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PREFACE

In 1975, the U.S. Geological Survey initiated production of
land use and land cover and associated maps for the United
States. Documenting the land use categories shown on the maps
and providing insight into the environmental effects of land use
have been long-standing user requirements. This USGS publication
illustrates the various land use categories in order to provide
the user with a means of interpreting these categories from
aerial photographs. Comments on potential environmental impacts
are included.

Geographic areas to be wused for this publication were
reviewed in depth. Missouri was selected because land use and
land cover map compilation for that area was complete. We
reviewed and considered several well-known and respected thematic
maps in an attempt to identify meaningful regions in the State
which would be viewed as a framework for developing land use and
land cover category documentation. Among these maps were
Kuchler's Potential Natural Vegetation map of the United States,
Lobeck's Physiographic Provinces, Fenneman's Physical Divisions,
and Hammond's Classes of Land Surface Form in thé Forty-Eight
States. While all of these maps portray basically similar
themes, each addresses only a specific characteristic relating to
the surface of the land. None of the maps provides a logical
framework for all the land use and 1land cover categories.
Accordingly, it was decided to use the USGS Land Use and Land
Cover maps of Missouri to select the locations of specific land
use and land cover patterns illustrated in this publication.
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LAND USE/LAND COVER AND ENVIRONMENTAL
PHOTOINTERPRETATION KEYS

By George L. Loelkes, Jr.l, Gordon E. Howard, Jr.z, Eddie L. Schwertz, Jr.l,
Phillip D. Lampertl, and Stephan W. Millerl

ABSTRACT

The preparation of land use maps requires
a basic understanding of photointerpretation
principles, land use taxonomy, and the proper
use of mapping specifications. Each of these
topics is developed in sufficient detail to
ensure that the reader is exposed to these
basics. Since the use of the land can present
different environmental impacts, the potentials
for environmental degradation are analyzed.
Perhaps the most difficult tasks involved in
land use mapping is recognition of the differ-
ent land use types. Aerial and ground photo-
graphs, when combined with narrative descrip-
tions, can provide a ready reference for the
photointerpreter. Over 230 illustrations and
narrative descriptions meet this need.

SECTION 1: INTRODUCTION

This publication has been jointly prepared
by the U.S. Geological Survey and the
Environmental Protection Agency (EPA) as a
means of disseminating information on the
U.S. Geological Survey 1land use and land cover
mapping effort and the potential effects of
land use on the environment. Primarily, the
guide is intended for use by land resource and

ly.s. Geological Survey, National Mapping
Division, Geographic Investigations Office,
Rolla, Mo.

2y.s. Environmental Protection Agency,
Environmental Photographic Interpretation

Center, Warrenton, Va.

environmental planners and managers who
utilize land use and land cover maps in
decisionmaking.

This guide serves as a learning tool for
the use of remote sensing technology and land
use and land cover classification and mapping,
(table 1-1), as well as an environmental guide
and photointerpretation key to. help users
better understand the photographic recognition
features of the various land use and land
cover categories. It documents the existence
of various Missouri land use and 1land cover
categories as they are portrayed on the maps
produced by the U.S. Geological Survey.
Finally, it provides a set of environmental
keys which can be correlated with various land
use and land cover categories and patterns
(figure 1-1).

The guide is designed to demonstrate the
applicability of 1land use and environmental
keys; to develop data acquisition techniques
for compilation of the keys; and to indicate
the potential effects of various land uses on
the environment.

Ultimately, it may be possible to produce
a series of regionally oriented guides to
provide land use and land cover and
environmental keys for the United States.

The State of Missouri was chosen for the
first guide for several reasons. Missouri
contains a variety of topographic forms,
vegetative cover, agricultural practices, and
urban areas of various sizes and patterns.
Second, the 1land use and 1land cover and
associated maps of the State of Missouri had
been completed. Finally, since the authors
work in Missouri, the cost of acquiring
photographs and field data could be kept to a
minimum.



Table 1-1.--USGS Land use and land cover classification system for use
with remote sensor data

(Anderson and others, 1976, p. 8)

Level I Level II
1 Urban or Built-up Land 11 Residential
12 Commercial and Services
13 Industrial
14 Transportation,
Communications,
and Utilities
15 1Industrial and
Commercial Complexes
16 Mixed Urban or Built-up

Land
17 Other Built-up Land
2 Agricultural Land 21 Cropland and Pasture

22 Orchards, Groves,
Vineyards, Nurseries
and Ornamental
Horticultural areas

23 Confined Feeding

Operations
24 Other Agriculture Land
3 Rangeland 31 Herbaceous Rangeland
32 Shrub and Brush
Rangeland
33 Mixed Rangeland
4 TForest Land 41 Deciduous Forest Land

42 Evergreen Forest Land
43 Mixed Forest Land
5 Water 51 Streams and Canals
52 Lakes
53 Reservoirs
54 Bays and Estuaries

6 Wetland 61 Forested Wetlands
62 Nonforested Wetlands
7 Barren Land 71 Dry Salt Flats
72 Beaches
73 Sandy Areas other than
Beaches

74 Bare Exposed Rock
75 Strip Mines, Quarries,
and Gravel Pits
76 Transitional Areas
77 Mixed Barren Land
8 Tundra 81 Shrub and Brush Tundra
82 Herbaceous Tundra
83 Bare Ground Tundra
84 Wet Tundra
85 Mixed Tundra
9 Perennial Snow or Ice 91 Perennial Snowfields
92 Glaciers
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SECTION 2: REMOTE SENSING FOR LAND USE

INTERPRETAT ION
What is Remote Sensing?

Remote sensing can be defined as the
acquisition of information by a detection
device that is not in physical contact with
the object or phenomenon under study. Remote
sensors for land analysis are of two major
types: photographic and nonphotographic.

Photographic sensors produce an image
directly on a film emulsion from reflected
electromagnetic radiation of wave lengths in
the visible and near-infrared portions of the
electromagnetic spectrum. The common camera
is the best-known photographic sensor.

In comparison, nonphotographic sensor
images are captured by a suitable detector and
stored as electronic impulses by a recording

device. Nonphotographic sensors operate in
the ultraviolet, visible, infrared, and
microwave portions of the electromagnetic
spectrum.

Nonphotographic sensors can be further
classified as passive or active.
Nonphotographic, passive remote sensing

systems detect energy emitted or reflected as
radiation from a given scene. The system
produces, transmits, and records no energy of
its owne. Two of the most frequently used
nonphotographic, passive remote sensing
systems are multispectral scanners, such as
those on board the Landsat satellites, and the
thermal infrared scanners wused to detect
temperature contrasts in water bodies, forest
fires, and home insulation efficiency analyses
(thermograms) .

Nonphotographic, active remote sensing
systems transmit their own electromagnetic
signals at objects and then record the energy
reflected or refracted back to the sensor.
Radar remote sensing devices are the most
commonly used nonphotographic active remote

sensors. Radar sensors are particularly well
suited for imaging landscapes obscured by
clouds.

The illustrations used in section 6 were
obtained with conventional photographic
cameras. The reader should refer to available

textbooks on remote sensing or photogrammetry
for more specific information or details on
photographic or nonphotographic sensors (see
"Selected References”).

Resolution
Resolution refers to the minimum separa-

tion between two objects at which the objects
appear distinct and separate on an image. The

greater the ability of the remote sensor
system to distinguish separate objects, the
greater the image resolution. Image quality
is a function of the remote sensor system's
component resolving powers. The combined
effect of the system components, such as
camera focal length, shutter speed, film type,
and sensor altitude (together with other
factors such as Earth curvature or atmospheric
haze), contributes to the overall resolution
of the image.

Although the term "resolution” is used to
describe the capabilities of photographic
sensors to produce sharply defined images, it
is also used to refer to the capabilities of
nonphotographic sensor systems to produce
sharply defined 1images. However, unlike
photographic sensor systems in which
resolution is expressed as 1line pairs per
millimeter, nonphotographic sensor resolutions
are expressed in a variety of ways (see
Reeves, 1975).

The theoretical maximum resolution of a
sensor system is rarely achieved in actual
operation. Although resolution is admittedly
an important aspect in mission planning, one
should remember that resolution is the minimum
separation between two objects for which the
images appear distinct and separate; it is not
the size of the smallest object that can be
seen on an image. With the knowledge of the
smallest objects that will have to be
identified and their spacing characteristics,
one can plan a mission (Sabins, 1978,
p. 22-25).

Although most planners and natural
resource agency personnel believe that scale
is the most important factor in producing
thematic map products, it should be noted that
remote sensor system resolution 1is wusually
more critical than the original photographic
or nonphotographic scale. The scale of an
image can be enlarged or reduced; however,
nothing can be done to increase the degree of
detail captured as a function of the remote
sensor system resolution once the mission has
been completed.

Scale

Scale refers to the mathematical
relationship between a distance on an image
and the corresponding distance on the Earth.
The larger the scale, the closer the image
size is to the actual size of the object. For
example, a scale ratio of 1 inch on the
photograph equals 1 inch on the Earth means
that an exact one-to-one relationship exists.
This relationship can be expressed as a ratio



with a colon (1l:1) or as a representative frac-
tion, with the numerator referring to the
measurement on the photograph and the denomina-
tor referring to the measurement on the Earth's

surface. When referring to scale, it is
important to remember that the relationship
expressed is a ratio. Therefore, it does not

matter whether one uses inches, miles, or any
other unit of measurement; only that the same
units be wused for both the image and its
corresponding distance on the Earth's surface.
Camera scale is also the ratio of the
focal length of the camera to elevation of the
camera above the terrain being photographed.

Mathematically, the scale is calculated as
follows:
Scale = __Hh
£

H = aircraft altitude above mean sea level
h = mean ground elevation
f = focal length

For example, suppose an aircraft is
flying at an altitude of 22,000 feet above
mean sea level (msl), with a 6-inch (0.5 foot)
focal length camera, over an area with a mean
ground elevation of 2,000 feet. Inserting
these values into the above equation yields
the following results. Accordingly, the scale
of this photograph is 1/40,000.

Scale =

(22,000 ft. - 2,000 ft.) = 20,000
0.5 ft. 0.5 =

40,000

It should be noted that different focal
lengths or different altitudes of the aircraft
will result in different photographic scales.
For example, if the camera focal length in the
preceding example were increased to 12 inches,
the scale would become 1:20,000. Suppose it
was necessary to obtain the larger scale photo-
graphs but a 12-inch focal length camera was
not available. The 1larger scale photographs
could be obtained using a 6-inch focal length
camera by reducing the flying altitude to
12,000 feet msl. However, every time the
scale is increased by a factor of two, four
times as many photographs are required to
cover the same area.

Remote Sensing Platforms

The term "remote sensing platform” refers
to objects, structures, or vehicles upon which

remote sensing devices are mounted. Remote
sensing platforms can range from truck booms,
to aircraft, to Earth-orbiting satellites.
The decision to use a particular platform is
primarily a function of the altitude,
stability, and temporal requirements for a
specific remote sensing project.

Although there are three main categories
of remote sensing platforms--ground-based,
aircraft, and spacecraft--only aircraft and
spacecraft will be addressed in this section.

Even though it is quite common to have
both photographic and nonphotographic. sensors
(such as multispectral scanners, thermal
scanners, and radar) mounted on aircraft,

photographic sensors are carried on board
spacecraft to a far 1less extent than on
aircraft. Some notable exceptions include

cameras which were carried into space on board
Apollo flights, Skylab, and the Space Shuttle.

The 1list of specific types of aircraft
and spacecraft platforms is very long. The
reader should refer to the Manual of Remote
Sensing  (Reeves, 1975, pp. 539-588) for
descriptions of these platforms.

Photographic images are classified
according to platform type as either aerial
photographs or satellite photographs. Aerial
photographs can be further categorized as
low-, medium-, or high-altitude photographs.
Although the specific values for each of the
three ranges differ from user to user, a
practical method of altitude classification
takes into consideration aircraft operational
characteristics and the suitability of the
final photographs for topographic and/or
planimetric mapping.

Most fixed-wing propeller-driven aircraft
operate below 24,000 feet msl. Aerial
photographs acquired below 24,000 feet msl
will generally have a medium to large
photographic scale. Photographs obtained
below this altitude can be <classified as
low-altitude aerial photographs. Photographs
acquired above 24,000 ft. msl will have a
medium to small photographic scale and are
most often classified as high-altitude
photographs.

Photographs of the Earth have been taken
on the Gemini, Apollo, and Skylab missions.
For example, Skylab was placed in orbit about
270 miles (435 km) above the Earth. On board
Skylab was a six-lens multispectral camera
system with a 6-inch focal length and an Earth
terrain camera system with an 18-inch focal
length. Both of the camera systems were used
extensively to test different film/filter
combinations from space.

Nonphotographic remote sensors have been
mounted on a variety of aircraft and
spacecraft platforms. Since this guide is




aimed toward the use of conventional aerial
photography and its interpretation, the topic
of nonphotographic remote sensors will not be
covered in depth. 1In addition to the photo-
graphic sensors onboard Skylab, five nonpho-
tographic sensors were operated: an infrared
spectrometer, a multispectral scanner, a
microwave-scatterometer, an altimeter, and an
L-band radiometer.

Landsats 1, 2, and 3 have been equipped
with a return beam vidicon (RBV) television
camera and multispectral scanning (MSS) system.

Figures 2-1, 2-2, 2-3, and 2-4 illustrate
scale and ground resolution differences from
four different remote sensor platforms.2
Figure 2-1 is an MSS band 5 image from Landsat
1 taken from approximately 570 miles
(918 km)--ground resolution approximately 200-
250 m, approximate scale 1:1,000,000 (Sabins,
1978, p. 69). Figure 2-2 is a black-and-white
reproduction of a color-infrared (CIR) satel-
lite photograph obtained from Skylab 2 at
approximately 270 miles (435 km) with an
18-inch focal length camera--ground resolution
30-40 m, approximate scale 1:950,000. Figure
2-3 1is a black-and-white reproduction of a
high-altitude CIR photograph taken from approx-—
imately 65,000 feet msl with a 6-inch focal
length camera--ground resolution 4-5 m, approx-
imate scale 1:130,000. Finally, figure 2-4 1is
a black-and-white USGS aerial photograph taken
from an altitude of approximately 15,000 feet

of a Landsat 1 MSS Band 5

Figure 2-1l.--Portion
image of St.
image) October 20,
1:1,000,000) .

Louis, Mo.,
1972,

(near center of
(approximate scale:

2Ground resolution refers to the smallest
object size or distance on the ground which
can be identified. As a "rule-of-thumb,”
ground resolution is four times the overall
system resolution (detection resolution).

Figure 2-2.--Black-and-white reproduction
portion of a Skylab 2 color-infrared
satellite photograph of St. Louis, Mo.,
(top—center of photograph) September 6, 1973
(approximate scale: 1:950,000).

of a

Figure 2-3.--Black-and-white reproduction
portion of a NASA high-altitude,
color-infrared photograph of St. Louis, Mo.,
October 9, 1974, (approximate scale:
1:130,000).

of a

msl with a 6-inch focal length camera--ground
resolution 1-2 m, approximate scale 1:30,000.
Note that as the remote sensor altitude
decreases, the photographic resolution
increases, and the ground resolution (the
smallest recognizable object size) increases.
At present, detailed land wuse mapping
relies most heavily on high-resolution aerial
photographs. Satellite photographs and
spacecraft multispectral scanner images, for



of a black-and-white ver-

Figure 2-4.--Portion

tical mapping photograph of downtown
St. Louis, Mo., July 30, 1974, (approximate
scale: 1:30,000).

example, Landsat images, are used for more

generalized land cover mapping (see table 1-1,
Level I categories).

As explained in the following section,
the primary photographic data source for the
USGS national Land Use and Land Cover Level II
mapping program is either NASA "u-2"
high—-altitude color-infrared (1:120,000- to
1:130,000-scale) photographs or 1:80,000-scale
black-and-white USGS quad-centered photographs.

Aerial Film Types

Photographic film consists of a cellulose
acetate or polyester base coated on one side
with a light-sensitive layer (the emulsion)
and on the other side, with an antihalation
backing--a light-absorbing coating which
prevents backscatter of the photographic image
beyond its proper boundaries. Silver halide
crystals suspended in a gelatin are the main
active ingredients in the film emulsion.

During the time that the camera shutter
is open, light strikes the emulsion and the
image of the scene is recorded on the film as
a reversed, or negative, image. The amount of
light reaching the film base determines the
film density (opaqueness) for any specific
area of the film. The greater the amount of
light reflected from an object, the more dense
the film's area for that object. When
positive images are printed from the negative
film, the dense areas of the negative hold
back light and produce 1light tones on the
print, whereas the less dense areas allow more

light to be transmitted to produce darker tones
on the print.

The resolving power of the film affects
the final resolution of the photograph. Among
the factors that affect the film resolution is
the size of the silver halide crystals or

grains, which determines the exposure time
required for correct density and contrast.
Earlier, it was noted that the amount of light

reaching the film base determines the film
density for any specific area of the film. As
the size of the silver halide crystals in the
emulsion increases, the amount of 1light
required to produce the correct density and
contrast decreases. A fast film having rather
large silver halide crystals in its emulsion
layer requires a short exposure time. However,
the large silver halide crystals reduce the
film's ability to produce sharp images (film
definition) and therefore reduce resolution.

The motion, particularly forward speed,
of the remote sensor platform also has a
bearing on choice of film speed. To compensate
for the degrading effects of image motion, one
must use a fast shutter speed and therefore a
fast film to reduce blurring. However, as
noted above, fast films have lower resolutions.

In general, black-and-white films have
higher resolution than color or color-infrared
films of comparable camera speed.

The most common type of film used for

aerial mapping and photointerpretation 1is
panchromatic film (see figure 2-5). Since
panchromatic film is sensitive to the same

wavelengths as the human eye (about 0.36 to
0.72 micrometers), the relative tonal values
of objects on panchromatic photographs are
similar to those seen by the human eye--a
characteristic which facilitates the photo-
identification process. Although panchromatic
film is excellent for distinguishing between
objects of different colors, it lacks sensi-
tivity in the green portion of the electromag-

netic  spectrum, thus making distinctions
between vegetative cover types difficult.
Panchromatic film is the least expensive of

the aerial films to process and develop.

Color aerial films are basically of two
types—-reversal and negative films. Reversal
films, after the first stage of developing,
are positive transparencies. Negative films,
however, yield a negative transparencye. A
black—-and-white reproduction of a color photo-
graph (see figure 2-6) can be used for compari-
son with a panchromatic print (see figure 2-5).

Today's color aerial films have improved
speeds, definition, and less granularity. When
used with appropriate filters to reduce haze
effects, color aerial films dincrease the
photointerpreter's ability to distinguish and
identify forest types, degree of sediment load



Figure 2-5.--Black-and-white mapping photograph of downtown St. Louis.

2 B .,

Notice the dark

gray tones of the buildings and the light gray tones of nearby parking areas.

Figure 2-6.--Black-and-white reproduction of a color photograph of downtown St. Louis.
Notice the lack of vegetation associated with the central business district (CBD).

in water Dbodies, and other landscape and
manmade features exhibiting distinctive colors.

Aerial color-infrared (CIR) film, origi-
nally known as "camouflage detection film" and
occasionally referred to as "false-color film,"
is sensitive to both the visible and reflected
infrared portions of the electromagnetic spec-
trum (approximately 0.4 to 0.9 micrometers).
Therefore, instead of being sensitive to blue,
green, and red reflected light, its emulsion
is sensitive to green, red, and infrared light
when exposed through the required yellow
(minus-blue) filter.

Aerial color-infrared film has excellent
haze-penetrating capability because the yellow

filter eliminates the

scattered blue wave
lengths comprising most of the haze. In
addition, since it is more sensitive to the

near—IR portions of the spectrum, it is very
useful in distinguishing land cover types based
on different moisture contents. For this
reason, it is used to discriminate camouflaged
areas and diseased vegetation from healthy
vegetation. Healthy vegetation appears red to
magenta on CIR photographs whereas diseased
vegetation appears darker red.

Color-infrared film is also helpful in
identifying land/water interfaces, deciduous
versus evergreen forest types, wetland areas
(grayish-green to dark magenta colors), silt-



Figure 2-7.--Black-and-white reproduction of a color-infrared photograph of downtown

St. Louis taken 3 months later.

laden (light blue to white) versus clear water
(dark blue to black) bodies, and delineating
central business district (CBD) areas (bluish

white) (Sabins, 1978, p. 44; Richason, 1978,
p. 202-204). A black-and-white reproduction
of a color-infrared photograph (see figure

2-7) may be compared for tonal differences with
the panchromatic print (see figure 2-5) and the
black-and-white reproduction of a color print
(see figure 2-6).

Aerial Cameras

Aerial cameras can be classified by use
(mapping, reconnaissance, or special), type
(frame, panoramic, strip, or multiband),
angular field of view (normal angle--up to 75°,
wide angle--75° to 100°, super-wide angle--over
100°), and focal length (short—-up to 6 inches,
normal--6 to 12 inches, long--over 12 inches)
(see Slama, 1980, p. 187-277). Probably, the
most important distinction in cameras concerns
their use—-particularly mapping versus
reconnaissance cameras.

Mapping cameras, often referred to as
metric or cartographic cameras, are equipped
with high-quality lenses to obtain the highest
possible resolution and to reduce photographic

distortions. Accordingly, the resulting
photographs allow precise. photogrammetric
measurements. Aerial mapping cameras generally

are of the frame type; that is, a camera in
which an entire frame or format is exposed
simultaneously through a lens that is a fixed
distance from the film plane. Their total

Note the loss of detail in shadow areas.

field of view (angular coverage) across the
diagonal is from 90° to 120°; that is 45° to
60° either side of the vertical position of the

camera. Aerial mapping frame cameras generally
use a 9- x 9- inch (23- x 23-cm) film format
size.

The black-and-white photograph shown in
figure 2-4 was taken with an aerial mapping
frame camera. Section 6 of this guide,
"Photointerpretation Keys for Missouri,”
contains various photographs taken with aerial
frame mapping cameras.

Reconnaissance cameras are designed to
provide maximum image resolution and only
moderately good positional accuracy. These

cameras are primarily used for intelligence
gathering, land wuse change detection, and
environmental monitoring. Reconnaissance
cameras can be of the frame type or the
panoramic type (see Reeves, 1975, p. 282-283).
The large-scale photographs in the photointer-
pretation keys (Section 6) were acquired with
cameras housed in an Enviro-pod. The Enviro-
pod contains two KA-85A panoramic reconnais-—
sance cameras. The cameras have a 3-inch focal
length, 40° x 130° angular coverage (that is,
40° front-to-back along the flight 1line and
130° side-to-side perpendicular to the flight
line), and a 70-mm-wide film. The cameras are
mounted in a two-section aluminum housing.
The camera in the forward section takes
vertical photographs, while the camera in the
rear section takes forward oblique photographs
45° down from the flight horizon. Figure 2-8
shows the Enviro-pod camera system strapped to
a Cessna 172 aircraft.



Figure 2-8.--Cessna 172 aircraft with
Enviro-pod camera system.

Although the cameras exposed color
reversal film, the illustrations appearing in
this guide are produced in black-and-white.
Normally, exposures were made from an altitude
of approximately 2,500 feet above mean ground
level. Since the cameras have a 3-inch focal
length, the scale at the center of each
vertical photograph is approximately 1:10,000.
Away from the center of the photograph,
particularly near the sides, the scale becomes
smaller and distortions increase significantly.
Since special-purpose cameras such as
multiband cameras and special-effects cameras
will not be discussed in this guide, the reader
may wish to refer to Reeves, 1980,
pages 187-232, for further information.
Although it is desirable to have mapping
and/or reconnaissance aerial photographs, one
should not overlook the wutility of the
hand-held camera. Photographs obtained from
these cameras can be used to document land use
changes and to verify photointerpretations.
The traditional viewing angles offered by these
cameras are more easily related to the under-—
standing of land use and land cover categories.
Therefore, the photointerpretation keys will
often display ground-level or low-altitude
snapshots of the objects being described to
further assist the wuser in recognizing a
particular land use or land cover type.

Photointerpretation

Photointerpretation is the detection,
identification, description, and assessment of
the significance of objects and patterns on a
photograph. With respect to land use mapping,
photointerpretation requires that land areas

be identified and assigned (classified) to a
category in accordance with a land use classi-
fication scheme. In addition, the photointer-
preter must follow specification guidelines
for minimum area size and/or width measure-
ments, density of occurrence (for example, four
structures per 10 acres), and other relevant

criteria to ensure consistent cartographic
delineation of land use types.

The U.S. Geological Survey wuses the
classification scheme developed by Anderson

and others (1976) and the mapping specifica-

tions (guidelines) as presented by Loelkes
(1977).

Almost everyone can recognize and subse-
quently classify natural and manmade

(cultural) features or objects from a vertical
aerial photograph. Through our visual exper-
iences, we unconsciously assemble a mental
image 1library of recognition characteristics
that describe the outward or physical appear-
ance of an object——either natural or manmade.
Typical characteristics are patterns, size,
shapes, tones (gray-scale values on black-and-
white photographs) or colors, textures (degree
of roughness as exhibited on the photograph),
shadows, and site associations.

Pattern. One of the most intriguing
recognition characteristics of mnatural and
manmade features are the patterns they make

when viewed from the air. For example, an
orchard planted in evenly spaced rows displays
a characteristic grid pattern. The pattern of
houses is significantly different for older,
inner-city residential neighborhoods when
compared to newer, suburban residential neigh-
borhoods. Common terms used to describe land-
scape patterns include linear, circular, rec-—
tangular, square, concentric, radial, symmetri-—

cal, regular, irregular, random, and busy or
congested.
Some features may be discernible as

patterns at only certain scales. For example,
an orchard becomes a texture at a smaller
scale and a series of orchards may once again
reveal a pattern at an even smaller scale.

Size. Both relative and absolute size
aid in identifying features; for example, note
the relative size differences between shrubs
and trees and the absolute size difference
between two parking lots. Because of the
number of people who arrive each day, a
shopping center requires more parking spaces
than an industrial plant. Relative size
comparisons are possible from an unscaled
photograph; absolute size measurements require
that the photographic scale be known or
calculated.
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Shape. Manmade objects tend toward
straight linear shapes while natural features
such as rivers or lakes tend toward irregular
shapes with generally irregular boundaries.
Easily recognized shapes include tennis courts,
ball parks, shopping malls, highway clover-
leafs, and schools. The terms used to describe
shapes generally parallel the terms used to
describe patterns.

Tone and Color. Photographic tone is the
characteristic shade of gray exhibited by
black-and-white photographs and is a function
of light reflectance characteristics. Once a
photointerpreter learns the different reflect-
ance characteristics of objects, he or she can
use this knowledge to help identify different
land use types. For instance, cultivated
fields tend to be darker than fallow fields,
deciduous forests are lighter than evergreen
forests, and commercial areas are lighter than
residential areas. In general, higher moisture
content yields darker tones.

