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PREFACE

Section 208 of Public Law 92—500 (1972 amendment of the Water Pol-
Tution Control Act of 1948) requires federal, state, and local govern-
ments to develop water quality management programs. A prerequisite
for the development of the programs is the ability to identify and
locate point and non-point sources of water pollution.

This study is an evaluation of the utility of near-infrared aerial
photography and digital Landsat imagery for the identification of oil
field operation sites and gypsum outcrops andlsoi1 as point and non-
point sources of water pollution. Gypsum outcrops and soils were mapped
using high and low altitude near-infrared photography. Unsupervised and
supervised classification techniques were used to evaluate the discrim-
ination of oil field operation sites and gypsum outcrops and soil with
digital Landsat imagery.
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CHAPTER I
ABSTRACT

Near-infrared aerial photography and Landsat digital data were
evaluated in this study for identifying gypsum as a non-point source
of water pollution and for the development of regional non-point source
maps which can be used in south-central Oklahoma. A secondary objective
was to assess the feasibility of using Landsat digital data to map oil
field operation sites as point sources of water pollution.

Field investigations revealed that geobotanical anomalies were
associated with gypsum outcrops and soil. Spectral signatures of the
gypsum indicator plants onvthe high and Tow altitude color near-infrared
photography were found to accurately delineate the vegetated gypsum
outcrops and soil. Non-vegetated gypsiferous soil could be distinguish-
ed but not consistently discriminated on the color near-infrared films.
The Tow altitude color near-infrared photography was more accurate than
the high altitude color near-infrared photography for mapping gypsum in
spite of its lower quality because of the inherent improvement in reso-
lution. Neither vegetated gypsum outcrops andsoil nor exposed gypsi-
ferous soil were consistently discriminated on the low altitude near-
infrared black and white photography.

Supervised and unsupervised computer processing techniques were
applied to Landsat digital data for June 29, 1974, and March 9, 1978.

The gypsum outcrops and soil and oil field operation sites were not com-



puter classified with a high degree of accuracy using Landsat digital
data. The computer techniques suffer from limitations due to the lack
of contrast between areas of gypsum indicator plants or o0il field
operation sites and surrounding vegetation and because of the small
size of the gypsum and oil field operation sites, most of which are be-
Tow the cited 1.1 acre resolution 1imit of the Landsat satellites. The
development and refinement of other computer techniques may improve the
discrimination capability of the automatic classification and mapping

techniques.



CHAPTER II
INTRODUCTION

Over'the past two decades the need to maintain and improve the
quality of this Nation's water has become an increasingly important
and complex problem for federal, state, and local governments.

Increased public awareness of water quality problems has prompted
federal and state“governments to pass legislation in attempts to pro-
tect, preserve, and develop the Nation's water resources. Among the
many laws which have been passed is Section 208 of Public Law 92-500
(the 1972 amendment of Public Law 84-600 of 1956 which amends the Water
Pollution Control Act of 1948). Section 208 requires state and local
governments to develop water quality management programs to meet the
goal of restoring and maintaining the chemical, physical, and biologi-
cal integrity of the Nation's water.

A prerequisite to the development of water quality management
programs is the identification and location of point and non-point
sources of pollution. As a consequence, there exists a need to develop

an efficient and economic means of mapping sources of water pollution.
Purpose

0i1 field well and storage tank sites and gypsum outcrops and
associated soils are common point and non-point sources of water polu-

tion in southwestern Oklahoma. The purpose of this study was to assess



the use of two techniques of remote sensing, near-infrared aerial photo-
graphy and Landsat digital data, as data bases for developing maps
showing potential pollution due to gypsum and oil fields.

Near-infrared aerial photography was evaluated for its usefulness
in mapping gypsum outcrops and soils because infrared films are capable
of enhancing differences between vegetation, objects, and materials
~that are visually quite similar. The success of infrared photography
in detecting subtle and unseen differences is due to the fact that
infrared and visible radiation are not transmitted and reflected by
natural and man-made objects in the same way.

The difference in the reflectivity of infrared and visible radia-
tion by natural objects is most evident in the photography of vegeta-
tion. This phenomenon results from the ability of the chlorophyll
contained in the spongy mesophyll tissue of pTant Teaves and blades to
reflect a large percentage of near-infrared radiation and absorb most
visible radiation. The chlorophyll content of vegetation is dependent
upon the plant species and the health of the plant. Because the re-
flectivity of infrared radiation is sensitive to the chlorophyll con-
tent of plants, the reflectivity differences between individual plant
species and those within species due to the effects of drought, soil
salinity, disease, or abnormal uptake of minerals or toxic substances
are more readily registered on infrared films.

