satellite signal to reach the receiver. Within one second, positional coordinate data -
longitude, latitude, and elevation - is displayed on the GPS receiver screen.

GRAY TONE. A number or value assigned to a nosition {x y} on an image. Tne number 1S
proportional to the integrated output reflectance, or transmittance of a small area, usually called a
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resolution cell or pixel, centered on the position (x, y). The gray shade can be measured as or expressed
in any one of the following ways: ' .
(1) transmittance (2) reﬂectance .
(3) a coordinate of the ICI color coordinate system
(4) a coordinate of the tristimulus value color coordinate system
(5) brightness (6) radiance
(7) luminance (8) density
(9) voltage (10) current

GREEN BIOMASS. Green biomass is synonymous with phytomass. It is the amount of wet or dry
weight,growing, chlorophyll containing plant material per unit ground area. It is usually expressed in
grams per square meter, tons per acre, or metric tons per hectare.

GREENNESS. The biophysical property of the surface of the earth indicating its greenness in a .
‘biological sense as related to vigor, water wellness, and chlorophyll content. This greenness property
is a qualitative estimate of green biomass and is the property computed and stored in a raster object by
Kauth’s greenness, brightness, wetness transformation for LANDSAT MSS or TM images.

GROUND RESOLUTION. The minimum distance between two or more adjacent features or the
minimum size of the feature which can be detected; usually measured in conventional distance units, e.g.
feet or inches.

GROUND TRUTH. Information con¢eming the actual state of the environment at the time of a remote
sensing overflight.

GROUND CONTROL. Accurate data on the horizontal and (or) vertical positions of identifiable ground
points.

HIS Refers to the Hue, Intensity, Saturation color domain where these three charactenstxc are used to
specify a color.

HISTOGRAM. A graphical representation of a frequency distribution by means of lines or rectangles
that represent class intervals along the x-axis, and represent corresponding class frequencies along the y-
axis. A graphical representation of the number of times a value occurs in a raster image plotted against
each of the data values which could be present in the original raster image.

IDENTIFY. The process of recognition or identification whereby an object or unit on an image may be
classified or categorized as to a specific function or type.

IMAGE. The recorded representatxon of an object produced by .optical, electro optical, optical
mechanical, or electronic means. It is the term generally used when the EMR emitted or reflected from
a scene is not directly recorded on film.

IMAGE ENHANCEMENT. Any of several processes to improve the mterpretabnhty of an image.
These include contrast enhancement, ratioing, spatial filtering, and so on.
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IMAGE PROCESSING. All the various operatnons which can be applied to photographic or image data.
These include, but are not limited to, image compression, image restoration, image enhancement,
preprocessing, quanitization, spatial filtering, and other image pattern recognition techniques.

IMAGERY. The visual representation of energy recorded by remote sensing instruments.

INFRARED (IR). Pertaining to or designating the portion of EM spectrum with wavelengths from the
. red end of the visible spectrum to the microwave portion of the spectrum, or from 0.7 micrometer to 1
millimeter.

INTENSITY. One of the three coordinates which specifies color in the HIS color domain. Intensity is
that coordinate or value which represents the brightness or average radiance level of a color. :

INTERACTIVE IMAGE PROCESSING. The use of an operator or analyst at.a console with a means
" of assessing, preprocessing, feature extracting, classifying, identifying and displaying the original i imagery
or the processed imagery for his subjectwe evaluation and further interactions.

INTERPRETER. An individual trained in the process of detecting, |dennfymg, analyzing,llocating and
quantifying information portrayed on imagery and determining its significance.

KILOBYTE. In computer terminology, refers to 1024 bytes of core memory storage.

LAND COVER. Cultural objectsand natural and cuitivated vegetation occupying the landscape that can
be grouped or classified and subsequently mapped using remotely sensed imagery.

LAI Leaf Area Index is a unitless, biological, measure which is the one sided surface area of the leaves
of a crop, forest, grassland, etc. per unit ground area. '

LANDSAT. A satellite vehicle used to house the sensor systems which collect multispectral images using
at various times a RBV or Return Beam Vidicon device, the MSS or MultiSpectral Scanning device, and
the TM or Thematic Mapper scanning device. LANDSAT also relays data from ground observation
stations. Originally the LANDSAT satellite was referred to as the ERTS or Earth Resource Technology
Satellite. .