Although the human eye can separate only
200 gray-scale values, it can separate over
5 million color combinations based on hues,
values, and chromas (Reeves, 1975, p. 268).
Because it 1is harder to learn to recognize
objects by their tonmes (values) of gray than

by color, it is easily understood why many
interpreters prefer color photography. For
example, Heller reported that the accuracies

with which tree species could be identified
were 17 percent higher on 1large-scale color
transparencies than on panchromatic prints of
the same scale (Lintz, 1976, p. 144).

Texture. Photographic texture is a func-
tion of the size of objects photographed and
the scale of the photograph. Texture refers
to the degree of roughness exhibited in a
photograph.

On black-and-white aerial photographs, it
is the arrangement of tonal repetition in
objects which produces the texture characteris-
tic. On large-scale photographs (for example,
1:4,800), individual tree <crowns might be
recognized, while on smaller-scale photographs
(1:24,000 and smaller), the tree crowns are so
small that only a texture appear. In general,
coniferous forests exhibit a smoother texture
than deciduous forests. Likewise, pasture
provides a smoother texture than rangeland.
Commonly used terms for texture are coarse,
medium, smooth, fine, and mottled.

Shadow. Although most aerial photographs
are obtained within 2 hours of solar noon, any
shadows cast by objects can further aid in
identification of an object. For example, the
shadow cast by a cross helps to identify a

church, or the shadows cast by communication
towers, monuments, trees, bridges, or oil tanks
can also provide information to help verify
their identity.

Shadows may also help to determine the
size and height of an object. Knowing the
scale and Sun angle of a photograph, one can
measure the length of a shadow and calculate
an object's height. If a shadow is cast by an
object of known height (for example, a TV
tower), a ratio calculation can approximate
the unknown height of another object.

Site Association. Natural and manmade
features often occur in certain places or in
proximity to other objects. For example,
willow trees are natural occurrences on flood-
plains or river sandbars. Likewise, cultural
landscapes follow certain patterns of develop-
ment. Elementary schools are located away from
main traffic arteries, while shopping centers
and other commercial establishments are found
along or at the junction of major transporta-
tion routes. Heavy industry locates near rail-
roads or along navigable waterways. High
schools frequently have recreation areas and
sports fields.

Interpretation Aids

The photointerpreter should not restrict
identification of objects on photographs solely
to the photographs. Any additional information
should be used that will aid in the identifica-
tion process. Reference materials, comparative
photographic coverage, magnifiers, and stereo-
scopic viewing can each play a beneficial role
in photointerpretation and verification.

Reference Materials. Perhaps one of the
most useful sources of auxiliary reference
information is the mental image library which
a photointerpreter acquires by residing in a
specific geographic area. However, the job of
the photointerpreter normally extends well
beyond his own geographic area. Lacking
personal knowledge, one can refer to available
planning and resource studies, maps, check-
lists, photointerpretation keys, or recognition
manuals.

Planning and resource studies are usually
available from 1local or regional agencies.
Quite often, planning agencies have compiled
various thematic maps, such as land use maps,
which can also be of assistance to the
photointerpreter.

Topographic maps, which present the hori-
zontal and vertical positions of natural and
manmade features, are readily available from
the U.S. Geological Survey through its National
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Cartographic Information Centers (NCIC) and
through selected dealers in most larger cities.
Topographic maps are very useful in identifying
elevation interrelationships; for example, the
occurrence of wetland tree species in
low-lying, moist areas. Topographic maps
further assist the photointerpreter by
displaying detailed natural and manmade
features from which additional significant
information can be derived.

Checklists can give natural or manmade
features which may occur in a geographic area
or which are known to occur in proximity to
one another. For example, Avery (1977,
P- 24-25) has prepared a list of the kinds of
features commonly occurring on aerial photo-
graphs. 1In addition, checklists are generally
available for most natural resource professions
(for example, see Avery, 1978, p. 13).

Photointerpretation keys illustrate
recognition characteristics of particular
features or groups of objects.

There are two types of photointerpretation
keys: selective and elimination. Selective
keys, of which this guide 1is an example,
provide typical illustrations and descriptions
of features in a specific category. The
photointerpreter selects the key example that
most nearly agrees with the object to be
identified.

Elimination keys require the photointer-
preter to follow a step-by-step elimination
process from the general to the specific until
the possible identification has been narrowed
to one choice. This type of key is also called
a dichotomous key (Avery, 1977, p. 25-26).

Finally, recognition manuals have been
used primarily by the military to assist
photointerpreters with recognition of military
equipment: airplanes, ships, tanks, etc. More
recently, recognition manuals have become
available for natural resource features like
tree species and for certain types of manmade
features. For example, the State of Texas
prepared a recognition manual for wuse in
determining substandard housing structures

(Texas Office of the Governor, 1972).

Stereoscopic Viewing. Stereoscopic
viewing permits the photointerpreter to view
objects in three dimensions and, because of
the magnification of the viewing instrument,
at a slightly larger size. With binocular
vision, the photointerpreter views objects from
slightly different angles with each eye, which

the brain interprets as relative distance.
People having vision in only one eye are unable
to view an object from two angles simultane-
ously, and therefore do not possess stereo-
scopic depth perception. Binocular vision can
be simulated through use of aerial photographs
taken of the same area from two different
positions. The area common to both photographs
can then be viewed in three dimensions.

The ability to view an object or feature
stereoscopically adds yet another dimension to
photointerpretation, particularly in identify-
ing and differentiating vegetative types.
Selected stereopairs have been included in the

photointerpretation keys (section 6) where
three-dimensional viewing would assist in
identification.

Magnification. Quite often, even though

a photograph's resolution has captured suffi-
cient object detail, the photointerpreter is
unable to recognize an object because of the
photo's small scale. Magnifying equipment can
enlarge the object and thereby add to the
photointerpreter's ability to identify various
features.

Comparative Coverage. Certain vegetative
features (for example, deciduous trees) can be
more easily identified if comparative photo-
graphic coverage exists. Since deciduous trees
lose their leaves, comparative late fall or
winter photographs faciliate the differentia-
tion of deciduous from coniferous trees.

In addition to using seasonal photography,
the photointerpreter may have access to color,
color-infrared, or different-scale photographs.
Therefore, the availability of comparable
coverage should always be investigated.

Summary

Land use and land cover interpretation
from remote sensing products requires knowledge
of system components and characteristics of
conventional aerial photographs—--resolution,
scale, platforms, and film and camera types.
An understanding of how components interrelate
to produce the final product is a key to
successful photointerpretation.

Land use and 1land cover interpretation
requires assignment of features to land use
and land cover categories. The following
section is devoted to this topic.
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SECTION 3: LAND USE AND LAND COVER
CLASSIFICATION SYSTEMS

Background
Development of a regional comprehensive

plan for natural resources is based, at least
partially, on such factors as land use, soils,

slope zones, geology, and drainage areas. Land
use information, a main ingredient to the
planning function, 1is an example of data

generally not contained in a form suitable for
correlation. Since land uses change faster
than any other factor usually included in the
planning process, land use information must be
made available as quickly as possible.

Federal, State, and 1local agencies, as
well as private consultants, have been produc-
ing land use and land cover maps for many
years. These maps were compiled for specific
programs or projects and have used a variety
of land use and land cover classification
schemes. These classification schemes were,
for the most part, designed to meet the
requirements of a particular program or
project, and have such a diversity of content
as to make them difficult to combine into a
single comprehensive map.

U.S. Geological Survey Land Use And
Land Cover Classification System

Knowledge of the character and utilization
of land resources must be available if land
resource-related problems are to be understood
and controlled. 1In order to adequately inven-
tory land resources, however, a classification
system is needed to ensure that the data on
cover characteristics and discernable activi-
ties related to land resources are objectively
and consistently classified. Such a classifi-
cation system has been developed by the U.S.
Geological Survey for the wnational 1land use
and land cover mapping program.

Land use surveys have been conducted for
centuries, primarily for taxation. Agencies
at all levels of government currently collect
land use-related data for planning and analysis
of land resource utilization. Such data are
necessary if problems related to environmental
degradation, loss of agricultural lands,
wetlands, and wildlife habitats are to be
reconciled with the need for sustained economic
growth and energy development. Unfortunately,
the result of many past inventory efforts has
been duplication of effort and, conversely,
data that subsequent to its first use, are of
very limited value even when used for similar
purposes.
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Development of the Land Use and Land Cover
Classification System

The need for standardization among various
agencies and recent developments in remote
sensing and data processing technologies
precipitated the U.S. Geological Survey's
involvement in formulating a land use and land
cover classification system. In 1971, an
Inter—-Agency Steering Committee on Land Use
Information and Classification was formed
including representatives from USGS in the
Department of the Interior, the National
Aeronautics and Space Administration (NASA),
the Soil Conservation Service (SCS) of the
Department of Agriculture, the Association of
American Geographers, and the International
Geographical Union.

The Committee sought to develop a classi-
fication system that would accommodate data
from remote sensors on high-altitude aircraft
as well as from conventional sources such as
topographic maps or ground surveys. Although
the Committee was formed to standardize class-
ification used by Federal agencies, it was
clear that a standard system could also provide
a base for local, regional, State, and other
agencies to use in formulating more detailed,
compatible classification systems.

From the work of the Committee, as well
as from consultation with States and other
public agencies that had worked with classifi-
cation systems employing remotely sensed data,
the late James R. Anderson, USGS, developed a
prototype for a national system. The system
was designed with consideration of other
classification systems and inventory efforts
in use by the Federal government. This
included the land use coding scheme promul-
gated by the Bureau of Public Roads in 1965,
the Inventory of Major Land Uses conducted by
the Economic Research Service of the Department
of Agriculture, and the Conservation Needs
Inventory of the SCS. The original version of
the USGS classification system was published
in Circular 671 in 1972.

_ Previously, the USGS had tested several
classification systems in a series of pilot
projects including the Census Cities Project,
the Central Atlantic Regional Ecological Test
Site (CARETS) study, the Phoenix Pilot Project,
and the Land Use Mapping Project for the Ozarks

Regional Commission. The latter project
utilized high-altitude photographs and
1:250,000-scale topographic maps for the
mapping effort. Many of the techniques

involved in this project evolved into those
used in the national land use and land cover
mapping program now carried on by the USGS.



The categories of land use and land cover
in Circular 671 were delineated to the second
level of detail. Land use was defined as man's
activities related to land resources, and land
cover, as vegetation or artificial structures
covering the 1landscape. The distinction is
important, particularly for this classification
system which, in contrast to other systems,
attempted t6 cover all elements of the
landscape in an equitable degree of detail.

Circular 671 suggested that Level I 1land
use and land cover categories could be mapped
using satellite imagery alone. Level 1II
categories would require high-altitude aerial
photographs (1:40,000 to 1:120,000) and the
supplemental data which could be obtained from
topographic maps. Level III categories would
require medium—-altitude photographs (1:20,000)
combined with information from detailed topo-
graphic maps and other supplemental data
sourcese. Level 1V categories would require
low-altitude large-scale photographs (larger
than 1:20,000), but actually most data would
be obtained from supplemental sources such as
detailed large-scale maps or ground surveys.

The classification system proposed in
Circular 671 was revised after several years
of additional testing and research. The
revised system is presented in USGS
Professional Paper 964 (Anderson and others,
1976; see table 1-1 preceding). Like the
prototype system, the revised classification
system provides a Level II delineation of land
use and land cover categories. General
criteria for ,developing the <classification
system include the following considerations:

(1) The minimum level of interpretation
accuracy in identifying land use and land cover
categories from remote sensor data should be
at least 85 percent.

(2) The accuracy of interpretation for
the several categories should be about equal.

(3) Repeatable or repetitive results
should be obtainable from one interpreter to
another and from one time of sensing to
another.

(4) The classification system should be
applicable over extensive areas.

(5 The categorization should permit
vegetation and other types of land cover to be
used as surrogates for activity.

(6) The classification system should be
suitable for wuse with remote sensor data
obtained at different times of the year.

(7) Effective use of subcategories that
can be obtained from ground surveys or from
using larger scale or enhanced remote sensor
data should be possible.

(8) Aggregation of categories must be
possible.

(9) Comparison with future land use and

land cover data should be possible.
(10) Multiple wuses of land

recognized when possible.

The categories of land use and land cover
presented in Professional Paper 964 (Anderson
and others, 1976) are being used for the
national land use and land cover mapping
program. Operational definitions of the
classes and specifications for the national
land use mapping effort are provided in USGS
Open File Report 77-555 (Loelkes, 1977).

should be

Characteristics of the USGS
Classification System

The USGS classification system is compat-
ible at the more generalized 1levels with
previously developed classification systems
and inventory efforts. An important difference
between the USGS system and others is the fact
that the system is designed to support exten-
sive surveys of land use and land cover with
consistent and uniform delineation of all
elements of the landscape. This is in contrast
to other systems in which one or a few land
use and land cover types are differentiated in
great detail while others are omitted or
classified as miscellaneous.

An example of such a system 1is the
Standard Land Use Coding (SLUC) system
developed by the Bureau of Public Roads 1in
conjunction with the Urban Renewal

Administration (see table 3-1). This system
based its classes upon economic activity and
utilized, insofar as possible, the codes and
description activities employed by the standard
classification system of the U.S. Department
of Commerce. The resultant system was
extremely detailed so that groups of classes
could be formed to meet the specific needs of
different communities. Data for this system
were generally collected through field survey
methods or local knowledge of an area.

The SLUC system has been employed success-~
fully in urban areas for community, transpor-
tation, and other forms of wurban planning.
Unfortunately, this classification system does
not provide enough categorical detail for land
areas which do not have an established economic
activity related to the land resource. Such
areas are simply aggregated into the category
of "undeveloped land and water areas.” For
the purpose of 1land resource management and

environmental impact assessments, this
obviously does not provide enough detail.
Wetland areas, wildlife habitat areas
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Table 3-1l.--Standard land use code (SLUC)-first and second level categories

(U.S. Urban Renewal Administration, 1965, p. 30)

Code Category Code Category
2 Manufacturing 26 Paper and allied products—-manufacturing
27 Printing, publishing, and allied industries
28 Chemicals and allied products--manufacturing
29 Petroleum refining and related industries
3 Manufacturing (continued) 31 Rubber and miscellaneous plastic
products—-—manufacturing
32 Stone, clay, and glass products—-
manufacturing
33 Primary metal industries
34 Fabricated metal products—-manufacturing
35 Professional, scientific, and controlling
intruments; photographic and optical goods;
watches and clocks--manufacturing
39 Miscellaneous manufacturing; NEC*
4 Transportation, communi- 41 Railroad, rapid rail transit, and street
cation, & utilities railway transportation
42 Motor vehicle transportation
43 Aircraft transportation
44 Marine craft transportation
45 Highway and street right-of-way
46 Automobile parking
47 Communication
48 Utilities
49 Other transportation, communication, and
utilities, NEC¥*
5 Trade 51 Wholesale trade
52 Retail trade--building materials, hardware,
and farm equipment
53 Retail trade--general merchandise
54 Retail trade--food
55 Retail trade--automotive, marine craft,
aircraft, and accessories
56 Retail trade-apparel & accessories
57 Retail trade——furniture, home furnishings,
and equipment
58 Retail trade-—eating and drinking
59 Other retail trade, NEC*
6 Services 61 Finance, insurance, and real estate services
62 Personal services
63 Business services
64 Repair services
65 Professional services
66 Contract construction services
67 Governmental services
68 Educational services
69 Miscellaneous services
7 Cultural, entertain- 71 Cultural activities & nature exhibitions
ment, & recreational 72 Public assembly
73 Amusements
74 Recreational activities
75 Resorts and group camps
76 Parks

*Not elsewhere coded.
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associated with particular vegetative cover With a hierarchical scheme, the deriva-

types, and other diverse types of land cover tion and definition of the categories are more
conditions are not differentiated in the SLUC easily understood.

system. ‘nature of
A second major distinguishing character- development

istic of the USGS system is that it 1s a gystems.

USGS
of more
At Level III, for example, the Level

Also, the hierarchical

system helps promote
detailed classification

hierarchical system. Numerical codes are used I1 category "Cropland and Pasture” (21) can be

additional categories—-211
and the number of digits reflects the level of (Cropland) or 212 (Pasture).

detail in the classification system being used The State of Florida developed such a

(table 1-1). The first digit identifies the system which it adopted for use by State and
Level I class, the second digit the Level II regional agencies (see table 3-2).

for the various categories in the USGS system divided into

class, and so on.

Table 3-2. State of Florida Level I, II, and III, land use codes

(Extracted From Florida Department of Administration, 1976, p. 12.)

Level I Level II Level III
100 Urban or Built-up 170 Recreational 171 Swimming Beaches &
Shores
172 Golf Courses
173 Parks, Zoos
174 Marinas
175 Stadiums
176 Fairgrounds
177 Community Recreational
Facilities
178 Racing Tracks
179 Other Recreational
180 Mixed—-—-Any mixture of
Urban or Built-up
where no single use
predominates
190 Open Land and Other 191 Undeveloped Land Within
Urban Areas
192 Inactive Land with
Street Patterns but
Without Structures
193 Land Undergoing Active
Development Without
Indication of
Intended Use
200 Agriculture 210 Cropland and 211 Row Crops
Pastureland 212 Field Crops
213 Improved Pasture
220 Orchards, Groves 221 Tropical Fruit Orchards
(except citrus), 222 Deciduous Fruit Orchards
Vineyards, Nurseries 223 Nurseries
and Ornamental 224 Ornamental Horticultural
Horticultural Areas 225 Vineyards
230 Citrus Groves 231 Orange
232 Grapefruit
233 Other Citrus
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Kansas

land
additi

vision

(Same
Ever

he USGS also worked with
Pollution Control Department of Kansas City,
, to develop a classification system for
at Level IV (table
on, the system was cross-referenced to
the Standard Land Use Coding Manual and the
Standard Industrial Classification scheme.

It should be noted that a complete subdi-
all categories is not

use

of

Table 3-4. 'Sample Level IV forest
classification system

categories would be

green

essential.

repeated for
Forest Land and Mixed Forest Land;
from Cook, 1980, exhibit 3, p. 1-2)

411

412

413

41

10

4111
4112
4113
4114

40

4121
4122
4123
4124

70

4131
4132
4133
4134

Deciduous Forest Land

- 39 Percent Canopy

Sawtimber
Poles
Reproduction
Mixed

~ 69 Percent Canopy

Sawtimber
Poles
Reproduction
Mixed

- 100 Percent Canopy

Sawtimber
Poles
Reproduction
Mixed
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Flexibility of the system allows modifications
of the system to support a wide range of
applications. For example, for forest manage-
ment applications, it may be necessary to
further subdivide the Level II categories of
Deciduous (41), Evergreen (42), and Mixed
Forest Land (43). These subcategories could
be based on such factors as average stand
height, crown closure density, or diameter of
trees as indicated by their economic classes
(see table 3-4).

For other applications, categories within
the classification system can also be
aggregated. In these cases, all lower level
codes and categories can be grouped together
to provide data for more-general codes and
categories. As an example, acreage statistics
for Level II categories 21, 22, 23, and 24 can
be grouped together to provide statistics for
Agricultural Land (Level I, code 2).

Summary

Inventories of land use and land cover
require a standard classification system to
ensure that data are objectively and
consistently classified.

The USGS has fully defined a classifica-
tion system to the second level of detail for
the national land use and land cover mapping
program. All elements of the landscape are
provided consistent categorical detail. In
addition, since the classification system is
hierarchical in nature, it can be expanded to
accommodate the need for greater detail.

With a viable land use and land cover
classification system and suitable photographic
source materials, one may proceed with the task
of compiling a land use and land cover map.



SECTION 4: ©LAND USE AND LAND COVER MAPPING

Background

Land use and land cover mapping may be
defined as "the systematic delineation of man's
activities and the surface cover of the land.”
The maps produced by the USGS are specialized
in that they use a unique set of mapping speci-
fications and a classification system. They
depict the land use and land cover classifica-
tion categories and associated maps uniformly
for the entire United States (see table 1-1).

The mnational 1land wuse data base was
developed with three constraints in mind:
(1) the mapped data should be compiled and
published at the 1largest scale possible;

(2) the map series utilized as a base must be

complete for the entire United States; and
(3) the map series used as a base must have a
geographical format suitable for computer
application.

The standard 1:250,000-scale topographic
map series is the largest scale available that
also meets the other requirements. Therefore,
the 1:250,000-scale map series was selected as
the standard base map for land use and land
cover mapping. Certain areas, however, have
been mapped at the 1:100,000-scale using the
same specifications used as for the 1:250,000-
scale map compilations.

For future efforts, it has been decided
that revision of land use/land cover maps will
be completed on the 1:100,000-scale map bases
wherever possible. There have also been
demonstration projects completed at a scale of
1:24,000. These large-scale land use and land
cover mapping projects were limited in size
and designed to test utilization of the land
use and land cover classification system and
specifications at larger scales.

When the land use and land cover program
was initiated, the USGS determined which other
types of map overlays should be correlated with
the land use and land cover maps to provide the
user community the greatest effectiveness in
problem solving. From the multitude of maps
considered, ranging in complexity from county
boundaries to detailed soil types, the follow-

ing map themes were selected: (1) political
boundaries, (2) hydrologic wunits, (3) census
county subdivision, (4) Federal land

ownership, and (5) State land ownership.

The last two are only prepared when an
entire State is compiled. Also, the State land
ownership overlay is compiled only when a
State furnishes the data.
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The associated maps portray natural or
administrative information and provide the user
with the opportunity to utilize, either indi-
vidually or collectively, the land use and land
cover maps and data to produce graphic or
statistical data for the areas portrayed on
the associated maps. The mapping system 1is
constructed in such a way that the graphical
and statistical land use and land cover data
can be related to other resource data sets such
as soils, geologic, and hydrologic data as well
as demographic and socioeconomic data.

Product Preparation

The Geological Survey's land use and land
cover and associated maps are compiled in the

Western Mapping Center, Menlo Park, Calif.;
Rocky Mountain Mapping Center, Denver, Colo.;
Mid-Continent Mapping Center, Rolla, Mo.; or

Eastern Mapping Center, Reston, Va.

Before an area is authorized for compila-
tion, it is necessary to determine the availa-
bility of source materials for the area. The
prime source materials for small-scale land
use mapping are aerial photographs which meet
the following specific requirements: (a) the
photographs should not be more than 3 years

old; (b) there should be no more than 10
percent cloud or snow cover; (c) photographic
scale should be 1:80,000 or smaller;

(d) photographs must be tilt correctable when
necessary; and (e) photographs should be
acquired during leaf-off conditions.

Although all photographic source materials
are examined for possible wuse, the most
commonly used in the national land use mapping
program are:

1. Color-infrared photographs taken at
altitudes between 60,000 and 65,000 feet (scale
between 1:120,000 and 1:130,000).

2. Black-and-white panchromatic photo-
graphs taken from altitudes of approximately
40,000 feet (scale of 1:78,000).

3. The National High-Altitude Photography
(NHAP) program; scheduled to provide high-
altitude photographic coverage for the entire
United States every 7 years. The photographs
collected consist of color-infrared photographs
from a camera with an 8.25-inch focal length,
and panchromatic high-resolution photographs
taken with a 6-inch focal length camera.

For small areas not having photographs
meeting the requirements, searches are made
from other sources such as the Agricultural
Stabilization and Conservation Service of the
U.S. Department of Agriculture.



When mapping land use and land cover at
intermediate scales of 1:24,000 to 1:100,000,
the photographs should be less than 18 months
old at completion of compilation and range in
scale from 1:20,000 to 1:60,000, depending on
the scale of compilation. The remaining photo-
graphic requirements are the same as those for
the 1:250,000-scale mapping program.

The source materials needed to compile
the associated maps are gathered from various
State and Federal agencies. The information
needed to compile the political units map and
the census county subdivision maps are obtained
from Geological Survey topographic maps and
the Bureau of the Census. The Geological
Survey, Water Resources Division, provides
published Hydrologic Unit State Maps at a scale
of 1:500,000 from which the hydrologic units
maps are compiled. State land ownership maps
are compiled under a cooperative agreement with
a State only if the source material is
furnished by the State in a format acceptable
for compilation. The Federal Land Ownership
maps are compiled from data obtained from the
various Federal agencies whose data will be
shown on the finished map.

Other types of maps can be added to this
set, such as soils, geology, wutilities,
highways, and floodplains. When adding other
mapped data sets to the original land use and
land cover data sets, data should be compatible
in scale and content.

Field Activities

Field activities support two distinct
phases of compilation of 1land use and 1land
cover mapse. These are (1) precompilation
fieldwork, and (2) field checking of compiled
sheets.

To accomplish precompilation field activ-~
ities, the area is reviewed to determine the
types and extent of land use patterns to be
mapped . Air traverses, flown 1in a 1light
aircraft at low altitudes (500 to 1,500 ft.)
provide the opportunity to obtain low-altitude
oblique photographs of the land uses. Data
from the photographs are then plotted on a
1:250,000-scale topographic map and used along
with a written report to brief the compiler on
the area by comparison of the large-scale
photographs with the vertical mapping
photographs.

Post—compilation field checks allow the
interpreter to classify difficult-to-interpret
areas and to check the general accuracy of the
map. If classification of problem areas cannot
be resolved from an aircraft at a low altitude,
a ground visit to the site is made. The areas

covered by field check photographs are plotted
and a field report is written. The necessary
corrections are made, and the map is forwarded
for final reproduction.

Land Use and Land Cover Minimum Size
Specifications

The minimum size specifications for
delineation of the 1:250,000- and 1:100,000-
scale land use polygons are as follows.

Polygons to be delineated must meet mini-
mum size requirement, regardless of whether
they were published at 1:250,000 or 1:100,000.
The following categories must have a minimum
area of 4 hectares (10 acres): all Urban or
Built-up Land (11-17); Confined Feeding
Operations (23); Other Agricultural Land (24);

Water (52-54); Strip Mines, Quarries, and
Gravel Pits (75); and Transitional (76), if
urban. All other categories of land use and

land cover have a minimum area of 16 hectares
(40 acres).

In all categories mapped using a 4-hectare
(10-acre) minimum mapping unit, the minimum
width of a feature must be 200 m (660 ft.).
This minimum width precludes delineation of
very narrow or very long 10-acre tracts. All
categories mapped using the 40-acre minimum
mapping size wuse 400 m (1,320-ft.) minimum
widths. Exceptions to this specification are
limited access highways and all "double-line"”
streams on the 1:250,000-scale base map. Such
areas have to have a minimum width of 100 m
(300 ft.).

Land Use and Land Cover Delineation

Interpretation of the detail on aerial
photographs and transferral of this information
to the map base is accomplished by stereocompi-
lation techniques or direct detail transfer.
When stereocompilation techniques are wused,
maps are compiled at 1:250,000 or 1:100,000
scale with the use of a pantograph attached to
a photogrammetric instrument (see figure 4-1).