Landsat digital data was evaluated for its applicability to the
development of gypsum and oil field pollution source maps because:

(1) the Landsat satellites have provided almost complete coverage of

the earth's land surface which enables mapping techniques‘deve1oped in



this study to be applied or adapted to other geographical areas;

(2) Landsat digital data is collected on a repetitive basis so that
digital data collected under different conditions (i.e., angle of
illumination, moisture conditions, and seasonal vegetation changes)
may be selected for maximum enhancement of the mapable features;

(3) each Landsat scene represents approximately 13,225 square miles,
enabling large areas to be studied without requiring the time consum-
ing and expensive construétion of mosaics needed with aerial photo-
graphs; and (4) digital computer processing techniques can be applied
to Landsat digital data stored on computer-compatible tapes (CCT's)
resulting in images of higher quality and in more efficient means of

data analysis.
Study Area

The study area (Figure 1) covers all or parts of Ranges 9-11 and
Townships 4-7 of southeastern Caddo and northeastern Comanche counties.
This region includes all of the Tonkawa and the northwestern half of
the Little Washita River watersheds.

These two watersheds are a part of the Washita River Basin re-
search area for the Southern Great Plains Hydrologic Research Water-
sheds of the Research Branch of the Scientific and Educational Adminis-
tration, United States Department of Agriculture. This region has been
studied in detail for the past fifteen years. A substantial amount of
information has been collected on the meteorology and surface and
ground-water hydrology. The Tonkawa and Little Washita River water-
sheds were chosen as the area of investigation of this study so that

the results would be included as a part of the continuing research
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being conducted by the Southern Great Plains Hydrologic Research

Watersheds Project.
Methodology

The potential of near-infrared aerial photography and Landsat di-
gital data as data bases for water pollution source maps was evaluated
by means of a study consisting of three parts: (1) Analysis of near-
infrared aerial photography, (2) Supervised classifications of Landsat
digital data and (3) Unsupervised classification of Landsat digital
data.

The near-infrared aerial photo investigation was conducted in four
phases. The first phase involved an evaluation of the capability of
high and low altitude near-infrared aerial photography to consistently
discriminate gypsum indicator plants and exposed gypsiferoﬁs soil. The
general locations of gypsum outcrops and soils in the study area were
determined from a previously published geologic map (Tanaka and Davis,
1963) of the region and from soil maps published in soil survey reports
for Caddo and Comanche counties (Soil Conservation Service, 1973 and
1967). The parameters used to identify gypsum plant communities and ex-
posed gypsiferous soil on the near-infrared aerial photographs were
color, tone, texture, and contrast.

The second phase involved the field verification of the gypsum
outcrops and soils photographed with the near-infrared aerial photo=
graphy. This was followed by a third phase which consisted of prepar-
ing the following maps: (1) a gypsum outcrop and soil map (1:24000)
from a high altitude color near-infrared transparency and (2) a gypsum

outcrop and soil map from a low altitude color near-infrared mosaic

(1:24000).



The fourth and final phase was an evaluation of the utility of high
and low altitude color near-infrared photography for mapping gypsum
outcrops and soil. The evaluation consisted of the computation and
comparison of the total acreage of gypsum surface cover represented on
each map. 0i1 field well and storage tank sites were not mapped with
near-infrared aerial photography because these structures are easily
recognized and mapped with conventional black and white and true
color aerial photography.

The second part of the study was an assessment of Landsat digital
data using supervised classification techniques. Using this approach,
the investigator selected ground cover and land-use features to be
used as training sets. Selection is made from supplementary sources
(ground truth data). Training sets are used with the computer to dis-
criminate the spectral data representative of each ground cover type
and land-use feature.

The analysis of Landsat digital data in this study was conducted
in four phases. The first phase involved the development of two super-
vised classifications for each of two Landsat (ERTS) scenes, scene
E-1706-16332 for June 29, 1974, from Landsat I and scene E-30004-16290
for March 9, 1978, from Landsat III. The second phase involved the
application of pre-classification data manipulation and enhancement
techniques to the digital data of both Landsat scenes. The techniques
included GODDARD, FRAME, GREYSCALE, DELIN-merge, SMOOTH, DELIN-subscene,
REGISTRATION, and TRANSFORMATION. The third phase consisted of classi-
fying the digital data of the study area from both scenes with the
appropriate supervised classifications in several different dimensional

spaces. The fourth and final phase involved the evaluation of the



classifications according to the accuracy with which the gypsum and
0il field training sets were classified.
The third part of the study was an analysis of Landsat digital

data using an unsupervised classification. The unsupervised classi-
fication does not require training sets. Digital selection and defini-
tion of spectral classes are determined statistically and then used to
~classify the digital data into classes which may or may not represent
the ground cover in the study area. The spectral classes are deter-
mined by using a clustering algorithm which calculates the statistical
boundaries of the classes from a distribution of naturally occuring
groups of similar reflectance values. After the unsupervised classi-
fication has been generated, the recognition and assignment of digital
reflectance data to the appropriate spectral classes can be accomplished
by the same algorithms used in the supervised é]assification.

| The analysis was conducted in two sequential phases at the National
| Aeronautics and Space Administration's Earth Resources Laboratory (ERL)
located in Slidell, Louisiana. The first phase involved the generation
of an unsupervised classification for the Landsat II scene E-2900;16073
for July 10, 1977, using ERL's Search and MaxL31 programs on the Comtol/
Yarian Image Processing System. The second phase consisted of an
evaluation of the resulting classification to determine whether any of
the computer generated spectral classes or combination of classes

exclusively represented gypsum outcrops and soil.