LEGEND. A description, explanation, table of symbols, scale bar and other information printed on
margins of maps or mosaics.

MAP, PLANIMETRIC. Map showing only the horizontal location of detail.

MAP, THEMATIC. Map designed to demonstrate particular features of concepts. In conventional use
ihis iefn exciudes topograpnic maps.

MEGABYTE, MBYTE, OR MB. A computer unit of measurement used to indicatell,OO0,000 bytes,
1,000 kilobytes, or .001 gigabytes.

MICROMETER. Millionth of a meter, a thousandth of a millimeter.



MULTIBAND SYSTEM. A system for simultaneously recording EMR from the same scene in several
bands from essentially the same spectral -region, such as the visible or visible and near-IR. May be
-applied to cameras with different film/filter combinations or scanning radiometers that use dispersant
optics to split wavelength bands apart for viewing by several filtered detectors.

MULTISENSOR IMAGES. Images collected by different sensors or other devices which have been
manipulated so as to be coregistered in both cell size and location are called multisensor data.

MULTITEMPORAL IMAGES. Images collected at different times by the same device and brought into
coregistration are multitemporal images. For example, airvideo images collected at approximately the
same data on two successive years can be digitized and one of them warped to overlay the other and
stored in the same project file. These multitemporal images can then be analyzed in various ways to map
the changes between the dates.

MULTISPECTRAL. Generally used for remote sensing in two or more spectral bands, such as visible
and IR.

NANOMETER. A unit of measure equal to one millimicrometre (millimicron) or one-millionth of a
millimeter.

NASA National Aeronautics and Space Administration.
NEAR INFRARED. The preferred term for the shorter wavelengths in the infra;ed region exiending
from about 0.7 micrometers (visible red) to about three micrometers. The longer wavelength end grades
into the middle infrared. The term really emphasizes the radiation reflected from plant materials, which
peaks around 0.85 micrometers. It is also called solar infrared, as it is only available for use during the
daylight hours.
NOAA National Qceanographic and Atmospheric Administration.

NWI National Wetlands Inventory being conducted by the USF&WS.

PICTURE ELEMENT (PIXEL). A unit whose first member is a resolution cell and whose second
member is the gray shade assigned by a digital count to that resolution cell.

PIXEL. Abbreviation of picture element.

PLANIMETRY, AUTOMATIC. The process of calculating the area of a patch from data defining the
boundary of the patch.

PLATFORM. The objept, structure, vehicle, or base upon which a remote sensor is mounted.

POLYGON. Plan figure consisting of three or more vertices (points) connected by line segments or
sides. The plane region bounded by the sides of the polygon is the interior of the polygon.

PREPROCESSING. An operation applied before pattern identification is performed. Preprocessing
produces, for the categories of interest, pattern features which tend to be invariant under changes such
as translation, rotation, .scale, illumination levels, and noise. In essence, preprocessing converts the
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measurements patterns to a form which allows a simplification in the decision rule. Preprocessing can
bring into registration, bring into congruence, remove noise, enhance images, segment target parterns,
detect, center, and normalize targets of interest.

RANGE, BRIGHTNESS. Variation in light intensity from maximum to minimum. This generally
refers to a subject to be photographed.

RANGE, DYNAMIC. The difference between maximum measurable signal and minimum detectable
signal. The upper limit usually is set by saturation and the lower limit by noise.

RASTER CELL. A raster is made up of a sequence of numbers representing a measured variable or
the results of computing upon such measurements. These numbers have an order and a position in space
and describe the variation if some phenomena of interest such as the elevation above sea level of the
ground or the intensity of the red radiation in a video image. The individual value in a raster can thus
be thought of as the average value representing a specific area or cell of the ground or other area
represented. For convenience, this cell is usually thought of as a square or rectangle although many
image collection devices actually create the value from the measurement of a circular or elliptical
observation cell.

RATIO. A reflectance ratio of any target is the percent of reflectance in one spectral region divided by -
the percent of reflectance in another region. The display is a representation of the reﬂectance ratio of
the two spectral regions.

RECTIFYING. A process by which the geometry of an image area is made planimetric. For example,
if the image is taken of an equally spaced rectangular grid pattern, then the rectified image will be an
image of an equally spaced rectangular grid pattern. Rectification does not remove relief distortion.