The direct detail transfer technique (also
known as monoscopic compilation) uses a modi-
fied microfiche viewer with 20x magnification
(see figure 4-2). Using this technique, the
photograph is scaled to fit the base map. In
the case where the scale of a block of photog-
raphy does not differ in scale by more than 3
percent, it is simpler to enlarge the base map
to the average scale of the photograph.
Transfer of land use polygon data from the
photograph to the base map can be completed by
sliding the photograph under the base map and
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Figure 4-1.--Photogrammetric land use and land
cover compilation.

Figure 4-2.--Direct detail transfer land use
compilation.

aligning the photographic detail with the map
detail. The detail viewed on the screen of a
microfiche viewer can then be transferred to
the map transparency by coordinating the image
with the same image on the photograph
positioned under the base map.

Generally, compilation by photogrammetric
me thods can be completed more quickly than by
direct detail transfer; however, more time and
effort are required for editing. With editing,
the overall time required to compile any given
area is found to be approximately equal for
monoscopic and stereocompilation methods.
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Associated Maps Compilation

Associated maps are compiled on scribe
coats at publication scale.

Political wunits map boundaries follow
those county boundaries shown on the base map
but must be verified with the County
Subdivisions—-Townships and Places maps from

the Bureau of the Census.
polygons are identified by five-digit codes
obtained from the Geographic Identification
Code Scheme (U.S. Bureau of the Census, 1972b).

Hydrologic unit boundaries and identifying
eight-digit codes follow those shown on the
State Hydrologic Unit Maps prepared by the
U.S. Geological Survey. A legend of polygon
unit names and codes is also compiled at this
time from the USGS 1lists of "Boundary
Descriptions and Names of Regions, Subregions,
Accounting Units, and Cataloging Units,” Water
Resources Division, USGS, 1982.

The Census County Subdivision Map portrays
census county subdivisions for nonmetropolitan
counties and census tracts for Standard
Metropolitan Statistical Areas (SMSA) as
defined in the 1970 or 1980 Census of
Population. Maps compiled prior to the 1980
census use 1970 census data, those compiled
after the 1980 census use 1980 data. The
political units boundaries from the Political
Units Maps form the framework for delineation
of the census county subdivisions. The County
Subdivisions—Townships and Places map, and the
maps from the appropriate Census Tracts: SMSA
publications of the Bureau of the Census are
used to obtain boundaries for this map. A
legend of census county subdivision names and
codes is also compiled at this time from the
Geographic Identification Code Scheme (U.S.
Bureau of the Census, 1972b).

The Federal land ownership map is compiled
showing only surface areas of federally owned
land occurring in units of 40 acres or more.
A two-digit code is used to identify parcels
of federally owned land.

The State Land Ownership map is completed
only for those States which have a cooperative
agreement with the National Mapping Division.
Under this type of agreement, the agency must
furnish the necessary compilation source
information for compiling such maps. The code
referencing system is designed separately for
each State.

During the compilation process, all maps
are checked with adjacent maps to ensure
continuity. Map editing consists of an overall
review of the manuscript for cartographic
errors, such as missing identification numbers,
broken lines, improper fittings, and any other
obvious cartographic errors. In addition, a
comparative review is made with the source

Political units map




materials to ensure that map compilation meets

specified requirements for photographic
interpretive accuracy and delineation of
polygons.

Quality Control

Quality control consists of an in-depth
review of the map manuscript to determine if
category definitions and specifications for
interpretation and compilation have been
consistently followed. A complete cartographic
review includes reviewing the accuracy of
interpretation, proper placement of identifica-~
tion numbers, adherence to specified minimum
sizes for the land use and land cover catego-—
ries and use of specified line weights. Errors
are noted for correction on a stable-base
overlay or diazo copy of the manuscript.

Three types of accuracy checks
performed. The first accuracy check is for
interpretation. Various field validation
techniques and processes are used to establish
the accuracy of land use and land cover inter-
pretations. The second accuracy check concerns
delineation of polygons compared to boundaries
existing on the Earth's surface. Since delin-
eations are taken from photographic source
materials, the outline is as precise as the
scale of the photograph will allow. The third
accuracy check 1is for positional accuracy.
The positional accuracy of the maps must be
consistent with that of the published map used
as the compilation base.

In addition to quality control of individ-
ual sheets which make up the land use and land
cover and associated map set, there must be a
composite quality control of all sheets in the
set. Table 4-1 shows some of the types of
correspondence which must be achieved.

are

Final Reproduction and Release

After a final review, reproductions are
made and the maps are released to open file in
the appropriate regional mapping center along
with a copy of the planimetric base. Copies
are also sent to the various State cooperators
and USGS outlets as required.

Land Use and Land Cover Mapping Specifications
at Scales of 1:100,000 and Larger

Regional and/ local natural-resource
managers often require that their land use and
land cover maps be more detailed and at a
larger scale. For more detailed and larger
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scale land use maps, the source photographs
must be more recent and larger scale and the
minimum polygon size and minimum polygon width
must be smaller. Table 4-2 illustrates the
relations among the levels of land use and land
cover classifications, base map scales,
photographic scales, minimum polygon sizes and
widths, and sources required for delineation
of land uses.

To further illustrate these relationships,
several land use and land cover maps at various
scales and classification levels follow.

Figure 4-3 illustrates the Level I land
uses around Lebanon, Mo. Figure 4-4 shows the
same pgeographic area at a Level II land use.
Specifications used for both compilations were
those detailed in Open-File Report 77-555 for
1:250,000-scale compilations.

Scale 1:250,000

LEVEL I EXPLANATION

1. Urban or Built-up Land
2. Agricultural Land

3. Rangeland

4. TForest Land

5. Water

Figure 4-3.--Level I land use and land cover
map, Lebanon, Mo.
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Scale 1:250,000
LEVEL II EXPLANATION
11 Residential
12 Commercial and Services
13 Industrial

14 Transportation, Communications,
and Utilities

17 Other Urban or Built—up Land
21 Cropland and Pasture
24 Other Agricultural Land
41 Deciduous Forest Land
53 Reservoirs
76 Transitional Areas
Figure 4-4.--Level II land use and land cover
map, Lebanon, Mo.
Figure 4-5 depicts a Level II land use
and land cover map of Lebanon at the

1:24,000-scale, while figure 4-6 of the same
area was compiled at Levels II and III.

Scale 1:24,000

LEVEL II EXPLANATION
11 Residential
12 Commercial and Services
13 1Industrial

14 Transportation, Communication,
and Utilities

17 Other Urban or Built-up Land
21 Cropland and Pasture

24 Other Agricultural Land

41 Deciduous Forest Land

43 Mixed Forest Land

53 Reservoirs

76 Transitional Areas

Figure 4-5.—-Level II land use and land cover
map, Lebanon, Mo.
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Scale 1:24,000
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LEVEL II AND LEVEL III EXPLANATION

111 One and under dwelling units per hectare
(DU/hectare)
112 Two to eight DU/hectare
113 Nine and over DU/hectare
121 Retail and wholesale
122 Commercial outdoor recreation
123 Education
124 Hospitals, rehabilitation centers and
other public facilities
126 Other public institutions and facilities
(other than educational)
132 Light industry
141 Highway
142 Railway
146 Sewage treatment
172 Cemeteries
173 Parks
174 Open space-urban
41 Deciduous forest land
43 Mixed forest land
53 Reservoirs

Figure 4-6.--Level II & III land use/cover map,
Lebanon, Mo.

The 1:24,000-scale map compilations are
the same areas as those set off by the heavy
black rectangles in figures 4-3 and 4-4. The
classification system used for the compilation
of figure 4-5 followed a multilevel classifi-

cation system prepared for the Kansas City,
Kan., land use test and demonstration project
as shown in table 3-3 (Sosinski, 1980).
Figure 4-6 followed a classification system

used by San Mateo, Calif. The specifications
used for compilation were as follows:
(1) polygons to be delineated had to have a
minimum size of 2.5 acres for Levels II and
III, (2) all categories mapped with this
mapping unit size had to have a minimum width
of 125 ft.

Summary

Compilation procedures and techniques used
by the U.S. Geological Survey for land use and
land cover mapping at a scale of 1:250,000 or
1:100,000 can be used to compile any scale
natural resource thematic map. Specifications
to compile mapped data, the level of classifi-
cations, and the different types of social and
natural resource data input requirements, all
fall under these procedures and techniques.
The items must, however, be compatible 1in
scale, detail, and specifications. Time spent
in project planning to ensure compatibility of

the project data will assure ~ successful
completion of a mapping project. Table 4-2
showed the relationship of these wvarious

aspects of land use mapping. The information
contained in this table was prepared primarily
for land use and land cover mapping; however,
it can be expanded or modified to include other
types of natural resource data requirements as
well.

26



SECTION 5: LAND USE AND THE ENVIRONMENT

As the Earth's population has increased
and man has Dbecome technologically more
advanced, his needs for natural resources and
space have also increased. These needs,
although economically and socially beneficial,
have often had an adverse effect on the
environment. The shift from an agrarian to an
industrialized society has at times changed a
pristine environment to an environment of
polluted air, water, and soil. Some areas have
been polluted to the extent that they are no
longer useful.

All uses of land and types of cover either
produce or are impacted by some form of pollu-
tion. This may range from air quality problems
caused by the natural decomposition of organic
matter in forested areas, to the 1illegal
disposal of hazardous waste materials. Some
forms of pollution have purely aesthetic
impact, while others are lethal. Recent
episodes, such as the Love Canal area near
Buffalo, N. Y., have dramatically shown the
far-reaching implications of the improper
disposal of chemical wastes. One of the
purposes of this guide is to provide the user
with some insight to the use of remote sensing
and land use and land cover maps and to aid in
the understanding of environmental/land use
relationships.

Since most types of pollution result from
the activities of man, it is easily understood
why many of these pollution types are a direct
result of man's use of the land. Consequently,
an existing land use map, compiled from recent
aerial photographs, can be an invaluable tool
in attempting to access real or potential
environmental problems. The products available
through the U.S. Geological Survey's national
land use and land cover mapping program can
greatly assist environmental specialists and
natural-resource planners by narrowing their

geographic search area to those land use
categories most 1likely to create pollution
problems.

Application of remote sensing for

environmental monitoring is well established
and documented. Many governmental agencies
whose mission involves resource management and
mapping have utilized aerial photographs since
the mid-1930's. Because of the time-consuming
nature of ground investigations, it became
readily apparent that only aerial images could
provide information in a timely, efficient,
and cost-effective manner.

Of the many agencies employing remote
sensing, the Environmental Protection Agency
(EPA), realized in the late 1960's the benefits
which could be derived from imaging sensors.
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Since that time, a variety of remote sensor
studies have been made of regulated pollution
sources.

A very basic type of study, an inventory
of pollution sources, can be easily carried
out using aerial photographs. While the
majority of stationary point sources require
permits, there are many nonpoint sources which
do not. A nonpoint source is an area type
source; examples include junkyards, construc-
tion sites, landfills, feedlots, and freshly
tilled agricultural fields. The major problem
associated with nonpoint sources is degradation

of water quality caused by surface runoff
entering both ground and surface water
supplies. Aerial photographs provide an ideal

means of analyzing large geographic areas for
this type of pollution source.

A new analytical technique developed by
EPA for detection of failing septic tank fields
uses large-scale color and color-infrared
photographs. The technique, used successfully
in various regions of the country, is based on
the fact that a failing system increases the
nutrient levels and available moisture to
surface vegetation thereby causing vigorous
growth which can be readily observed on color-
infrared photographs. It is believed that this
technique has saved hundreds of thousands of
dollars over conventional field investigations.
Data from these studies are used to determine
the need for new or expanded waste water
treatment facilities.

Aerial images have also been effective in
monitoring o0il and hazardous materials spills.
In such episodes, the 1images are obtained,
processed, and analyzed in the shortest pos-
sible time--usually less than 24 hours—--to
provide information directly to cleanup per-
sonnel. A recent development has been instal-
lation of a color television camera in the
oblique position of the Enviro-pod camera
system (see figure 2-8). The aircraft's ground
track is recorded on videotape and played back
at the spill command post shortly after the
plane lands. The vertical Enviro-pod camera
photographs are retained for documentation and
more detailed analysis at a later time. The
television system has also been used to monitor
aerial spraying of pesticides. A direct
air-to-ground transmission system is presently
being developed.

Environmental surveys using aerial
imagery have proven invaluable in intensive
site analyses of known potential hazardous
waste sites. In addition to recent imagery,
historical photographic coverage can often be

obtained and analyzed, thereby providing a
comprehensive site picture. The types of
information extracted include areal extent,

types of wastes disposed, presence of 1liquid



storage areas, offsite contamination, vegeta-
tion damage or stress, surrounding land use,
and onsite or offsite drainage.

Use of imaging systems for environmental
monitoring is, as yet, still in its infancy.
The vast majority of pertinent data are
presently collected using conventional photo-
graphic imagery. The Environmental Protection
Agency, along with other governmental agencies,
is investigating a number of other remote
sensing monitoring methods such as 1laser
fluorosensing; 1light intensification, detec-
tion, and ranging systems (LIDAR); and multi-
spectral imaging systems. However, for detec-
tion, location, and analysis of pollution
sources, the use of conventional photographs
has been the most consistent and reliable
me thod .

The basic types of pollution attributable
to the Level I land use and land cover cate-
gories are discussed in the following para-
graphs to facilitate an understanding of the
sources of these pollutants and their potential
effect on the environment.

Urban Pollution Sources

The main types of pollution in the urban
environment are water, air, and noise. The
first, water pollution, is caused primarily by
improperly treated sewage and waste-water
discharges. In residential areas, failing
septic tank systems or overloaded sewage
disposal plants are sources of water pollution.
In commercial areas the 1large expanse of
concrete and asphalt used for street paving
and parking areas provide an impervious surface

which allows rainfall runoff to convey
residual tar, automobile fluids, and 1litter
into streams and rivers. The predominant

waste-water problem associated with industrial
areas is brought about by the outdoor storage
of raw materials and finished products. In
addition, improper disposal of waste products
can become a major source of pollution. Land
used for transportation and utilities contrib-
utes to urban pollution primarily from the use
of fossil fuels. Both the burning of fossil
fuels and the storage and transportation of
these fuels are potential pollution sources.
Burning coal has also been directly connected
to "acid rain.” Runoff from highways, rail-
roads, and airports is also among the list of
potential water-pollution sources.

The other types of pollution, air and
noise pollution, are generally caused by such

28

activities as railroads and airports as well
as vehicular operation, industrial plant opera-
tions (especially plants burning various types
of fossil fuels), and heavy construction opera-
tions. Although man's activities in the urban
environment do constitute a wide range of
potential pollution sources, not all of the
Urban or Built-up Land uses are sources of
pollution. Public parks, golf courses, lakes,
and various other types of greenbelt areas are
generally not urban pollution sources.

Agricultural Pollution Sources

The primary source of pollution from
agricultural areas are nonpoint, or areal, in
nature. Since agricultural practices require

large field patterns to be economically effi-
cient, it is of 1little surprise that these
areas are, or at least may become, sources of
nonpoint pollution.

Nonpoint pollutants are most often asso-
ciated with chemical or physical water quality
degradation. Following periods of moderate to
heavy precipitation, overland runoff passes
through agricultural areas, and chemical (such
as pesticides and fertilizers) and physical
(primarily surface soil particles) contaminants
are carried to nearby water bodies.

Accordingly, farmers should be encouraged
to use agricultural practices which will lessen
the magnitude of nonpoint pollution.

Rangeland Pollution Sources

Rangelands are natural areas by definition
and generally are not pollution sources.

Forest Pollution Sources
Forested areas, like agricultural areas,
are prime candidates for nonpoint pollution
contaminants. These contaminants, primarily
loose soil particles and residual herbicides,
insecticides, and fertilizers, 1like nonpoint
pollution contaminants from agricultural areas,
are transported to nearby water bodies by
overland runoff.

Of the above contaminants, soil erosion

is by far the greatest nonpoint pollution
source resulting from silvicultural practices.
Clear cutting activities and use of heavy

machinery to construct logging roads are the
main offenders.



Water Pollution Sources

Water bodies generally are not pollution
sources. However, they serve as the transfer
mechanism for chemicals, soil particles, and
other organic pollutants that can impact the
Earth's ecosystems. ’

Wetland Pollution Sources

Wetland areas can be subjected to a number
of adverse environmental hazards created by
human activities. Drainage systems act as
transportation routes for distributing
pollutants; dumping and filling activities may
introduce toxic substances into nearby wetland
areas; and adjacent agricultural activities
may introduce fertilizers, pesticides, and
animal wastes into nearby wetland areas.

Barren Land Pollution Sources

The only Barren Land categories that occur
in Missouri are Sandy Areas other than Beaches;
Strip Mines, Quarries, and Gravel Pits; and
Transitional Areas. Of these categories, the
Strip Mines, Quarries, and Gravel Pits category
is the most frequent source of pollution. In
addition to contributing to air and noise
pollution, these areas are often a source of
chemical and/or physical contaminants which
can enter nearby water bodies.

The above pollution source descriptions
are only generalizations. However, as each
Level II land use and land cover category 1is
covered 1in section 6 of this guide, more
detailed environmental considerations will be
included for that category.

29



SECTION 6: PHOTOINTERPRETATION KEYS

FOR MISSOURI

INTRODUCT ION

This section presents the land use and
land cover photointerpretation keys and the
possible environmental impact of each type of
land use or land cover in Missouri. The
interpretation keys follow the land use and
land cover categories as shown in table 1-1.
Each of the Level I land use and land cover
categories has a brief general discussion
followed by the Level II categories. Each
Level II 1land use and land cover category
includes a general description and the possi-
ble environmmental impact of the category, and
is illustrated by a number of sites. Each
site is identified by (1) a site number, the
general location of which is shown on a map of
Missouri (figure 1-1), (2) a short title for
the site, (3) the name of the nearest popu-
lated place, county, and State name, and (4)
the 1location of each site by latitude and
longitude.

In addition to the photographic illustra-
tions, a more complete discussion of the cate-
gory, and, where appropriate, an environmental
statement are included with each of the sites.

In those cases where- a second level land
use and land cover category can best be repre-
sented by the most predominant type, only one
site example is presented. In some cases,
several examples are provided because of the
need for more complete recognition and
description of the category. For example,
land wuse categories such as category 41
(Deciduous Forest) may be illustrated well
with only one or two examples. However, cate-
gory 11 (Residential) involves single-family
homes, duplexes, garden apartments, trailer
parks, high-rise apartments, and inner-city
housing. The predominant example of this
category, however, is the suburban
single-family home. The prime illustration
for this category is an area of single-family
homes. However, because the category includes
the other residential types, they are also
illustrated with a very brief description.

Appendix A lists all site information by
site number.

LEVEL I, CATEGORY 1 - URBAN OR
BUILT-UP LAND

The areas which comprise Urban or
Built-up Land are those of intensive use.
These areas have a predominance of the land
covered with structures. These structures are

associated with cities and towns, and other
developments such as industrial and commercial
areas. It is not necessary that the
structures which comprise this category be
within, or adjacent to, towns and villages; in
fact, they may be completely isolated from
urban areas.

As development progresses, land having
less intensive or nonconforming use may be
located in the midst of Urban or Built-up
areas and generally will be included in this
category. Agricultural land, forest, wetland,
or water areas on the fringe of Urban or
Built-up areas will not be included -except
where they are surrounded and dominated by
urban development. The Urban or Built-up
category takes precedence over others when the
criteria for more than one category are met.
For example, residential areas that have suf-

ficient tree cover to meet Forest Land
criteria will be placed in the Residential
category.
Category 11--Residential
Category Description. Residential 1land

uses range from high-density multiple-unit
structures to low-density single-family houses
on large suburban lots. Included in this
category are single-family residences, apart-
ments, condominiums, mobile homes, recrea-
tional homes, and any other building or struc-
ture used as a residence. The most common
residential type of this category is the
single-family home.

Environmental Considerations. The resi-
dential category has potential for impacting
the environmment in several ways. Among these
are sewage, waste-water, air, and noise
pollution.

Sewage and waste water are a major source
of water pollution directly linked to residen-
tial development. Direct sewage outfalls and
the introduction of untreated sewage effluent
into surface and ground-water sources are
major pollution problems. Residential areas
that are not served by collector sewers must
rely on subsurface, on-site, sewage disposal
systems (septic tanks) which may malfunction
due to soil and geologic problems or adverse
seasonal conditions. When septic systems fail
towards the ground surface, the runoff of
untreated or partially treated sewage effluent
can be a major source of surface-water contam-
ination and lake eutrophication, as well as

being an immediate health problem to the
community. When septic systems are used in
areas where the soil 1is sandy and/or very
permeable, ground-water contamination may
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occur as the septic effluent moves too rapidly
through the soil resulting in 1inadequate
attenuation and filtration of biodegradable
particles prior to reaching ground-water level.

Even in residential areas where collector
sewer service 1is available, the waste-water
treatment facilities may be inadequate or
overloaded and cause the discharge of an
effluent that does not meet water quality
standards.

Other water pollution sources associated
with residential areas include runoff from
driveways, parking lots, and solid waste
disposal areas (landfills). Surface waters
may also be contaminated from runoff
containing fertilizers and pesticides used in
lawn and garden care.

Additional pollution sources associated
with residential areas include air pollution
from auto emissions, home heating furnaces,

and flourocarbons in aerosol sprays. Changes
in microclimates can occur as a result of
thermal discharges. Noise pollution can

result from construction activity and nearby
highways.

Interpretation Keys. Six residential
sites are illustrated ranging from high-rise
apartments in an urban renewal area to recrea-
tional houses on a lake in rural Missouri.
The principal example of this category is a
recent suburban residential development of
single-family homes on the periphery of a
large metropolitan area.

Site No. 1 (Single-Family Homes)
Location: Manchester
St. Louis County, Missouri
Geographic Coordinates: 38°36'N
90°31'W

The small-scale vertical mapping photo-
graph, figure 6-1, shows an expanded view of
this area of single-family residential homes.
Most single-family residences exhibit the same
photographic signature of pattern, tone, size,
and symmetry. In the upper left portion of
the photograph is a subdivision under
construction (point A, figure 6-1). Notice
how the ground is cleared of vegetation before
construction is started.

In the design of subdivisions, there are
always areas which cannot be developed because
of the topography or hydrologic conditions.
These areas are generally left as undisturbed
areas of natural vegetation. Two  such
dark-toned areas, without streets and houses,
are shown at A and B in figure 6-2.
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Figure 6-1.--Small-scale mapping photograph of
suburban residential area in Manchester, Mo.

Figure 6-2.—-Low-level oblique photograph of
wooded areas left undeveloped.

Streets with circular drives and cul-de-
sacs are easily identified by their pattern and
light tones.

Ranch-style homes with attached garages
of various sizes and shapes can be seen equi-
distant and symmetrical to the streets (figure
6-3). Upon close examination, sidewalks and
driveways are visible. Many of the driveways
are probably made of a blacktop material as
they are darker in tone than the streets.

In the center foreground of the large-
scale vertical photo (figure 6-3, point A) a
small park can be identified with its small
pool, tennis courts, parking area, and lake.



Figure 6-3.--Large-scale vertical photograph of
a subdivision layout and park.

Site No. 2

Location:

(Inner-City Residential)

St. Louis

St. Louis County, Missouri

Coordinates: 38°36'N
90°14'W

Geographic

The key identification features of
inner—-city multiple-family residences are the
rectangular street patterns, closely spaced
buildings with 1little or mno yard space,
garages behind the buildings accessable only
by the alleys in each block, and the
similarity of the shape of the buildings (see
figures 6-4 and 6-5).

Figure 6-4.--Small-scale photograph of inner-
city residential area, St. Louis, Mo.

Figure 6-5.--Large-scale photograph of
inner-city residential area, St. Louis.

In most inner-city residential areas,
particularly in the older sections of cities,
residences are either duplexes or multi-family
structures. A typical duplex is shown in
figure 6-6.
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Figure 6-6.——Ground photograph of multi-family
inner-city residential area in St. Louis, Mo.

Many of the older sections of town have
local commercial shops and schools intermixed
with the residential areas. 1In figure 6-7, a
commercial area is shown at A while a school
is located at B.



For convenience of the residents, the
parking facilities are located next to the
building and around the periphery of the
building area (figure 6-9).

e

Figure 6-7.--Low-altitude oblique photograph of
inner-city residential area with commercial Figure 6-9.--High-rise residential apartments
and school areas. with internal and external parking facilities.

These high-rise residences are located in

Site No. 3 (High-Rise Residential) an area of urban renewal. The area has

Location: St. Louis undergone change since the photograph in

St. Louis City, Missouri figure 6-8 was taken in July 1974. The change

Geographic Coordinates: 38°31'N is illustrated by the absence of buildings at
90°13'W A in figure 6-10, taken June 1980.

High-rise residential areas may be either
apartments or condominiums. These structures
are generally 4 to 12 stories in height and
may be found within the city limits or in the
ad jacent suburbs. The buildings, if more than
one, are constructed in a geometric pattern
(see figure 6-8).

P

Figure 6-10.—-Urban renewal area undergoing

change.
Figure 6-8.--High-rise apartments in an wurban
renewal area. The stereogram gives an excel- The play area for the building tenants is
lent view of the height of the buildings and shown in figure 6-11. This figure also
their similar shapes and sizes. illustrates the size of the buildings and the
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walkways which connect each of the floors in

adjacent sections of the complex.

Figure 6-11l.--Ground photograph of high-rise
recreational area, St. Louis, Mo.

Site No. 51 (Garden Apartments)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°11'N
93°19'w

Garden apartments are generally found in
the suburban area on the outer fringes of
larger cities (figure 6-12).

The structures are generally one to three
stories in height. They are generally
constructed in a rectangular pattern but can
be almost of any design, from circular to star
shaped. They are referred to as garden apart-
ments because of large grass areas surrounding
the buildings and separate entrances (figure
6-13) .

Figure 6-13 illustrates garden apartments
at A and common-entrance apartments at B.
Notice the proximity of parking to the garden
apartments as compared to the common parking
areas provided for the apartments at the right.

In figure 6-14, which shows garden apart-
ments in midst of single-family homes in
Springfield, Missouri, the dark-toned apart-
ments can be identified by their size, shape,
and similarity. Parking areas in front of each
building make the streets look wider. On the
right side of the photo, four separate parking
lots are visible at B. Garden apartments
usually include recreational facilities within
the building complex area.

Figure 6-15 is a ground photograph of
typical garden apartments.

Figure 6-12.--Small-scale photograph of garden
apartments, Springfield, Mo.

Figure 6-13.--Large-scale photograph of garden
apartments in Springfield, Mo.

Figure 6-14.--Low-level oblique photograph of
garden apartments in Springfield, Mo.
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Figure 6-15.--Garden apartments in
Springfield, Mo.

Site No. 52 (Mobile Homes)

Location: Springfield
Green County, Missouri

Geographic Coordinates: 37°11'N
93°22'W

Mobile homes can be found throughout the

countryside, however, they are primarily
located in suburban areas in courts or parks

(figure 6-16).