Previous Investigations

Introduction

Previous remote sensing investigations have evaluated the mapping
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capability of various instruments in detecting and delineating a wide
range of lithological and mineralization features. The geologic ob-
jectives have varied from general formations and rocks to specific
minerals. In mineral exploration programs the objectives have also
included geologic re]afed phenomena such as plant-mineral or -litholo-
gic associations.

| Among the variety of instruments which have been utilized to ad-
vance remote sensing capabilities are camera systems using convention-
al and neay-infrared films and multispectral scanners operating in the
visible through far-infrared portions of the spectrum from airborne and
space platforms. The extension of remote sensing into the infrared
region of the spectrum and the use of wide and narrow band sampling
techniques has made it possible to reveal features which are impossible

or difficult to detect with conventional aerial photography.

Rocks, Minerals, and Soils

Vincent and Thomson (1971) investigated the utility of ratio tech-
niques to discriminate exposed silicate from non-silicate rocks. An
airborne miltispectral scanner collected data from one channel in the
8.0 micrometer to 11.5 micrometer range and another in the 11.5 micro-
meter to 13.0 micrometer region of the spectrum over the Mi]] Creek,
Oklahoma test site. They reported the ratio techniques were able to
distinguish between highly siliceous rocks and non-silicates but were
unable to achieve the same results with rocks of Tow silica content.
They suggested that the use of a third channel would enable the techni-
que to discriminate exposed acidic and basic siliceous rocks from non-

silicates as well as detect differences in silica content as small as
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14 per cent among silicates.

Watson and Rowan (1971) evaluated the feasibility of using digital
data collected by an airborne multispectral scanner operated in the .4
micrometer to 1.0 micrometer region of the spectrum to map limestone
and dolomite. They reported successful results in detecting outcrops
of Timestone and dolomite but only a 60 per..cent accuracy in the dis-.
crimination of limestone from dolomite at the Mill Creek, Oklahoma
test site.

E1-Shazly, Abedl-Hady, and Morsy (1974) tested the significance
of far-infrared thermal mapping in the detection and delineation of
geologic features in the East Qatrani Desert Area of Western Egypt
with an airborne multispectral scanner operated in the 8.0 micrometer
to 14.0 micrometer range of the spectrum. They noted bright thermal
anomalies were caused by Timestone and anhydrite-gypsum. They observed
that clays and sandstones which contain considerable amounts of gypsum
and/or rock salt yield high thermal effects. They also recorded con-
sistent thermal anomalies from uraniferous, carbonaceous clay which
contained significant quantities of gypsum, salt, carbonates, and iron
oxides.

Denih and Knapp (1975) tested the capability of an airborne multi-
spectral scanner to detect altered ore-bearing zones in the Timok Mag-
matic Complex of eastern Yugoslavia. They mapped areas of copper min-
eralization with reflectance data recorded from ten channels in the
yisible and near-infrared (.32 micrometer to 1.10 micrometer) regions
and one channel in the far-infrared (3.0 micrometer to 14.0 micrometer)
portion of the spectrum. They observed that the highest thermal record-

ings were yielded by altered volcanic rocks, carbonate clastics of
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Upper Cretaceous age and andesites.

Ballew (1975) evaluated the feasibility of correlating surface
geochemistry with Landsat digital data for the purpose of locating areas
of mineralization in the Washington Hill mercury mining district, near
Virginia City, Nevada. Using ratio techniques and multiple regression
analysis he was able to predict locations of geochemical anomalies
which corresponded to known mining operations and zones of alteration.

Levine (1975) was able to differentiate serpentine and sandy soils
on the San Francisco Peninsula by means of an unsupervised classifica-
tion applied to Landsat digital data. He noted that the success of
the classification was dependent upon seasonal changes in vegetation.
He reported that the soils could be c]assified'by the unsupervised
technique only with digital data collected during the end of the dry
season (early autumn).

Rowan, Goetz, and Ashley (1977) engaged upon a Tong term study
of the feasibility of Landsat digital data to discriminate hydrother-
mally altered and unaltered rocks of the Goldfield, Nevada mining dis-
trict. They developed an enhancement technique which combines con-
trast stretching with ratioing. App1i¢ation of the technique to
Landsat digital data enabled zones of hydrothermal alteration to be
accurately mapped. Smith, Green, Robinson, and Haney (1978) success-
fully detected and mapped hydrothermally altered basic lava flows in
Hamersley Basin, Western Australia, using Landsat digital data.

