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Introduction

The primary objecﬁive of this contract has been to facilitate the trans-
fer of remote sensing technology to Missouri users while engaging in remote
sensing research relevent to the needs of the state. Mr. Lee Whitebay, UMR
and Mr. Terry Barney, UMC have been key research assistants. In addition,
numerous graduate students have taken on 1imited studies which have contributed

to the overall objectives of the NASA project.

Initial Planning

An inventory of remote sensor imagery available for use on ‘this project
indicated that Landsat imagery and some high-altitude infrared photography
was needed. Landsat' positive images of the State of Missouri as imaged in
early spring, summer and winter.were purchased. Also, selected photographs
of study sites were obtained. An additive color viewer and Diazo processing
instrument were purchased for image enhancement studies.

Study sites selected for land use mapping investigations inciuded all

or parts of the following counties: .

Mid-Missouri Planning Region

Boone
Callaway

Mark Twain Planning Region

Monroe
Ralls

Green Hills Planning Region

" Calwell
Livingston



Southeast Missouri Planning Regicon

'St. Francois
St. Genevieve

Meramec Planning Region

Phelps
PDent

Study sites selected for the investigation of wmined Tand with remote

sensing technology were located in the following counties:

I

Boone and Callaway - Coal Strip Mines

f

St. Francoeis Lead Mine Tailings

bashington Barite pits
Gasconade - Clay pits
In addition, sites in Southwest I11inois and Eastern Kansas were investi-

gated.

Land Resource Classification

Land use mapping from Landsat imagery was begun by undergraduate and
igraduate students. A number of individual papers and reports documenting
interpretation practices were prepared by the students. Field trips to study
sites were conducted by the Project Directors as were special seminars in the
use of laboratory equipment. This work dealing with Land Resource Classifica-
tion has led to a final report entitled "Mapping Land Use from Satellite Images -~
User's Guide.” This report is attached as Appendix A.

In a separate study; a relationship was developed with the Missouri
Geological Survey and the Advisory Committee on the Inventory of Surface Land
Areas in Missouri Affected by Mining. Research was begun on %nexpensive
methods of enhancing Landsat imagery for purposes of inventorying mined land.

Results to date are presented in the following section.



Interpretation of Mined Land Characteristics
from Landsat Imagery

Procedures and Equipment N

During the course of this investigation the use of highly sophisticated
equipment was kept to a minimum. Only two pieces of equipment (an additive
color viewer, and a Zoom Transfer Scope} required the operator to have some
expert instruction for good results to be obtained. The rest of the equipment
consisted of a Post Micro-Film Viewer, 35mm camera and tripod, acetate, and
a "oo" Rapidograph.

When examining a test site the operator began by selecting the appropriate
Landsat Images. Four images, one for each band, were loaded into the additive
color viewer. The operator then experimented with different filter and light
intensity combinations trying to enhance the target area. If the test area
could not be located the investigation ended. However, when the results were
positive contact negatives were made of the Landsat Images and the study ‘
continued., The operator then experimented with various positive-negative
image combinations* as well as filter and light intensity combinations.

~ When the best visual enhancemant of the target was achieved, a c016r slide
was made of test area. This slide was placed in a micro film viewer where it
was greatly magnified. Placing a sheet of acetate directly on the screen of
the micro-viewer, the Tnvestigator identified and mapped as many targets as
possible.

The delineated map was compared with an overlay drawn at a scale of
1:24,000 using high altitude color infrared photography and a zoom transfer
scope. In comparing the two maps, a determination of the relative accuracy

of the Landsat interpretation was made.

*Pos-Neg image combinations also refered to as "Masked Images.”



The idealized respanse of a typical masked image is indicated in figurel.
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Figure 1

Yariations in target colors were achieved as indicated in table 1.

Table 1

Masked Image Response
on Additive Coloy Viewer¥

"Landsat Band Filter Color’ Target Color.

5 Green Soil - Yellow

7 Red ~ Water Blue
-7 Blue Veg. Red

5 Red Soil Yellow -

7 Green Water Blue
-7 Blue Veq. Green
5 - Green Soil Cyan

7 Blue Water Blue
-7 Blue Veg. Blue

5 Blue Soil . Cyan

7 Green Water Blue

-7 Blue Veq. Green



*Assumptions

T. Summer Landsat Image

2. Clear Water

3. Dry Soil

4, Healthy vegetation

Target responses could be generalized as fo]Tows:‘

Dry soil

Water

Vegetation

. Light toned, white, light gray, yellow, depending on

the Tilter combination._

dark toned, dark blue to black, if the water is turbid
it will appear Tighter in tone. Highly turbid tailings
ponds could easily be confused for.dry soil.

" Intermediate tone response controlled by filter selection

for band 7.

A procedural guide is being developed for the evaluation of the accuracy

and economics of different mined lands interpretation meth6d01ogies. Imple-

mentation of the study is underway. Preliminary target categories and inter-

pretation characteristics are as foliows:

A. Active Mine Site-Inferred by lack of vegetation, shape,
image texture

1.
2.

Stripped Area
Spoil Banks on gob piles

Haul Roads-difficult to detect unless bordered and
contrasted with vegetation

Mine structures~none detected

B. Inactive Mine Sites

1.

Reclaimed Land
a. Regraded Tand-possible tone and texture variation

b. Ungraded-tone, texture; water bodies and association
with active mine site



2. Mine Waste Disposal Sites

a. Tailings ponds-Turbid water, shape, and regional
association

b. Spoil or gob piles-lack of vegetation, shape and
texture

3. Permanent Water Impoundments-Low reflectivity.

Example Masked Images and Maps

Figure 2 is an -example of image masking with color responses typical of
those described in table 1. Figures 3, 4, 5 and 6 depict masked images of
target sites. The corresponding overlays, although not as detailed as the
working maps, serve to illustrate the various target responses.‘

Figures 7, 8 and 9 are maps delineated from masked Landsat images as
d{sp1ayed on the micro viewer portion of the interpretation system. The photo-

graphic step of the general interpretation procedure is outlined in- table 2.
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Landsat Composite Image I

St. Louis, Missouri - Full 9" x 9" Color Composite from Landsat bands
5, 7 and -7.

Date: 23 May 75
Latitude: 39° Longitude: 90°
This image was obtained by optically combining bands 5, 7, and negative

7 using an additive color viewer.

Figure 2




" Landsat Composite Image II

Southwest I11inois - Coal Strip Mine from Landsat bands 5, 7 and -7.

Date: 23 May 75

Latitude: 389 15' Longitude: 899 50'

This image was obtained by optically combining bands 5, 7 and negative 7
using an additive color viewer. Careful selection of the color combination
and light intensity produces an image which enhances the active mine site,
the inactive mine site, and permanent water impoundments.

The Tight toned tan to pink areas constitute the active mine site.(])
water(s) appzars dark purple, and the inactive mine(z) site is light green

with long thin lakes (purple) running across it.

Figure 3
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Landsat Composite Image III QUALITY

Flatriver, Missouri - Tailings and Chat Piles from Landsat bands
5 and 7.

Date: 22 September 1974

Latitude: 37° 50 Longitude: 90° 30

This image was obtained by optically combining bands 5 and 7 using an
additive color viewer. Careful selection of the color combination and Tight
intensity produces an image which enhances disturbed areas.

The Tight toned, blue-gray, areas are tai1ings(1) and chat piles from
deep mining operations. Hater(3) appears dark blue to black. Vegetation

appears red, and highways and urban areas have an orange tint.

Figure 4
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" Landsat Composite Image IV

Thomas Hi1ll Area - Coal Strip Mine (Abandoned) from Landsat bands 5,
7, and -7.

Date: 19 August 74

Latitude: 399 40' Longitude: 929 30'

This image was obtained by optically combining bands 5, 7 and negative 7
usihg an additive color viewer. Careful selection of the color combination
and the light intensity produces an image which enhances an inactive mine site.

Areas designated 2 are vegetated. The remainder of the site is not vegetated.

ORIGINAL PAGE -
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Landsat Composite Image V

Southeast Kansas - Coal Strip Mine from Landsat Bands 5, 7, and -7.

Date: 7 August 73

Latitude: 370 15' Longtitude: 95°

This image was obtained by optically combining bands 5, 7 and negative 7
using an additive color viewer. Careful selection of the color combination
and light intensity produces an image which enhances the active mine site,
the inactive mine site, and permanent water impoundments.

The green areas constitute the active mine site(]). Hater(3) appears
dark blue to purple, and the inactive mine site(2) is pink to orange with

many long thin lakes (purple) running across it.

Figure 6

11
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89° 47' 300

S. W. I1linois
Coal Strip Mine
from Landsat Composite

Image bands 5, 7, and -7.
Scale 1:56,400

LEGEND

1 - Active Mine Site

Inactive Mine Site
Vegetated.

2A~ Inactive Mine Site
Non-vegetated.

380 12| 29¢
A <i?) 3 - Water

+ - Cemetary

890 47t 30"

Figure 7
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\ 90° 30'

Construction® .
Site N

@ - 370 50— -

| 370 50°

Flatriver, Mo.
Tailings and Chat Piles
from lLandsat Composite

Image, bands 5 and 7

Scale: 1:28,300

LEGEND (18
1 - Tailings and Chat Piles, yellow tone '

‘I TA- Tailings, orange tone

1B- Tailings, dark tone-grayish

1C- Tailings, green tone

3 - Water

*The construction site gives a spectral response similar -to Tailings.
1909 30!

Figure 8
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4‘920 30°
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39° 42* 30" ‘ 39° 42' 30" |
Thomas Hi1ll Area .
 LEGEND

Coal Strip Mine - Abandoned

. 2.~ Inactive Mine Site-~
from Landsat Composite Vegetated )
Image-bands 5, 7, and -7. 2A- Inactive Mine Site~

Non-vegetated.

2A

==
SR
& N

Scale: 1:28,300

A S S
. 2A 192° 30

Figure 9
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Table 2

Photographic Methods

Equipment
1. 35mm Camera, Honeywell Pentax Spotmatic II.
2. Lense, SMC TaKumar 55mm f/1.8.
3. Auto-bellows unit, Honeywell Pentax.
4. Tripod.
Film
1. High Speed Ektachrome (Daylight) EH 135, Kodak.
2. Kodachrome 25 KM 135, Kodak.
Procedure
1. Adjust the Additive Color Viewer to enhance the desired targets.
2. Mount the camera on the tripod, then position the camera so that the
entire scene is visible through the view finder.
3. Turn off all the Tights in the room.
4, Read the through-the-lense Tight meter and make the appropriate
shutter speed settings.
5. Make sure that the lense system is perpendicular to the Viewer
screen.
6. Focus and-shoot.