Figure 6-16.—--Mapping photograph of mobile
home park at Springfield, Mo.
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secured on

Most mobile homes are
permanent foundation and usually parked in
trailer court or park. Large mobile homes are

parked perpendicular to or at an angle to the

This practice
the maximum wutilization of a
area. Mobile homes are long and
compared to a house, lighter in
and are wusually arranged in a regular

in the court.
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Figure 6-17.--Large-scale vertical photograph
of mobile home park, Springfield, Mo.

Utilities are generally run between the
backs of the mobile homes, with a gas or oil
tank and an electric meter for each home. The
water and sewage lines also run between the
homes. The general method used for sewage
disposal outside the city limits is usually a
sewage lagoon (A, figure 6-18). Figure 6-19
presents a ground perspective a typical

mobile home park.
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Figure 6-18.—--Mobile home park and sewage
lagoon near Springfield, Mo.

35



The various shapes and sizes of the
buildings are indicative of recreational
homes. These homes can be year-round
residences or seasonal cabins. Boathouses and
boat docks are visible at every Jlakeshore
lot. Wooded areas are considered an asset in
recreational developments and therefore are
usually not removed during construction (see
figure 6-21).

Figure 6-19.--Ground photograph of a typical
street in a mobile home park.

Site No. 89 (Recreational Homes)
Location: Trenton
Grundy County, Missouri
Geographic Coordinates: 40°06'N
93°44'W

Recreational homes are frequently very
close to water bodies, or in wooded areas, and
provide outdoor recreational activities easily
accessible to their occupants. This recrea-
tion area borders Lake of the Woods. The key
identification features of recreational home
areas are the road patterns and the different
sizes and shapes of the buildings, boathouses,
and docks. The general scattering of houses

and vacant lots are also common. Figure 6-20 Figure 6-21.--Large-scale vertical photograph
illustrates a rectangular road pattern of Lake of the Woods residential area.
which gives way to separate access roads to

each residence as one approaches the lakeshore. Figure 6-22 illustrates a recreational

home site area with the scattering, almost
random, placement of structures.

This particular site is associated with a
rather large lake. There are large numbers of
recreational areas developed in mountain-type
terrain. The lot layout and building type are
mainly the same as for lake development. The
recreational facilities, however, are in the
form of smaller lakes and golf courses which
tend to be more centrally located within the
development.

These examples illustrate a cross section
of the various types of dwelling units which
comprise the residential category. There are
many other types which are variations of the
Figure 6-20.--Small-scale mapping photograph of examples shown, but these examples can be

recreational homes at Lake of the Woods, Mo. considered typical.
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Figure 6-22.--Low-altitude oblique photograph
of recreational home area.

Category 12--Commercial and Services

Category Description. Areas which contain
structures predominantly used for the sale of
products or services are classified as commer-
cial. Included in this category are central
business districts, shopping centers, commer-
cial strip developments along highways, and
junkyards. The main buildings, secondary
structures, and supporting areas—-office build-
ings, parking lots, landscaped areas, and
waste-disposal areas——are also included in this
categorye. Institutional land use, such as
educational, religious, health, correctional,
and military facilities are likewise included
in this category. Cultural and recreational
areas that can be identified on aerial photos,
and included in this category, are commercial
sports arenas, drive-in theatres, amusement
parks, and commercial campgrounds. At military
bases and institutional facilities, areas not
specifically related to the purpose of the
institution should be placed in the appropriate
category.

Environmental Considerations. Commercial
and Services land use areas share the following
general potential for environmental effects.
Extensive concrete and asphalt coverings cause

high rates of surface water runoff which can

affect water quality and quantity. The runoff
is capable of carrying residual tar, oil,
automobile fluids, litter, and other solids

into storm sewers and eventually into nearby

streams. The extent to which water quality is
affected depends upon where the water has
traveled during its course. Quantity is

influenced by the impervious layers blocking
the percolation and absorption of water into
the Earth to replenish the ground water aqui-
fier supplies. Excessive runoff can cause
flooding during heavy rainfalls in commercial
areas or 1in nearby residential communities.
Commercial areas in general have high rates of
consumption and discharge of water. This
results in large sewage volumes and depletion
of local water reserves. Specific pollution
hazards to water quality from commercial land

uses include chemical contamination, thermal
contamination, and over nutrification. Of all
the commercial establishments in land wuse

category 12, the activity which has one of the
largest potentials for pollution is salvage
yards. Salvaging of batteries and autos can
contaminate soil, water, and air with toxic
chemicals, lead, and iron oxides. The burning
of auto interiors pollutes the air and can
spread noxious odors to nearby communities.

Air quality is also affected by activities
of commercial districts. High-volume traffic
contributes exhaust emissions, dust levels are
higher, and power generators can contribute
particulate matter into the air. Airborne
lint and debris can also effect air quality in
these regions.

A noticeable byproduct from high-density
commercial areas is excessive noise. Vehicles,
heavy machinery, loudspeakers, and loading
areas all contribute to abnormally high noise
levels. These noises can be intensified by
nonabsorbing building materials which can
create echos. Noise levels may also be high
at certain times in the neighborhood of concert
halls, sports arenas, and fairgrounds.

The most noticeable detrimental environ-

mental effect of a commercial area is its
high-density land use. Sparse vegetation is
common and "heat islands"” are likely 1in

sections devoid of greenery. The alteration
of the terrain by heavy urbanization affects
hydrology, vegetation, climate, and habitat.

Not all commercial land uses should be
considered detrimental. Hospitals, schools,
and other institutions provide open areas

which, for the most part,
aesthetically pleasing.

are nonpolluting and

Interpretation Keys. Presented on the
following pages are examples of Commercial and
Services land uses in Missouri.
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Site No. 4 (Shopping Center)
Location: Mehlville
St. Louis County, Missouri
Geographic Coordinates: 38°31'N
90°20'W

Large shopping centers are usually located
in the suburbs of urban areas. The key ident-
ification features are large or interconnected
buildings surrounded by well-paved parking lots
and its location near an interchange or a four-
lane divided highway for easy access and exit.

The small-scale mapping photograph
(figure 6-23) shows the location of a Mehlville
shopping center. The intersection of two
interstate highways and major arterial streets
provide easy and convenient access to the
facility. Some of the surrounding residential
and commercial development served by this
shopping center 1is also visible. Since the
date of the mapping photograph, July 1, 1974,
the shopping center has expanded as evidenced
in the photograph in figure 6-24, taken in June
1980. The dark rough-textured area to the west
of this complex at A, is an area of trees which
may eventually be converted to additional
parking or other commercial activities. The
photograph shows the large retail building
completely surrounded by well-marked paved
parking facilities.

Figure 6-23.--Small-scale mapping photograph
of shopping center near St. Louis, Mo.

Figure 6-25 provides a ground perspective
of the complex and some of the well-marked
paved parking facilities.

Large shopping centers such as this site
are built to have large covered malls. The
various stores within the building open onto
the outside of the building as well as the
malls. When major chain stores are involved

with the shopping center, they will generally

build with a characteristic design which will
be evident in all shopping centers the store
occupies.

Figure 6-24.--Large-scale vertical photograph
of shopping center at Mehlville, Mo.

Figure 6-25.-—Ground photograph of shopping
center.
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Site No. 53 (Shopping Mall)
Location: Springfield
Greene County, Missouri.
Geographic Coordinates: 37°10'N
93°16'W

The small-scale photograph shown in
figure 6-26 locates a Springfield shopping
mall in relation to major traffic arteries,
surrounding residential structures, and other
commercial land uses.

Figure 6-28.--Battlefield Mall's main entrance
and parking lot.

Figure 6-28 shows the main entrance to
the mall and associated parking facilities.

Site No. 79 (Central Business District)
Location: Kansas City
Jackson County, Missouri
Geographic Coordinates: 39°06'N
94°35'W

Figure 6-26.—--Small-scale mapping photograph

of shopping mall at Springfield, Mo.

The stereogram presented in figure 6-29

The mall, Battlefield Mall, is more provides an excellent perspective of the
clearly shown in figure 6-27. In this height of the buildings and the extent of
large-scale  photograph the  building and parking within this central business district
parking lot can be easily identified by their  (CBD). Metropolitan CBD's have a large number
lighter tones. The major traffic arteries of high-rise buildings. They wusually are
provide easy access to the mall. Unlike easily accessed by interstate bypass routes.

shopping centers, malls have all of the stores Figure 6-30 illustrates the built-up
under one roof with a walkway (mall) serving nature of CBD's. The CBD is the heart of the
all stores. office/commercial activity of the city. The

photograph clearly shows the high-rise
buildings surrounded by large, lighter tone
parking lots. Most of the 1lots are full;
therefore, it's evident that these photographs
were taken during business hours.

Figure 6-27.--Low-level oblique photograph
of Battlefield Mall, Springfield, Mo. Figure 6-29.--Stereogram of portion of the
Kansas City, Mo., central business district.
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traffic intersection. The central business
district originally developed along the rail-
road and is now expanding in all directions.

Figure 6-30.--Forward oblique photograph of
Kansas City CBD.

Figure 6-32.--Medium-size city central
business district, Lebanon, Mo.

Figure 6-31 presents a more familiar view
of the Kansas City CBD.

Figure 6-33, a large-scale vertical
photograph, more clearly illustrates some of
the recognition features of a medium-size town
CBD. Notice the angle parking at A and the
dark roofs of the three and
buildings at B.
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Figure 6-31.--Ground-level view of central
business district, Kansas City, Mo.

Site No. 49 (Medium-Size City CBD)
Location: Lebanon

Laclede County, Missouri.
Geographic Coordinates: 37°41'N

92°40'W

Figure 6-32 shows the central business
district's growth away from the city's main

Figure 6-33.--Large-scale vertical photograph
of CBD, Lebanon, Mo.
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Site No. 40 (Small-Town CBD)

Location: Ironton
Iron County, Missouri
Geographic Coordinates: 37°36'N
90°38'W

The main section of the central business
district of Ironton is shown in figure 6-34.
Small-town CBD's wusually parallel the main
traffic artery. Two- or three-story buildings
line the street. Also shown in figure 6-34,
in the west-central sector of the circle is
the Iron County Court House. Notice the prox-
imity of the residential structures to the CBD
area. This is common in small-town CBD's.
traditional

Figure 6-35 provides a more
view of this small-town CBD.

Figure 6-34.--Large-scale oblique photograph
of Ironton, Mo.

Fig. 6-35.--Ground view of CBD area,
Ironton, Mo.

Site No. 46 (Commercial Strip Development)
Location: St. Robert
Pulaski County, Missouri
Geographic Coordinates: 37°49'N
92°10'W

Commercial development along major traffic
arteries and access routes is often referred
to as "commercial strip development.” These
areas provide retail goods and services to
nearby residents. Figure 6-36 identifies two
commercial strip development areas at A and B
which serve the residents of St. Robert and
military personnel from Fort Leonard Wood.
Area A provides motel accommodations, fast food
services, a general merchandise store, a car
dealer, and other similar goods and services.
Area B, particularly near the bottom of the
photograph, provides services mnormally found
to exist near military bases—-bars, dry
cleaners, groceries, general merchandise
stores, a bank, and a TV repair shop.

Figure 6-36.-—Mapping photograph of commercial
strip development, St. Robert, Mo.

Figure 6-37 is a forward oblique photo-—
graph of the commercial strip development near
the Fort Leonard Wood main gate. ©Notice the
small parking lot facilities associated with
the establishments at A, B, and C. In
contrast, look at the large shopping center
parking lot for the grocery/general merchandise
complex at D. This particular example of
commercial strip development illustrates how
these types of retail goods and services can
be provided without adversely affecting the
traffic flow of a major traffic artery. Most
larger urban examples of commercial strip
development are characterized by commercial
structures and parking lots abutting the
street.
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Figure 6-38.--Mapping photograph of motels
along Glenstone Avenue in Springfield.

Figure 6-37.--Low-level oblique photograph of
commercial strip development near main
entrance of the army base at Fort Leonard
Wood, Mo.

Figure 6-39.--Forward oblique photograph of

Site No. 54 (Motels) Springfield motels.
Location: Springfield
Greene County, Missouri A ground-level photograph of one of the
Geographic Coordinates: 37°15'N motels is shown in figure 6-40. Note the
93°16'W restaurant facilities nearby.

Figure 6-38 identifies an area of motels
paralleling one of Springfield's major arterial
streets (Glenstone Avenue). To the north of
the area lies Interstate Highway 44. Motels
are frequently located along major traffic
arteries in proximity to interstate highways.

The key to identifying motels on small-
scale photographs such as figure 6-38, in
addition to their proximity to major transpor-
tation routes, 1is their 1linear structure,
swimming pools, and individual parking
facilities adjacent to the structures.

The large-scale photograph in figure 6-39
identifies swimming pools at A and two areas
with swimming pools and tennis courts at B.
Individual motel parking facilities are noted
at C. Also identified in figure 6-39 is the Figure 6-40.--Motel and restaurant on
North Park Mall at D. Glenstone Avenue in Springfield, Mo.
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Site No. 55 (Suburban Office Building)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°11'N
93°16'W

Suburban office buildings range from two-
to three-story structures to high-rise struc-—
tures. Firms seeking facilities away from the
central business district wusually select less-—
expensive suburban locations with easier
traffic access. Site 55 is a suburban office
building (figure 6-42) in southeast Springfield
which was recently constructed in place of a

drive-in theater (figure 6-41). If one were Figure 6-42.~-0ffice building with parking
categorizing land use as of the date of the lots.

mapping photography (January 1975), the

drive-in movie theater would also fall under

land use category 12.

Figure 6-41.--Mapping photograph of drive-in
theater, January 1975. Figure 6-43.—-—Ground photograph of office
building.
Modern office buildings may take on a
variety of shapes and designs. Figure 6-42

presents a modern office building nearing final Site No. 69 (State Capitol Building)
construction phases. The photograph was taken Location: Jefferson City

on a weekday in July 1980. Since there are no Cole County, Missouri
cars in the parking lot at A, one can assume Geographic Coordinates: 34°50'N
that the office building was not yet ready for 92°10'W

occupancy. Also visible, at B, were several
construction traijilers. The alternating rows

of white and black of the building structure All Federal, State, and local government
infer that the structure is multi-story. This buildings and adjacent facilities and grounds
fact is supported by the ground-level photo- are placed in land use category 12. Circled

graph shown in figure 6-43 taken in January in figure 6-44 is the Missouri State Capitol
1981. Notice the cars parked in front of the Building and other nearby State office build-
building. Also notice in figure 6-42 at C the ings and grounds. Situated adjacent to the
well kept grounds at the front of the building, Missouri River in Jefferson City, the Capitol
the circular drive, and the area for temporary and surrounding facilities and grounds are well
parking. maintained.
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Figure 6-44.--State Capitol Building,
Jefferson City, Mo.

As with many State capitol structures,
the Missouri State Capitol Building struc-
turally resembles the Nation's Capitol
Building. Figure 6-45 more clearly presents
the building with its graciously adorned
cupola, elevated main entrance and steps, and
legislative wings for the Senate and House.
Also common among State capitol buildings and
grounds is the circular traffic pattern
surrounding the structure.

Since parking is always a problem around
State capitols, many States construct parking
garages nearby. Figure 6-45 shows a
multi-level parking garage at A. Also shown
in this large-scale photograph at B is just
one of many of the State's office buildings.

Figure 6-45.--Large-scale oblique photograph
of Missouri State Capitol.

Site No. 76 (Warehouses)
Location: Kansas City
Jackson County, Missouri

Geographic Coordinates: 39°06'N
94°32'W
Warehouses are normally large flat-roof
buildings located near rail and/or highway
transportation facilities. Although seldom
located adjacent to major traffic arteries,

they usually are located on secondary arterial
streets to facilitate access by large semi-
trailers. Figure 6-46 is a forward oblique
photograph of a major general merchandise ware-
house in east Kansas City. Notice the highway
at A, the rail facilities at B, and the new
warehouse structure at C. Unlike shopping
centers which are seldom over two stories,
large warehouses such as this one often have
more than two stories. Also notice in this
photograph the ease of access provided by the
surrounding local streets (D).

W

Figure 6-46.-—-Low-level oblique photograph of
warehouse facility in east Kansas City.

Another recognition factor which can be
employed in the identification of warehouses
is the amount and location of parking
facilities. Unlike shopping centers which have
large, well-marked parking facilities adjacent
to the retail structure, warehouses have much
smaller parking lots located away from the
structure (see figure 6-47, point A). Since
most of the goods stored in the warehouse are
moved by mechanized equipment, few employees
are needed to operate a warehouse.
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Figure 6-47.--Large—scale photograph of
warehouse facility and employee parking area.

Figure 6-47 also shows the areas used to

load and unload semitrailers (B). Additional
semitrailers not in use are parked at C. A
shopping center at D is just east of the

warehouse.
A number of semitrailer units are parked
at the warehouse loading dock in figure 6-48.

Figure 6-48.—-Tractor semitrailers parked at
loading dock.

Site No. 77 (Warehouse)
Location: Kansas City
Jackson County, Missouri
Geographic Coordinates: 39°07'N
94°34'W

Shown in figure 6-49 are just a few of
some of the larger regional distribution ware-
houses located to the northeast of the Kansas
City central business district. Notice the

railroad facilities at A and the Missouri River
at B.

Figure 6-49.--Mapping photograph of warehouse
area in Kansas City.

As with the photorecognition characteris-
tics noted earlier for site 76, figure 6-50
shows two other warehouses in which tractor
semitrailer units play a major role. The ware-
house at A is primarily served by tractor semi-
trailers, while that at B receives, and
possibly ships, goods by rail as well as
tractor semitrailers. Notice the six railroad
boxcars at the loading docks on the east side
of warehouse B. Also note the semitrailers
parked on the north side of warehouse A and on
the west side of warehouse B.
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Figure 6-~50.--Large-scale photograph of
warehouse.
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Site No. 72 (Auto Salvage Yard)
Location: Columbia
Boone County, Missouri
Geographic Coordinates: 39°58'N,
92°26'W

Auto salvage yards, such as the one shown
in figure 6-51, are included in land use cate-
gory 12. This particular auto salvage yard is
well organized with autos lining both sides of
dirt access roads. If not careful, particu-
larly on small-scale mapping photography, a
photointerpreter may at first glance believe
the area 1is one of residential development
because of the road patterns. However, on
closer inspection, one realizes that the roads
are too narrow and the rectangular objects
(cars) too small and too close together to be
houses or mobile homes. At the top of figure

6-51, at A, is the salvage yard office and
workshop .
Most communities consider auto salvage

yard operations to be eyesores. Therefore,
they require auto salvage yard owners to shield
their yards from direct view. In urban built-
up areas most auto salvage yards are surrounded
by high wooden fences. In rural areas, such

as site 72, the yards are surrounded by trees.
The shielding trees can be seen in figure 6-51
at B and in the ground-level photograph of
figure 6-52 at A.

Figure 6-5l.--Large-scale vertical photograph
of auto salvage yard near Columbia, Mo.

Figure 6-52.--Ground photograph of auto
salvage yard.

Site No. 45 (Auto Salvage Yard)
Location: St. Robert
Pulaski County, Missouri
Geographic Coordinates: 37°48'N
92°09'W

Figure 6-53 presents another example of
an auto salvage yard. This yard is located
near the Fort Leonard Wood U.S. Army base just
west of the four-lane access road to the base.
As with the previous example, notice how the
autos are placed in tightly packed rows with
dirt access roads. Also notice the sales
office/workshop located at A.

Situated in a heavily wooded area, the
yard is obscured from view, particularly from
the access road. Notice how the owner/operator
of the yard is clearing some of the trees near
B to make way for more wrecked or junked autos.

Figure 6-53.——Auto salvage yard at Fort
Leonard Wood, Mo.
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Site No. 7

Location:

(Sports Stadium)

St. Louis

St. Louis City, Missouri

Coordinates: 38°38'N
90°12'W

Geographic

Commercial sports complexes such as stad-
iums, field houses, racetracks, and other
recreational complexes such as amusement parks
and golf-course clubhouses are included in land
use category 12. Such complexes are charac-—
terized by well-organized grounds and/or
structures with ample parking facilities. Most
of the larger complexes, such as sports stad-
iums, are located near major traffic access
routes in metropolitan areas.

Site 7, Busch Memorial Stadium in downtown
St. Louis, 1is typical of sports complexes
included in land use category 12. Figure 6-54
shows a sports stadium with parking facilities
at A and major traffic access routes at B.

Figure 6-54.—--Busch Memorial Stadium in
downtown St. Louis, Mo.

Also notice at C the pedestrian walkways
extending to the stadium at C from the parking
facilities. The stadium, which seats over
50,000, is the home for professional football,
baseball, and soccer teams.

This sports facility in the downtown area
of St. Louis is surrounded by many open air
parking facilities. These facilities are also
used by the people employed in the area during
the weekdays. Multistoried parking facilities
developed in the area, however, they are very
difficult to identify on the photography.

Figure 6-55 shows the walkramps to the
stadium.
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Figure 6-55.--Ground photograph of Busch
Memorial Stadium.

Site No. 78 (Sports Stadiums)
Location: Kansas City
Jackson County, Missouri

Geographic Coordinates: 39°03'N
94°29'W
The Harry S. Truman Sports Complex,

figure 6-56, is a unique twin sports stadium
located on the east side of the Kansas City
Metropolitan area at the junction of Interstate
70 and the I-435 bypass. The baseball stadium
at A is the home of the Kansas City Royals;
the football stadium at B is the home of the
Kansas City Chiefs. Notice the extensive area
of parking surrounding the stadiums. Also
notice the additional parking facilities at C,
which have been added since completion of the
complex.

As with all major sports complexes, ease
of traffic access is very important. Notice
the numerous parking access points at D.

Figure 6-56.--Small-scale photograph of
Harry S. Truman Sports Complex, Kansas City.



Figure 6-57 is a Jlarge-scale photograph
of the sports complex. Notice the walkramps
for both the baseball stadium at the top of
the photograph and the football stadium in the
foreground. The VIP parking area is shown at
A. The dark circular areas surrounding the
football stadium are shrubbery areas. Also
notice the lighter strips on the football
field. At the time of this photograph (June

1980) the artificial turf was under repair.

Figure 6-57.--Low-level oblique photograph of
sports complex.

Figure 6-58 presents a ground-level view
of the sports complex—-the football stadium on
the 1left, and the baseball stadium on the
right. Notice the spiral walkramp at A.

Figure

6-58.——Harry S.

Truman Sports Complex.

Site No. 59 (Regional Fairgrounds)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°15'N
93°18'W
Fairgrounds, including associated exhibi-
tion buildings, grandstands, racetracks, rodeo
arenas, corrals, paddock areas, and midway
areas are included in land use category 12.
Circled in figure 6-59 is the Ozark Empire
Regional Fairgrounds in east Springfield.
Originally located away from the Springfield

urbanized area, urban encroachment is quite
evident in this small-scale photograph. Notice
residential structures to the south, Central

Bible College to the east,
School to the north.

and Hillcrest High
Figure 6-59 also shows

Dickerson Park Zoo, west of the fairgrounds.

Figure 6-59.--Mapping photograph of Ozark
Empire Regional Fairgrounds at Springfield.

The facilities associated with this
regional fairground area are shown more clearly
in figure 6-60. Exhibition buildings are
located at A, the racetrack at B, the midway
area at C, and the grandstand at D. Notice
the lack of parking facilities at the
fairgrounds.

Figure 6-60.—-Large-scale photograph of
Ozark Empire Fairgrounds.
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exhibition

Figure 6-61 shows one of the
buildings at the fairgrounds.

Figure 6-61.--Exhibition building at Ozark
Empire Fairgrounds.

Site No. 5 (Hospital)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°38'N
90°16'W

Medical and health facilities, such as
Barnes Hospital in figure 6-62 are included in
land use category 12. Since this particular
site 1is adjacent to other Commercial and
Services structures it is difficult to
identify the site as a medical complex from
aerial photographs. One must rely on
ancillary data or ground investigations to
identify the site as a hospital.

Some features which should be noted in
figure 662 are the parking facilities at A,
the underground parking facilities at B (where
the tennis courts are located), and the
interconnecting walkways between the buildings
such as those at C.

Figure 6-62.--Low-level oblique photograph
of Barnes Hospital in St. Louis, Mo.

Pictured in figure 6-63 is a ground-level
photograph of the Barnes Hospital complex.
Notice the interconnecting walkways at A.

Figure 6-63.—--Barnes Hospital, St. Louis, Mo.

Site No. 57 (Hospital)

Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°11'N
93°17'W
Figure 6-64 depicts another regional
medical complex--Springfield's St. John's
Hospital serving southwest Missouri. Unlike
Barnes Hospital in St. Louis, this medical

complex is more easily identified since it is
surrounded by residential structures. As with
most medical complexes, the multistory build-
ings and wings are interconnected. Prominent
in figure 6-64 is the main entrance to the
hospital with the circular drive and covered
entrance. A more recent addition to the
hospital--an east wing--is shown at A. Ample
parking is available at B.

A ground-level view of the hospital is
shown in figure 6-65. Notice the cross on top
of the complex at A, and the newer wing at B.
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Figure 6-64.——Forward oblique photograph of
St. John's Hospital in Springfield, Mo.
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Figure 6-65.—--St. John's Hospital,
Springfield, Mo.

Site No. 56 (Federal Hospital)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°10'N
93°19'W

Federal and State prisons and medical-
correctional institutional areas are also
included in land use category 12. Figure 6-66
identifies the Federal Medical Center in south-
west Springfield. Once located away from the
built-up area, urban expansion has produced
residential encroachment.

Even though there has been residential
encroachment in the area around the institu-
tion, there will be maintained a clean buffer
zone between the institution and the nearest
built-up area.

The Federal Medical Center is a minimum
security complex devoted primarily to mental
health care and incarceration of individuals
convicted of "white-collar" crimes.

Figure 6-67 provides a clearer view of
many of the photorecognition characteristics
associated with such an institution. Note the
double chain link fence at A, the guard towers
at B, and the structural similarity of the
buildings at C. Also notice the baseball field
at D. This particular area is enclosed by yet
another wall (point E). A more secure area of
the institution is shown at F. Employee and
visitor parking facilities are shown at G.

Institutions such as this normally main-
tain some of their own fuel and water. Behind
the double chain link fence to the west is a
water tower at H and a storage tank at I. Also
visible is a maintenance building at J.

The main entrance to the dinstitution is
shown in figure 6-68. Notice the guard tower
at A.

Figure 6-66.—-Mapping photograph of Federal
Medical Center at Springfield, Mo.

Figure 6-67.~-Large—-scale vertical
photograph of Federal Medical Center.

Figure 6-68.--Main entrance to Federal
Medical Center at Springfield, Mo.
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Site No. 58 (University)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°12'N
93°16'W

A1l buildings, grounds, and parking lots
associated with educational institutions are
included in land use category 12. The physical
layout of Southwest Missouri State University
in Springfield is shown in figure 6-69. Ident-
ified in this stereogram are the football stad-
ium at A, tennis courts at B, newer, high-rise
dormitories at C, and older classroom buildings
at D. Note the relative height differences
between the high-rise dormitories at C and the
older classroom buildings at D.