REFLECTANCE. A measure of the ability of a body to reflect light or sound. The reflectance of a
surface depends on the type of surface, the wavelength of the lumination, and the illumination and
viewing angles.

REGISTERING. The translation-rotation alignment process by which two images of like geometries
and of the same set of objects are positioned coincident with respect to one another so that corresponding
elements of the same ground area appear in the same place on the registered images.

REFLECTION (EMR theory) EMR neither absorbed nor transmitted is reflected. Reflection may be
diffuse, when the incident radiation is scattered upon being reflected from the surface, or specular, when
all or most of the EMR is reflected at an angle equal to the angle of incidence.

REMOTE SENSING. In the broadest sense, the measurement or acquisition of information of some
propenty of an object or phenomenon, by a recording device that is not in physical or intimate contact
with the object or phenomenon under study; for instance, the utilization at a distance. (as from aircraft,
spacecraft, or ship) of any instrument and its attendant recording and display devices for gathering
information pertinent to the environment, such as measurements of force fields, electromagnetic radiation,
or acoustic energy. The technique employs such devices as the camera, lasers, and radio frequency
receivers, radar systems, sonar, seismographs, gravimeters, magnetometers, multispectral scanners, and
scintillation counters.
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RESAMPLE.  The process of interpolating the values of the cells in a raster object to yield a new
rasger object which has larger or smaller cells and perhaps a raster which has been warped, reoriented
" and/or rescaled. relative to the input raster.

REPRESENTATIVE FRACTION (RF). The relation between map or photo distance and ground
distance, expressed as a fractxon (1/25,000) or ratio 1:25,000, or | mm on map=25,000 mm on the
ground.

RESOLUTION. A generic térm which describes how well a system, process, component, material, or
image can reproduce an isolated object or separate closely spaced objects or lines. The limiting
resolution, resolution limit or spatial resolution is described in terms of the smallest dimension of the

" target or object that can just be discriminated or observed. Resolution may be a function of object
contrast, spatial position as well as shape. The ability of a remote sensing system to distinguish signals
that are close to each other spatially, temporally, or spectrally.

RESOLUTION CELL. The smallest most elementary areal constituent of grey shades considered by
an investigator in an image. A resolution cell is referenced by its spatial coordinates. The resolution cell
or formations of resolution cells'can sometimes constitute the basic unit for pattern recognition of image
format data.

RGB An acronym for Red, Green, and Blue.

SAMPLES. Samples of cells in a raster or image are selected ftom known areas from ground visitation,
detailed airphoto interpretation, or other personal experience and are used to represent a feature or land
cover of interest and value in a process such as feature mapping.

SATURATION. One of three coordinates which specifies color in the HIS domain. Saturation is that
coordinate or value which designates how far away a color is from gray or neutral color of equal
intensity.

SCANNERS. The sweep of a mirror, prism, antenna, or other element across the track (direction of
flight); may be straight, circular, or other shape.

SENSOR. An device which gathers energy and presents it in a form suitable for obtaining information
about the environment. Passive sensors, such as thermal infrared and microwave, utilize EMR produced
by the surface or object being sensed. Active sensors, such as radar, supply their own energy source.
Aerial cameras use natural or artificially produced EMR external to the object or surface being sensed.

SIGNATURE. Any characteristic or series of characteristics by which a material may be recognizéd.
Used in the sense of spectral signature, as in photographic color reflectance. A category is said to have
a signature only if the characteristic pattern is highly representative of all units of that category.

SPECTRAL BAND. ‘An interval in the electromagnetlc spectrum defined by two wavelengths
frequencies, or wave numbers.

SPECTRAL INTERVAL. The width, expressed either in wavelength or frequency, of a particular
portion of the electromagnetic spectrum. A given sensor, such as radiometer detector or camera film may
be designed to measure or be sensitive to energy from a particular spectral interval.
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SUN ANGLE. The angle of the Sun above the horizon. Both the quéntity (lumes) and spectral quality
of light being reflected to the aerial camera or sensor are influericed by Sun angle. Also called Sun
elevation, Sun elevation angle. : '

THERMAL BAND. A genéral term for intermediate and long wavelength infrared-emitted radiation,
as contrasted to short wavelength reflected (solar) infrared radiation. In practice, generally refers to
infrared radiation emitted in the 3- to 5- and 8- to 14-micrometer atmosphere windows.