An auto-bellows unit is used for close-ups showing details of the mined

areas.

It is positioned between the camera body and the lense according to

the manufacturers' instructions. Once the unit is in place follow the same

procedure as described- above.

Measures of Accuracy

One of the major objectives of this study was to determine how accurately

mined Tands could be delineated from Landsat 1mqgery. Three different measures
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of accuracy were considéred during the investigation:

1. Accuracy of identifying mined Tand.

2. Accuracy of actual areal or linear measurements.

3. Geometric accuracy of the image.

The accuracy of identification is quite high. A1l test sites mines were
located except for clay, bTOWH'iFOhNOPe, and gravel pits. Their small size
coupled with a lack of contrast were degrading influences. -

Accuracy of actual measurements of the mined Tands is very good. Figures

10 and 11 indicate the relationship between minimum target dimension and the
percentage of error. For each percentage of arror there‘is a region within
which the minimum target dimension will be found. The reason for the range of
values is that a target is not only identified by its particular spectral
response but also by its contrast with adjacent targets. If two targets
contrast with one another such as bhare soil versus forest the boundary can be
very accurately determined. However if the bare soil grades into a pasture
the boundary is less definite hence the error will be Targer, or the minimum
dimensions must be increased to keep a specific error criteria.

Accuracy decreases as the target size decreases. Measured data indicates
that as the minimum resolution capability of the Lgndsat system (230 ft by
230 t) is_approached‘the percent error increases rapidly becoming asymptotic
to a line drawn at 230 ft. This is due to a number of factors. One factor is
the difficulty in successfully interpreting an area only 1 or 2 pixels
(pixel = minimum resolution element) in width. Another is that some targets,
expecially those with very distinct spectral signatures, such as water tend
to appear Targer than they actually are when their width approaches .one pixel..
As the target size increases this "baliooning" effect diminishes. Finally,

there are mechanical problems associated with physically mapping a small area.
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Such factors as placement of the ink Tine and the thickness of the line are
more critical when dealing with a small area where a slight shift in the line
will produce a very large error.

The geometric accuracy was not rigorously determined. There is some image
distortion in the micro viewer, and while it did not affect the interpretation
it must be considered if the information is to transfered to a standard base
map.

One overriding factor which must be considered is the fact that: the
experience of the interbreter varies. An interpreter must be fully aware of
what he or she is looking for and what the Landsat target response will be.

An inexperienced interpreter will not produce quality work from this system.
However, it requires only a few hours of intensive study, by a motivated

individual, to be able to produce acceptable maps.
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Figure 11
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Low Cost Interpretation Systems

One of the major results of this research has been the realization of the
fact that a digital computer system is not the only-.accurate way to analyze
Landsat data. This study indicates that an accurate system can be developed
at a cost low enough to be attractive to organizations with smé]] budgets.

The first system consists of the following:

Equipment Approx. Cost
1. Additive Color Viewer $10,000
é. 35mm Camera—-and Tripod $ 300
3. Micro film Viewer $ 400

$10,700 Total
The second system is less sophisticated. However it still produces good

results. Example images and an interpretation procedure will be developed in

the future.

Equipment ; Approx. Cost
T. Diazo Printer and Developer § 600—
2. Micro-film Viewer $ 400

$1,000
Note that all of the equipment has more than one use. Therefore these
systems could be attractive to firms which only occasionally handle Landsat
images. The systems mentioned above will work for any muTtispectraT-system
where the data is acquired in the form of black and white photographic

transparencies.

Conclusions
Landsat imagery can be enhanced and analyzed with low-cost equipment and
procedures. A variety of mined-Tand characteristics can be interpreted with

acceptable accuracy. Procedures utilizing an additive color viewer have been
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presented. Work in progress indicates that similar resuits can be derived

from diazo processing and enhancement.

Workshops

Training workshops have been organized and presented as follows:

1. In January and February, 1976, nine presentations involving the.use
of satellite images for agricultural purposes were given at regional
Missouri Soil and Crop Conferences.

2. Two one-day remote sensing workshops were organized and presented.
On May f?, 1976 a small group from the Green Hills Regional Planning
Commission attended. A group of 18 planners from throughout the
State attended on May 18, 1976.

3. Numerous presentations and informal ﬁorkshop sessions have been
conducted throughout the state. A summary of technology .transfer
activities is given in the contract semi-annual progress repdrt.
Other activities have been reported as they occurred.

At the present time, plarning is underway for a one-day workshop on
remote sensing technology as applied to agriculture and wmining. It is hoped
that this conference will be co-sponsored by the Missouri Mining Industry
Council and held 1in conjﬁnction with their annual meeting to be held in March,

1977.

Expenditures

Uno%ficia1 Expenditures and Commitments*

Salary and Wages Equipment ' - Material Supplies
$7950 $10,850 $1983

Indirect costs and fringe benefits of approximately $5225 have been

charged to the account by the Central Administration.



Total expenditures; $26,008
Contract Budget $26.,200

*From Departmental Records - Official Accounting handled only by Central

Administration, Columbia, Missouri.
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MAPPING LAND- USE FROM SATELLITE DMAGES
USER'S GUIDE
Introduction

The launching of the Earth Resources Technology Satellite (Lormerly
called ERTS) now called LANDSAT has initiated a new era in the application of
remote sensing, technology to land resource inventory. Resulbs of numerous
experimental applications of LANDSAT date and images indicate a strong polen-.
tial for this technology as a primary data source for generalized land use
and land cover mapping.

This guide outlines a visuval interpretation approach for interpreting
and mapping general land cover types (called Level I) from TANDSAT color com-
posite images at a 1:250,000 scale.. The guide is designed for Missouxrd user's
who (1) have little or no experience with satellite imagery, (2) want to mini-
mize their expenditures of time and financial resources, and (3) have limited
or essentially no access to eguipment normally used in image inberpretation.

This guide describes a direct tracing methodology which consists of
five basic steps:

1. The user gathers background information about the area to be
mapped and becomes familiar with the geogrephilic extent of that
" area.,

2. The user becomes acquainted with The TLANDSAT image,

3. The user selects a classification system or scheme to assist
in an organized approach to interpreting the image.

k., Overlays of the study area are prepared from USGS 1:250,000
scale maps and registered on the LANDSAT image.

5. ILand cover categories are interpreted according to the classi-
fication system used and boundaries are mapped on the overlay
ubilizing the LANDSAT image as the mapping base.

Bach step is described in debtail for the benefit of the most inexperi-
enced user. The procedure is simple and straight forward and can be modified,
depending upon the skills and resources of the user. The description of the
mapping procedure is followed by a short discussion on image interpretation.
"A description of the LAWDSAT system and information on ordering 1magery have
been included ag appendices following the text.

Step 1 - Area Familiarization

The user should bhegin by determining the location of the area to be mapped
on an appropriately scaled base map. This is helpful in becoming familiar with
the extent of the geographical area to be mapped and also in locating the de-
fined study area on a LANDSAT image. One will alsc find that familiarity with
the coordinate locations of longitude and latitude for the area are helpful in
ordering the correct LANDSAT image.



Tha bage map should bhe large enough in gcale to provide an adequate over-
view of the study area. USGS 1:250,000 scale maps are vrecommended sgince the
detail of these maps include major highways, towns, civil boundaries, primary
drainage and combours as well as a grid of the longitude and latitude. Another
advantage of the USGS maps is that they can be used in developing the overlays
upon which the land cover cabegory boundaries can be mapped. For study areas
that consist of 10 or more counties, one should consider using the 1:500,000
scale Missouri state base map. USGS 7% minute and 15 minute quadrangle sheets
and Migsourl Stabte Highway Department county road maps are helpful for pro-
viding addibtional details. All of these maps are standard products and readily
obtained. (See Appendix I)

Ag part of the detailed orientation to the study area, the user should
collect as much background information as possible. The more a user knows
about the area to be mapped, the bebtber that user will be able to interpret
from the image. Background information is especially helpful in sbrengthening
the user's interpretation gbilities in those areas where one lacks familiarity
or experience. Helpful sources of background information are:

1. -Topographic, geologic and hydrologic maps. These maps will provide
an insight to the drainage pabtterns of an area ags well as the lay
of the land. Areas of steep slopes which readily affect cover Lype
and land use are more readily delineated. Sometimes sharp demarkabion:
between geclogic parent materials can be seen on satellite images.

2. County road maps. Road maps are helpful for secale adjustment pur-
poses and for orientation to specific locations. Roads have a ten-
dency to be distinguished on the image becaunse the reflectance of
the road is much higher than that of {the cover types around it.

The verification of drainage fealures such as lakes and rivers as to
their specific location are helpful through the use-of-county road
maps. The road maps will also be helpful for later ground verifi-
cation and determining the route of travel.

3. Previously compiled land use maps. Usuwally maps have been compiled
by rural developmentl groups or for communelby development sbudies.
These maps give a better indication of what cover types to look for.
Land use changes are quite noticeable, especially when image responses
appear different than shown on the land use maps. An example would
be a recently cleared timber area that is now in pasture.

k., Aerial photographic coverage. Mosaics of low albtitude photography
suech as ASCS photographs (1:24,000) or copies of high altitude photo-
graphy (1:120,000) help to verify cover types. One can readily de-
termine the locations of timbered areas and assess the dengity of
these areas from the photography. This is extremely helpful when
interpreting the intensibty-or color tones seen on the satellite
images. In addition to helping one to become familiar with the
area, photography can also serve as a wseful ground truth instrument.



Crop calendar: The user should be familiar with the expected stages
of maturity of different crops at the time the image was taken. A
crop calendar would show the stages of maturity of the different
crops and an estimate of the percent of fields that have reached a
specific maturity date by a certain dabte. Crop maturity may be the
only way that one can separate small grairs from row crops. It is
also helpful to know information aboubt specific cultural practices
as applied to a crop. TFor example ground that has been preparsd for
planting for row crop would appear different on the image than an
area that still has crop residues at the soil surface.