Figure 6-70.--Low-altitude vertical photograph
of Southwest Missouri State University campus
in Springfield, Mo.

Figure 6-69.--Stereogram of Southwest Missouri
State University campus in Springfield, Mo.
(Note that this photograph is oriented with
east at top.)

A large-scale vertical photograph of the
campus is shown in figure 6-70. Again, note
the football stadium at A, the tennis courts
at B, and the high-rise dormitories at C. Also
note the availability of parking at D. This
photograph was taken in July 1980. Had it
been taken during the fall or spring, the
parking lots would have been full. Other
facilities visible in figure 6-70 include the
gymnasium and swimming pool at E, the library
at F, the student union at G, and the adminis-— Figure 6-71.-—Administration building at
tration building at H. Finally, note the maze Southwest Missouri State University.
of walkways which link the campus structures.

Also shown in figure 6-70 is a practice

field at I. Although it is wunlikely, these Site No. 6 (Intermediate School)

areas may also fall victim to construction Location: Webster Groves

someday. St. Louis County, Missouri
Figure 6-71 presents a ground-level view Geographic Coordinates: 38°34'N

of Carrington Hall--the administration building 91°22'W

on campus.

Elementary and secondary schools are most
frequently located in residential neighborhoods
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away from high traffic-volume areas. As with
other institutional 1land |uses, scholastic
buildings, grounds, and associated facilities

are included in land use category 12.

Elementary schools usually consist of one
building with limited recreational facilities.
Junior high schools may consist of several
buildings and may even have their own football
field or stadium. Intermediate and high
schools, however, can be characterized as
rather large campuses with several separate
buildings (normally connected by covered walk-
ways) or with interconnected buildings, large
football/athletic fields with viewing stands,
and parking facilities for the faculty and
staff as well as for the students.

Figure 6-72 is a mapping photograph of
Webster Groves Intermediate School southwest
of St. Louis. The intermediate school is shown
at point A. At point B can be seen a municipal
park and recreation area--two ballfields, a
swimming pool, and some tennis courts. This
latter area should be classified as land use
category 17. Also shown in figure 6-72, just

north of the school, is Interstate 44.

g,

Figure 6-72.--Small-scale photograph of inter-
mediate school campus and municipal park and
recreation area, Webster Groves, Mo.

o
r

Figure 6-73.--Large-scale vertical photograph
of Webster Groves Intermediate School.

Figure 6-73 is a vertical photograph of
the intermediate school campus. The school
building is shown at A, the football/athletic
field at B, and faculty parking facilities at
C. Also notice the controlled traffic access
at D.

The front entrance to the school and
covered passenger loading and unloading area
are shown in figure 6-74.

entrance and

Figure 6-74.--Main
loading area for Webster Groves Intermediate
School.

passenger

Site No. 48 (Military Installation)
Location: Fort Leonard Wood
Pulaski County, Missouri
Geographic Coordinates: 37°46'N
92°08'W

Figure 6-75 shows several key identifica-
tion features of most military installations.
Point A identifies the main parade ground.
Although this particular site is not surrounded
by buildings on all sides, most military base
parade grounds are surrounded by administrative
buildings. Point B, site of the original
parade grounds, 1is now an athletic field.
Basic training quarters and instructional
buildings are shown at C. On-base, dependent
housing facilities are shown at D. A general
merchandise warehouse area can be seen at E.
Also shown at F is the airfield which serves
the base. Point G identifies advanced training
barracks and training buildings. Although not
shown on this photograph, firing ranges and
bivouac areas are located just to the south.

Figure 6-76 presents a large-scale photo-—
graph of the main parade grounds at A, the
basic training building at B, the base training
barracks at C, the base theater at D, and ath-
letic fields at E. Notice the viewing stands
on the west side of the parade grounds. Also
note the whitish tone of the training area at
B where the recruits have denuded the area.
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Figure 6-75.—--Mapping photograph of Fort
Leonard Wood Army base.

Figure 6-76.—-Low-level

oblique photograph of
main parade grounds and Dbasic training
facilities at Fort Leonard Wood, Mo.

Category 13-—-Industrial

Category Description. Probably no other
category in the classification system has such
a diversity of structure types as the indus-
trial category. This category covers a wide
variety of land wuses, from installations
involved with product design, assembly, finish-
ing, processing, and packaging to steel mills,
cement plants, chemical plants, electric power
generators, o0il refineries, and mining. In
all of these industrial activities, the build-
ings, parking and shipment areas, and stock-
piles of raw materials and waste products are
all included in the delineation of the area.
For mining, only the surface manifestation of
the mining is delineated. That 1is, the
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buildings, mine shafts, and spoil material are
included. Underground mining activities are
not delineated as industrial but rather are
shown by the type of surface cover (i.e.,
agricultural land, forest land).

Different classification systems separate
industries into different sub-categories in a
variety of ways. The Standard Industrial
Classification Manual, for example, describes
industrial categories by the generic type of
industry as listed below:

Division A - Agriculture, forestry, and
fishing

Division B - Mining

Division C - Comnstruction

Division D - Manufacturing

Many metropolitan areas use this classifi-
cation scheme; however, there are several other
schemes used to classify industries (processing

industries, manufacturing industries, and
fabrication industries). Industries, by
whatever classification term is wused, have

identification features unique to each type.
Professional Paper 964 (Anderson and others,
1976) only used the term "industrial;" however,
in the descriptive text, it vrefers to a
breakout of light and heavy industries.

To illustrate the difference
light and heavy industries, the
descriptions have been used.

between
following

Light Manufacturing. "These light indus-
trial activities are focused on design,
assembly, finishing, and packaging of products
rather than processing of raw materials.
Materials used have generally been processed
at least once. Included are facilities for
administration and research, assembly, storage
and warehousing, shipping, and associated park-
ing lots and grounds. Land held in reserve may
also be evident. Among the industries in this
category are research laboratories, small
textile mills, electronics firms, trucking
companies, and even such large industries as
automobile assembly plants.

"In comparison with heavy industries,
these are relatively ‘'clean'--contributing
considerably less smoke, noise, dust, other

effluents, and visual 'pollution.'
"Identification of these industries
be based on type of buildings, parking and
shipping arrangements, and location in rela-
tion to cities or wvillages. Unlike shopping
centers, large commercial establishments or
schools, outdoor storage of materials may be
discernible along with trailer trucks parked
on the premises. Rail lines may be present.
Loading docks and power sources (large trans-
formers, power 1lines, smokestacks, or 1large
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fuel storage tanks) may suggest a manufacturing
process rather than retail sales.

"Occasionally, inactive plants are found.
Some have been converted to other uses such as
retail sales. Where these uses could be
detected, they were mapped accordingly. Other-
wise, inactive plants are classified by their
apparent former use."l

Heavy Manufacturing. These 1industrial
activities may be thought of as dirty, being
devoted to heavy fabrication, making and assem—
bling parts which are, in themselves, large
and heavy, or to the processing of basic raw
materials, including ore dressing operations.

The following description of heavy

processing industries is taken from the Manual

of Photographic Interpretation.

"Processing industries subject to accumu-
lated raw materials to treatment by mechanical
or chemical means or by heat to render them
suitable for further processing, or to produce
materials from which finished products can be
made. Characteristic facilities for storing
and handling bulk materials are useful clues
to the identity of these industries. Blast
furnaces, kilns, chemical processing towers,
and large chimneys or stacks are wusually
visible and serve to indicate the kind of
processing being carried on.

"Processing 1industries
large quantities of power; coal piles, fuel
tanks, boiler houses, or transformer yards may
indicate the source of power. The buildings
which house processing equipment are often
large and usually complex in outline and roof
structure. Since processing usually includes
refinement of raw materials, piles and ponds
of waste are common; they have to be
distinguished from stored raw materials.

"Processing industries can be subdivided
according to function into mechanical process-
ing, chemical processing, and heat processing
industries. A few industries depart from the
functional classification, but this departure
does not interfere with the utility of the key.

"Mechanical processing industries are
those engaged in sizing, sorting, separating,
or otherwise changing the physical form or
appearance of the raw materials. They can be
identified by the presence of bulk materials
stored in piles, ponds, or reservoirs, outdoor
equipment such as silos, bins, bunkers, and
open tanks, or handling equipment such as
conveyors, launders, cranes, and railroad cars.
A great deal of power is generally required,
and boiler houses or transformer yards are

usually require

lpescription of 1light industry is taken
from the Land Use and Natural Resource Classi-
fication Manual (Swanson, 1972), p. 14-15.

Buildings are 1likely to be
Piles or ponds of waste

quite common.
large and complex.
are also common.

"Mechanical processing industries differ
from other processing industries in that they
have few pipelines, closed or tall tanks or
stacks except those on boiler houses. They do
not have kilns.

"Typical mechanical processing industries
are ore reducers, sawmills, and grain mills.
Plants for hydroelectric power production,
water purification, and sewage disposal also
fall in this class. Aluminum refining is one
of those industries whose images place them in
this class although the processes are not
mechanical.

"Chemical processing industries separate
or rearrange the chemical constituents of the
raw materials. Pressure, heat, and catalysts
or other chemicals are wusually employed.
Closed vessels for handling liquids, gases, or
suspensions of solids in liquids or gasses are
typical of these industries, as is the use of
fluid flow in processing. Closed tanks, pipe-
lines, and towers for cracking or distillation
are usually visible in photographs of chemical
processing industries.

"Heat processing industries refine,
rate, or reform the raw materials,
energy from them. Large quantities of coal or
other fuel, chimneys, stacks, blast furnaces,
and kilns are characteristic of these indust-
ries. Pipelines and tanks are sometimes used
but are never abundant, and their presence,
which might be taken to indicate chemical
processing, is outweighed by the abundance of
objects evidencing the use of heat. Industries
typical of this class are thermal electric
power plants, iron and copper smelters, cement
plants, and clay products plants."2

sepa-
or derive

Environmental Considerations. Industrial
land use category (13) contains the greatest
number of potential sources of pollution.
Environmental problems can arise from the open
storage of raw materials, the manufacturing of
the products, the storage of the finished
products and byproducts, and the disposal of
waste materials.

The most frequent environmental impact is
the deterioration of water quality and soil

contamination. These conditions occur because
of runoff from the raw materials, improper or
careless storage practices for finished
products, and - improper disposal of harmful
waste byproducts.

2The description of heavy ©processing
industries is taken from the Manual of

Photographic Interpretation, American Society
of Photogrammetry (1960), p. 701-702.

54



Open storage of raw materials can lead to
runoff containing heavy metals, phosphates,
and other harmful substances which can find
their way into surface and ground-water
resources. Contamination from finished
products can occur from faulty and leaking
storage tanks, unrevetted storage tanks, and
careless cleanup practices when a spill or
leakage occurs.

The most damaging conditions which occur
are the result of improper disposal of waste
byproducts. Burying of drums containing toxic
chemicals in  unsafe landfills; directly
discharging toxics into waterways or onto the
ground; and unlined, poorly constructed waste
lagoons all contribute to the deterioration of
both ground and surface water quality.

At the 1local 1level, industries also
contribute to air and noise pollution. Depend-
ing on the type of industry, the air quality
in the surrounding area may deteriorate. Some
of the air pollution is caused by auto emis-—
sions from employee autos and company trucks.
Additional air quality problems may arise if
the industry uses processes which require the
emission of pollutants into the air.

Noise pollution by industry is generally
confined to the plant and immediate area,
effecting mostly those employed by the industry
and nearby residents.

Interpretation Keys. The following
examples illustrate various types of industry.

These examples by no means cover all the
various industrial types, but they do present
a good <cross section of the Industrial
category.

Site No. 8 (Rolling Mills-Steel)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°37'N
90°18'W

This site is an example of a steel rolling
mill. The installation would be classified as
a heavy or processing industry if compared to
the definitions given in the category descrip-—
tion. The stereogram, figure 6-77, shows the
plant 1layout, the high-sided buildings, and
the raw materials yard.

These types of mills have stacks along
the sides of one of the buildings (point A,
figure 6-78) which are probably soaking pits
where the ingots of metal are heated to the
point where the rolling process can form the
required steel pieces.

Figure 6-77.--Stereogram of a steel rolling
mill, St. Louis, Mo.

Figure 6-78.-—-Large-scale vertical photograph
of building layout and stacks, St. Louis, Mo.

The identifying features of this type of
installation are the long, high-sided buildings
with the skylights (figure 6-79). The build-
ings are constructed in this manner to allow
room for the heavy travelling cranes. These
cranes move the steel to various processing
stations within the buildings.

This installation 1is serviced by both
truck and railroad. There is marked difference
in the plant as shown in the small-scale
stereogram, dated 1974, (figure 6-77) and the
large-scale oblique photograph taken in 1980
(figure 6-80). In figure 6-80, tanks have been
removed from A. Lack of raw materials in the
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raw materials yard, point B, and absence of
finished products would lead one to believe
that the mill is no longer active.

Figure 6-81.--Barge building and repair,
St. Louis, Mo.

This installation is a barge-building and
barge-repair or refitting operation. There are
several identifying features for this installa-
tion. Among these are the number of barges in
Figure 6-79.-—Ground photograph of high-sided proximity to the installation. The barges are

building with skylights. not moored in any systematic manner as they
would be if they were being loaded or unloaded.

The primary identifying features of this
type installation are shown in figure 6-82.
Notice the shipways (marine railings) which
are used to launch the vessels at A. The barge
is built on the steel tracks, and when the hull
is completed, it slides down the ways into the
river. After the barge hull is launched, there
remains a number of items to be completed,
such as the decks and hatches. These jobs are
generally completed while the barge is moored
in the river. The travelling crane, point B,
figure 6-82 and point A, figure 6-83, is used
to move steel into position for welding during
construction. The raw materials used in barge
construction, steel, are shown in the form of
rolls at point C, figure 6-82, and at point A,
figure 6-84. Directly behind these rolls, at
point B, figure 6-84, is a large building
where fabrication of pieces of steel for the
barges takes place.

In addition to the barges and tugboats
Figure 6-80.-—Low-altitude oblique photograph moored next to the installation, there are two

of steel mill. drydocks which are used to raise the vessel
out of the water so that the hull is exposed
for repair. At D, figure 6-82, is a tugboat

Site No. 9 (Barge Building) in one drydock, being repaired or refitted.
Location: St. Louis This installation, although small in
St. Louis City, Missouri comparison to the large shipbuilding yards
Geographic Coordinates: 38°32'N found in the major port cities, has the same
90°15'W identifying features. The size and length of

the shipways will be larger in proportion to

the size of the ship being constructed. The

This installation is located on the <crane will be larger as will be the storage

St. Louis waterfront south of mid-town and fabrication areas. All of these identify-

(figure 6-81). ing features will be recognized as a boat or
shipbuilding area.
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Figure 6-84.--Storage yard and fabrication
building.

Site No. 21 (Cement Plant and Quarry)

Figure 6-82.—-Low-altitude oblique photograph Location: Cape Girardeau
showing plant components. Cape Girardeau County, Missouri
Geographic Coordinates: 37°16'N
89°32'W

Located near the southern city limits of

Cape Girardeau, very near the Mississippi

River, the plant shown in figures 6-85 through

6-89 has all of the recognition characteristics

, of a cement plant. Raw materials for the plant

" are obtained from the adjacent quarry shown in
figure 6-85.

Figure 6-83.--Travelling crane.

Figure 6-85.——Cement plant with quarry,
Cape Girardeau, Mo.
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Since the quarry meets minimum size param-— silos. Several silos are shown 1in figure
eters (10 acres), it should be classified as 6-88, as well as several cement trucks at A.
category 75. The raw materials are transported
from the quarry to a cement plant by means of
a complex conveyor-belt system (figure 6-86).

Additional features associated with cement
plants are identified in figures 6-87 and 6-88.
Roasting kilns are shown at A in figure 6-87.
Actually there are two kilns; however, one is
obscured by the construction activity at C.
Also shown at B in figure 6-87 are 10 large

Figure 6-88.--Ground photograph of silos and
cement trucks.

Figure 6-89, presents a good view of the
entire layout of the cement plant. Notice the
quarry at A, the conveyor belts at B, storage
silos at C, and the railroad at D. Although
not shown on this photograph, port facilities

Figure 6-86.——-Conveyor belts used for are located just east of the plant area.
transporting materials to the plant area.
" «ﬂb 2§f

Figure 6-87.-—-Low-level photograph of Figure 6-89.—-Low-level oblique photograph
cement plant. of cement plant with associated features.
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Site No. 35 (Mine)

Location: Bunker
Reynolds County, Missouri
Geographic Coordinates: 37°32'N
91°09'W

The primary purpose of the installation
in figure 6-90 is to mine lead ore, process it,
and concentrate it for smelting. This mining
and the concentration processes that the ore
is subjected to are generally the same for
other mines in this area. Building arrangement
and style of structures may be different; how-
ever, the identifying features will be the
same. Identifying features of the mine are
shown in figure 6-91: one or more shafts at A,
an ore crusher building at B, and the concen-
tration building at C. Since the mine uses
water floatation, it has its own reservoir.

Figure 6-90.--Mapping photograph of a
mining installation at Bunker, Mo.

Figure 6-91.--Mine shaft and processing
building.

Figure 6-92 shows the plant layout. The reser-
voir is at A, the mine shafts at B, the crusher
and concentrating buildings at D, and dewater-
ing tanks at C. The processing buildings,
built on a hillside, allow for gravity flow
throughout the processing system.

All above-ground structures and features
associated with mining activity, such as the
reservoir, shafts, processing buildings, and
tailings pond, should be included in category
13. Figure 6-93 shows the spatial relationship
of these characteristics: point A--the reser-
voir, point B--the mine shafts and processing
buildings, and point C, the tailings pond.

Bunker, Mo.

Figure 6-93.--Mine layout, Bunker, Mo.

59



Site No. 36 (Metal Processing)
Location: Buick
Reynolds County, Missouri
Geographic Coordinates: 37°34'N
91°08'W

This is a mine and ore concentration site.
The final product from this mine is the same as
that at site 35. This installation is larger
than site 35 and the individual operations are
separated. The tailings pond is rather far
removed from the mine itself, as can be seen
in figure 6-94, where point A is the mine and
point B is the tailings pond.

The various components of the installation
are connected by conveyors. The layout of the
site is shown in figure 6-95. The mine shafts
(A) at this mine do not look like the shafts
at site 35, however, they serve the same
purpose. The primary crusher (B) has a
conveyor to the secondary grinder and screener
(C) also shown at this operation. Also, there .
is a feed back to the primary crusher from the v
secondary grinder. The conveyor then moves
the material to the silos (D) for storage

awaiting the concentration process (E). The Figure 6-95.--Mine layout indicating
dewatering tanks are shown at F. Since this component points.

type of mining operation requires considerable

electric power, a transformer yard was The ground photograph (figure 6-96) shows
constructed at G. Point H indicates the a close view of one of the mine shafts (A),
location of piles of ore concentrate. the secondary grinder and screens (B), the

storage silos c), the concentrator and
processing building (D), and the transformer
yard (E). This mine, 1like site 35, is
serviced by truck and railroad.

Figure 6-94.--Small-scale photograph of
mine area.

Figure 6-96.——Ground photograph of mine
area, Buick, Mo.
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Site No. 37 (Mine and Smelter)
Location: Buick
Reynolds County, Missouri
Geographic Coordinates: 37°34'N
91°08'W

Shown in figure 6-97 is the area covered
by the mine, smelter, and tailings pond of a

large new installation near Buick, Missouri.

Figure 6-97.--Mapping photograph of mining
and lead smelting plant at Buick, Mo.

Figure 6-98 shows a low-level oblique
photograph of the mining and concentrator area
at A and the smelter area at B. The mining
and concentration of lead ore were previously
illustrated in sites 35 and 36. Therefore,
the description given here is for the smelting
area only.

The smelting areas are labeled in figure
6-99. The concentrate and flux begins the
smelting process at A where the ingredients
for smelting are mixed together. Then, by

conveyor, they are transported to B, the
sintering building. Sintered material is
transported to C, the blast furnace. From the
blast furnace the material moves into the

refinery building at D. The lead bullion
awaits shipment at E. Sulfuric acid is a
byproduct of the smelting process. The fumes
from the smelting process are piped through
the bag house (F) to the acid plant (G) where
they are converted to sulfuric acid.

Figure 6-98.—-Low-level photograph of the mining and smelter areas.



Site No. 50 (Stave Company)
Location: Lebanon
Laclede County, Missouri
Geographic Coordinates: 37°40'N
92°40'W

Site No. 85 (Sawmill)
Location: Potosi
Washington County, Missouri
Geographic Coordinates: 37°55'N
90°51'W

These two sites are lumber-related indus-—
tries and therefore will be considered
together. Site 50 is a stave mill which, in
addition to producing barrel staves, also
produces walnut fixtures. The stave mill is
located in the town of Lebanon (figure 6-101).
The sawmill (site 85) is located in a heavily
forested area (see figure 6-102) and also
produces pallets.

Figure 6-99.--Low-level photograph of lead
smelter.

Figure 6-100 shows a ground-level photo-
graph of the mixing building (A), the smelting
building (B), the blast furnace building (C),
the refinery (D), and the stack for the bag
house (E).

Figure 6-101.—-Mapping photograph of the
stave company, Lebanon, Mo.

Figure 6-100.—--Ground photograph of the
smelter area at Buick, Mo. Figure 6-102.--Mapping photograph of the
lumber mill near Potosi, Mo.
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Raw materials for both plants are wood.
However, the sawmill uses logs while the stave
company uses processed lumber. Figure 6-103
shows lumber piles stacked at A and stave
processing at B. Figure 6-104 identifies the
location of the storage area for logs (B) to
be processed at the sawmill (A).

The logs, before processing, are shown in
the ground shot at A in figure 6-105, while
the finished pallets are shown at B.

Figure 6-105.--Sawmill and raw materials.

The one identifying feature which 1is
identical for both of these industries is the
sawdust burner. The sawdust burners for the
stave factory can be seen in figure 6-106,
while the sawdust burner for the sawmill is
shown in figure 6-107.

Figure 6-106.--Sawdust burners at the
stave factory, Lebanon, Mo.

Figure 6-104.--Sawmill, Potosi, Mo. Figure 6-107.--Sawdust burner at the
lumber mill, Potosi, Mo.
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Site No. 60 (Light Industry)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°15'N
93°12'W

This plant is located just east of Spring-
field, Mo., an area surrounded by cropland and
pasture (figure 6-108). The features which
identify light processing industries are large
expansive flat top buildings with low profiles,
ventilation outlets on the roof, and silos, at
C, for storage of raw materials (figure 6-109).
This installation is serviced by rail (A) and
by truck (B). Truck loading docks are shown at
E and F. The largest concrete apron and truck

loading dock (E) is probably the shipping dock,
while the railroad and truck loading docks at F
are most likely used for delivery of raw mate-
Also note the employee parking at D.

rials.

Figure 6-108.--Mapping photograph of light
processing industry east of Springfield, Mo.

Figure 6-109.--Low-level oblique photograph
of light industry.

car at A.
not

Also notice in figure 6-110 the rail tank
With light industry, the silos may

always be present, but the remaining

identifying features will be.
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of 1light industry
loading docks,

Figure 6-110.--Ground shot
building shows low profile,
and storage silos.

Site No. 66 (Dam—-Hydroelectric)
Location: Table Rock Reservoir
Taney County, Missouri
Geographic Coordinates: 36°36'N
93°19'W

Site No. 71 (Nuclear Power Plant)

Location: Reform
Callaway County, Missouri
Geographic Coordinates: 38°45'N
91°45'W

Site No. 96 (Thomas Hill Power Plant-
Thermal)
Thomas Hill Reservoir
Randolph County, Missouri
Geographic Coordinates: 39°33'N
92°38'W

Location:

Sites 66, 71, and 96 are power plants.
These sites represent the three major types of
power generation plants: hydroelectric,
nuclear, and thermal. Some of the identifying
features are the same for all (transformer
yards and transmission lines), while other
identification features are unique.

Site No. 66 is a hydroelectric plant.
Although there is machinery and equipment
associated with this plant, it is housed within
the dam. The identifying features associated
with this industry are shown on figure 6-111,
particularly the dam (A). The electrical
generator area is identified by tailraces at
B. The water in the reservoir is funneled past



a set of turbines which are rotated by water
pressure. The turbines are in turn attached
to generators for developing electric current.
The transformer yard, at C, is a starting point
for transmitting the electric current. In
addition to using the dam as a means of gene-
rating electric power, the reservoir provides
recreational activities. At D, a fish
hatchery uses cold water from a reservoir.

L
i

Figure 6-111.-—-Table Rock hydroelectric
power generation dam.

Site No. 71 is a nuclear power plant under
construction. Figure 6-112, photographed in
July 1980, shows the plant under construction.
There are many features which can be used to
identify a nuclear plant. Among these features
are the cooling tower (A) and the nuclear
reactor building (B). In this particular
photograph, because these items are under
construction, they are difficult to identify.
Nuclear power plants require a source of cool-
ing water (C) as do thermal power plants (site
96). In the nuclear plant, the nuclear reactor
creates the heat to convert the water to super-
heated steam which drives the turbines which
turn the generators. Prior to discharge, water
must be cooled and purified for further use.
The ground photograph (figure 6-113), taken in
June 1981, clearly shows the cooling tower (A)
and the nuclear reactor building (B).

Site 96 is a thermal power plant. Figure
6-114, taken on April 11, 1977, shows the plant
prior to recent expansion. The plant is
located next to a reservoir so that water
needed for cooling is readily available. Also,
note that it is located in an area where there
is a great deal of surface mineable coal for
fuel. Features which identify the installation

Figure 6-112.--Nuclear plant under
construction near Reform, Mo., July 1980.

are shown in figure 6-115: the coal pile (A)
to be used for fuel and the conveyor belt
which transports the coal to the main plant (B
and C). In the plant, the coal is put through
tube or ball mills to grind it into a fine
powder. This coal powder is used to fire the
boiler which heats the water and converts it
to steam to turn turbines that run the genera-
tors. The water is then cooled (D). Another
identifiable feature is the transformer yard

(E).

Figure 6-113.--Ground photograph of the
same nuclear power plant, June 1981.
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Figure 6-114.--Mapping photograph of thermal
power plant at Thomas Hill Reservoir,
April 1977.

The photograph in figure 6-115 was taken
in 1981. Construction has produced a great
deal of change since the time the photograph
was acquired for figure 6-114.

Figure 6-115.--Low-level oblique photograph

of the thermal power plant, 1981.

Site No. 81 (Stockyards)

Location: Kansas City
Jackson County, Missouri
Geographic Coordinates: 39°06'N,
94°37'W

This land use type (figure 6-116) is a
unique type of industrial installation which
does not exist to the extent of the others
previously illustrated. If the installation
was in the countryside, it probably would be
confused with confined feeding category 23.