Everitt, Gerbermann, and Cuellar (1977) investigated the feasi-
bility of using microdensitometry on Skylab photography of Starr
County Texas to distinguish between saline and non-saline soils. They

reported they were able to differentiate saline soil test sites from
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non-saline sites on the basis of informatian taken collectively from
three types of black and white film. They observed that the differ-
ences in optical density readings which differentiated the saline from
non-saline soils were the result of higher reflectivity from saline
soils because of the Tower percentage of vegetation cover. They also
reported that no significantly different optical density readings

were obtained among the soil test sites with color 6r‘co]or infrared
films. They also noted that they were unable to differentiate all the
saline soils from non-saline soils on the basis of information ob-

tained from any one black and white film by itself.

Geobotanical Prospecting

Geobotanical prospecting consists of relating changes in plant
morphology and distribution to geology. It is a relatively new mineral
exploration technique which has been utilized in only a Timited way in
spite of the fact that plant-mineral associations have been a Tong
observed phenomena.

Agricola (1556) and Barba (1729) recognized the retardation to -
growth and linear distribution of certain plant species along zones of
mineralization. Agricola also noted the absence of frost on plants
above mineralized veins in winter; also, Lidgey (1897) reported the
occurrence of discolored vegetation along mineralized zones.

Plants can frequently be good indicators of soil conditions be-
cause the root systems often extend throughout a large soil volume.
There are three principal ways in which the soil geochemistry can be
manifested by vegetation: a) changes in soil mineral content can

cause changes in ecology such as redistribution of plant communities
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and species relative to adjacent areas, b) stress due to minerals can
cause morphological alterations in plants such as gigantism, dwarfing,
abnormal flowering and fruiting, chlorosis, and leaf wilting or defo-
liation, and c¢) the mineral content of the soil is reflected by the
mineral content of the foliage, so that the soil geochemistry can be
investigated through an analysis of diagnostic vegetation.

Many plant-mineral and plant-lithologic associations have been
found. Billings (1950) conducted an extensive study of the effects of
hydrothermally altered andesite on vegetation and plant growth in the
Virginia Range and eastern foothills of the Sierra Nevadas. He re-

ported that open scrubby stands of yellow pines (Pinus ponderosa and

P. jeffreyi) and certain sparce herbaceous species (Arenaria nuttallee,

Spraquea umbellata, Lewsia rediviva, Eriophyllum lanatum var. inte-

grifolium, Allium paryum, Festuca arida, Mimulus nanus, and particularly

Eriogonum robustum) characterized weathered areas of alteration which

are surrounded by unaltered soils dominated by sagebrush and pinyon-
juniper climax zones. Leuder (1959) reported on the association of
ragweed with zinc and red campion‘with copper mineralization.

Cannon (1957, 1960a, 1964) developed botanical methods of pros-
pecting for urénium on the Colorado Plateau for the Division of Raw
Materials of the U.S. Atomic Energy Commission. She observed that
close associations exist between several plants and uranium ore de-

posits. She designated the plant genera Elymus salina (Salina wildrye),

Eriogonum inflatum (Desert trumpet eriogonum), Oenothera caespitosa

(Tufted evening-primrose), Allium acuminatum (Tapertip onion), Astraga-

lus bisulcatus (Two-grooved poisonvetch), Astragalus confertiflorus

(Blue poisonvetch), Astragalus thompsonae (Thompson loco), Astragalus
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preussi (Preuss poisonvetch), and Astragalus pattersoni (Patterson

poisonvetch) as primary plant-indicators of uranium ore. Astragalus
pattersoni and A. preussi were reported by her to be the two most use-
fQ] indicators of mineralized soil. She noted that the distribution
of A. pattersoni alone led to the discovery of two ore bodies in the
Grants district.

She also reported that many plants which are indicative of the
presence of gypsum or sulfate in the soil, are important in uranium

prospecting. She included Abronia angustifolia, Anogra gypsophila,

Astragalus allochrous, Cruptantha fulvocanescens, Dithyraea wislizen,

Eriogonum rotundifolium, Lepidium montanum, Oryzopsis hymenoides, and

Sporobolus giganteus as well as certain species of Mentzelia, Oenothera,

and Streptanthus as calcium and/or sulfur indicators on the Colorado

Plateau. She observed that Descuraninia (tansy mustard), Lepidium

(pepperweed), and plants of the 1ily family (Liliaceae) are indicators
of uranium ores which contain gypsum. She noted that Segolily and
wild onion are the two most useful indicators of the 1ily group. She
found that no one calcium- or sulfur-indicator plant could be consider-
ed indicative of mineralized soil; however, she did observe that the
presence of a dense population of a variety of these plant genera was
commonly indicative of a uranium deposit.