Weather data. Many unusuval patterns on LANDSAT images can be ex-
plained by weather; primarily precipitabtion variations. One should
check the rainfall and temperature information for all weather
stations in the area for at leagt a month prior to the time that the
imege was taken. IFor example, one wight check a crop calendar and
determine that farmers are unlikely o fall plow before an Augnst
frame of data was taken. However if adequate rain is received during
July and August, the farmers are likely to begin plowing early and
these areas might be mistaken for wetland areas. This would be
especially true if a rain had been received 24 to 48 hours prior to
the time that the image was obtained.

Soil surveys. The general scil map prepared for a county soil survey
is the most helpful for familiarizing the user with basic soil dif-
ferences in an area or county. The soils will have an effect on the
type of crop grown, cultural practices performed and date that these
practices are initiated. It was noticed in one of the study sites
that the timber appeared different in the central region of the county.
Checking with a soil survey map it was found that this area of poor
timber response had en abundsnce of fragipan soils. The poor timber
growth on the fragipan soils became very evident on the satellite
images. Many times one needs to compare the soil differences and the
weather information to explain differences on the images.

Watural resource inventories, Information about speciflic resources
in the area are helpful. Crop acreages will tell the user the per-
cent of the area o expect in row crop versus small grain. Total
number of livestock can be equated with pasture acreages. Population
Tigures will give an indication of urban density to expect in an area,
The population growth figures are also helpful for interpreting new
residential areas.

Regional monogram or profiles. All of Missouri's regions have
regional profiles which were prepared by the Regional and Community
Affairs., These publications show specific information on transpor-
tation, institutions, occupations, agriculture, economics, and many
other factors. This information is extremely helpful for understand-
ing an area and for interpreting responses seen on a satellite image.



Step 2 - Image Orientation

The user needs to be familiar with the LANDSAT image before any attempt
is made at serious interpretation or mepping. This section explaing some
specific items imporbtant to understanding a TANDSAT image., The mapping mebth-
odology in this procedure uses 1:250,000 scale color composibe (simulabing
color infrared) paper prints. This format was selected for the following
reasons:

1. It does not reguire the user to perform additional photographic
enlargements.

2, No special equipment is needed for interpretation purposes.

3. This is the largest scaled standard LANDSAT product available
and therefore easy to obtain.

L, It is readily understood by persons not familiar with satellite
imagery.

The Plotting and Mapping Base. The IANDSAT image functions as the
plotting base and as a map base for the mapping procedure. The plotting
base is a map or photo mosaic used as a positional guide for the com-
pilation of map data (Widel, 1974). The map base is generally a map or
image upon which the land cover boundaries are delineated. Although the
TANDSAT images are not completely free of distortion, their use as a
base provides an acceptable degree of positional accuracy relative to a
scale of 1:250,000.

Tmage Scale. The image scale of 1:250,000 (this means that one inch on
the photo image equals 250,000 inches on the ground) is large enough for
accurate interpretation of many different land cover types. The oppor-
tunity to purchase imagery at this mapping scale eliminates the need for
consideration of enlargement equipment and accompanying problems. This
scale image is also compatable with the USGS 1;250,000 scale topographic
sheets for which there is complete coverage over Missouri.,

The 1:250,000 scale is the best compromise in terms of cost, time,
product availability and mapping accuracy for specific land cover cate-
gories, As the user gains more experience or hag a very specific task,

8 larger scale should be considered. Black and white images at a larger
scale have been useful for delineating forest cover Irom other land
cover types within the state. Black and white satellite images have also
been used to map mined lands at 1:24,000 in Missouri. The time of year
needs to be carefully considered when ordering images regardless of the
scale that is used.

Product Size. The 1:250,000 scale LANDSAT paper reproductions are 36
inches by 36 inches in size. These products are guite durable. However,
they are an awkward size, difficult to handle, and will crack or bend if
not left flabt or properly rolled, All work should be done at an un-
cluttered table with a smooth surface and enough’ area provided to support
the entire image.

i~



The TANDSAT paper products are slightly transparent and therefore can be
used on a light table to obtain additional enhancement of color tones.
This is an opticnal feature of the product and is nobt a necessity for
accurate inberpretation. A person can trim the satellite image to the
county or size of the area of jinterest for better handling. This would be
especially helpful if one hasla small light table. A special frame was
built around a small light table to accommodate the 36 inch by 36 inch
paper photography and prevent bending or cracking during use in one pro-
Ject. If a light table is not used, one must provide the correct light-
ing source and angle for best distinction of color tones and elimination
of glare, This is accomplished by trial and error.

The LANDSAT Scene. The color composite product provided through the .
ERO3 Center is bordered in white and framed by a black background. This
LAWDSAT scene is the actual area imaged by the satellite sensors. (See
Fignre 1) As the satellite was scanning the scene from north to south,
the earth rotated 13 kilometers (8 miles) from west to east. "This places
the lower left corner of every LANDSAT scene 13 kilomebers farther west
than the upper left corner. Algo due to the design of the orxbit, the
gscenes arg not oriented to true north. The scene is oriented approxi-
mately 18~ east of true north.(See Figure 2) Bach scene covers approxi-
mately 34,000 square kilometers or approximately 13,000 square miles. A
square inch would therefore equal 10,2L0 acres at a scale of 1:250,000.
(See Figure 3}

Image Coiors. Each LANDSAT scene is imaged in four spectral wavelengbh
bands. A black and white photographic image can be produced Lfor each
individual wavelength band. (See Table II-2 in Appendix II) A color
composite is a combination of three of the four bands and offers the
user a balanced blend of the unique contrast brought out in the individual
bands. This eliminates the need to purchase four separate images. (See
Appendix IT) Color is the most interpretable festure on a photograph.
This is especially true for sabellite images which cover large areag atb
small scales with relatively low resolution. A LANDSAT color composite
is usually easier to interpreb than a single gray scale image because
the human eye is more sensitive to a greater range of colors than it is
shades of gray.

The user should not be concerned about the meaning of each color tone

or pattern visible on the image during the orientation step. In general,
the pink and red tones are living vegetation. Images taken when deciduous
trees are fully leafed out will display forested areas as the darkest red.
Tmages taken prior to the time that the trees have leafed out will display
forested areas as a greenish brown color. Water bends to be black to
light blue with deeper water bodies being the darkest in color. Water
bodies containing large amounts of sediment or of shallow depth will be
light blue. Urban areag tend to be a medium to blue gray. Highways
appear as narrow white lines. Bare soil will range from black to green
to white depending upon moisture content and organic matter of the sur-
face layers.

To become more familiar with the association of a specific coloxr to
cover types, the user should locate several land cover types on photo
index sheets or on black and white conventional phobtographs. It is a
userul exercise to place a clear acebtabe overlay on the mosajc and
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map oub some of the general land cover cabegories such as [lorest, urban,
agriculture and water. The user should then atbempt to recognize the
same lend cover categories at the same locations on the satellite image.
Remember that there will be a difference in scale for which the user
needs to compensate when comparing areas on the phobograph with those on
the satellite image. .

Annotation Block. An annotation block contains specific information
about the location and identification of the LANDSAT frame. The anno-
tation block is printed on the white border under each LANDSAT scene.
The first and most Important nobtation of the block is the date the image
was taken. The date is the user's most important clue to understanding
the various color tones and patterns found on the image. One needs to
consider the climatic and growing variables during a season as they can
vary dramatically from year to year. This would result in different
color tones for scenes taken at approximately the same time of year. A
complete explanstion of the annotation block is found in Figure k.

Latitude and lLongitude Grid. Along the white border of each LANDSAT
frame are regular markings scmetimes called tick marks which indicate
the degrees of longitude and latitude. A grid can be coanstructed by
commecting the tick marks that follew each numbered designation. The
images are slightly skewed and therefore the designation of latitude
will somebimes gppear on the north and soubth sides of the image while
the longitude designations may appear along the west and east sides.

Registration Marks. Along every corner of a LANDSAT image will be a
cross mark or plus sign. These are called registration marks and are
useful for several purposes. If the user attempis to make color infrared
composites, the registration marks will be extremely helpful for regis-
tering the responses from the different wavelength bands. Some users
might find it helpful for overlaying information from one wavelengbh band
and comparing it to the information of ancther wavelength band. The
registration marks can also be used when developing a map as an overlay
over the image. Marking the registration marks on the overlay will
assist in orienting the overlay each time that it is placed over the
LANDSAT image.

Orientation, The large regional coverage by each satellite image and

the high altitude (570 miles) from which the landscape is imaged combine
to give the LANDSAT imagery a dynamic qualiby which is often lacking in
larger scaled aircraft photography .and conventional maps. The user should
take as much time as needed to adjust to this umique perspective of the
_earth’s surface,

Upon first seelng the image, the user should scan the entire frame look-
ing for familiar culfural and physical land marks. This will help put

the entire geographical area of the scene into proper perspective. Using
the base map selected in Step 2, or a state highway map, locate the Jarger
towns, rivers, lakes, reservoirs, and highways on the image.

If the area of interest to the user is not found on one USGS 1:250,000
scale map sheet, then the user should mosaic the map sheets together to
cover the entire scene., This mosaic can be overlaid with a sheet of
clear acetate., All county boundaries can be delineated by using a black

9
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felt tip pen to mark the boundaries. One should be careful to register
the overlay by marking the registration marks previously discussed. With
the completion of the acetabe overlay, the user's attenbion can now be
focused on a particular county or group of counties and specific land .
marks can be more readily recognized.

Step 3 - A Classification System

A classification system provides a means for the user to group the
different land uses or cover bypes that one wants to recognize. This system
in esgence becomes the legend or key to the map produced. The system may be
designed by the user or the user can select an existing classification system
which might be modified to meet specific needs. The USGS has proposed a Level
I and IT land use and land cover classificabion system for use with remotely
sensed data (Anderson, 1976). The Level I categories established for this
.system can be accurately interpreted from IANDSAT images.

This system (See Table 1) is designed as a standardized approach for
nationwide land use data collection efforts. The cabegories are defined so
that a minimum level of interpretation accuracy is required. The user should
be aware that categories and accuracy levels of this system can be altered to
meet the needs and inbterpretation capabilities which the user possesses.