The installation is served by both rail-
road and highway. The rectangular pattern of
stock pens at A, figure 6-117, is one of its
identifying features. The buildings at B are
also divided into pens; this can be clearly

seen only from the ground (figure 6-118).

Figure 6-116.—--Mapping photograph of
the stockyards in Kansas City, Mo.

Figure 6-117.--Low-altitude oblique
photograph of the stockyards in Kansas City.

Figure 6-118.--Ground photograph of stockyards.
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Site No. 90 (Coal Processing Plant)

Location: Hartford
Putnam County, Missouri
Geographic Coordinates: 40°29'N
92°52'W

This coal processing plant, figure 6-119,
is located in the coal surface mining area of
northern Missouri. Its function is to receive
the coal, crush it, and grade it into specific
sizes. The coal is either mined nearby or
trucked in from more distant areas for
processinge. the coal is

At this installation,

Figure 6-119.--Low-altitude oblique photograph
of a coal processing plant near Hartford, Mo.

Figure 6-120.-~Low—altitude vertical
photograph of processing plant, Hartford, Mo.

primarily obtained from the surface mine area
at point A. At the plant, the coal is moved to
the crusher house (figure 6-120), and trans-
ported by conveyors to various areas of the
yard where it awaits shipment (figure 6-121)
to truck loading chutes (B, figure 6-120).

Figure 6-121.——Coal in bin awaiting
transshipment.

Site No. 100 (Chemical Plant)
Location: Louisiana
Pike County, Missouri
Geographic Coordinates: 39°41'N
91°19'W

This chemical plant, figure 6-122, is
divided into various sections which constitute
different types of processing. The features
which identify this installation as a chemical
plant are visible on both the large-scale
photograph and the ground photograph. The
fractionating towers may be seen in several
areas of the plant (A, figures 6-122, 6-123,
and 6-124). There are also cooling towers in
each area of chemical processing (B, figures
6-122, 6-123, and 6-124). The various types of
storage tanks, spherical and cylindrical, are
seen throughout the plant (C, figure 6-122 and
6-123). Also visible is numerous piping used
for specific processing, as well as for con-
necting the various parts of the plant. A
coal-fueled power plant is located at D, figure
6-122. The plant is served by river, truck,
and railroad, as shown at E in figure 6-122.

These Industrial category illustrations
are but a few of the land use classification
types in the State of Missouri, and represent
the categories of 1light and heavy industry
described in U.S. Geological Survey
Professional Paper 964 (Anderson and others,
1976) .
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Figure 6-122.--Vertical photograph of the chemical plant at Louisiana, Mo.

Figure 6-123.-—Fractionating columns and tanks.

Category l4--Transportation,
Communications, and Utilities

Category Description. Major transporta-
tion routes and areas greatly influence other
land wuses. The types and extent of routes
determine the degree of access and thus affect
the present and potential use of an area.

Linear areas of highways and railroads
are among the land use types included in this
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Figure 6-124.--Fractionating columns and
cooling towers.

category. The highways include rights-of-way,
interchanges, and service and terminal
facilities. Rail facilities include stations,
parking lots, roundhouses, repair and switch-
ing yards, and related areas. Also included
are overland track and spur connections of
sufficient width for delineation at mapping
scale.

Airports, seaports, and major lake and
river ports are also included in this category.



Airport facilities include all the runways,
intervening land, terminals, service buildings,
navigation aids, fuel storage, parking lots,

and limited buffer =zones. Port facilities
include docks, shipyards, drydocks, locks, and
waterway control structures.

Finally, communications and wutilities
areas are included in this category. Communi-

cations and utilities areas are those involved
with the processing, treatment, and transporta-
tion of water, gas, oil, electricity, and areas
used for airwave communications. Included are
pumping stations, electric substations, and
areas used for radio, radar, or television
antennas.

Environmental Considerations.
tion facilities such as highways, railroads,
airports, and riverports are potential water
pollution sources. The pollution occurs as a
result of runoff and leakage of fossil fuels
associated with these facilities. River and
lake ports have a high potential for pollution.
lLeakage and spillage of raw chemicals, petro-
leum products, coal, and other cargo handled
and distributed in ports can be detrimental to
water quality and aquatic life, and cause
health problems for adjacent communities.
Toxic substances such as polychlorinated
biphenyl (PCB), wused diesel 1locomotive
transformers and motors, are often stored at
railroad yards and repair shops. The land
around airport facilities is often used for
solid waste disposal, creating a potential for
soil and water contamination. Accidental
discharge of toxic chemicals in transport via
highways and railways can release these
poisons to the soil, water, and air. The toxin
can sterilize the soil, reduce air quality,
and contaminate ground water. Almost all major
transportation facilities, especially those
with heavy traffic, are generally associated
with unacceptable levels of noise and inferior
air quality.

Transporta-

in

Waste-water treatment plants can be a
major source of water pollution. Obsolete,
inadequate, and overloaded facilities result

in the discharge of effluents that do not meet
water quality standards, and at times raw
sewage may be discharged into the natural
drainage system.

When ecologically sensitive areas such as

wetlands and forestlands are altered, the
whole ecosystem may be changed. Facilities
associated with the distant transport of

communications and electricity have rights-of-
way clearing through forest and other natural
areas which can also have adverse impacts on
the environment. Rights—-of-way are usually
sprayed with pesticides and herbicides which
can have a detrimental effect on wildlife and
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contribute to water surface

runoff.

pollution by

Interpretation Keys. The following nine
sites illustrate the land use types associated
with the Transportation, Communications, and
Utilities category.

Site No. 10 (Highway Intersection)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°38'N
90°17'W

Figure 6-125 shows the intersection of
U.S. Highway 40 and Hampton Avenue 1in
St. Louis, Missourie. It 1is an excellent

example of a major urban arterial road and a
controlled-access highway. The cloverleaf-type
intersections, dividing medians, and the right-
of-way, are all included when delineating
highways. However, they must meet the minimum
width requirements of the land use and land
cover specifications (300 feet wide for
controlled—access highways). On the aerial
photograph, the highway is easily recognizable
by its lighter, smooth texture and ribbonlike
appearance. The dividing medians between
lanes are identified by their darker tone and
position. The rectangular images on the road
surfaces are cars and trucks.

Figure 6-125.—-—A low-level photograph of
highway cloverleaf, St. Louis, Mo.

Site No. 11 (Truck Terminal)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°31'N
90°12'W



Truck terminals generally provide mainte-
nance and serve as a transfer point for shift-
ing loads between trucks. They are classified
as category 14 whenever they meet minimum map-
ping size requirements. Such a truck terminal
has been circled in figure 6-126. Notice its
proximity to a major transportation route--
Interstate 55--to its lefte. The transfer
building is the long, narrow, white structure
in the circle on the photograph. Near the top
center of the circle at A is a smaller square
maintenance and repair building.

Figure 6-126.—-Mapping photograph of
a truck terminal, St. Louis, Mo.

Truck terminal facilities can be seen
more clearly in the vertical photograph shown
in figure 6-127. Notice the transfer building
at A, the maintenance and repair shop at B,
and parking facilities at C. The volume of
business activity at this terminal is
reflected by the size of its parking space and
the number of trailers parked at the transfer
building.

Rail facilities in this land use category

include stations, roundhouses, repair shops,
switching and storage yards, and related
areas, as well as surface track and spur
connections of sufficient width for map
delineation.

Rail facilities circled in figure 6-128
are representative of those in land |use

category 1l4. Often single— and double-track
railroad beds are too narrow for delineation
on small-scale land use maps.

Figure 6-128.--Mapping photograph of
rail facilities, St. Louis, Mo.

The southern choke-point for these yards
is shown at point A in figure 6-129. The
choke-point is that point in the yards where
the main line branches out into the rail yards.
Figure 6-129 also shows related rail facilities
(switching and storage yards at B, repair shops
at C, and a warehouse at D). Notice the tracks
entering the repair shops. At D, notice the
truck trailers backed up to the warehouse

loading docks (docks not visible).

Figure 6-127.--Truck terminal, St. Louis, Mo.

Site No. 12 (Railroad Yards)

Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°35'N
90°12'W

70

Figure 6-129.--Low-level oblique photograph
of rail facilities on St. Louis waterfront.

Railroads, with their yards,
repair facilities, are easily recognized by
their linear pattern. The yards all emanate
from a choke-point on the main tracks, the

tracks, and



spurs usually parallel storage buildings, and
repair shops have tracks entering or running
through them.

Site No. 61 (Railroad Yards and Repair
Shops)
Springfield
Greene County, Missouri
Geographic Coordinates: 37°13'N
93°20'W

Location:

Figure 6-130 presents another view of a
railroad yard with repair shops. As with site
12, this railroad facility exhibits the common
photorecognition characteristics—-—a widening
area of parallel tracks emanating from a
choke-point on the main tracks, large repair

buildings with tracks entering the structures,
and an irregular track pattern in the repair
area of the railroad yard.

Figure 6-130.—--Mapping photograph of
the railroad yard at Springfield, Mo.
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Figure 6-131.--Low-altitude oblique photograph
of the switching yard and repair shops.
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Site details are seen in figure 6-131.
Located at Springfield, the site is part of
the Burlington Northern railroad line. Repair
shops are located at A, while the main switch-
ing and car storage area is at B. Notice the
irregular track pattern of the repair area.
The repair shop and employee parking lot are
shown from ground level in figure 6-132.

Figure 6-132.--Burlington Northern diesel
repair shop.

Site No. 42 (Airport)
Location: Vichy
Maries County, Missouri

Geographic Coordinates: 38°08'N
91°46'W
Airports, with their runways, hangars,
shops, and associated facilities, are included

in land use category 1l4.
size from grass landing strips to vast
complexes in urban areas. The key identifying
photographic feature of an airport is an area
cleared of vegetation and other obstructions
and with long, linear runway surfaces. If the
airport is more than just a grass landing strip
(which are not shown on 1:250,000-scale U.S.
Geological Survey 1land use and 1land cover
maps), it will normally have smaller parallel
taxi strips, aircraft parking aprons, hangars,
and passenger terminals. The primary runways
are normally oriented into the prevailing wind.

Figure 6-133 is a stereogram of the Rolla
National Airport at Vichy. This stereoscopic
image illustrates level terrain of the airport.

Airports vary in

The airport's primary function is to
provide maintenance and storage facilities for
general aviation aircraft. Charter flights
are also common; however, at the time of this
writing, there were no scheduled commercial
flights. This accounts for the lack of large
terminal buildings and other built-up facili-

ties in figure 6-134.
located at A and B,
taxi strips at D.

The main runways are
the main hangars at C, and



Figure 6-135
parked in front of

shows three DC-3 aircraft

one of the main hangars.

Figure 6-133.--Stereogram of airport
at Vichy, Mo.

Figure 6-134.--Low-level oblique of Rolla
National Airport at Vichy, Mo.

Figure 6-135.--DC-3 aircraft parked on
apron at Rolla National Airport, Vichy, Mo.
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Site No. 62 (Downtown Airport)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°13'N
93°15'W

Figure 6-136 shows the Springfield Down-
town Airport. Like most downtown airports,
open areas which once surrounded the facility
are now occupied by residential (A) or commer-
cial structures (B). Frequently, these airport
facilities are abutted by other land use cate-
gories. As residents become more and more

concerned about potential aircraft accidents,
more attempts are made to close the facilities.

Figure 6-136.—-—-Mapping photograph of
Downtown Airport, Springfield, Mo.

Figure 6-137, depicts the single paved
runway at A, taxi strip at B, parking aprons
(grass rather than hard surface), and hangar
facilities at C.

Figure 6-137.--Downtown airport,
Springfield, Mo.

Site No. 14 (Municipal Water Treatment
Plant)
St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°45'N
90°11'W

Location:



One of the two municipal water treatment
plants in St. Louis, Missouri, is pictured in
figure 6-138. This plant, the Chain of Rocks
Waterworks, uses the Mississippi River for its
water source. The water is pumped into
settling tanks where, after a period of time,
heavier particulate materials and impurities
settle out. Later the water is filtered,
chlorinated, and then distributed to the
city's water mains. The settling tanks and
water treatment areas are more clearly shown
in figure 6-139. The settling tanks appear as
the larger rectangular tanks at A, the water
treatment tanks are square tanks at B, and the
treatment plant is shown at C.

Figure 6-140.--Ground-level photograph of
Chain of Rocks Waterworks.

Site No. 63. (Water Treatment Plant)
Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°10'N
93°13'W

This plant, just newly constructed,
supplements the supply of water provided by
the plant at Fullbright Spring. The water for

Figure 6-138.—--Mapping photograph of the plant is pumped from the James River,
Chain of Rocks Waterworks in St. Louis, Mo. treated, then pumped into the city's water
mains. The low-level vertical photograph shown
in figure 6-141 was taken in July 1980, near
the final phases of construction. Notice the
rectangular shape of the treatment tanks.

A wvisit to the site in January 1981
revealed that the plant had been placed in
operation (see figure 6-142).

Figure 6-139.--Oblique photograph of
Chain of Rocks Waterworks.

Figure 6-140 presents a ground-level
photograph of the settling tanks in the Figure 6-141.--Water treatment plant under
foreground with the treatment plant in the construction, July 1980, Springfield Mo.
background.
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Figure 6-142.--Water treatment plant in
operation, January 1981, Springfield, Mo.

Site No. 13 (Sewage Treatment Plant)
Location: Lemay
St. Louis County, Missouri
Geographic Coordinates: 38°32'N
90°17'W

Site No. 91 (Sewage Treatment Plant)
Location: Kirksville
Adair County, Missouri
Geographic Coordinates: 40°09'N
92°34'W

Sewage treatment plants are found in or
around most medium or large cities. There are
many different processes by which sewage can
be treated, however, the identifiable features
are nearly the same for all plants.

Site 13, figure 6-143, shows a sewage
treatment plant for St. Louis City prior to
expansion. The array of rectangular tanks is
a typical identifying feature. The large-scale
oblique photograph (figure 6-144), taken June
1980, shows the expanded plant. There are two
types of tanks visible in this photograph;
initial processing tanks are shown at A and

i y
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Figure 6-143.--Small-scale photograph of
St. Louis sewage treatment plant, 1974.

secondary tanks are shown at B. The tanks at

C are newly constructed and were not in opera-
tion at the time of the photograph (June 1981).

Figure 6-144.--Low-altitude oblique photograph
(1980) of sewage treatment plant undergoing
additional construction, St. Louis, Mo.

Site 91 is a small sewage treatment plant
just south of Kirksville, Missouri. The plant
has circular tanks, as opposed to the rectang-
ular tanks at site 13. Figure 6-145 shows the
plant layout and several identifying features.
Point A is the area of initial processing
where the screening and grinding of raw sewage
occurs. At B are two primary settling tanks.
The tone of the liquid in the tanks is a clue
to the process flow. The darker tanks at C
contain water which has been treated, while
the lighter tanks at B hold raw sewage. The
two circular white tanks at D are probably
digester tanks where the material that settles
out by the settling process is converted to
sludge. Point E 1is the outlet where the
treated effluent flows into a nearby stream.

Figure 6-145.-—-Low—altitude oblique photograph
of sewage treatment plant, Kirksville, Mo.
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Category 15--Industrial and Commercial
Complexes

Category Description. The Industrial and
Commercial Complexes category includes those
industrial and commercial land uses that typi-
cally occur together or in close functional

proximity. These areas are commonly referred
to as "Industrial Parks.” The major types of
business establishments located in these

planned industrial parks are light manufactur-

ing, printing, distributing, research and
development facilities, and computer systems
companies, in addition to warehousing,

wholesaling, and retailing.

Environmental Considerations. Industrial
and Commercial Complexes are a minimum source
of pollutants. The clean industries and
commercial establishments in these “parks"”
generally are nonpolluting types. However,
improper disposal of wastes and spillage of
working materials will produce adverse
environmental effects. Excessive surface
water runoff from buildings and hard-surfaced
parking areas creates the potential for flash
flooding.

Interpretation Keys. Areas which meet
specifications for Industrial and Commercial
Complexes are not widespread. The following
example, however, is representative of land
use category 15.

Site No. 15 (Industrial and Commercial

Complexes)
Location: Robertson
St. Louis County, Missouri.
Geographic Coordinates: 38°46'N
90°23'W

The photograph at figure 6-146 shows an

industrial/commercial area  just north of
Lambert-St. Louis Airport. The buildings are
modern in design with ample parking for

employees. The warehouse and manufacturing
buildings are serviced by railroad for trans-
portation of raw materials and finished
products. The ground photograph, figure 6-147,
provides a closeup of one of the buildings and
the well-kept grounds.

Industrial and Commercial Complexes are
usually located in suburban or rural areas.
The key identifying feature is the planned
layout of buildings exhibiting the same or very
similar construction. The lack of smokestacks,
storage tanks, raw materials or finished
products, and wastes signifies that no heavy
industries are present.

Figure 6-146.—-Low-altitude oblique photograph
of an Industrial and Commercial Complex,
St. Louis County, Mo.

Figure 6-147.——Ground photograph of Industrial
and Commercial Complex.

Category 16--Mixed Urban or Built-up Land

Category Description. The Mixed Urban or
Built—up Land category is used when a mixture
of urban uses cannot be separated into indi-
vidual categories at mapping scales. Where
more than one-third intermixture of another
use or uses occurs in a specific area, it is
classified as Mixed Urban or Built-up Land.
This category includes developments along
transportation routes and in cities, towns,
and built-up areas where separate land uses
cannot be mapped individually at map scale.

Environmental Considerations. This cate-
gory, a mixture of urban land uses, such as
residential, industrial, and commercial has
the same potential for pollution as the 1land
use categories which comprise it. Excessive
runoff can affect water quality and produce a
potential for flooding during heavy rainfalls.
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Air quality and noise levels can be affected
by this land use category as well.

Interpretation Keys. The following are
examples of Mixed Urban or Built-up Land
category 16.

Site No. 16 (Mixed Urban or Built-up Land)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°38'N
90°15'W

Figure 6-148, an urban area east of Forest
Park is an excellent example of Mixed Urban or
Built-up Land. This site has several hotels
and motels, apartments, duplexes, hospitals,
schools, churches, office buildings, and other
commercial activities. The main land uses are
commercial and residential, but in areas where
more than one-third is mixed, it is classified
as Mixed Urban or Built-up Land.

The oblique photograph in figure
shows height of the buildings,
building pattern, rectangular
various sizes and shapes of
The key

6-149
irregular

streets, and
the buildings.
of Mixed Urban or

identifying feature

Figure 6-148.--Mapping photograph of Mixed
Urban or Built-up Land area, St Louis, Mo.

Figure 6-149.—-Low-altitude oblique photograph
of Mixed Urban or Built-up Land area.

Built-up Land is dits combination of both

residential and commercial structures.

Site No. 64 (Mixed Urban or Built-up Land)

Location: Springfield
Greene County, Missouri
Geographic Coordinates: 37°12'N
93°17'W

Figure 6-150 shows an example of the Mixed

Urban or Built-up Land in Springfield. This
area 1is adjacent to the central business
district; the small lighter tones and images

are single-family residences or duplexes. The
residential and commercial categories are too
small to separate at the mapping scale; there-
fore, the area should be classified as a
"mixed" category. On the small-scale mapping
photograph (figure 6-150) it is evident that
the "mixed" category is a transitional

category between residential and commercial.

Figure 6-150.——-Mapping photograph of a Mixed
Urban and Built-up Land area, Springfield, Mo.

The large-scale photograph (figure 6-151)
shows the complex intermixture of the various
sizes and shapes of the buildings which make
up this category.

Figure 6-151.—-—Large-scale photograph of Mixed
Urban and Built-up Land area.



Category 17--Other Urban or Built-up Land

Category Description. Other Urban or
Built-up Land consists of such land uses as

parks, cemeteries, waste dumps, water control
structures and spillways, golf courses and
driving ranges, and undeveloped land within

the urban area.

Environmental Considerationse. Landfills
are the main potential pollution sources in
this category. Uncontrolled waste dumps are
becoming obsolete since most communities
dispose of waste in sanitary landfills or
recycle it. (Note that sanitary landfills are
classified as land use category 76 rather than
17.) Parks, public lands, golf courses, zoos,
and undeveloped land all provide open areas
which for the most part are nonpolluting.

Interpretation Keys. The next four sites
are land use examples included in category 17.

Site No. 17 (Forest Park)
Location: St. Louis
St. Louis City, Missouri
Geographic Coordinates: 38°38'N
90°17'w

Key recognition features of parks are
irregular road patterns, the coarse photo-
graphic texture which results from tree cover,
and various athletic fields. Larger parks
usually have a pond or lake, while others have
museums and bandstands. Urban parks are
usually surrounded by residential or commercial
areas.

Figure 6-152, Forest Park in St. Louis,
illustrates a large urban park in a metropoli-
tan area. It is a good example of this
category. There is a diversity of activity
visible within the confines of the park. In
this photograph are parking lots (A), ball
diamonds (B), tennis courts (C), golf courses
(D), a zoo (E), and the Muny Opera (F) with
its separate parking lot and seating area.

This site 1is indicative of the larger
metropolitan  parks. There are, however,
smaller parks throughout the State in the

medium and small towns which do not have all
of the activities associated with them that
the larger parks have. Many times without
auxiliary source material, the park area may
appear as a grove of trees and not be
decernible as a park. Since most parks are
generally surrounded by built-up area, by
definition, they will generally fall in this
category.

Figure 6-152.--Mapping photograph of
Forest Park in St. Louis, Mo.

In the vertical photograph of figure
6-153 can be seen the 2zoo with dits animal
shelters, enclosures, aquatic animal ponds,

and walkways between the different exhibits.

Figure 6-153.--Large-scale photograph of
the St. Louis Zoo.

Site No. 47 (Golf Course)
Location: Fort Leonard Wood
Pulaski County, Missouri
Geographic Coordinates: 37°44'N
92°05'W

Golf courses are also included in the
Other Urban or Built-up Land category. Often
they are located within urban areas, in parks,

and on outskirts of suburban residential areas.
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If the golf course is part of an athletic

complex, the built-up area consists of the
clubhouse, swimming pool, and parking lots,
and if these facilities meet minimum size
requirements, they are mapped as category 12.
If they are not 1large enough, they are
included in category 17.

Figure 6-154, a small-scale photograph,

shows the layout of the Fort Leonard Wood golf
the fair-
and greens can be identified.
all that can be
fairways and

course. With proper magnification,
ways, bunkers,
However, in this photograph,
detected is the general cleared
white spots—-sand traps.

Figure 6-154.--Mapping photograph of the golf
course at Fort Leonard Wood, Mo.

The fairways, darker in tone and smoother
in texture than the "rough", are clearly visi-
ble on the large-scale photograph (figure
6-155) . At the end of each fairway, the
greens, with their associated light-toned sand
traps, are easily identified. The fairways
are cleared of trees or when retained, line
the fairways on one or both sides.

Figure 6-155.--Large—scale photograph of
Fort Leonard Wood golf course.

Site No. 18 (Cemetery)
Location: Mehlville
St. Louis County, Missouri

Geographic Coordinates: 38°30'N

90°17'w
Cemeteries are likewise included in
category 17. Most larger cemeteries are
within or close to an urban area. Many of the
smaller rural cemeteries are too small to
delineate at land use mapping scales. Ceme-
teries may have regular or irregular road
patterns with the area generally open with

shade trees bordering the roads. Figure 6-156
is a mapping photograph of the National
Cemetery at Jefferson Barracks in south

St. Louis County.
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Figure 6-156.--Mapping photograph of National
Cemetery near Mehlville, Mo.

Under magnification, figure 6-157 illus-—
trates symmetrical patterns of the gravestones.

Figure 6-157.——Large-scale photograph of
road pattern and gravestones.



Site No. 92 (Cemetery)
Location: Kirksville
Adair County, Missouri
Geographic Coordinates: 40°10'N
92°34'W

Figure 6-158 is a smaller cemetery near
Kirksville, Missouri, located in the northern
part of the State. The 1light-toned road
pattern, the scattered shade trees, and lack
of buildings help identify this site as a
cemetery. In the vertical photograph, figure
6-158, the light-toned dot-shaped images are
Notice the linear arrangement of

gravestones.
the graves.

The ground photograph, figure 6-159, shows
the well-kept grounds and regular spacing of
the grave markers.

Figure 6-158.--Large—scale photograph of
the cemetery layout at Kirksville, Mo.

Figure 6-159.--Ground photograph of cemetery.

LEVEL I, CATEGORY 2 — AGRICULTURAL LAND

Agricultural Land may be defined broadly
as land used primarily for production of food
and fiber, or, as in the case of farmsteads,
built-up service areas associated with

agricultural practices. In Missouri,
approximately 63 percent of the land is used
for agriculture--most of which is either
cropland or pasture.

On aerial photographs, particularly
high-altitude photographs, the primary
recognition characteristics of agricultural
activity are the distinctive geometric field
and road patterns on the landscape, the traces
produced by livestock or mechanized equipment,
and the variations in photographic tones (gray
levels) of the adjacent land parcels.
Compared with the Urban or Built-up Land
categories previously discussed, the number of
building complexes is less and the density of
the road and highway network is much lower in
Agricultural Land areas. Finally, there is a
marked deficiency of woodland vegetation.

The Level II categories of Agricultural

Land are: Cropland and Pasture; Orchards,
Groves, Vineyards, Nurseries, and Ornamental
Horticultural Areas; Confined Feeding

Operations; and Other Agricultural Land.

Category 21--Cropland and Pasture

Category Descriptione. The Cropland and
Pasture category includes harvested croplands,
summer-fallow and idle croplands, croplands in
soil-improvement grasses and legumes, croplands
used for pasture 1in rotating crops, and
improved as well as idle pasture. Approxi-
mately 62 percent (28 million acres) of
Missouri is used as cropland or pasture. Of
this amount, roughly two-thirds is cropland.
The majority of Missouri's croplands are
located in northern Missouri--north of the
Missouri River. The remaining croplands are
located in the bootheel area of the State and
along alluvial flood plains.

It is also important to note that the
U.S. Geological Survey's classification system
does not separate cropland from pasture in the
Level II land use and land cover mapping. Even
at Level III, it is difficult to separate the
two categories. Generally, a Level TII
differentiation between cropland and pasture
areas required excessive field validation.

Concerning the separation of cropland from
pasture, most croplands exist where the slopes
are less than 10 percent. However, with
certain conservation management practices, such
as terracing, croplands may occur on slopes
slightly greater than 10 percent. In the
latter case, the terracing practices help to
identify the areas as croplands. Accordingly,
as the slope of the land increases beyond 10
percent, one finds less cropland and more
pasture.

79



Environmental Considerations. Cropland
and Pasture areas are most frequently associ-
ated with nonpoint pollution. Since the farmer

must first prepare the 1land for planting,
fertilize it, and then wuse pesticides to
protect the crops, there are many pollution
possiblities.