Barrett and Curtis (1972) reported on the recognition of anoma-

lous communities of Helichrysum leptolepis which led to the discovery

of copper-bearing argillite formations in the Witvlei area of South-
West Africa. They also reported on the delineation of a major lead-

zinc ore body by a geobotanical anomaly composed of Polycarpaea glabra

and Eriachne mucronata in the Dugald River area, Cloncurry district,
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Australia.

Cole (1973) discovered the association of Hybanthus Floribundus

With nickeliferous soils of Western Australia.

Barber (1975) conducted a floristic study of vascular plants on
gypsum soils in Greer, Harmon, and Jackson counties, Oklahoma. She
noted gypsum outcrops and soils often support a distinctive group of
- plants. She discovered 108 species occuring on gypsum soils, but
only 30 were found to grow exclusively on gypsum in her study area.
Barber reported that seven of the 30 species had herbarium records
indicating occurrence only on gypsum. These are:

Condalia obtusifolia, Ephedra antisiphilitica, Haploesthes

greggii, Hilaria matica, Juniperus pindhati, Nama Stevensii,

and Phacelia intergrifolia.

She also listed six other species collected only from gypsum soils.

They include:

Astragalus missouriensis, A. racemosus, A. Totiflorus,

Asclipias engelmannia, Penstemon fendleri, and

Psilostrophe villosa.

She observed that nine of the 30 speices associated with gypsum
were also associated with limestone soils. These are:

Aristida longiseta, Astragalus mollissimus, A. plattensis,

Mentzelia nuda, M. oligosperma, Opuntia leptocaulis,

Polygala alba, Scutellaria drummondii, and Tridens

elongatus.
She reported that although the remaining eight species of the

30 were found only on gypsum soils in southwestern Oklahoma they do oc-

cur on other.types of soils elsewhere in the country. These eight are:
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Atriplex canescens, Sporobolus airoides, S. cryptandrus,

Chrysopsis villosa, var. stenophylla, Gaura parviflora,

Grindelia squarrosa, Pellaea atropurpurea, and Schedonn-

ardus paniculatus.

Press (1974) noted that one of the first efforts to use remote
sensing of geobotanical anomalies for mineral exploration was conducted
during the early 1930's in Rhodesia and Katanga. He reported that
panchromatic aerial photography was used to search for vegetation
clearings caused by metal toxicity. He observed that the technique
was successful because three major copper deposits were discovered
using this technique.

Barrett and Curtis (1972) reported on remote sensing studies.
conducted to assess the potential of true color infrared aerial
photography in the detection of known geobotanfca] and biogeachemical .
anomalies occupying proven zones pf copper mineralization in South-
West Africa and Western Queensland, Australia. They described how

natural color and color infrared films revealed trees (Dichrostachys

cinera) which exhibited biogeochemical anomalies in a zone of copper
mineralization of South-West Africa.
The geobotanical anomalous community characterized by Polycarpaea

glabra and Ericacne mucranata which marks the lead-zinc ore body in the

Dugald River Lode, Cloncurry district, Western Queensland, Australia,
was reported by Barrett and Curtis to yield a distinctive spectral
signature on color infrared photos (1:5000 and 1:15000). They noted
that subsequent examination of all color infrared aerial photography
of their study area resulted in the identification of several areas of

copper mineralization which exhibited spectral signatures similar to
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that of the Dugald River Lode geobotanical anomally.

Lyon (1975) investfgated the correlation between soil geochemistry
and Landsat I digital data at a molybdenum skarn deposit in the Pine
Nut mountains near Carson City, Nevada. Using unsupervised clustering
techniques on ratioed Landsat digital data, he was able to deteqt a
well known one by two mile geobotanical anomaly in pine and juniper

climax zones (Pinus monophylla and Juniperus utahensis). The anomally

overlies a molybdenum mineralization deposit. He observed that the
pines displayed significant morphological changes (needle loss, profu-
sion of twiggy stems, and brittleness of branches) which were correlate-

able with the absorption of molybdenum.

Stratigraphy

A11 the stratigraphic units within the area of investigation are
either Permian bedrock formations or Quaternary alluvial deposits. The
Weatherford Gypsum Bed of the Rush Springs Formation and the Moccasin
Creek Member of the Cloud Chief Formation are the gypsum units which
outcrop within the study area. These two gypsum beds are undifferen-
tiated on the gypsum outcrop and soil maps prepared for this study.

Fay's (1962) stratigraphic column (Figure 2) is used in this report.