Step 4 - Preparation of Overlays ,

Acetate overlays can easily be prepared utilizing the USGS 1:250,000
scale topographic sheets ag base maps. Study areas requiring two or more map
sheets should be combined to form a mosaic. The maps are designed so that the
sheets can be joined along lines of longitude and latitude. The sheets can
eagily be joined with rubber cement. If the sheets are to be separated and
reused, masking tape can be used as a fastener, Care should be taken to avoid
damaging the maps when the tape is removed,

The user has a variety of materials from which to choose when selecbing
overlays. Drafiing £ilm that has been frosted on one side is often used. This
material will accepbt both pencil and ink making it easy to work with. However,
the frosted treatment tends to obscure the image to a degree that it makes 1t
difficult to interpret accurately. Specially treated clear acetates are avail-
able that take drafting ink and overcome the problem of obscuring the color
tones and patterns on the image. The user might consider using pencil or inks

hat can easily be removed when first initiating the mapping process in order
to make corrections. Clear acebabe is vulnerable to scrabching and smudging
and the user should be careful. in handling and storing this material.

Placing the overlay maberial over the base map, secure each corner with
masking tape. Using a nuwber one rapidograph pen and straight edge, ink in
the study area boundaries. Major highways appearing on the image should also
be inked. This helps in registering the overlay to the image more readily.
One should avoid merking in all roadways and similar features since they may
make it more difficult to recognize the different land cover categories as they
are delineated. If the user desires to have a lot of detail on the acetate,con-
sideration ghould be given to developing individual overlays showing hydrology,

1l



TABLE -1

LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR USE

WITH REMOTE SENSOR DATA¥

IEVEL T LEVEL II
1 Urban or Built-up Land 11 Residential.
12 Commercial and Services.
13 Industrial.
14 Transportation; Communications,
and Utilities.
15 TIndustrial and Commercial
Complexes. .
16 Mixed Urban or Built-up Land.
17 Other Urban or Builb-up Land.
2 Agricultural Land 21 Cropland and Pasture. -
22 OQrchards, Groves, Vineyards,,
Nurseries, and Ornamental Horti-
cultural Areas.
23 Confined Feeding Operations.
2L Other Agricultural Tand.
3 Rangeland ' 31 Herbaceous Rangeland,
32 Shrub and Brush Rangeland.
33 Mixed Rangeland,
L Forest Land k1 Deciduous Forest Land.
42 Evergreen Forest Land,
43 Mixed Forest Land.
5 Water 51 Streams and Canals.
52 TLakes. o
53 Reservoirs.’
5k Bays and Esbuaries.
& Wetland 61 Forested Wetland.
62 XNonforested Wetland.
7 Barren Land TL Dry Salt Flats,
72 Beaches.
73 Sandy Areas other than Beaches.
T4 Bare Exposed Rock.
75 Bitrip Mines, {uarries, and Gravel
Pits.
76 Transitional Areas.
7T Mixed Barren Land.
8 Tundra 81 Shrub and Brush Tundra.
82 Herbaceous 'Pundra.
83 Bare Ground Tundra.
8k Vet Tundra.
85 Mixed Tundra.
9 Perennial Snow or Ice 9L Perennial Snowfields.
92 Glaciers
* Anderson, U,8. Geological Survey Professional Paper No. 96k, 1976.
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state and federal road, networds, culturel features, and topography as drafted
from the USES base maps. {See Figure 5) Copies of overlay plates for the
individual USGS 1:250,000 series can 8lso be purchased. These overlays can
then be placed between the color composgite image and the primary overlay to
asgist the interpretation process.

The user will find that the overlays will seldom, i ever, register per-
fectly to the LANDSAT image. Although the losgs in positional accuracy is not
a serious problem for Level I interpretation, the user should be aware of the
factors causing bhe discrepancy. The LANDSAT image, in standard product foxm,
is not geometrically rectified. The high altibude of the satellite eliminates
most of the relief digtorftion but there are geomebric erros in the image due
to the earth's rotation and navigational variances of the space craft. There
may also be inaccuracies in the USGS naps due to data compilation and printing.
Positional error is also introduced when the USGS sheets are mosaiced. I% is
difficult to join bthe sheets perfectly due %o the curvature of the earth.

To asgist in registering the overlay to the image, it is best to use
natural boundaries like rivers and cultural features like highways and man-
made lakes and reservolrs. To insure accurate registration of the overlay on
the image and for the placement of additional overlays, registration marks
should be placed on each overlay. A% least two coraers of the overlay should
be marked with the registration marks. There are standard tape products of
registration marks that one can order for this purpose. )

Step 5 - Mapping

The mapping step is divided into two stages: development of a generalized
map (Stage 1) and developing detailed maps (Stage 2) which depend upon such
factors as the clarity of the image, season of the year the image was obbtained,
the irterpreter's ability and other factors.

Stage 1l - Generalized Mapping. A very generalized map can be compiled
that outlines each major land use category. The user ghould simply
draw lines around areas that appear similar ubtilizing the knowledge
gained from reviewing previous maps and data of the area being mapped.
Categories can be combined if the uvser has difficulty in making imedi-
ate distinctions between certain cabegories.

Combining categories was used in compiling the maps shown in Figure 6 - 8.
The interpreters could not make a distinction between pasture and row
crops with any degree of confidence on their first inberpretation attempts.
They therefore combined the two categories and continued the mapping pro-
cess over the entvire area.- It is important that the user gain confidence
in combining the gross categories and have a feel for the type of cover
types or land uses that have been combined or are included within the
category. )

There are several ways to check the accuracy of the generalized map.
One can compare it with a recently acguired aerial photography of a
portion of the study area: High altitude photography at a scale of
1:120,000 is excellent for this purpose since one would have a minimum
of scale confusion., The interpreter can also debtermine the location of
specific categories in relation to a county road map and check the
categories by driving the roadway in an automobile, I% is useful o
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transfer the generalized map onto a county road map when actually check-
ing in the field. One can use USGS 1:250,000 scale maps as a gulde in
making the transfer. When making a field check, take the satellite image
with you to make visual comparisons between what is seen on the image
and actually found on the landscape. This will help in establishing the
agsscociabtion between color tones and patterns seen on the image and their
corresponding land cover cabegory. Iield inspections are most effective
if they are made at a time comparable to the date (season and month) that
the image was acquired. '

Stage 2 - Detailed Mapping. . In this stage the user.should attempt to
remap the study area utilizing the information gained from inspection of
aerial photography and/or field ingpection. It is impoxrbant at this time
to determine the categories of a classification gystem to be used. The
user shonld delineate the smallest areas that the eye can see andé that

the pen can be drawn around and still distinguish the category. Figures
9 - 15 were compiled in this manner. A fairly large.area should be
mapped before consulbting the ground truth techniques used in Stage 1.

It is important that a sazmpling procedure be implemented, if posgible,
to egtimabe the accuracy and increase the inberpreter's confidence in
the maps produced, The sampling procedure should be random, stratified
and employ a confidence interval o minimize statistical bias, Sample
size is also important. As a general rule, a larger sample is needed
as the nmumber of areas outlined and classified on the map increases.
Mlso, if one establishes confidence intervals, they are dependent upon
sample size, An actwal field check can be made of the sample points ox
checked against appropriate, larger scaled aerial photography.

Assessing the accuracy of the final product is a complex and challenging
task. The user must keep in mind the many errors that can be intro-
duced in the interpretstion and mapping btasks as well ag the statistical
biages of the sampling procedure when attempting to evaluate the results
either gualitatively or quantitatively. Accuracy estimation are affected
by many different varisbles: interpretation and cartographic skills,
clagsification system used, complexiby of area being mapped, image
guality, image dates, timeliness of daba, ground truth and sampling pro-
cedures,

Interpreting LAWDSAT Color Composite Tmagery-

Image inberpretation requires a complex mixture of artistic, scientific
and physical abilities. PSome basic technigues con be learned Trom textbooks
and lectures but interpretation is primarily learned through experience. This
section of the guide does not abtempt to teach image interpretation but rather
presents some suggestions and tips on how to approach the interpretation task.
A descriptive key is also provided to help the user in developing an approach.

The successful interpretabtion of LANDSAT imsgery requires that the user
meke accurate assoclations bebtween a particular land cover type and its repre-
gentative color tone, pattern, shape, areal extent and location on the image.
Several key factors determine the user's ability to see, comprehend, and
synthesize the above variables and tien make inferences about them that are
accurate and consistent.
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These factors are;

1., The user's knowledge base is The most cribical determinent in
vhat the user can or cannot see on the image. One liberally "sees
what one kuows." A previous sbudy revealed that geclogists and
Toresters were better at interprebing physical landscape feabures
than agronomists who were more competent in interpreting agri-
culbural features such as cropping and soil patiterns. Geographers
were best at interpreting cultursl features and seeing the overall
land cover relationships.

2. 'The user must develop the ability to consistently separate color
tones with his eyes and keep them separated in his or her mind.
This ability is further refined through practice in the mapping
task. )

3. The interpreter very seldom has to identify objects because of the
low resolution of satellite images. ‘The interpreter must infer a
land use or a land cover tType from clues even less sgpecific than
those relied upon in the interpretation of aerial photography.

An ability to interpret on aerial photography does not guarantee
that one will be successful in interpreting categories on a
satellite image.

Three Interpretation Approaches, Three methods forthe interpretation
task were used. BRach technigue or method relies upon the satellite
image as the primary data source but will wvary in the degree to which
the approach depends upon aerial photography.

The first method reguires the user to map solely from satellite imagery
without referring to any type of supporting aerial photography. (See
Figure 16) The user first establishes the basic relationships between
color tones and land cover categories ubilizing descriptive keys, ASCS
index photos and other supportive background information. The aserial
photography is then put aside and inberpretation done strictly from the
satellite image.

This bechnique is the Fastest and the cheapest approach. It produces a
map with fewer categories and will likely have a higher accuracy than
other technigues. This method is also easier for the user who is familiar
with the area being mapped. An interpreter with a high degree of confi-
dence in his interpretive ability will also do well with this method.

The second method utilizes aerial photography as a guide throughout the
interpretation process. The user consults the supporting information to
get an idea of what type of land cover should be recognized on the corres-
ponding area of the satellite image. The support photography is consulied
each time a nev area is mapped bub the inferences are based primarily on
what is seen on the imagery. (See Table 2) This technique works best for
the users who lack confidence in their inberpretation abilities. As the
user gains more experience, he or she will probably switch to one of the
other approaches.