THERMAL INFRARED. The preferred term for the middle wavelength ranges of the IR region
extending roughly form 3 micrometers at the end of the near infrared, to about 15 or 20 micrometers
where the far infrared commences. In practice the limits represent the envelope of energy emitted by the
Earth behaving as a greybody with a surface temperature around 290 K (27 C). Seen from any
appreciable distance, the radiance envelope has several brighter bands corresponding to windows in the
atmospheric absorption bands. The thermal band most used in remote sensing extends from 8 to 14
micrometers.

UNIT. The simplest and most practical picture element(s) observed, compared, or measured ina pattern
recognition sequence. Most units are not simple picture elements but are often complex spatial formations
of picture elements such as houses, roads, forest, etc.

VECTOR. A linear line segment, normally short, used to construct any line form oh a plotter, drafting
unit or display.

WAVELENGTH. Wavelength = 1/frequency. In general, the mean distance between maximums (or
minimums) of roughly periodic pattern. Specifically, the shortest distance between particles moving in
the same phase of oscillation in a wave disturbance. Optical and IR wavelengths are measured in
‘nanometers, micrometers, and Angstroms. :
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APPENDIX A ~ SOURCES OF DIGITAL SPATIAL DATA

. U8 GEOLOGICAL SURVEY -~ NATIONAL MAPPING PROGRAM
EARTH SCIENCE INFORMATION CENTER ADDRESSES
(formerly the National Cartographic- Information Center)

Reston - ESIC

U.S. Geological Survey

507 National Center
Reston, VA 22092

(703) 860-6336/FTS 959-6045

Rolla - ESIC

1400 Independence Road
Rolla, MO 65401

(314) 341-0851/FTS 759-0851

Lakewood - ESIC

Federal Center

Box 25046, MS 504

Denver, CO 80225-0046
(303) 236-5829/FTS 776-5829

Los Angeles - ESIC

Federal Bldg., Rm.7638

300 N. Los Angeles St.

Los Angeles, CA 90012
(213) 894-2850/FTS 798-2850

Stennis Space Center - ESIC
Building 3101 '

Stennis Space Center, MS 39529

(601) 688-3544/FTS 494-3544

Salt Lake City - ESIC

8105 Federal Bldg.

1245 S. State St.

Salt Lake City, UT 84138
(801) 524-5652/FTS 588-5652

Menlo Park - ESIC

Building 3, MS 532

345 Middlefield Road
Menlo Park, CA 94025
(415) 329-4309/FTS 459-4309

Anchorage - ESIC
4230 University Drive

. Anchorage, AK 99508-4664

(907) 271-4159/FTS 868-7C11

San Francisco - ESIC

504 Custom House

555 Battery St. -
San Francisco, CA 94111
(415) 705-1010/FTS 465-1010

Washington, D.C. - ESIC

Dept. of the Interior Bldg.

1849 C St., NW Rm.2650
Washington, D.C. 20240
(202) 208-4047 /FTS 268-4047

For more detailed information contact the ESIC office nearest you.
Fact sheets, user guides, price 1lists, and order forms are
available upon request. ESIC personnel will assist with ordering
available digital products and can provide more technical
information. ESIC has established affiliated offices with many
State governments.

Available USGS Circulars include:

895~A, Overview and USGS Activities

895-B, Digital Elevation Models

895~C, Digital Line Graphs from 1:24,000 Maps ‘

895-D, Digital Line Graphs from 1:2,000,000 Maps ’
895-E, Land Use and Land Cover Digital Data

895-F, Geographic Names Information System

895-G, Digital Line Graph Attribute Coding Standards
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U.8. GEOLOGICAL SURVEY
DIGITAL CARTOGRAPHIC AND GEOGRAPHIC DATA
US GEODATA

TOPOLOGICAL - TRANSPORTATION, HYDROLOGY, BOUNDARIES

Data Format:
Vector files in DLG format
Scale/Resolution:
1:24,000, 1:100,000, 1:2,000,000
Data Description:
Separate files are available for:
-~ Land net
Boundaries
Transportation
Hydrography
Hypsography
Data Coverage:
1:2,000,000 data are available for the entire United States.
1:100,000 data are complete for transportation and hydrology.
1:24,000 are not as well developed.
" For current coverage call ESIC.
Media:
9-track magnetic tape and/or paper maps