Permian System

The Marlow Formation is the oldest stratigraphic unit in the study
area. The formation consists predominantly of reddish-brown gypsifer-
ous siltstones, shales, and fine-grained sandstones interbedded with
thin gypsum layers (0'Brien, 1963). The only exposure of the Marlow

within the study area is along the northeastern border of the Tonkawa



SYSTEM |SERIES |GROUP|FORMATION |MBR BED LITHOLOGY
& Floodpiain & stream deposition of
E E sands & clays
g g Terrace deposits of sands, clays, &
O gravels
CLOUD CHIEF
S Gypsum | """
9 E Medium brown dstone, shales, &
(TR UNNAMED slitstones
WF%ASESED Dolomites & gypsums
T 8 Reddish~brown, even to cross -
0 Z
E E UNNAMED bedded, friable, fine-grained sand-
) & silty sandst
EMANUEL Persistent, thin~bedded |imestone
BED & gypsum
GRACEMONT Pinkish white, caicareous,
w BED sandy shale
2 (o] b d hai
NNA i range brown sandstones, shales,
2 2 2 v MED & siitstones
< : w RELAY Persistent, thin-bedded i
-E- z CREEK BED |, .o
o. E3
' = ; 9 UNNAMED Orange brown sandstones, shaies,
d o & slitstones
w <
< = VERDEN Light brown, calcareous, cross-
Q.
Q LENTIL bedded, fossiliferous sandstone
< NNAMED Orange brown sandstones, shales,
= u & siltstones
O]
LOWER PINK |Pinkish white, calcareous , sandy
SHALE  |4haie
Orange brown & greenish-gray
UNNAMED )
sandstones, shales & siitstones '

Figure 2. Stratigraphic Column. Source: Fay (1962) and

Havens

(1977).

19



20

watershed.

Overlying the Marlow is the Rush Springs Formation, which consists
of 135 to 300 feet of fine-grained, cross bedded to even bedded quartz-
ose sandstone. Except for the Cement vicinity in southeast Caddo‘
county, the color of the sandstone varies from medium- to light-red
throughout the study area. 0'Brien (1963) attributes the variation in
color to the relative amount of iron oxide present as both the predomi-
nant cement and as a grain coating. At Cement, the color of the sand-
stone has been altered to pink, yellow, white, and gray. The discolora-
tion is related to the oil and gas microseepage of the area which
caused reduction and dissolution of iron by hydrocarbons (Donovan,
1979).

The Weatherford Gypsum Bed occurs in the upper part of the Rush
Springs. The unit varies in thickness from 1 to 60 feet and consists
of gypsum and dolomite (Havens, 1977). Within the study area, the
Weatherford Bed outcrops throughout the northwestern half of the Little
Washita River watershed and the southern end of the Tonkawa watershed.
Ten to fifteen feet of dolomitic sandstones and siltstones separate
thé Weatherford Bed from the overlying Cloud Chief Formation (Olmsted,
1975).

The Cloud Chief is represented in the study area only by the Moc-
casin Creek Gypsum Member. This unit is composed of up to 30 feet of
pink to white crystalline gypsum. Within the study area the outcrops
of the Moccasin Creek Gypsum occur as topograhpic highs in the north-

western half of the Little Washita River watershed.
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Quaternary System

The Quaternary deposits consist of high tefrace gravels and sand
and of lower floodplain unconsolidated sands, silts, and clays of
the Washita River and Little Washita River drainages in the study
area. OfBrien (1963) stated that many of the larger canyons and
valleys have previously been filled with silty sand deposits. Present
day stream levels are below the top of these canyon fill sediments

(0'Brien, 1963).



CHAPTER III
TECHNIQUES OF INFRARED AERIAL PHOTOGRAPHY
Introduction

During the course of this investigation it was necessary to make
a low altitude color infrared aerial photo flight using hand-held
cameras. Sucéessfu] near-infrared aerial photography requires photo-
graphic techniques not normally associated with standard black and
white and true éo]or aerial photography, princ%pa]]y because correct
infrared film exposure settings cannot be determined from traditional
light meters. Conventional 1ight meters are not sensitive to the
infrared portion of the spectrum, consequently, infrared radiation is
not registered by the meter. Ordinary light meter readings of visible
light cannot be used for infrared photography because of the differences
in the reflectibility of infrared and visible radiation previously
discussed in chapter two.

Little information detailing specific techniques for color infrared
aerial photography with hand-held cameras from light aircraft exist in
the literature. The purpose of this chapter is to summarize the proce-
dures and methods of infrared aerial photography with hand-held cameras
which were found to be successful in relation to the objectives of this
study.