18
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Note:

TARIE 2
TYPES OF SUPPORT PHOTOGRAPHY AVAITABLE

Photo Index Sheets Enlargements

Source Film Type’ Scale Available Available
NASA / SKYLAB Black and White 1:2,850,000 (S1904) No Yes
Colox 1:950,000 (S190B)

Color Infrared
NASA / High Altitude Aircraft Black and White
Color 1:125,000 No Yes
Color Infrared
USGS / Aerial Mapping Black and White 1:17,000 -~ 1:90,000 Yes Yes
Photography
SCS (Soil Conservation Service) RBlack and White 1:40,000 . Yes Yes
1:L8,000
AsCS (Agricultural Stabili-
zation and Conservation |
Service) Black and White 1:10,000 - 1:40,000 Yes Yes

For additional information on sources of aerial photography, its extent of coverage and how it can
be ordered, consult the Index to fAerial and Space Photographic Coverage of Missouri (Barney and
Johannsen, 1976). Copies can be obtained by writing to the Extension Publications Office, 205
Whitten Hall, University of Missouri, Columbia, Missouri 65201, for $3 per copy.




The third method.relies heavily on supporting aerial photography as a
reference for evaluating what is seen on the satellite image. The user
interprets a portion of the study area and compares the interprebation
to the same area on the support photography. The user must reevaluate
the interpretation based on what is seen on the supporting photography
and assign the area to a particular category. This technique is good
for documenting changes in land use and cover type over time. An area
categorized as pasture in either of two preceding techniques may be
more accurabely identified as an area recently converted from timber to
pasture.

The latter method is the most btime consuming of the three approaches.
Previous photo inbterpretation experience is helpful with this approach.
The user must avoid simply transferring daba from the supporting aerisl
photography to the satellite image since this would defeat the purpose
of the interpretive task and would add to costs. One must note that
the photography is consulted after the image has been interpreted

Interpretation Tips.

1. Use a "logical search" method of inberpretation. Isolate the
variables (color tone, pattern, ete.) that represent a particular
land cover category and delineate all the areas with similar
characteristics, Follow this procedure for each category in the
classification systen.

2. Always develop a generalized map first. An immediate attempt at
mapping in detail usually leads to frustration and failure to
accomplish the mapping task in a satisfactory manner.

3. Interpret only when full concentration can be given to the task.
Interpreting on a regular schedule seems to give more consisbenb
and reliable results. Select the time of day when you are most
alert,

%, Limit the interpretation time b0 13 to 2 hours in order to avoid
fatigue and loss of concentration.

5. If more than one image is required to cover the study area, btry to
obtain coverage of similar dates. One becomes accustomed to work-
ing with a particular set of color tones and the transition is
easier if the dates are similar. Be aware that images taken on the
same date or two days apart may have different color tones due to
differences in processing.

6. An image of poor guality cannot be interpreted accurabely and
shovwld be returned. When ordering a color composite, select those
scenes with the highest quality band rating. ALl LANDSAT imagery
enlarged to 1:250,000 scale will exhibit scan lines across the
image. The scan lines will appear faint, white, closely space
horizontal lines running across the entire scene. Consult Appendix
III for specific information on how and where to order imagery.
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The season of the year is imporbant when selecting a satellife
image. The gelection should be based upon the categories which the
user wants to differentiate., BSelect the season when there is mexi-
mum contrast of these categories. Suggested time periods for most
Level I categories are Spring and/or Fall.

Interpretation Keys. There are certain color tones, patterns, shapes and

location factors which give clues to the interpretation of a specitic
land use or color type. This section provides some helpful information on
receognizing these different categories.

1.

Urban/built-up land
Spring: Medium blue tinged with vhite.
Fall: ZIight blue to dark blue gray.

Urban and built-up areas appear as civcular to irregular shapes on
the LAWDSAT image. Urban areas tend to reflect the shape of their
central business districts (CBD). The denser concentration of struc-
tures and roads found in the CBD along with the absence of vegetation
reflect light of a greater intensity than the more mixed land uses
surrounding the core area.

Strip development is easy to spotlsince it will appear as bluish
white strips along major transportation routes. Highways appear
as narrow white lines. Interstates are wider and therefore easiex
to recognize. Street networks in larger urban areas can be recog-
nized by the typical grided pattern.

Away from the CBD, older residential and less concentrated commercial
areas fade from blue to shades of pink or red indicating an increase
in vegetative cover. These areas can often be inferred on the basis
of their location within the urban area and nobt on the hasis of image
characteristics. ' ’

More isolated buili-up areas like large shopping centers and large
housing developments will contrast sharply with their surroundings.
Shopping centers will appear as rectangular bluish areas fringed with
white. ILarge new housing developments appear as organized blocks and
will sometimes be Faintly tinged with blue.

Small subdivigions, trailer parks and similar developments will
appear as small white rectangles or circular areas but will usually
be inferred by their locations. One must remewber that the resolution
of the LANDSAT image is greater than one acre in size.

Agricultural. land
Spring: Rdw crop land will appear as bare soil and range in color
from white to gray to black depending upon soil type and

moisture content. Winter wheat will be bright red while
pastures will appear as light Pink or light red.
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Fall: Row crops will appear as a greenish color fading to almost
white, Plowed fields will appear similar as spring but
will usually be lighter in color since surface moisture
content is likely to be lower. Pasbure sreas will appear
light pink bubt will inecrease Tthe red intensity as fall
growth continues. .

Except for areas of bare soil (fall plowed, winter fallow, spring
plowed) a color composite will tend to indicate land as various pinks
and/or light red hues.. Timber will almost always be a deeper red

and contrast with agricultural land. In early spring, late fall and
winter, timber will appear as greenish brown and make a vivid contrast
with surrounding pastures.

Pattern and texture are significant for interpretation in agricule
tural lands since they will appear as regular geometric orders
characteristic of mans activiby. Flelds will be rectangular in flat
to gently rolling terrain. In more rugged landscapes, field boun-
daries will often parallel the contour of the land.

Cropped areas will be found along drainage systems in rougher terrain
and give way +to pasture as distance increases from the stream or
river. Timber and brush areas will have more irregular patterns and
have a more non-~uniform texbture than agricultural land.

Crop land is best separated from pasture when bare soll is at a
maximum {early spring and late fall). In swmmer images, pastures

on rougher terrain will tend to be less vigorous than crops (crop
land will be darker red or pink). As crops mature, they will reflect
less in the infrared portion of the specbrum and contrast more with
the pasture. '

Forest
Early spring: Greenish brown
Fgll: Dark red to greenish browa

With a color composite, the color tone of forested land will vary
greatly because of the time of year. From late spring through mid-
fall, they will appear in varying shades of deep red tones. Mixed
forest in the fall to winter transition will appear as numerous
shades of light vred. After the forests have lost their leaf cover,
the tones will change bo various shades of brown.

LAWDSAT imagery has a low resolubion which wsually precludes tex-
ture as an image characteristic in differentlating forest lands.

At times, however, a "rough" texture can be associated with timber
on images of exceptionally high qualiby. The btype of timber is notb
uswally interpretable from LANDSAT imagery. However, a comparison
of winber and summer images can reveal the differences between
conifers and deciduous timber stands. Also, conifers will tend to
exhibit purple-red colors when in nearly pure stands.
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Water

A TANDSAT color composite will show clear water as black. Turbidity,
however, will greatly change the spectral characteristics of water..
Increasing turbidity will show up as lighter ghades of blue. Water
with heavy sediment loads will appear nearly white in color. Bodies
of water will appear in a variety of shapes. Streams, however, will
be identified by thelr characteristic dendritic or controlled foym
of patteras,. '

HWetlands

Wetlands will appear as shades of blue on a color composite. A
great deal of inference must bhe used based on soils and hydrology of
the area. Forested wetlands may appear as & mix of timber overlying
water bodies or may appear as a wet soil,

Barren land

Barren land in Missouri will usually be disturbed lands due to
mining and will appear as light blue to white. This category will
appear very similar to the spectral responses from urban and bullit-up
areas. The geographical location will be a great ald in separating
these categories. Reclaimed land will appear similar to pasture.
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APPENDIX T

STANDARD MAP PRODUCTS AVAILABIE TO MISSOURI USERS

Source:

I.

II.

Missouri's Department of Natural Resources

Divigion of Geology and ILand Survey

P. 0. Box 250
Rolla, Missouri 65L4OL
31h-36h-1752

Product

Topegraphic maps
7.5 minute series
15 minube series

1:250,000 series
17 sheetls

Topographic maps of Missouri
200' Small contour interval
1971. 1 sheet

Index Map of published
Lopographic sheets
Bage maps

Base map of Missouri
1971. 1 sheet

Base map of Missouri
1L sheets

Missouri State Highway Department

¢/o Survey and Plans
3025 E. Kearney
Jelferson City, Missouri 65101

Products

County highway map
Blue Print

County highway map
Black and White

Scale

1:24,000

1:62,500

1:250,0C0 ox
1% = 8 mi

1" = 8 mi

1:1,000,000

1" = 8 miles

1"« 2 wileg

et
I
)
E
[
@

m|_r:r
i
3ad
E.
j_.l
)

Cost

- $0.75 each

$0.75 each
$1.00 each

$2.00 each

No charge

$1.00 each

$0.50 each

Cost®

$1.00 each

$0.15 each

$15.00 per seb



ITI, Mid-Continent Mapping Centexr
U. 8. Geological Survey
Rolla, Missouri 65401

Products Scale Cost
Orthophotboguads®
Diazo Paper 1:24,000 $1.25 each
‘Half tone image on 1:2k,000 $6.50 each
photographic paper
Half tone image on 1:24,000 $10.00 each

opaque scale~stable £ilm

% Only available for a limited number of quadrangles as of January, J977.
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APPENDIX IT
THE LANDSAT SYSTEM

In July, 1972, the National Aeronautics and Space Administrabtion (WASA)
launched LANDSAT-1, formerly called ERTS-l. In January, 1975, LANDSAT-2 which
is nearly identical to LAWDSAT-1 was put into orbit.

Both satellites circle the earth in what are called "sunsynchronus orbits,”
The movements of the satellites are synchronized with the earth's rotation and
its orbit around the sun thus keeping the plane in which the satellites orbit
at a constant angle to the earth - sun line. This orbital pattern provides
fairly constant sunlight conditions for all the imagery acquired and reduces
major differences in sunlight conditions to seasonal variations in sunlight,

Moving from north to south at an altiitude of 570 miles, each satellife
orbits the earth 1l times a day between 80 degrees north and south latitude.
On each orbit the satellite's sensors image a strip 115 miles wide as the
spacecraft crosses the sunlit side of the earth. t takes each satellite 18
days to image the entire earth. With both satellites in operation, their
timing is such that complete global coverage occurs every 9 days.