If tillage farming is used, loosened soil
particles become prime candidates for transport
to nearby water bodies. If medium to heavy
precipitation follows shortly after a field
has been plowed, numerous particles of soil
can be transported to nearby water bodies as
part of the surface runoff. The term used to
refer to the «condition of soil particles
suspended in water is "sediment load."” When a
farmer does not take precautions to lessen the
amount of surface soil loss which can occur
with surface runoff, the number of soil
particles entering nearby water bodies may
increase significantly. When the sediment
load becomes 1,000 parts per million or
higher, there is a greater probability that
aquatic plant and animal life may be adversely
affected. The increase 1in sediment load
reduces sunlight penetration, thereby reducing
plant growth. Reduced plant growth reduces
the 1level of oxygen plant production which
affects the ability of certain fish species to
survive in these waters.

In addition to soil erosion from plowed
areas, pasture areas may also become a source
for transportable soil particles, particularly
where livestock overgrazing has denuded the
landscape. However, the extent of soil
particle contribution from overgrazing is much
less than that which occurs from plowing.

In Missouri, soil loss and the subsequent
increase of sediment load is by far the
greatest surface water quality contaminant.

Besides the potential for increased sedi-
ment loads in nearby streams, cropland areas
are also a source for such chemical pollutants
as fertilizers and pesticides. As with loose
soil particles, any residues from fertilizer
or pesticide applications may be carried to
nearby streams with surface runoff. Accord-
ingly, the farmer must exercise care in the
application of such materials to reduce the
potential for water quality degradation.

Interpretation Keys. Cropland and Pasture
areas are depicted in several examples which
follow.

Site No. 93 (Cropland)

Location: Plymouth
Livingston County, Missouri
Geographic Coordinates: 39°37'N
93°43'W

Figure 6-160 illustrates the characteris-—
tic checkerboard pattern of cropland areas in
northwestern Missouri near Plymouth. The
checkerboard pattern results from different
crop stages (exhibited by varying gray tones)
and differences in tillage directions. Crop-
land areas, generally devoid of trees, possess
a smoother texture than pasture land areas. A
small pasture area lies just south of the
east-west road to the west of a small
farmstead in figure 6-160 at point A. Note
the mottled texture of this area. The oblique
photograph (figure 6-161) shows more clearly
the characteristic checkerboard cropland
pattern and the general 1lack of trees in

cropland areas.

Figure 6-160.—-Mapping photograph of cropland
near Plymouth, Mo.
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Figure 6-161.—-Low-level photograph of
cropland near Plymouth, Mo.

Site No. 44 (Pasture)
Location: Jerome
Phelps County, Missouri
Geographic Coordinates: 37°58'N
91°59'W



Figure 6-162,
presents
graphic

along the Gasconade River,
an interesting pasture land photo-
image. The white dots (or small
circles) identify former locations of hay
bales. Figure 6-163, of the same area but
taken in winter, does not exhibit the dot
pattern. Notice also the differences in gray
values for the two figures. The winter scene
in figure 6-163, shows the pasture area as a
much lighter gray than in figure 6-162.
Although the area may be in pasture at the
time of figure 6-162 (June 1980), chances are
that it will revert to cropland in the near
future. This highlights another important
point--using aerial photography, one must
delineate the land use of an area according to
its use at time of photographic acquisition.

Figure 6-162.-—-Low-level photograph of
pasture land near Jerome, Mo., June 1980.

Figure 6-163.--Mapping photograph of pasture
land near Jerome, January 1976.

Site No. 68 (Cropland)

Location: Chamois
Osage County, Missouri
Geographic Coordinates: 38°40'N
91°45'W

Figure 6-164 shows another cropland area
near Chamois along the Missouri River. The

linear pattern of cropping techniques is easily
recognized and the fact that the area is devoid
of trees supports classification as cropland.
Figure 6-165 provides a better illustration.

Figure 6-164.--Mapping photograph of cropland
near Chamois, Mo.

Figure 6-165.--Oblique photograph of
cropland near Chamois, Mo.

Category 22--Orchards, Groves,
Vineyards, Nurseries, and Ornamental
Horticultural Areas

Category Description. Category 22 includes
orchards, groves, vineyards, nurseries, and
ornamental horticultural areas which produce
various fruit and nut crops; nurseries and
horticultural areas are used permanently for
such purposes. Included 1in these land wuse
categories are floricultural and seed-and-sod
areas, and some greenhouses. Tree nurseries,
which provide seedlings for plantation for-
estry, are also included in category 22 when
they meet the minimum acreage requirements.




Orchards and groves are some of the more
easily recognized land use types on aerial
photographs, particularly during the growing
season. The primary recognition feature 1is
the grid pattern exhibited by the equally
spaced rows of trees or bushes. Although the
grid pattern is more easily identified on
large-scale photographs, it is also discernible
on high—-altitude aerial photographs when they
are appropriately magnified.

Environmental Considerations. Potential
environment impacts from orchards, groves, and
vineyards are very similar to those associated
with cropland areas. Surface runoff can trans-
port loose soil particles and various residual
fertilizers, pesticides, and herbicides to
nearby water bodies. To a lesser extent,
nursery areas may also yield the same type of
pollutants. Except for a possibility of pollu-
tion contaminants associated with the improper
disposal of waste, ornamental horticultural
areas are seldom a source of pollution.

Interpretation Keys. Presented below are
three examples of orchards and a vineyard.

Site No. 23 (Orchard)
Location: Kelso
Scott County, Missouri
Geographic Coordinates: 37°11'N
89°33'W

Circled in figure 6-166,
Kelso, is an apple orchard. Because of the
small scale of the photograph, one would have
to view the area under magnification to clearly
discern the orchard grid pattern. The orchard
is seen more clearly in the oblique photograph
(figure 6-167). Note the open spaces in the
orchard. Apparently, the owner has lost some
of the trees to disease or severe weather.

just south of

Figure 6-166.—--Mapping photograph of an
apple orchard south of Kelso, Mo.

Figure 6-167.--Low-level photograph of an
apple orchard south of Kelso, Mo.

Site No. 41 (Orchard)
Location: Bonne Terre
St. Francois County, Missouri
Geographic Coordinates: 37°55'N
90°32'W

Another orchard is shown in figure 6-168
near Bonne Terre. This oblique photograph
illustrates well the equally spaced rows common
to orchards. Notice the various tones exhib-
ited by the orchard. This is caused by growth
stage differences and by differences in the
crop types. The area just to the right of the
pond (A) is an area of more mature apple trees.
Just to the west of the pond are younger apple
trees (B). The four rows just above the
younger apple trees, the lighter gray area, are
peach trees. The next four rows are vineyards.
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Figure 6-168.——Low-level photograph of
orchard at Bonne Terre, Mo.



Figure 6-169, a ground photograph of the Site No. 43 (Vineyard)

orchard, shows three rows of apple trees to Location: St. James
the right of the pickup (with camper), and Phelps County, Missouri
four rows each of peach trees and grapevines. Geographic Coordinates: 38°02'N

91°34'W

Finally, just east of St. James, 1large
vineyards are shown in figure 6-171. It is
difficult to identify vineyards on small-scale
aerial photography after the frost season.
Even with large-scale imagery, positive ident-
ification is difficult. The photointerpreter
must be aware of the existence of vineyards in
an area, and even then, must take advantage of
ancillary data such as topographic maps to
identify these areas.

Figure 6-169.—--Orchards at Bonne Terre, Mo.

Site No. 73 (Orchard)
Location: New Franklin
Howard County, Missouri
Geographic Coordinates: 39°02'N
92°43'W

The equal spacing of orchard rows is also
illustrated by this orchard near New Franklin.
However, notice in this low-level photograph
(figure 6-170) the gentle curved pattern of
the rows. These patterns result when orchards Figure 6-171.--Oblique photograph of vineyard

are planted in hilly areas as opposed to the northeast of St. James, Mo., June 1980.
linear pattern exhibited by orchards planted

on flatter terrain (see figure 6-168).

Category 23-—Confined Feeding
Operations

Category Description. Confined Feeding
Operations are large, specialized 1livestock
production enterprises; chiefly beef cattle
feedlots, dairy operations with confined
feeding, large poultry farms, and hog
feedlots. Confined Feeding operations have
large animal populations restricted to
relatively small areas. Confined Feeding
Operations exhibit a built-up appearance,
chiefly composed of animal shelter buildings,
fencing, access paths, and waste-disposal
areas.

Environmental Considerations. Confined
Feeding Operations, as mnoted above, tend
toward large animal populations restricted to
Figure 6-170.--0Oblique photograph of an relatively small areas. If not properly main-
orchard northeast of New Franklin, Mo. tained they can become a source for air and/or
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water pollution. If animal waste is allowed
to accumulate beyond acceptable levels, foul
odors and various insects can become windborne.
Areas downwind, such as urban residential, are
subjected to high levels of air pollution.

In addition to the potential for air
pollution, Confined Feeding Operations are
often a source of water pollution. Since the
ground surface is often denuded, periods of
moderate to heavy precipitation can produce
intense surface runoff which can transport such
organic nutrients as phosphates and nitrates
and/or loose soil particles to nearby water
bodies. If the magnitude of the nutrients
reaching nearby water bodies, particularly
lakes or reservoirs, is significant,
eutrophication can be greatly accelerated.

In some cases the trophic state of some
of these water bodies is enhanced so much that
they are overtaken by decaying aquatic plants
to the extent that they fill up and become
Nonforested Wetland areas.

In those 1instances where significant
amounts of soil particles are transported to
nearby water bodies, the increase in sediment
load will often lessen the amount of sunlight
penetration and thereby reduce aquatic plant
production. A reduction in plant production
results in a reduction in dissolved oxygen
levels which may then cause these water bodies
to become less suited as habitats for certain
fish species.

Interpretation Keys. A cattle Confined
Feeding Operation, a combination hog/cattle
operation, a chicken operation, and a turkey
farm are shown in the following illustrations.

Site No. 29 (Chicken Houses)

Location: Bloomfield
Stoddard County, Missouri
Geographic Coordinates: 36°53'N
89°55'W

Perhaps one of the more easily recognized
types of confined feeding operations are
chicken houses. Chicken houses are long,
narrow wood or metal structures and most
frequently occur in groups of three. Even on
high—altitude photographs (figure 6-172), this
characteristic pattern can be easily detected.
The pattern is even more easily discerned from
the oblique photograph shown in figure 6-173.
Whitish tones of the chicken house roofs result
from wuse of corrugated metal roofs which
reflect a great deal of the Sun's rays.

Figure 6-174 provides a ground-level
photograph of two of the three chicken houses
shown in the center portion of figure 6-173.

Figure 6-172.--Mapping photograph of chicken
houses east of Bloomfield, Mo.

Figure 6-173.--Low-level photograph of chicken
houses east of Bloomfield, Mo.

Figure 6-174.--Chicken house east of
Bloomfield, Mo.



Site No. 87 (Confined Cattle Feeding)

Location: Spickard
Grundy County, Missouri
Geographic Coordinates: 40°15'N
93°13'W

Another type of confined feeding which is
easily recognized is that of confined cattle
feeding. Circled in figure 6-175 is a confined
cattle feeding operation at Spickard, Missouri.
Lack of vegetation 1is shown clearly on the

vertical photograph of figure 6-176. Note the
whitish areas near the animal shelter
buildings. These areas are devoid of vegeta-
tion. Also notice the rectangular shape of

the fenced feedlots. Just to the northwest of
the larger animal shelter buildings are a
series of smaller buildings and narrower
feedlots. The feedlots at A are not presently
in use. Examination of the smaller feedlots
reveals that a distinct texture difference
existse. The smooth-textured area lots are

used more frequently. The 1less frequently

used lots (A) have grown up with vegetation
and therefore, exhibit a coarser texture.

Figure 6-175.--Mapping photograph of confined
cattle feeding near Spickard, Mo.

Figure 6-176.—--Low-level photograph of confined
cattle feeding operation near Spickard, Mo.

Site No. 86 (Confined Hog and Cattle
Feeding)
Location Ravenwood
Nodaway County, Missouri
Geographic Coordinates: 40°25'N
94°40'W

Another example of confined feeding is
illustrated in the oblique and vertical photo-
graphs shown in figures 6-177 and 6-178. Two
types of confined feeding operations are
apparent. In figure 6-178, eight rather large
rectangular feedlots are shown in the middle
of the photograph. They are very similar in
appearance to the feedlots shown earlier in
figure 6-176; therefore, one would expect to
find cattle here. However, when the imagery
was enlarged, it appeared as though the
eastern feedlots were also being wused for
hogs. To the west of these feedlots, just
north of a small pond, are located 12 smaller
hog feedlots. The whitish area leading away
from the feedlots to the pond is used during
cleanup operationse. The pond serves as a
settling pond.

The differences in tone and texture can
be used to identify the various stages of use
for the larger feedlots. The fourth feedlot
from the north at A in figure 6-178, as shown
by its courser texture and spotted tone, has
not been used recently. However, note that
the second feedlot from the north has a
smoother texture and more even gray tones.
Under appropriate magnification, more than a
dozen hogs are visible in the second feedlot.
Another item commonly associated with confined
feeding operations, in addition to the animal
shelter buildings, are feed storage tanks.

Located at the extreme top of figure 6-178, at
B, can be seen five feed storage tanks.

Figure 6-177.——Low-level oblique photograph of
confined feeding operation north of Ravenwood.
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Figure 6-178.--Low-level vertical photograph of
confined feeding operation north of Ravenwood.

Site No. 95 (Turkey Farm)
Location: Winigan
Sullivan County, Missouri
Geographic Coordinates: 40°02'N
92°56'W

Also included in land use category 23 are

turkey farms. Turkey farms are rather
difficult to identify on high-altitude aerial
photographs. Therefore, prior knowledge of
their existence 1in an area 1is normally
required to increase the probability of
correct photographic identification. Four
turkey farm areas are shown in the oblique

photograph of figure 6-179. The turkey farms
are located just west of Winigan, Missouri.
Two of the areas are active (A and B), two are
inactive (C and D). The inactive areas appear
whitish in tone with small, darker squares
indicating the former 1locations of portable
range shelters now located at A and B.

Although open range feeding of turkeys is
an identification feature of this category,
the areas in which the birds feed would not be
delineated as confined feeding. The brooder
houses themselves and auxillary structures
would be the only area to be delineated.

Figure 6-179.-~Low-level oblique photograph
of a turkey farm near Winigan, Mo.

The vertical photograph of figure 6-180
clearly illustrates the practice of relocating

turkey farm areas once an area has been
denuded of vegetation. Note the small darker
gray rectangular spots paralleling the road

(A). These spots mark the former positions of
the range shelters. The range shelters, as
well as most of the turkey feeders, have been
moved to a new position just to the south of
their old location (B). The range shelters,
without sides, are constructed to allow the
turkeys to get out of the sun during the hot
summer months. During winter, the turkeys are
housed in large, long poultry houses such as
those seen in the ground-level photograph of
figure 6-181 just east of the area shown in
figure 6-180.

Figure 6-180.--Low-level photograph of
turkey farm area near Winigan, Mo.
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Figure 6-181.--Turkey brooder house
near Winigan, Mo.

Category 24--Other Agricultural Land

Category Description. The Other
Agricultural Land category includes farmsteads,
holding areas for livestock such as corrals,
farm lanes and roads, ditches and canals, small
farm ponds, fish farms and hatcheries, horse
farms, and other similar associated built-up
features adjacent to and closely associated
with agricultural resource management.

Environmental Considerations. The pollu-
tion potential from Other Agricultural Land
areas 1is very similar to the other Level II
categories of Agricultural 1land previously
discussed; that 1is, Other Agricultural Land
areas may become sources for nonpoint water
pollution. However, primarily Dbecause of
their relatively small areal extent, the
pollution potential from these areas is less
than that from the more extensive Agricultural
Land Level II categories.

Also included in the Other Agricultural
Land category are fish hatchery operations.
After a period of time, fish hatchery ponds
may become saturated with waste (such as
phosphates and nitrates) and various disease

organisms. If there is a discharge of fish
pond waters due to flooding, breaching,
leaching, or a deliberate release, several
conditions may ensue: eutrophication of
nearby water bodies may occur; disease
organisms may spread; or the escape of
non-native fish species into mnearby water

bodies may lead to the depletion of natural
stocks by predation or competitive exclusion.
Fish hatchery operations may also gene-
rate foul odors, particularly from a fish kill
which will attract insects and cause diseases

to spread.
with water,
areas.

Abandoned fish ponds, left filled
are also possible insect breeding

Interpretation Keys. The Other
Agricultural Land category is illustrated by a
fish farm and farmstead.

Site No. 38 (Fish Farm)
Location: Montreal
Camden County, Missouri
Geographic Coordinates: 37°53'N
92°31'W

Fish farms are shallow manmade water
bodies maintained for the purpose of raising
fish for wholesale trade. Quite often, due to
differences in water depths or sediment loads
and algae concentrations, the adjourning irreg-
ularly shaped water bodies exhibit a variety
of shades from gray to black. Figure 6-182
illustrates this well. The differences in the
shades

of gray are illustrated even more
clearly in the oblique photograph (figure
6-183) of the southernmost fish farm ponds
shown in figure 6-182. A ground-level

photograph (figure 6-184) further illustrates
the shape of the individual fish farm ponds
and provides the reader with an appreciation
for the widths of the holding levees
separating the ponds. The levees provide the

owners access to the ponds for maintenance and
harvesting.
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Figure 6-182.--Mapping photograph of a fish
farm southeast of Montreal, Mo.

Most fish farms will be found in stream
valleys. The stream water will flow directly
through or be directed into the ponding areas.
In southeast Missouri in rice production areas,
reservoirs used to store water for the fields
are used part of the year for fish production.
These types of fish ponds are impossible to
delineate without ground observation.



Farmsteads are built-up service areas
associated with agricultural practices. In
order for farmsteads to be shown on a land use
map, they must meet the minimum mapping size
requirements for the scale of the map. On land
use maps at a publication scale of 1:250,000,
farmsteads must be at least 10 acres in size to
be shown. Circled in figure 6-185 is a farm-
stead approximately 6 miles south of Maitland,
Missouri. The built-up photographic signature
of the farmstead, surrounded by cropland and
pasture, 1is easily identified. The oblique
photograph (figure 6-186) further illustrates
the extent of the built-up features associated
with this farmstead. Noted on the photograph
are residential structures at A, B, and C; feed
storage tanks at D; tractors at E; and several
rectangular shelter/storage buildings at F. In
addition to the built-up signature displayed by
the farmstead, the lighter gray tone of the
farmstead draws the attention to the site.

Figure 6-183.—--Low-level photograph of fish
farm ponds southeast of Montreal, Mo.

Figure 6-185.--Mapping photograph of a
farmstead south of Maitland, Mo.

Figure 6-184.--Fish farm ponds near
Montreal, Mo.

Site No. 99 (Farmstead)
Location: Maitland
Holt County, Missouri
Geographic Coordinates: 40°07'N Figure 6-186.——Low-level oblique photograph
95°04'W of the farmstead near Maitland, Mo.
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LEVEL I, CATEGORY 3 - RANGELAND

Historically, Rangeland has been defined
as land on which the potential natural vegeta-
tion 1is predominately grasses, grasslike
plants, forbs, or shrubs and where natural
herbivory was an important influence in its
precivilization state. Generally, management
practices do not include fertilization, culti-

vation, or irrigation. Instead, Rangeland
management practices follow ecological
principles of resource management.

In Missouri, what little Herbaceous

Rangeland there is, primarily is located in
the west—-central and southwest portions of the
State. Shrub and Brush Rangeland, specifically
eastern brushland vegetation, is found in the
same areas as Cropland and Pasture; namely,
north of the Missouri River and along the
Mississippi River floodplain.

Category 31-—Herbaceous Rangeland

Category Description. Herbaceous Range-
land encompasses lands dominated by naturally
occurring grasses and forbs as well as those
areas of mnatural rangeland which have been
modified to include grasses and forbs as their
principal cover, when managed for rangeland
purposes and not managed using typical
pastureland practices.

As noted earlier, the Herbaceous Rangeland
areas of Missouri occur in the west-central and
southwestern portions of the State. Unlike the
more expansive Herbaceous Rangeland areas found
from the Texas Panhandle northward to the
Dakotas, Missouri Herbaceous Rangeland areas
are boxed in by Cropland and Pasture; There-
fore, it is difficult to accurately identify
Herbaceous Rangeland areas on high—-altitude
photographs. The boxed-in shape of these areas
robs the photointerpreter of one of the most
important photorecognition characteristics of
the more expansive Herbaceous Rangeland areas—-—
the irregularly shaped natural landscape. Not
only are there so few areas of Herbaceous
Rangeland in Missouri, but add to this the
fact that these areas are difficult to
identify on high-altitude aerial photographs,
and it can be realized why there is a high
potential for an understatement of the total
Herbaceous Rangeland acres in the State.

Environmental Considerations. Herbaceous
Rangeland areas are, by definition, areas which
are managed by ecological resource management
principles rather than by fertilizing, culti-
vating, or irrigation. Therefore, such areas
are not a potential pollution source.
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Interpretation Keys. Since Herbaceous
Rangeland areas are of limited extent in
Missouri, there are few good examples of this
land use category. However, the forb prairie
just west of Kingdom City, Missouri, provides
an excellent example.

Site No. 102 (Forb Prairie)

Location: Kingdom City
Callaway County, Missouri
Geographic Coordinates: 39°57'N
92°00'W
Most of the Herbaceous Rangeland that

exists in Missouri is owned and/or protected
by the Missouri Department of Conservation.
As of 1978, the State had 23 public prairies
totaling over 6,000 acres. These prairies were
owned by either the Missouri Department of
Conservation, the Missouri Prairie Foundation,
the Nature Conservancy, the University of
Missouri, or a combination of the above. One
of these sites, Tucker Prairie, is circled in
figure 6-187. Under appropriate magnification,
one can discern a difference in the Cropland
fields surrounding the prairie and the prairie
itself. The Cropland fields retain signs of
tillage, while the prairie areas do not. Had
the surrounding areas been Pasture rather than
Cropland, it would have been more difficult to
identify prairie areas.

Even the use of low-level imagery adds
little to assisting the photointerpreter in
identifying the area as Herbaceous Rangeland
(see figure 6-188). Only when verified by
ground observations can one be confident of an
accurate classification of Herbaceous Rangeland
in Missouri (see figure 6-189). This photo-
graph illustrates a field of black-eyed
Susans, a typical forb vegetation.

Figure 6-187.--Mapping photograph of
forb prairie west of Kingdom City, Mo.



Figure 6-188.--0Oblique photograph of forb
prairie west of Kingdom City, Mo.

Figure 6-189.--Tucker (forb) Prairie west of
Kingdom City--ground observation.

Category 32--Shrub and Brush Rangeland
Category Description. Shrub or scrub
vegetation, characteristic of arid or semiarid
regions, is not found in Missouri. Eastern
brushland areas, however, do occur primarily
north of the Missouri River and adjacent to
the Mississippi River north of Cape Girardeau.
Eastern brushlands are typically former
croplands or pasture lands (cleared from orig-
inal forest lands) which are being allowed to
revert to their natural state. Accordingly,
these areas, grown up in brush, are in trans-
ition back to forest land to the extent that
they are no longer identifiable as cropland or
pasture. Many of these areas are extensively
grazed by livestock and provide wildlife

habitat. More often, they are retained as part
of the farm, but are not used at their former
levels of intensity. Traditionally, botanists
have not included eastern brushland areas in
the Rangeland category Dbecause of their
original forested state prior to clearing for
cropland or pasture; therefore, they have been
summarized statistically with pasture land.
However, since they primarily function as
grazing land, they are included in the U.S.
Geological Survey's classification system's
Rangeland category. Following sufficient
reforestation, these areas should be classified
as Forest Land.

Environmental Considerations. Eastern
brushland areas, particularly in their early
stages of development, may reduce water quality
as surface runoff transports loose soil parti-
cles to nearby water bodies. However, as these
areas mature and are retained in Rangeland,
there are few, if any, contaminant sources
associated with eastern brushland areas.

Interpretation Keys. Examples of eastern
brushland can be found in many areas of the

State. The following example, near New
Hampton, is illustrative of this 1land wuse
category.

Site No. 84 (Eastern Brushland)
Location: New Hampton
Harrison County, Missouri
Geographic Coordinates: 40°16'N
94°10'W

Circled in figure 6-190, just east of New
Hampton, is an example of eastern brushland as
it appears on mapping photographs. Notice the

slightly darker gray tone and coarser texture
exhibited by

the presence of the brushland
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Figure 6-190.—--Mapping photograph of eastern
brushland area near New Hampton, Mo.



vegetation. Vegetation nearest the railroad
(the southern boundary of the area) is actually
too dense to be classified as eastern brush-
land. However, because the strip does not meet
minimum mapping width criteria at the 1:250,000
scale, this more heavily vegetated strip should
be combined with the eastern brushland to the
north and shown as eastern brushland.

Figure 6-191 illustrates more clearly the
characteristic vegetation pattern of eastern
brushland. Notice the denser strip of trees
near the bottom of the photograph.

Figure 6-191.--Oblique photograph of eastern
brushland area near New Hampton, Mo.

LEVEL I, CATEGORY 4 - FOREST LAND

Areas of trees capable of producing timber
and other wood products, which exhibit a tree-
crown areal density (crown closure percentage)
of 10 percent or more, and exert an influence
on the climate or water regime, are classified
as Forest Land. Although the precise boundary
between Forest Land and other categories of
land wuse may be difficult to delineate,
generally Forest Land areas can be identified
rather easily on high-altitude aerial photo-
graphs. The majority of the Forest Land in
Missouri is located south of a line extending
from Joplin in the southwest through Columbia
to Hannibal in the northeast. Statewide, over
15 million acres of Forest Land cover Missouri.

Also included in the Forest Land category
are lands from which trees have been removed to
less than 10 percent crown closure but which
have not been developed for other uses. These
areas often have been clear cut and are
scheduled for blockplanting. This practice is
commonplace in our national forest lands.

Not included in the Forest Land category

are those areas which would otherwise be
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classified as Forest land if it were not for
the fact that the water table was at or near
the ground surface. Since the wetland condi-
tion is of much interest to land managers and
planning groups, such lands are classified as
Forested Wetland.

At Level 1II, Forest Land is
into three categories: Deciduous, Evergreen,
and Mixed. From small-scale aerial photo-
graphs, the photointerpreter must rely on site

separated

association knowledge, tone, and texture
analysis to differentiate these cover cate-
gories. In addition, the availability of

photographs obtained during the period when
deciduous trees are bare can be very helpful
in separating Deciduous and Evergreen Forest
cover types.

Prior to initiating Forest Land photoin-
terpretation, the photointerpreter should be
familiar with the various tree species known
to exist in the area. This task can be facili-
tated by consulting silviculture handbooks
normally available from State Federal
service agencies for the area.

or

Photographic tone can also be wused to
help identify forest cover types. Generally,
evergreen trees exhibit a darker tone (dark
green) than deciduous trees. On color-

infrared winter photographs,
are generally magenta in color.