A prerequisite for any investigation involving infrared photography

22
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is a knowledge of the physics and optics of infrared radiation and
films. Several publications which contain good discussions on infrared
radiation and technology include those of Hackforth (1960), Holter

et al. (1962), Wolfe (1965), and Simon (1966). Wagner (1965) exten-
sively covers the theory and methods of infrared photogréphy. Publica-
tions by Eastman Kodak which include helpful information on infrared
-aerial photography and infrared film characteriétics are Applied

Infrared Photography, Kodak Data for Aerial Photography, Photography

from Light Planes and Helicopters, and Kodak Infrared Films. A review

. of the above publications will provide the inexperienced in infrared
aerial photography with the basic fundamentals necessary for planning

a successful aerial photo mission.
Aircraft

The Tight aircraft used for the low altitude photo flight was a
six passenger Cessna Skymaster. The plane had been modified to faci-
litate vertical aerial photography by removing the right front and
middle seats and installing a five inch diameter plexiglass camera

port in place of the right front seat.
Weather

The weather conditions at the time of the purposed aerial photo -
graph flight must be taken into consideration since adverse weather can
render it impossible to achieve the desired photographic objectives.

Optimum weather conditions for an infrared aerial photo mission
would include clear sky, little haze, low winds, and cool or cold air.

Ideal weather conditions are almost essential, although some haze can
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be tolerated since infrared radiation has very good haze penetration
capability. A clear sky is necessary because clouds greatly reduce

the amount of infrared radiation reaching the earth's surface. Moder-
ate to high cross winds cause considerable difficulty in maintaining
the essential straight flight paths. Cool or cold air is not an abso-
lute necessity for acceptable infrared photographs; however, visibility
is better in cool air than warm air. Also, turbulence is generally
less in cool air, which lessens the possibility of blurring the pic-

tures.
Film and Camera Equipment

The combination of film exposure requirements, length of flight
paths, and the 120 mile per hour flying speed necessitated the use of
five 35 millimeter cameras in order to insure that a camera loaded
with unexposed film was always available to replace the one in use
after it's film was completely exposed.

Color (Kodak Ektachrome Infrared Film) and black and white (Kodak
High Speed Infrared Film) infrared films were used to photograph the
gypsum areas. Both types of film are sensitive to the visible and
near-infrared regions (.4 micrometers to .9 micrometers) of the spec-
trum. The color infrared film was exposed through a Vivitar Number
15(G) Deep Yellow filter in order to eliminate visible radiation below
.51 micrometer (blue and blue-green) and thereby achieve the desired
color balance on the resultant photograph. The black and white infrared
film was exposed only to near-infrared radiation (.7 micrometer to .9
micrometer) through the use of a Tifflen Number 87C Red visually opaque

filter.
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Altitude

In order to maintain the maximum possible resolution and restrict
the number of photographs required to completely cover the gypsum areas
to a reasonable number, the area photographed by each 35 millimeter
slide was limited to one section (one square mile). The selected
space requirement for each photograph and the use of 35 millimeter
cameras with a focal distance of 55 millimeters required a flying

height of approximately 14,500 feet above the ground.
Exposure Settings

It is not possible for reasons previously discussed in chapter two
to obtain one single exposure setting (combination of f/stop and shut-
ter speed) from a conventional light meter which will yield a correctly
exposed infrared photograph. However, ordinary light meters can be
used to determine a "base exposure setting" around which additional
exposures are made (bracketing) in order to assure that at least one
setting will result in an acceptable photograph.

The bracketing procedure consists of making five exposures of the
target area to be photographed. Two exposures are made at the two f/
stops above and below that of the indicated "basic setting" as well as
at the base exposure setting itself.

Kodak recommends using a film speed of 100 ASA with conventional
light meters to determine the average exposure setting for its color
infrared film when used with a number 15 filter. A film speed of 10 ASA
is recommended for determining the base exposure setting for the use

of its black and white film (Kodak High Speed Infrared Film) with a
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number 87C filter. The 1ight meter readings are made from the same
altitude at which the infrared photographs are to be taken.

The best time of day for infrared aerial photography is between
10 a.m. and 2 p.m. This period will assure maximum infrared radia-

tion and reduce adverse effects caused by low sun elevations.

Color Near-Infrared

A basic exposure setting of 1/250 second at f/8 was selected
from the several correct shutter speed-f/stop combinations for the
color infrared aerial photography of the gypsum areas. Light meter
readings were taken of the ground from an altitude of 15,500 feet.
through the vertical camera port. The exposure bracketing procedure
consisted of making four exbosures of each of‘the 76 sections photo-
graphed using f/stops 16, 11, 8, and 5.6 with a shutter speed of 1/250
second. The most acceptable photos were made at exposure settings of
£/11 and f/8 at 1/250 second. A1l of the 76 photographs taken at f/11
resulted in some degree of underexposure. Fifteen were slightly under-
exposed and the remaining 61 were significantly underexposed. A1l of
the 76 photographs taken at f/8 resulted in some degree of overexposure.
Fifteen were significantly overexposed and the other 61 were only
slightly overexposed.

From a post flight evaluation of the photographs, the best exposure
setting for the conditions which existed at the time of the flight was
‘the half f/stop between f/11 and f/8 at 1/250 second. Lack of time and
funds did not allow taking photographs at half f/stop 1ncremeﬁts. No
reason can be given for the variation in the degree of under- and over-

exposure exhibited by the photography since it was not confined to any
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one roll of film, flight path, or camera and the weather conditions

were ideal during the entire aerial photograph flight.