Fach day the planes in vwhich the satellites orbit move westward 1. degree
of longitude or 105 miles. Missouri is completely imaged by one satellite
over a 5 day period. (See Figure II-1) On the first day the St. Louis area
and the Bootheel are covered. Rolls is imaged on the second day as the orbit
moves westward. Columbia is imaged on the third day. The orbit brings the
satellite over Kansas City on the fourth day. On the fifth day, the exbreme
northwest corner of the state is covered. The 18th day in the cycle brings the
spacecralt over the S8t., Louls area again.

SENSING SYSTEMS

Each LANDSAT satellite carries two earth sensing systems - a four band
multispectral scanner (MSS) and a television or return beam vidicon (RBV)
system. The largest amounts of usable data have been collected by the MSS
systems. (See Table II-1) The RBYV system is of secondary importance and
therefore will briefly be described.

MSS SYSTEM

Each 115 mile wide strip imeged by the satellites is divided into egually
sized units called "scenes." A1l LANDSAT scenes are 115 miles » 115 miles or
13,225 sguare miles in area. Pach scene is imaged in four different wave-
length bands of light (See Table II-2). :

The MSS is a line scanning device, Using amirror it scans back and forth
across the earth's surface along lines perpendicular to the satellites path.
At any instant in time, the mirror is capturing reflected light from an area
260 ft. in diemetér and 1.1 acres in area. This area is called an “insbtan~
taneous field of view." There are 73 to 8 million instantaneous fields of
view making up each LAWDSAT scene. (See Figure II-2)
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MB5:

RBV:

*J.8. receiving stations are:

TABLE IT-1 LANDSAT OPERATTIONAL STATISTICS AS OF JULY, 1976

Number of orbits

Total scenes imaged
(U.8. Acquisition Station)¥*

Real time imsges
Recorded images

Total scenes imaged
(Foreign Acquisition Stations)

Canada
Brazil
Ttaly

Total scenes ilmaged
(U.8. Acquisition Stations)

Real time images
Recorded images

Total scenes imaged
{Foreign Acquisition Stations)

Canada
Brazil
Ttaly

stone, California; Fairbanks, Alaska,.
telemetry, tracking.and command functions for both.satellites.

Source:

e9

landsat 1 Tandsab 2
20,342 7,609
142,559 ‘57{169
95,596 21,967
46,963 35,202
98,41k 32,784
41,834 2k, 620
29,822 1,550
26,758 6,614
1,546 1, kbl
727 1,193

819 251
1Ly 227
1hh 36

0 193

0 0

These stations perform all the

LANDSAT Wews Letter No. 11 Oct. 1, 1976,

Goddard Jpace Cenber, Greembelt, MD.; Gold-



ot

Band

TABLE TII-2 SPECTRAL CHARACTERISTICS CF THE LANDSAT MSS

Spectral Range
(Wavelength)

.5 - .6 Micrometers

o
t

S Micrometers

.7 -~ .8 Micrometers

I
1

11 Micrometers

Spectral Range
(Color)

Green

Lower Red

Upper Red to
Wear Infrared

Near Infrared

General Land Use
and Land Cover
Applications

Fair conftrast between
vegetation and soil.
Emphasizes sediment laden
water and shallow water.

Maximum contrast for
geology, topographic and
ciltural features.

Good land - water contrast.
Vegetation emphasized

Best penetration of
atmospheric haze, Best
for land - water discrimi-
nation.
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The intensity of light reflected by each instantaneous field of view
is recorded on an array of detectors, each sensitive to one of the wavelength
bands of light outlined in Table II-2. )

The intensity of the reflected light is recorded by converting it into
numerical values ranging from O to 63. This numerical value is called a
picture element or "PIXEL." A pixel is recorded for each insbtantaneous field
of wview in each of the L wavelength bands for a total of 32 million pixels
per LANDSAT scene. It takes the scanner approximately 25 seconds to record
one scene, .

The recorded dabta is handled in one of two ways as it is collected. If
the satellite is within range of a receiving stabtion the data can be directly
transmitted by radio. Dabta collected beyond the range of a receiving station
is tape recorded for delayed transmission.

Once recelved, the data can be kept in a digital mode for computer pro-
cessing or reproduced phobographically. The graphic process involves con-
verting the aumerical values of gelected pixels into corresponding shades of
grey on a 64 level grey scale. The end products for each scene are 4 grey
(black and white) images, each showing the relative intensity of light reflec-
ted from the earth's surface in a specific wavelength band. The color com-
posites, more accurately referred to as false-color composites are made by
combining three of the four grey images. The grey images are exposed through
colored filters onto color film. Bands L, 5 and 7 are most frequently used
for this purpose. The human eye is sensitive to the infrared region of the
spectrum represented by bandT so it is filtered with a color the eye can
detect, The end product is called a false-color composite because some of the
colors do not represent the true spectral colors of the areas imaged.

SPATIAL RESOLUTION

LANDSAT imagery has a lov resclution capability when compared to con-
ventional aerial photography (See Table II-3). The distinet boundaries be-
tween various land uses visible on aerial phobtographs are not found on the
LANDSAT images. The resolution capability of the scanning system reflects a
compromise made between the need for good spabtial resolubtion and the need for
large area coverage. Also taken into account in the compromise is the orbi-
tal pattern of the spacecraft and the spectral resolubion capabilities of the
scanner.

The LANDSAT image is an "averaged" representation of what one actually
sees on the earth's surface. Dach instantaneous field of view ig recorded as
one response in four different wavelength bands., The light reflected by any
ohject or area (less than 260 feet in djieameter) is averaged with the reflection
Trom adjacent objects or areas within the instantaneous field of view and re-
corded as one response. An area of 1.1 acres is sufficiently large to encom-
pass a number of different objects or land cover types and the averaged re -
sponse may not be a true representabion of any of them. Only instantaneous
fields of view taking in uvniform, homogeneous areas are truly representative
of what is acbtually there. Linear features like roads, bridges, power lines,
airport runways, ebc., which are often less than 260 feet in diameter, can be
seen if their averaged response is extremely high and there is good background
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TABLE IX-3 RESOLUTION CCMPARISONS

Source Altitude Scale Ground Resolution

LANDSAT 570 mi. 1:3,360,000 Low Contrast 100 - 250 M
Medium Contrast 30 - I00 M

High Contrast Linear
Features 15 - 30 M

SKYLAB 270 mi. S1904 1:2,800,000 oM - 8oM
' S1908 1:950,000 17 M - 30 M
NASA High Altitude 12 mi. 1:120,000 15" - 30°

Alreraft Photography

Medium Altitude
Aireraft Coverage

USGS Orthophotography 40,0007 1:80,000 15" - 25°
5C8 20,000" 1:40,000 10! - 15°
ASCS 10,000+ 1:20,000+ Lt . 10!

Low Altitude Coverage ' 10,000° | 1:20,000! 1 - 37



contrast., TFor example, a highway can often bee seen quite easily where it
cuts through & heavy forested area, over a water body or across an open,
grassy area and then it will fade from view as it goes into an urban or
built-up area that offers less conbrast,

RBV SYSTEM

The reburn beam vidicon system congists of three television cameras that
simultaneously image the earth in three wavelength bands (See Table I-4). 4An
electrical failure aboard LANDSAT-1l rendered the RBV system inopevrative shortly
after launch., All subsequent data from LANDSAT-1 has been collected by the MSS
system., Limibed amounts of RBV imagery are available from LANDSAT-2,

The RBV cameras view approximately the same scene as the MSS. Hach RBV
image covers 100 x 100 nautical miles and is reproduced as & black and white
photographic positive. RBV images can also be reproduced as color composites.
the spectral wavelength bands are similar to those of the MSS but the in-
stantaneously acquired RBV images have a high degree of geometric fidelity.

TABLE IT-L4 RBYV.SPECTRAT, WAVELENGTH BAWDS

Band Spectral Range Spectral Range
(Wavelength) (Color)
1 M6 - .60 Micrometers Green
o .56 - .68 Micrometers __Red
3 .66 - .82 Micrometers Tower Red -

Near Infrared



APFENDIX ITI
HOW TO ORDER LANDSAT IMAGERY

LANDSAT imsgery is available to the public through the U.S. Department
of the Interior's Earth Resources Observation Systems (EROS) Data Center.
Orders can be placed directly with the Data Center or through the National
Cartographic Information Center's (NCIC) User Services Center located at the
USGS Mid-Conbinent Mapping Center in Rolla, Missouri.

Direct orders through EROS.

Write: EROS Data Center
Sioux Falls, South Dakota 57198

Phone: 605-594-6511, Ext. 151

There are several methods available Lo the user for determining avail-
ability of images for a specific geographical area and placing an order.

METHOD 1 - Consult Figure II-1l and select the nominal center (described
by a path and row number) closest to the area of interest. Write or phone
the Data Center and reguest a computer listing of available imagery for the
nominal center selected. Specify the year and time of year or specific dates
of interest. The computer listing (See Figure ITT-1) will contain all the
information necessary for ordering specific images and will be accompanied
by an order form. (See Figure ITI-2)

METHOD 2 - Write or phone the Data Center and request a geographic com-
puter search form. (See Figure III-3) Complete and return the form. A
computer listing will ne sent describing available imagery over the user's
area of interest along with the appropriate order form.

Ordering through NCIC

Write; Mid-Continent Mapping Center
U.8. Geolegical Survey
WCIC User Center
Rolla, Missouri 65401

Phone: 314-364-3680

The NCIC User Services Center contains a browse file of LANWDSAT imagery,
SKYLAB photography, NASA aircraft phobography and other aerial mapping photo-
graphy. The purpose of the NCIC User Center is to provide a place for users
to view the different images and photography mentioned gbove. This infor-
mation is on 16 mmm microfilm cassettes and is easily viewed on a microtTilm
reader., Personnel at the user center are available to provide assistance in
yviewing and selecting images. :
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The Cenber is linked to the compuber al the FROS Data Center. A user
can request a listing of the imagery over a speciflic area and recelve an iden-
tical listing as mentioned ahove specifying the available imagery over the
aresz desired. The listing idenbifies the cassebtie on which the imagery is
stored. The user can then select the appropriate cassette and view the frames
of inberest on the microfilm reader. If the imagery meets the users specifi- .
cations, an order can be given to the personnel at the User Center which
would be transmitted directly to the EROS Data Center, The EROS Data Center
would mail the order diractly to the user.