Concerning photographic texture, even-aged
coniferous trees generally exhibit a smooth,
carpetlike texture. Deciduous trees, on the
other hand, exhibit a rougher texture as a
result of their varying heights and rounded
crowns, particularly when the stands are of an
uneven—-aged nature.

evergreen trees

Category 41--Deciduous Forest Land

Category Description. Deciduous Forest
Lands include all forested areas with a predom-
inance of trees that lose their leaves at the
end of the frost-free season or at the begin-
ning of the dry season. Nearly 94 percent of
Missouri's 15 million acres of Forest Land is
of the deciduous cover type—-—mostly oak.

The geographic extent of the Deciduous
Forest Land parallels that of Missouri's Forest
Land; that is, the majority of the Deciduous
Forest Land occurs south of a line extending
from Joplin to Columbia to Hannibal.

Environmental Considerations. Deciduous
Forest Land areas exert a strong influence on
local water supplies and microclimatic condi-
tions. Silvicultural management practices may
effect both the quantity and quality of nearby
water bodies. Since the types of pollution
which may occur from Deciduous Forest Lands




would be the same for Evergreen Forest Lands
and Mixed Forest Lands, a detailed description
of environmental considerations 1is presented
only for the Deciduous Forest Land category
rather than each Level II Forest Land category.

Thinning and harvesting operations may
increase water quantity by reducing existing
transpirational surface areas and decrease
water quality as a consequence of the trans-
port of chemical (primarily herbicides, insect-
icides, and fertilizers) and physical (loose
soil particles) contaminants to nearby water
bodies with surface runoff.

The wuse of herbicides plantation
clearing, site preparation, right-of-way
maintenance, and other uses may contaminate
the soil, wildlife, and surface or ground-water
supplies. Insecticides, wused to check the
spread of harmful pests, can cause both air
and water pollution—--not to mention the possi-
bility of adversely affecting certain
beneficial species such as honey bees.

Forest fertilization, if improperly admin-
istered, can increase the nutrient load of
nearby water bodies and thereby increase exist-
ing trophic states. Logging road construction
and maintenance activities can lead to erosion
and increase nearby water course sediment
loads. Repeated passes of logging equipment
over the area can result in soil compaction,
reduce percolation rates, and as a consequence,
intensify surface runoff rates—-—-even to the
extent that it may cause minor flooding and
the loss of tree vigor.

for

Interpretation Keys. The Deciduous Forest
Land areas at Windsor (west-central Missouri)
and Kirksville (northeast Missouri) illustrate
land use category 41.

Site No. 74 (Reforested Strip Mine)

Location: Windsor
Henry County, Missouri
Geographic Coordinates: 38°34'N
93°35'W

A number of areas in the State which have
been strip mined have been allowed to return
to Forest Land vegetation. One such area,
approximately 6 miles west of Windsor, is
circled in figure 6-192. Notice the alternat-
ing rows of white (ridges) and dark (forested

troughs) in the upper 1left portion of the
circle. Figure 6-193, an oblique photograph
of the same area, reveals the extent to which

additional deciduous tree growth has occurred
between 1972 and 1980. Just to the southwest
of the strip mines shown in figure 6-192 is an
excellent example of a larger strip mined area
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Figure 6-192.--Mapping photograph of strip mine
area west of Windsor, Mo., undergoing natural
reforestation, 1972.

Figure 6-193.--Low-level oblique photograph
of reforested strip mine area, 1980.

Figure 6-194.--Low-level vertical photograph of
mature, natural reforestation of former strip
mine area southwest of Windsor.



after more than 30 years of natural reforesta-
tion. Notice the two types of forest cover
shown in figure 6-194. The smoother textured,
area, circled, is an area of coniferous forest
cover. The remaining area 1is covered by
deciduous trees.

Site No. 94 (Deciduous Trees)
Location: Kirksville
Adair County, Missouri
Geographic Coordinates: 40°11'N
92°38'W

Another example of Deciduous Forest is
shown in figure 6-195. This site, at Thousand
Hills State Park just west of Kirksville,
Missouri, also provides an excellent example
of coniferous evergreen trees adjacent to
deciduous trees. Although coniferous trees
are not native to the area, Boy Scouts volun-
tarily planted some scotch pines in several
places in the park about 25 years ago. The
coniferous trees stand out as the darker tone
areas in figure 6-195.

Figure 6-196, an oblique photograph taken
6 years later, shows an area of defoliated
trees at A. A recent forest fire has destroyed
some of the scotch pines. To the east of the
defoliated area are the deciduous trees with
their characteristic, more rounded tree crowns
(B). Notice that the deciduous trees generally

have a lighter tone on black-and-white photo-
graphs. Had
available,
separating
trees.

frost-season photography been
it would have also been helpful in
the deciduous from the evergreen

Figure 6-195.--Mapping photograph of deciduous
and evergreen forest cover in Thousand Hills
State Park, 1974.

Figure 6-196.--Low-level
graph of a portion of
figure 6-195.

1980 oblique
the area

photo-
shown in

Category 42--Evergreen Forest Land

Category Description. Forest areas in
which the trees are predominately those which
remain green throughout the year are classified
as Evergreen Forest Lands. Included in this
category are both coniferous and broadleaved
evergreens. Evergreen species commonly assoc-
iated with Wetland areas are not included in
this category.

The two most common species of evergreens
occurring in Missouri are the shortleaf pine
(pinus echinata) and the eastern redcedar
(juniperus virginiana). The former is found
primarily in the southeastern part of the State
while the latter can be found in extreme
east-central Missouri and in some east-central
counties.

Environmental Considerations. The envi-
ronmental description presented earlier for
land use category 41, Deciduous Forest Land,
applies to Evergreen Forest Land areas as well;
therefore, refer to land use category 41 for
information on the potential pollution contam-
inants most 1likely to be associated with
Evergreen Forest Land.

Interpretation Keys. Presented below are
examples of planted pine at New Madrid and
eastern redcedar near Bradleyville

(south-central Missouri).




Site No. 25 (Plantation Pine)

Location: New Madrid
New Madrid County, Missouri
Geographic Coordinates: 36°32'N
89°26'W

Located about 3 miles southeast of New
Madrid is a rectangular area of planted short-
leaf pine. Photographed in 1974, notice the
height differences between the planted pine
and the adjacent deciduous trees in figure
6-197. Figure 6-198, an oblique photograph of
the same area in 1980, illustrates both the
rapid rate of tree growth exhibited by this
species in southeast Missouri and the charac-
teristic carpetlike texture common to even—aged
coniferous tree cover. Although not the case

with this particular pine plantation, many pine
plantations are actually planted in rows.
viewed from the air,
graphs, row
identified.

When
or on an aerial photo-

pine plantations are easily

Figure 6-197.--Mapping photograph of
planted pine near New Madrid, Mo., 1974.

Figure 6-198.--Low-level oblique photograph
of planted pine near New Madrid, 1980.

Site No. 65 (Eastern Redcedar)
Location: Bradleyville
Taney County, Missouri
Geographic Coordinates: 36°46'N
92°57'W

The second most prevalent type of Ever-
green Forest Land, eastern redcedar, is shown
in figure 6-199 at A. This area barely meets
the minimum mapping size of 40 acres required
for 1:250,000-scale land use and land cover
mapping. The photograph, taken on January 23,
1976, allows the photointerpreter to easily
separate deciduous and evergreen trees. The
darker tone areas are eastern redcedars (ever-—
greens) while the lighter tone areas, particu-
larly on the right side of figure 6-199 at B,
are deciduous trees which have 1lost their
leaves. In the upper-left portion of figure
6-199 is an area of Mixed Forest Land; that
is, an area of evergreen and deciduous trees
where neither predominates. Figure 6-200, an
oblique photograph, illustrates the darker
tone of the cedar trees. Notice how the cedar
trees parallel the limestone bedding plains as
they curve around the hillsides. The areas
devoid of tree cover have been cleared for
pasture. A comparison between figure 6-199
and figure 6-200 reveals the extent of

additional clearing that occurred at A between
1976 and 1980.

Figure 6-199.--Mapping photograph of eastern
redcedar forest cover southwest of
Bradleyville, January 1976.
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Figure 6-200.--Low-level

oblique photograph of
eastern redcedar forest cover near
Bradleyville, July 1980.

Category 43--Mixed Forest Land

Category Description. A Forest Land area
is classified as Mixed Forest when more than
one-third intermixture of either evergreen or
deciduous tree species occurs in a specific
area. In actuality, this division of the
Forest Land category is a function of the land
use and land cover mapping specifications and,
therefore, will be less often used at some
mapping scales than others, particularly at
larger mapping scales.

Environmental Considerations. The envi-
ronmental description presented earlier for
land use category 41, Deciduous Forest Land,
applies to Mixed Forest Land areas as well;
therefore refer to land use category 41 for
information on the potential pollution contam-
inants most likely to be associated with Mixed
Forest Land.

Interpretation Keys. Site 39, near
Edgehill, presents an example of Mixed Forest
Land. e

Site No. 39 (Mixed Deciduous and
Evergreen Forest Cover)

Location: Edgehill
Iron County, Missouri
Geographic Coordinates: 37°37'N
90°54'W

An example of Mixed Forest Land is illus-
trated by figure 6-201. This area, approxi-
mately 3 miles north-northeast of Edgehill,
has varying degrees of deciduous (lighter tone
areas) and evergreen (darker tone areas) trees.
Notice the small, but more homogeneous, stands
of darker tone evergreen trees (circled on the
photograph) surrounded by deciduous trees.
Because this photograph was taken during the
frost season (photo date March 9, 1980), the
deciduous trees exhibit an even lighter tone
than had the photo been taken during the
frost—-free season. Quite often, frost season
(leaf-off) photographs are not available. In
such cases, if color-infrared photographs are
available, the task of separating deciduous
and evergreen trees or delineating Mixed Forest
Land areas is facilitated. Figure 6-202, a
black-and-white reproduction of a high-altitude
color-infrared (CIR) photograph taken in
September 1974, illustrates the benefits to be
gained from the use of CIR photographs——even
when they are reproduced in black-and-white.
The evergreen trees appear as darker tones on
the photograph. Notice the dark tone of the

purer stands of evergreen trees at A. The
deciduous trees are lighter in tone. Also
notice, particularly along stream segments,

the lighter tone of the deciduous trees which

have begun to lose their leaves. In such
cases these linear areas appear whitish to
gray in tone. The 1lighter, almost white,

areas in the photograph are rock outcroppings.
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Figure 6-201.--Black-and-white reproduction of

a mapping photograph of mixed forest cover
near Edgehill, March 1980.



Figure 6-202.--Black—-and-white reproduction
a color-infrared mapping photograph of mixed
forest cover near Edgehill, September 1974.

of

LEVEL I, CATEGORY 5--WATER
Water areas, as defined by the Bureau of
the Census, include all areas within the land
mass of the United States that are
persistently covered by water, at least 40
acres in size, and if linear, are at least 1/8
mile wide.

However, for most purposes,
agencies require the identification of water
bodies smaller than 40 acres. The U.S.

Geological Survey land use and land cover maps
include all water bodies greater than 10 acres
which are at least 300 feet wide and shown as
double-line streams on the 1:250,000-scale
base map. Water included in this category are
streams and canals, lakes, reservoirs, and
bays and estuaries.

At the 1:250,000-scale land use and land
cover mapping for Missouri, only major rivers,
such as the Mississippi, Missouri, and Osage,
and major canals, such as those near Kennett
in southeast Missouri, are shown. Natural
lakes are rare with less than 17 square miles
of this land use type in the State. More
common are the State's many reservoirs.
Reservoirs such as Clearwater, Pomme de Terre,
Stockton, and Table Rock account for over
232,000 acres of State's reservoirs. Bays and
estuaries are not found in Missouri.

The above acreage figures reflect water
area totals based on Level II land use and
land cover mapping at the 1:250,000 scale. At
a larger mapping scale and a greater level of
land use detail, these acreage totals increase
somewhat .

It is important to note that all water
bodies should be delineated as they exist at
the date (time) of the photography, except
areas in an obvious state of flood.

Category 51--Streams and Canals

Category Description. Included in the
Streams and Canals category are rivers, creeks,
canals, and other linear water bodies. Where
the water course is interrupted by a control
structure, the impounded area is placed in the
Reservoir category.

Environmental Considerations. Streams
and canals are not in themselves pollution
sources. Instead, it 1is the discharge from

point sources and surface runoff from nonpoint
pollution sources, such as agricultural and
silvicultural areas, which reduce stream and
canal water quality. Perhaps flooding is the
most serious detrimental effect which can occur
from streams. When streams overflow their
banks they can, and have, caused significant
damage to manmade structures and crops.

Interpretation Keys. Two sites, site 70
and 26, follow which depict rivers and canals.

Site No. 70 (Missouri River)
Location: Jefferson City
Cole County, Missouri
Geographic Coordinates: 38°35'N
92°11'W

Rivers and streams are easily recognized

on aerial photographse. As shown in figure
6-203, natural water courses consist of
somewhat parallel land/water interface

boundaries which quite often vary in width as
a function of normal fluvial processes. Water
bodies are most often characterized by medium

gray tones on aerial photographs. Figure
6-204 1is an oblique photograph of the same
section of the Missouri River at Jefferson

City. Notice the bridge over the river and
the barges docked on the northern shore.
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Figure 6-203.--Mapping photograph of Missouri
River at Jefferson City, Mo.



Figure 6~204.--Oblique photograph of
Missouri River at Jefferson City, Mo.

Site No. 26 (Canals)
Location: Kennett
Dunklin County, Missouri
Geographic Coordinates: 36°10'N
90°01'wW

Canals, or ditches, are constructed for
one of two purposes: to drain or to irrigate
an area. Around the turn of the century, a
number of drainage ditches were constructed in
southeast Missouri extending from south of Cape
Girardeau to across the Missouri/Arkansas State
line. This area, once swampy and marshy, is
now very productive cropland. From a weblike
network of. ditches north of Gideon, many of the
smaller ditches finally enter one of five main
ditches about 3 miles southeast of Gideon
where the five ditches extend southwest for
almost 35 miles. Pictured in figure 6-205 is
a segment of the five main drainage ditches
about 4.5 miles southeast of Kennett. Unlike
natural linear water courses (streams and
rivers), canals and ditches have parallel
land/water interface boundaries of nearly
constant separation. Three of the ditches in
the photograph appear medium gray in tone-—-the
two westernmost ditches and the easternmost
one. The two other ditches are lighter gray,
almost white. The difference in tone can be
explained by slight differences in water
levels, camera angles, and subsequent Sun
reflections. The lighter gray tone ditches
are reflecting more sunlight and therefore
show up as light gray in the photograph.

Figure 6-206, an oblique photograph of
the same area, also shows differences in gray
tone values for the ditches; however, in this
case, only one ditch reflects more sunlight.

Figure 6-205.~-Mapping photograph of
canals near Kennett, Mo.

Figure 6-206.--Oblique photograph of
canals near Kennett, Mo.

Figure 6-207.-—-Ground shot of drainage
canal near Kennett, Mo.
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Figure 6-207 is a ground-level photograph
of one of the ditches taken from a bridge 6
miles northwest of the 1location shown in
figures 6-205 and 6-206. Notice how straight
the water course is and its constant width.

Category 52--Lakes

Category Description. Lakes are naturally
enclosed standing water bodies, including regu-
lated natural lakes but excluding reservoirs.
Only lakes 10 acres or greater at the time of
photoacquisition are delineated on the U.S.
Geological Survey 1:250,000-scale land use and
land cover maps. If the photointerpreter has
source material which provides the name of a
water body, he should not necessarily classify
the water body from this information because
many reservoirs in Missouri have lake names.
Accordingly, the majority of Missouri's
nonlinear water bodies are reservoirs and not
lakes. It is important to remember that lake
water levels are maintained by the seepage of
ground water and the direct surface runoff of
precipitation, whereas reservoir water levels
are the result of manmade impoundments and the
subsequent accumulation of surface runoff,
primarily by contributing linear water courses.

For the most part, Missouri 1lakes are
found in the flood plains of the State's two
largest rivers—-the Mississippi and the
Missouri. These 1lakes, called oxbow 1lakes,
are formed by sealing off the meanders of
alluvial streams. As alluvial streams mature,
their meanders (snake-like patterns) grow
until the channels bend to meet themselves,
causing the meander loops to be pinched
(sealed) off and abandoned--therefore, oxbow
lakes can be found all along the Missouri and
Mississippi Rivers.

Considerations. Like
streams and canals, lakes are not in them-
selves pollution sources. The same types of
point and nonpoint pollution sources which
affect linear water bodies also affect lakes.
However, unlike linear water bodies, lakes do
not possess the same flood hazard potential.
Therefore, one is more likely to find manmade
construction, namely houses and businesses,
closer to the land/water interface boundaries
of lakes than streams or rivers.

Environmental

Interpretation Keys. Site 83, an oxbow
lake west of Fortescue, Missouri, characterizes
Missouri lakes.

Site No. 83 (Oxbow Lake)
Location: Fortescue
Holt County, Missouri
Geographic Coordinates: 40°05'N
95°21'wW

Located west of Fortescue, Big Lake is one
of Missouri's many oxbow lakes. In figure
6-208, it appears as a crescent shape with the
cresent ends pointing west toward the Missouri

River. Close inspection of the photograph
reveals a series of meander scars to the east.
Figure 6-209, an oblique photograph of the

northern half of the lake, shows the extent to
which resort-type residential structures rim

the land/water interface boundary.

Figure 6-208.--Mapping photograph of an
oxbow lake west of Fortescue, Mo.

Figure 6-209.--0Oblique photograph of a
portion of Big Lake west of Fortescue.



Category 53--Reservoirs

Category Description. Manmade impound-
ments of water used for such purposes as irri-
gation, flood control, municipal water
supplies, recreation, and hydroelectric power
generation are classified as reservoirs. On
aerial photographs, reservoirs are identified
by their overall nonlinear shape and associated
manmade water—control structures—-such as dams
or levees. It is the manmade water-control
structures which key the photointerpreter to
classify a nonlinear water body as a reservoir.
As with land use category 52 (Lakes), only
reservoirs 10 acres or greater at the time of
photoacquisition are delineated on 1:250,000-
scale land use and land cover maps. Accord-
ingly, many farm ponds in Missouri are not
included in the acreage figures for reservoirs
presented in Section 7. Of the State's 377,022
acres of water, 232,559 acres (61 percent) are
represented by the Reservoir category. This
category includes reservoirs such as Table
Rock Lake, Stockton Lake, Lake of the Ozarks,
Clearwater Lake, Clarence Cannon Lake, and
many more smaller reservoirs around the State.

Environmental Considerations. Comments
previously presented as environmental consid-
erations for 1lakes hold true for reservoirs.
Concerning flood hazard potential, the most
dreaded occurrence would be a dam break.
Fortunately however, such occurrences are rare.

Interpretation Keys. The Clearwater Lake
Reservoir exemplifies many Missouri reservoirs.

Site No. 33 (Clearwater Lake Reservoir)

Location: Piedmont
Wayne County, Missouri
Geographic Coordinates: 37°08'N
90°46'W
Located approximately 4 miles west of
Piedmont, Clearwater Lake Reservoir is one of

Missouri's excellent recreational arease.
Around the reservoir's perimeter are a number
of public access points and use areas. Some
of these areas are identified in figure 6-210
at A, B, and C; also shown is the dam at D.
Note the straight land/water interface formed
by the dam and the water.

Figure 6-211 shows more clearly the back
side of the dam and some of the recreational/
camping facilities. In figure 6-212, several
campers and trailers can be seen parked at the
site. Also shown in figure 6-211, at A, is a
boat ramp. Figure 6-213 shows a ground
photograph of the boat ramp area.

Figure 6-210.--Mapping photograph of Clearwater
Lake Reservoir near Piedmont, Mo.

Figure 6-211.--0blique photograph of
Clearwater Dam near Piedmont, Mo.
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Figure 6-212.--Camping area at
Clearwater Dam near Piedmont, Mo.

Figure 6-213.--Public use area and boat ramp at
Clearwater Lake Reservoir near Piedmont, Mo.

LEVEL I, CATEGORY 6--WETLAND

are areas where the water
or above the land surface
for a significant part of most years. The
hydrologic regime is such that aquatic or
hydrophytic vegetation is established, however,
alluvial and tidal flats may be nonvegetated.
Examples of wetlands include swamps, marshes,
mudflats, and portions of streams, lakes,
reservoirs, and bays which exhibit surface
aquatic or hydrophytic vegetation. Shallow
water areas where aquatic vegetation 1is
submerged are classified as open water and not
included in the Wetland category.
Extensive parts of some river
plains qualify as Wetland, as do

Wetland areas
table is at, near,

flood
regularly

flooded irrigation overflow areas. Not
included in the Wetland category are
agricultural lands where seasonal wetness or
short-term flooding provides - an important
component of the total annual soil moisture
necessary for crop production; for example,
flooded fields associated with rice production
or developed cranberry bogs.
Uncultivated Wetland,
rice, cattails, or wood products, and other
crops are harvested, or Wetland grazed by
livestock, are placed in the Wetland category.
Wetland areas drained for any purpose
belong to the land use and land cover category
for which they are being used. If, however,
drainage is discontinued and such use ceases,

from which wild

classification may revert to the Wetland
category. Wetland managed for wildlife
purposes may exhibit short-term land wuse

changes as different management practices are
used; however, such areas should be classified
as Wetland.

With regard to the delineation of Wetland
areas, two separate boundaries are important:
the upper wetland boundary above which almost
any non-wetland category of land use or land
cover may exist, and the boundary between

wetland and open water beyond which the
appropriate Water category should be
utilized.

Wetland areas in Missouri occur primarily
along the Mississippi and Missouri River flood
plains, the upper reaches of reservoirs, and
in the Missouri bootheel counties of Wayne,
Stoddard, Bollinger, Mississippi, and
Dunklin. These five counties account for
slightly more than one-third of all of
Missouri's 66,862 acres of Wetland.

The Level II categories of Wetland are
Forested Wetland and Nonforested Wetland.
Approximately two-thirds (46,585 acres) of
Missouri's Wetland areas are Forested Wetland.

Category 61--Forested Wetland

Category Description. Wetlands dominated
by woody vegetation are classified as Forested
Wetland. In Missouri, the Forested Wetland
category is primarily represented by bottomland
oaks such as pine; swamp, white, and shingle
oaks; and tupelo, blackgum, sweetgum, and
cypress species.

Extensive Forested Wetland areas are usu-
ally more easily identified on color-infrared
(CIR) photography than on color or black-and-
white photography. These areas exhibit a
bluish cast on CIR imagery as opposed to the
red colors of deciduous trees and magenta
colors of the evergreens.
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If available, ground surveys of soil types
or the duration of flooding can provide supple-
mental information to assist the photointer-
preter in delineating Forested Wetland areas.
Many times photographs acquired with low Sun
angles will aid in detecting standing water
areas where tree crown closure values are not
too great.

Environmental Considerations.
Forested Wetland areas do not cause pollution.
These areas, however, can become victims of a
range of man's activities which can ruin an
otherwise balanced ecosystem. In Missouri, the
greatest potential pollution source for
Forested Wetland areas is nonpoint pollution,
primarily runoff from adjacent agricultural
areas. If proper precautions are not taken,
agricultural areas may introduce such pollut-
ants as livestock manure, fertilizers, and
pesticides.

Like water,

Interpretation Keys. Two sites, both in
southeast Missouri, are described below to
illustrate Forested Wetland areas.

Site No. 31 (Swamp)
Location: Puxico
Stoddard County, Missouri
Geographic Coordinates: 37°01l'N
90°10'W

Figure 6-214, a black-and-white reproduc-
tion of a color-infrared photograph of a
portion of the Mingo National Wildlife Refuge
(approximately 3 miles north of Puxico),
depicts both land use categories 61 (Forested
Wetland), at A, and 62 (Nonforested Wetland),
at B. Notice the dark areas as opposed to the
lighter area just above A. The dark areas are
wetter areas of woody vegetation, while the
lighter areas are higher, drier areas of forest

land. The 1lighter area at B, Nonforested
Wetland, is discussed later.
On color-infrared photography, the

Forested Wetland areas appear bluish in color
while the drier deciduous forest areas appear
red in summer. During the frost season,
deciduous trees appear as blue-green when the
leaves are brown, yellow when the leaves are
red, and white when the leaves are yellow.
The photograph shown in figure 6-214 was taken
in November 1974, when the leaves had already
turned brown; therefore, on the color-infrared
photography, the trees at C appeared
blue-green.

Figure 6-214.--A black-and-white reproduction
of a color-infrared mapping photograph of
swamp and marsh areas in Mingo National
Wildlife Refuge near Puxico, Mo.

Figure 6-215, a forward oblique photograph
of the same area, also suggests slight differ-
ences in moisture levels. Notice the slightly
lighter tone exhibited in the area just to the
right of A. Apparently there has been an
increase in water levels since 1974 when the
photograph shown in figure 6-214 was obtained.
The increased water levels have increased the
size of the wetland area which existed in 1974.

Figure 6-215.--Low-level photograph of
area in Mingo National Wildlife Refuge near
Puxico, Mo.

swamp
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Site No. 32 (Swamp and Marsh)
Location: Wappapello
Wayne County, Missouri
Geographic Coordinates: 36°58'N
90°23'W

Located approximately 6 miles west of the
Mingo National Wildlife Refuge lies Wappapello
Lake--actually it is a reservoir since this
water body was formed following the construc-
tion of a dam on the St. Francis River near
Wappapello in 1941. Many of the upper reaches
of the reservoir now exist as Forested and
Nonforested Wetland areas. Site 32, noted by
the circle on figure 6-216, illustrates the
wetland nature of just one of these areas.
Notice the dark gray tone of the Forested
Wetlands area in the southwest quadrant of the
circle. Also notice the lighter gray tones of
ad jacent deciduous trees.

Figure 6-217 provides a closer view of
the area. Note the difference between the
Forested Wetland vegetation at A and B as
compared to the Nonforested Wetland area at C.

At the time of this photograph, September
1980, water level of the reservoir was down
somewhat . Accordingly, some of the areas,
such as just above the B and below the A in
the photograph, were not water covered.
Although they can be seen more clearly on the
original large-scale color photograph, these
areas can be identified as the 1lighter gray

areas on this photograph. Marsh areas, at C,
appear as even lighter gray areas on the
photographe.

Wetlands

Figure 6-216.—-Forested
reaches of Lake Wappapello reservoir west of
Wappapello.

on upper
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Figure 6-217.--0blique photograph of forested
wetlands near Wappapello.

Category 62--Nonforested Wetland

Category Description. Nonforested
Wetlands are areas dominated by herbaceous
wetland vegetation or are nonvegetated. In
Missouri, these areas include fresh marshes
and nonvegetated flats. As suggested in the
introductory comments, the Nonforested Wetland
category accounts for only one-third of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>