TOPOLOGICAL -~ LAND USE/LAND COVER, WATERSHEDS

bata Format'
Vector files in GIRAS format .
(GIRAS is an arc-node format. Programs are available from ESIC for
converting this format to the DLG standard).
Raster available in binary or character (ASCII or EBCIDIC) form
Scale/Resolution:
Vector 1:100,000 or 1:250,000
Raster 200 meters
Data Description:
Separate files are available for:
Land use/land cover
Political units 4
Census county subdivisions
Hydrologic units (watersheds)
Federal land ownership (park, forest, etc.)
Comp051te Theme Grid (CTG) which contalns all themes available for
a given area.
Data Coverage: :
Contact ESIC for latest edltlon of "Index to Land Use and Land
Cover Information". :
Media:
9-track ASCII tapes and paper maps

47



U.8. GEOLOGICAL SURVEY
DIGITAL CARTOGRAPHIC AND GEOGRAPHIC DATA
US GEODATA

DIGITAL ELEVATION MODELS

Data Format:
Raster
Scale:

1:24,000
Data Description: _
A regular array of elevation values referenced to the Universal
Transverse Mercator (UTM) coordinate system with a spacing of 30
meters. Data are collected either by digitizing 7.5 foot contours
overlays or by scanning photographs.

Data Coverage:
" Scattered 7.5 minute quadrangles throughout the United States.
Contact ESIC for the "Index to Digital Line Graph and Digital
Elevation Model Data".
Media:

9-track magnetic tape and/or paper maps

DIGITAL ELEVATION MODELS - DEFENSE MAPPING AGENCY
AVAILABLE THROUGH USGS-ESIC

Data Format:
Raster

1 degree by 1 degree blocks

Scale:

1:250,000

Data Description: :

Data consists of a regular array of elevation values,
latitude/longitude, referenced with a spacing of 3-arc seconds.
Data. were produced from digitizing 1:250,000 topographlc maps.
Data_Coverage:

Entire United States and many other parts of the world.

Media: )

9-track magnetic tape
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U.5. GEOLOGICAL SURVEY

DIGITAL CARTOGRAPHIC AND GEOGRAPHIC DATA

US _GEODATA

ACQUISITION COSTS

Series

1:24,000

1:100,000

1:250,000

1:250,000

1:2,000,000

Product (Data Type)

A. Digital Elevation Model
B. Digital Line Graph (DLG)

Land Net
Boundaries
Transportation
Hydrography
Hypsography

Digital Line Graph (DLG)

Land Net
Boundaries
Transportation
Hydrography
Hypsography

(307

Land Use/Land Cover (Polygon)

Census Tracks
Political Boundaries
Hydrologic Units
Federal Land Ownership
Composite

Geographic Names by State

Digital Elevation Model

(1 deg x 1 deg blocks)

Digital Line Graph (DLG)

(sold in 21 sections)

Boundary Layer (per section)
Transportation Layer (per section)
Hydrography layer (per section)

X 30’ blocks)

PRICE FOR _ANY COMBINATION OF THE LISTED GEODATA PRODUCTS

Prices for orders of five or less are as follows:

Number of files per order

1
2

3

4
5

$40
60
80
100
120

Total Prlce

Prices for orders of six or more files are as follows~
Base Charge of $90 plus $7 per file.
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US GEOLOGICAL SURVEY - NATIONAL MAPPING PROGRAM
EARTH SCIENCE INFORMATION CENTER ADDRESSES
(formerly the National Cartographic Informatlon Center)

NATIONAL WETLAND INVENTORY

U.S. Department of the Interior
Fish and Wildlife Service
National Wetlands Inventory
9720 Executive Center Drive
Suite 101, Monroe Building

St. Petersburg, FL 33702

Data_ Format:
Generally available in USGS 7.5 minute topographic maps
Limited digital data available.

. Data Description: , v
Photo-interpreted wetland inventory on USGS base maps.

Classification of categories is based on US Fish and Wildlife
Service publication "Classification of Wetlands and Deepwater
Habitats of the of the Unlted States", USFWS Report No. FWS/OBS-
70/31. )

Data Avajlability/Cost
.Data may be ordered through any USGS ESIC office.