Figure TII-4 lists EROS Dabta Cenbter prices as of 1L January, 1977.
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EROS DATA CENTER DATA INQUIRY SYSTEM
GENERAL LIST (TEFMINAL) T

e

BOX 8 B1 N30030M NI7TD 4oll WI4D37x
173 ACCESSIONS

LIST MR. HOHY SEIFEST, 2231 8LUFF- COLUMBIA, 40 €520

_TYPE COVERAGE  FILM SOURCE PHOT3/SCEANE ID  QUAL CLD DATE CENTER/iST FRAME CTR SCALE ALY giLAp
ERTS-1 (M55)_ 8a4-02,2" 819531554458000 5888 1cz__§_}og N37 28 59 4090 26 59 3369000 908% 137
SCENE TNIB 04 39,4089 10 40Y(N38 23 18,4591 7117 2907(8%6 734 "31, %089 43 39)(N36 52 33,409l 42 08) §
ERTS-2 (MS5S) Bit=02.2" 82067150005 N000 S868 107 75L330 N37 33 59 K090 08 59 3369000 9057 10%
_SCENE __ (N38 09 15,7083 52 S56)(M38 28 17»4090 53 18)(N36 39 25,4089 25 S0)I(N36 37 59,H091 23 54) S
ERTS-2 (MSS) . 8gH-02.2" 82175155955C000 5885 10% 750716 N37 33 59 W090 13 59 3369000 9085 107
SCENE (N38 067 12,4088 S7 15)INIS 28 24,0890 57 753)(N26 39 T8, H0a8 31 10)(NM36 53 00,4091 2% 33 o
TRYS-2(MSSY T BRWt R RT B0 Ti55645 Cen0  SA85 107 750926 N37 22 59 W90 12 5973369000 9728 107
JSCENE o CN3T 56 10-4CA8 55 33)1(N38 13 (0-We9C 28 02)(N36 27 41,H089 29 07) (36 A6 02,0091 29 164y ¢
ERTS-1_(M5S) BRH-02.2" 8501251551150000 5888 104(?5 51@)N37 21 59 W090 30 00 3369200 9217 10%
SCENE (NST TSET33,4089 12738 (N3ETIETTIZ W09 ISTHYY(NYTTZY 08, HOBET4E 00 (N36 44 39,H091 46 09y «©
ERT ST T (M Sy T Tyt 2. et e 3G 3 a0 T BRSO Uy TS iR NI T T30 0T THO9G T 20 759 3359000 60T L0
SCENE (N38 06 07,4089 05 06)(N33 23 45,4091 G5 SB)I(N36 35 56,W089 37 10)(N36 53 06,4091 35 42) =
ERTS~1 (MSS) B&H-OE.Z" 852591537156200 8885 10% 760103 N3I7 21 59 W090 19 59 3359000 9141 10%
TSCENE T TTTTTUNZT TSET 0L HOB YU 29 (NS TLETTIFTHGYL U6 S (N36T27T 23, W08 9736 T16Y (W36 45 C7,W09L1 35 20y 5
f- ' . " L4
ERTS~2 (M§S) BEH-0Z2.2" 82373155726 0000 HRB8B 107 760136 N37 18 59 HO90 22 5973369000 9711 10%
_SCENE _(N37 54 59,4089 C5 40)(N38 13 59,4091 07 46)(N36 23 43,4289 39 23)(N36 42 13-W091 39 08)
ERTS-1 _(H33) BR¥-02.2" 85295153455¢ Jeo SRE8 00% 760208 N3I7 22 59 WO90 20 59 3369000 9217 10X
SCENE fN37 597185 4089 03 E Sy (N IR 17 S1s 091 06 0BT UN36 27750, 089 737 "01)(N36" 45 'S6,H091 37 03)
ERTS-1 CHSSY BeW~N2.2" B5313153345C000  GREBG 1C% 760226 N37 30 00 HOF0 227 59 3369000 9187710
SCENE (N33 06 29,4089 06 J8)(N38 24 28,4091 08 27)(N36 35 13,4089 38 43)(N3I6 52 44,H091 38 39)
ERTS=1 (MS§5) __BRY-92.2" 853851528555003 B§88f0$g{?60558)N37 25 59 W090 30 S9 3369000 9122 10%
SCENE (N8~ 02 28> MERY 14 S INIS 19 S6W0Y T 16 2715 {3 T 4577089 46 458 INI6 68 WS7THIGL 45 S53) -
TOTALS T ERTS - 1785 MVANNED SPACECRAF T~ > NAGA=AIRCRAFT= » AER]AL MAPPINGS “;ﬁ%;g““‘““
e _ Rt A
R o (CTR R ___SAMPLE COMPUTER LISTING . _ . _ __d§1<<§ .
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SCENE IDENTIFICATION NO.

PROBYCT:
CobE

BAND
41516

REMARKS

TOTAL
BANDS

NIt
PRICE

TOTAL

QTy. PRICE

STANDARD PRODUCTS

BLACK AND WHITE

FnlSE COLOR COMPOSITES

TWEAGE Uit [PrRODUCT MAGE YR T {PRODUCT]
SCALE FORMAT SCALE |FORMAT
5 ZE PRICE) CODE SIZE PRICE] CGDE
TTTTTTTLM FIim
235k | tasnoo| porinive | 306 1 TATH p 11 009,000 boyyryyg| 1200 b
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PRINTHIG
L R 1 1.20g 00D) MACTER 56 0D A8 9 1880 Tabe ST f 200 00 1]
HOTE PINRTING MASTER IS5 RETAINED Or ©BC P, -

COST OF PRODUCTS FROW THIT COMPO " 7
I"UST EE ADDED TO TOTAL COSYL

COMMENTS: o

w2

W

ST
)

?‘”"

.38

TOTAL ABOVE -

TOTAL FROM
PREVIOUS SHEETS

TOTAL COST

PAYMENT MADE BY: ,
CHECK, MONEY ORDER ||
PURCHASE ORDER ]
GOVT. ACCOUNT 1 - .
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TO INITIATE AN INQUIRY AND COMPUTER GEOSEARCH, COMPLETE ONE OF THE FOLLOWING ~
POINT SEARCH AREA RECTANGLE
LONG. LONG.
.Qggizx{ls. - LAT,
Lat, Ny Selected
'? Point
i

Imagery with any coverage over the
selected point will be included.

Latitude ° '
Longitude ° '

|_atitude
Longitude_____°

———— LAT.

Imagery with any coverage over the
selected area will be inciuded,

' ro Latitude ° '

' vo Longitude ° .

GEOGRAPHIC NAME AND LOCATION wncLupe a mar iF posstare)

INDICATE YOUR INTERESTS FOR EACH OF THE FOLLOWING:

TYPE OF COVERAGE

{] LANDSAT

[ ] SKYLAB

] HASA-RIRCRAFT

[ "] AERIAL MAPPING PHOTOGRAPHY

MAXIMUM CLOUD COVER ACCEPTABLE

Tlioe Claow sos [ sox

APPLICATION AND INTENDED USE

TIME OF YEAR

(] JAN-MAR
[] APR-JUNE

(] JULY-SEPT

[} ocT-DEC

[] SPECIFIC DATES

1009

FIGURE 111=3
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TYPE OF PRODUCT

L] BLACK & WHITE

[ coLor or
COLOR INFRARED

MINIMUM QUALITY RATING ACCEPTABLE

(o2 (e [lss 79

{(VERY (POORY} {FAIR)} (G0OD)
POCR)}




FLGURE

LEL-lA

PRICE LIST
STANDARD REMOTE SENSING DATA

U. 8. DEPARTMENT OF THE INTERIOR
GEQLOGICAL SURVEY

SATELLITE DATA

JANUARY 1, 1977

STANDARD LANDSAT BLACK and WHITE COLOR
tMAGE NOMINAL PRODULT UNIT PRODUCT unNIT PRODUCT
S1ZE SCALE FORMAT PRICE CODE PRICE CODE
A 1:3259000 Firm Posive 5800 1
f’-_? f‘,’:’,‘ 1:3359000 Fitm Neganve 10.00 o1 B -
13 Jem, 1 1030000 Paper 800 23 s1200 63
:,B 5'7;;‘, 1.1000000 Fitm Positive 10.00 13 1600 53
:—? :‘:J?:' . 11000000 Frim Negative 10.00 03 . :E T
:,’f;‘;';:‘ . 1.500000 Paper 12,00 7 25 60 64
T 1.750000 Papar 2000 ‘26 -60.00 66
3]
COLOR COMPOSITE GENERATION R s o | 2P
NOTE, 1} Portrayed in (a5 color [infeared} and not true cotor
2) Cost ol product from this composiie must be sdded to tetal cost
COMPUTER COMPATLBLE TAPES {CCT)
TAACKS bypi. FORMAT SET PRICE PRODUGT CODE
7 BDOD Tape Set $200 00 82
g 800 Tape Set 200 00 53
9 1600 Tape Set 26000 84
MANNED SPACECRAFT RDATA
SKYLAB S120A BLACK and WHITE COLOR
IMAGE NOMINAL PRODUCT UNIT PRODUCT UMNIT PRODUCT
SIZE SCALE FORMAT PRICE CODE PRICE CODE
f;;‘m' 1 RB50000 Fitm) Posinne 5 B0 n $10.00 51
B 1 2850000 Filem Negaiwe 10 00 01
18 3em, 1:1000000 Paper 800 23 1260 53
Thmem 1:600000 Fapsr 17007 24" 25,00 64
em 1:250000 Faper 2000 26 5000 | 66
SKYLAB 51908 BLACK and WHITE COLOR
IMAGE NOMINAL PRODUCT UnIT PRODUCT UNIT PRODUCT
SiZE SCALE FORMAT PHICE CODE PRICE COLE
W e, 1.950000 Paper 5600 z2 $ 8.00 62
:2.5'4:'?,3 1 9500C0 Film Fositive 800 12 12.00 52
H ;f:" 1.950000 Film Negative 10.00 oz ; L
almamn, 13500000 Papor 8.c0 2 1200 s
f2aan 1:750000 Papar 1200 24 25.00 64
?:?AS;T’ , 425060 Paper 2000 26 50 00 . 68
APULLO/GENMINI BLACK and WHITE COLOR
IMAGE NOMINAL PRODUCT uNIT PRODUCT uNIT PRODUCT
SIZE SCALE FORMAT PRICL CODE PRICE CODE
?5’;:"" Vanzhie Film Postive S oo 11 sic o0 51
?_E’zs;:"“ Vamable Filrn Megative 1000 o !
i’gg&l:;nl Varable Papar 800 23 12.00 63
iy Varkabls Peper 12,00 24 2500 64 __]
S