Paper Composite of NWI 7.5 minute maps are $1.75 each.
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CENSUS BUREAU GEOGRAPEIC PRODUCTS

US Department of Commerce
Bureau of the Census
Customer Services Branch
Data User Services Division
(301) 763-4100

Data Format:
- ANCITI or EBCDID, labeled or unlabeled

Data Description:
TIGER - Topologically 1Integrated Geographic Encoding and

Referencing System. Census Bureau’s new digital map data base that
provides coordinate based cartographic information by County.
TIGER data base includes: A
Features (roads, railroads, rivers), feature names and
classification codes, alternate feature names and codes,
feature shape coordinates.
Address ranges with ZIP codes for metropolitan areas.
Census statistical area boundaries (census blocks/tracks)
Political boundaries (state, county, and incorporated places)

The TIGER/Line files contain basic data for each individual
. segnment. Each segment record contains the appropriate census
geographic area codes, latitude/longitude coordinates, the name and
type of the feature, the relevant census feature class code
identifying the feature segment by category, and for metropolitan
‘areas, the address ranges and associated ZIP codes for each side of
a street segment.

Data Coverage: '
Entire United States, Puerto Rico, the Virgin Islands, and US

Pacific territories.

Availability:

Precensus TIGER/LINE Files "April 1989

Postcensus TIGER/LINE Files Late Spring/Summer 1991
TIGER/Data Base , Fall 1991
TIGER/Boundary Fall 1991
TIGER/Comparability Fall 1991

TIGER/Area . As Required

Media:

9-track magnetic tape

Acquisition Costs;:
$190 for the first county ordered

$ 15 for each additional county ordered wlthln the same state
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EOSAT (EARTH OBSERVATION SATELLITE COMPANY)
MULTISPECTRAL SATELLITE

EOSAT Company
4300 Forbes Blvd.
Lanham, MD 20706
1-800-344-9933

Data Format:
U Data -~ Corrected for radiometric only
C Data - Corrected for radiometric and geometric distortions

Radiometric: Data are scaled to pixel dynamic ranges of 0-256 for
TM and 0-127 for MSS, and compensated for detector gain and’ offset
changes.

Geometric: Data are compensated for earth rotation, spacecraft
-altitude, attitude and sensor variations. (Note: data is not
rectified to a coordinate system, geocoded products are available).

LANDSATS 4 and 5

Thematic Mapper (TM) C or U available 4/84 to present
- Band sequential (BSQ) - Fast Format only

Multlspectral 8canner (MSS)

BSQ or Band interleaved (BIL) - C or U available 6/81 to present
BSQ or BIL - C only for 1/79 to 5/81

BIP prior to 1/79 (U only)

Media: .
9-track magnetic tape, 6250 or 1600 bpi

Scale/Resolution: ,
TM approximately 30 meters with thermal band 6 at 120 meters
MSS approximately 80 meters

Data Description: . .
As a result of the Ha 1d Remote Sensing cOmmeruqu;za ion Act of

1984, Landsat data are currently acquired, processed, and
distributed by EOSAT Company under a cooperative agreement with
NOAA and the USGS. Users must sign a form when acquiring data
stating they will not copy or distribute the data without
authorization from EOSAT.



EOSAT (EARTH OBSERVATION SATELLITE COM?ANY)

MULTISPECTRAL SATELLITE

Spectral Sensitivity of the TM and MSS Sensors

T data - 7 bands

0.45-0.52"

Band 1 blue
Band 2 - green 0.52-0.60
Band 3 - red 0.63-0.69
Band 4 - near IR 0.76-0.90
Band 5 - near IR 1.55-1.75
Band 6 - thermal IR 10.4-12.5
Band 7 - mid IR " 2.08=-2.35
MSS data - 4 bands
Landsat 4 & 5 "Landsat 1, 2,&
Band 1 Band 4
Band 2 Band S
Band 3 Band 6
Band 4 Band 7

Data Coverage:
Worldwide.

Historical data can be obtained through USGS-EROS Data Center.

,Acguisitiog Costs:

™
™
™
™
™
™
™

Full Sce
Quarter
Moveable
moveable
Geocoded
Geocoded
Geocoded

ne
Scene

MSS Full Scene

(size:
(size:
(size:
(size:
(size:
(size:
(size:

(size:

185 x 170
92.5 x 85
100 x 100
50 x 100
185 x 170
92.5 x 85

1/2 by 1 degree map

185 x 185

53

micrometers

3

km)
km)

km