L0


http:zlSoo.Ot

O rime

PoMRLA

AERIAL MAPPING BLACH and WHITE COLOR
IMAGE PRODUCT UMIT PRODUCT UNIT PRODUCT
SIZE FORMAT 1 PRICE COnE PRICE copE
2 3em Papar s 300 73 s 700 83
f(}g::‘] Film Po.ttava 500 13 1500 53
?g;:::" Film Negative 600 03 - ::_’ . L .
T8 6m Paper 1000 ] 2500 6s -
& fem Papar 1500 25 30.00 65
?:15157:;) Paper 2000 26 5000 85
PHOTO INDEXES BLACK and WHITE
IMAGE PRODUCT UNIT PRODUCT FILM
SIZE FORIMAT PRICE CChE SOURCE
e s -
OTHER Papar 50 37 B&W-—Suzc8 :
NASA RESEARCH BLACK and WHITE R - COLOR
IMAGE PRODUCT UNIT PRODUCT upT PRODUCT
B1ZE FORMAT PRICE CODE PRICE CODE
?g’fﬂ")‘ * Film PosTtwe s 300 1 $10.00 54
B am Film Negative 400 o A2 SN
e Papar 3 . 72 7.00 62
g Film Fostva 4.00 2 1260 52
H ,ffr"“, Film Negativs 5.00 8z R A :* :;
oo Paper 300 23 7.00 62
fgﬁfr':l Fiim Posuve 500 13 15.00 53
2?&1’;?&:‘,’"‘ Paper 600 31 . 20 00 69
B oo Filrn Posrye 1000 ) 14 3000 56
2:["9?:'1":35':‘;"1 Fibt Negatve 12,00 04 - Lo - IS . ‘. _3
(i aerm, Paper 10.00 24 2500 ]
58 bem, Papar 1500 25 3000 65
{395;-“;‘;:, Paper 2000 26 B0 00 66
MISCELLANEDUS
MICROFILM BLACK and WHITE COLOR
ROLL PRODUCT ROLL PRODUCT
FORMAT PRICE CODE PRICE CODE
16mm |30 SmfI00 fr,) 51500 72 54000 73
35mm (30,5m/ 10913 ) _ 2000 72 45 0O K
KELSH PLLATES BLACK and WHITE
UNIT PRODUGT -
FORMAT PRICE CODE
Contze? Prints on Gf
Sg:c?fy mrickness (Oa’.ﬁ’é o¢ @ 08 ynch] and methed of prnting £1240 10 .
{emutsion to emulyion ar through fifm base).
TRANSFORMED PRHNTS BLACK and WHITE ORIGINAL,
UNIT FRODUCT
FOTMAT PRICE coDE OF POOR
From convargenl or transverso bow cbliqua photegraphs 5800 71
VIEWING SLIDES COLOA
UMNIT PRODUCT
FORMAT PRICE CODE
35 mm maunted duphicata of available prainting macter L X3 R 50

HOTE 35mm ariginal vall require additror 3 $5.00, not to includs eest of mounted duplicate

Complete roll repraduction dehivared 10 roll format carcizs a 50% reduction in frama pricing
Customn progessing of non standard products 1s available at three times the standard preduct price. i a non-standard size is dasirad.
the cost is three times the next larger standard product price,
Prionty service with guaranteed five working days shipment is offered for standard products only, at three times the standard

product price

Extra core should be taken to insure that monies and related order forms are farwarded to the sams facility.

PAGE'IS
QUA}:JTY
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APPENDIX IV
COST ANALYSES AND ACCURACY ASSESSMENT

It is very difficult to make realistic cogt and accuracy comparisons
between computer implemented land use mapping and visual interpretation
methods. Because of The highly experimental nature of the work done thus far
with LANDSAT data, cosb and accuracy statistlcs vary greabtly between these two
bagic approaches and within each approach. Bobh approaches seem to be cheaper
then conventional methods emphasizing medium to lov albitude aircraft photo-
graphy or ground survey work. This is especially true ag the size of the
study area increases, Computer processed LANDSAT data is fasbter and is gen-
erally more accurate than visual interpretation but considerably more expensive
at the present time. )

Table IV - 1 shows the coslt differences bebtween different computer imple-
mented technigques for mapping Tevel T land cover from LANDSAT satellibte data.
The table also compares these costs t0 those one might expect from a comparable
study carried out with conventional aerial photography.

Table IV - 1 Cost comparison of conventional photo interpretation of aerial
_photography and computer aided analysis of LANDSAT Images

Project (Cost/sq. mile)}/

A B C D E
Aerial Photography- ’ } '
Interpretation $3.59 $ .48 $h. ok A $4.88-5.11
Computer Analysis-
Landsat Data $1.52 $ .13 $ .25-.79 § 9L $ .35~ U2

;/ References for projects:

A) (Includes some Level II categories) Paul W. Mausel, et. al,
"Regional TLand Use Classificabtion Derived from Computer-~Processad
Satellite Data", AIP Journal, April, 1976, p. 160.

B) Katherine A, Fitzpatrick, "Final Report - Volume 6, "Central
Atlantic Regional Ecological Test Site (CARETS) Project, USGS,
Reston, Va., 1975.

¢) (Range based on 197h US project costs) Earth Satellite Corporation
and Booz-Allen Applied Research Cooperation for USGS, "Earth
Resources Survey Benefit-Cost Study," Appendix 5, November, 197h.

D) Estimate from Bendix Aervospace System Division, June, 1976.

E)}) ERdwin L. Thomas, Director of Comprehensive State Planning, in a
presentation of the Maryland Department of State .Planning LANDSAT
Findings, NCSL Task Force Hearings, Amnapolis, Maryland, June 30,



Table IV - 2 gives a breakdown on the costs involved in implemenbing the
visuval interpretation approach outlined in the preceding pages. It is imporw
tant to recognize that costs can be quite variable. In the casge of Boone
County, the cost of the entire image was. charged to one counby. Usually 15
to 20 counties are found on one LANDSAT image. The costs do not include any
expenses involved in ground truthing the final product obbained for Boone
County. The hours involved in the obther activities will be variable depend-
ing on the skill of the interpreter.

Table IV - 2 Cost of the direct tracing visual interpretabtion approach for
developing Level I land use map for Boone County, Missouri
(Area = 685 sq. miles)

Activity Hours Cost{Mi2

Premapping Preparation

A) Gathering support data L .03

B) Image familiarization 5 ol
Overlay Preparatioﬁ 2 .01
Generalized Map L .03
Detailed Map 10 o7
Materials}/ e 07
$ .25

g/ Materials include bhe cost of the image plus other mapping materials
including acebabes, pencils, ebec.

Accuracy estimates are more consistent from one technique to ancther
than one costs. Generally, most computer implemented studies atbtain accur-
acy rates of 90 to 95 percent for a Level I classification. Accuracy rates
of 80 to 90 percent are obtainable using a visual interpretation approach.
Hudson and Elifrits (1976) reported an accuracy rate of 90 percent utilizing
a direct tracing method with 1:250,000 scale color composites., Table IV - 3
lists some accuracy rates reported by Vegas (197h). Veges employed a visual
interpretation approach using Band 5 LANDSAT images enlarged %0 a scale of
1:250,000,



Table IV -~ 3 Accuracy of LANDSAT Level T interpretation over sslect towne
ships in Harrison County, Mississippi

A. EBEvaluation by Total Area

Township Total Area (Acresz) Area, Correct 9, Correct
Urbanized : 20,829 13,280 63.8
Intermediate 22,005 16,390 4.5
Rural . 23,495 19,550 83.2

B. Evaluation by Selected Sample Points

Wuomber Correct % Correct

Towmship Number of Points

Urbanized 520 248 b7.7
Tnbermediate 310 " 231 7.5
Rural 252 222 68.1

C¢. Evaluation of Center Points of LO Acre Plots

TownshiB‘ Number of Points Number Correcth . "% _Corxect
Urbanized | 575 416 72
Intermediate 576 L6l 80

Rural 575 560 ' 97

Overall accuracy rates Ior the nine counties mapped during the pilot
study were gualitatively esbimated by the students as ranging from 70 to 90
percent.

Table IV - 4 lists the accuracy rates for Boone County as determined by
the checking of 437 randomly selected points. Although no minimum mapping
wnit size was esbablished for the mapping ftask the smallest units mapped
average close o 4O acres in size. The sample points checked were roughly the
same size. The sample points were checked for accuracy against NASA high alti-
tude aircraft color infrared photography flowm six months afber the LANDSAT
image interpreted was acquired, ASCS black and white photography flown in 1968
and some medium scaled black and vhite photography flown by Abrahms Aerial
Sarvey in 1971. Additionally, road traverses were made of selected areas to
verify the interpretation of bhoth the satellite imagery and NASA aircraft
photography.

i



The accuracy percentages are hiased for a number of reagons. TFirst,
only approximately 3/h,of the county was sampled thus introducing an area
bias. Second, some of the photography used as ground truth was outdated.
Inaccurabe interprebation of ground truth photography introduces Turbher blas.
Finally the sampling procedure itself was not without bias. The selection pro-
cedure was random bubt not straitified and this adaed to the statistical in-
accuracy of the final figures.

Table IV ~ U4 Accuracy check by sample points for Level I land use categories
in Boone County, Missouri,

Category Total No. of Points Total No. Correct % Correct
Urban/built-up 22 18 81
Cropland & Pasbure 282 ’ 187 66
Cropland (Row crops & :

small grains) 156 95 61
Pagture 126 92 - 73
Foresh 100 l 85 85
Water 20 . 20 100
Disburbed 15 ) 13 86
Overall Total 39 ' 323 Th

‘The cropland category had the lowest accuracy level of all cabegories.
Theve are some definite reasons Ffor the misinberpretabion. There were 18
points classified as Torest which were areas appearing identical to wet plowed
goll, DPositions on the landscape and field patiteras would assgist in reducing
these errors. There were U3 areas classified as cropland that were pasture.
The lush growth of well managed pastures made these areas look like winter
wneat.

Area migsclasgified as pasture were generally forest.or cropland. Wheat
wag somebimes confused as pasture. An image teken in the fall could help %o
separate wheat from pasture.
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