Black and White Near-Infrared

The exposure bracketing method used to take the black and white
ﬁear-infrared aerial photographs differed from that used for the color
infrared film because of inexperience with the black and white film and
a visually opaque filter. Also, complete coverage of the gypsum areas
was not made with the black and white film because of a shortage of
funds and lack of experience with the film and filter.

The bracketing technique consisted of making exposures at all
f/stops (f/1.8 through f/16) with each of four shutter speeds; 1/60
second, 1/125 second, 1/250 second, and 1/500 second. A separate roll
of film was used for each shutter speed. Although no one shutter ;
speed-f/stop combination was always consistent in producing acceptable
photographs, a few exposure settings did yield good results.

The most acceptable black and white infrared photographs were made
using f/stops 8, 5.6, and 4 at 1/60 second. Some good exposures were
made at the following f/stop-shutter speed combinations: f/5.6 and
f/4 at 1/125 second; f/5.6, f/4, /2.8, and f/1.8 at 1/250 second;
and f/1.8 at 1/500 second. Al1 other exposure settings produced fair
to poor results.

The inconsistency of obtaining acceptable photographs with any one
exposure setting can be attributed to the adverse cloud conditions which
developed during the black and white infrared aerial photograph flight

and the photographer's lack of experience with the film and filter.
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Recommendations

The exposure settings used in this study may not always produce
the same results because of differences in weather conditions and nature
of the subject or area to be photographed. It is recommended that
trial exposures be made under conditions as similar as possible to those
of any intended infrared aerial photographic investigation in order to

learn which exposure settings will produce acceptable results.



CHAPTER IV
ANALYSIS
Formats of Near-Infrared Photography

Three formats of near-infrared photography, which inc]ude high
and Tow a]titude color and low altitude black and white, were obtained,
examined, interpreted, and evaluated during the course of the first
part of this study.

The high altitude color near-infrared phoiography consisted of com-
plete coverage of the study area with nine by nine inch transparencies
at a scale of 1:120,000. The photography was made by the National
Aeronautics and Space Administration (NASA) on May 4, 1973, from an
- altitude of approximately 60,000 feet.

The Tow altitude color near-infrared photography consisted of a
mosaic (1:20,000) constructed from 76 three by five inch prints which
were enlarged from the 35 millimeter slides taken with a hand-held
camera on March 25, 1979, during the low altitude photographic mission
described in chapter three.

The mosaic included complete coverage of all sections in the study
area which contained any type of gypsum surface cover. The 76 one-mile
sections of gypsum outcrops and soil were restricted to the southern
part of the Tonkawa watershed and northwestern half of the Little Washi-

ta River watershed.
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The Tow altitude black and white near-infrared photography con-
sisted of partial coverage of the gypsum areas with three by five inch
prints at a scale of approximately 1:14,000. The photographs were
taken on March 24, 1979, with four hand-held 35 millimeter cameras
from an altitude of 12,500 feet. Complete coverage of the study area
was not feasible with the black and white infrared film because the
film's high speed required absolute darkness for loading and unloading

the cameras. This lighting condition was not possible in the aircraft.

Interpretation of Near-Infrared Photography for
the Identification of Gypsum Qutcrops and
Soil

A1l of the gypsum outcrops are vegetated and generally associated
with a thin gypsiferous soil horizon. Most other gypsiferous soils
within the study area are also overgrown by vegetation. The plant
species indigenous to these gypsum outcrops and soil are distinctly
different from the vegetation which dominates the surrounding non-gypsum
soils. This is not unusual since gypsum often supports a distinctive
flora (Barber, 1975). The association of certain plants with gypsum
was studied by Barber (1975) in Greer, Harmon, and Jackson counties of
southwestern Oklahoﬁa as previously reported in chapter two.

Five plant species were found growing only on gypsum outcrops and
soil in the study area of this report. ‘These were:

Arenaria stricta, Allium drummandii, Chrysopsis villosa,

Hymenoxys linearifolia, and Opuntia compressa (Tyrl,

oral communication, 1979).

Two of the five species were also listed by Barber (1975) as having
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been collected from gypsum soils. She reported that Chrysopsis villosa

(golden aster) was found only on gypsum sc¢il and Opuntia compressa

(prickly pear cactus) was collected from both gypsum and redbeds in her
study area. The remaining three species were not identified as common
to gypsum soils in her report, however she noted that her list was not
necessarily complete since her work covered only one season and many
years would be required to compile a complete list of gypsum indicator
plants of central and southwestern Oklahoma.

Examination of the color near-infrared aerial photography revealed
that the gypsum indicator plants produced a unique spectral signature.
The anomalous plant communities registered as a light to dark mottled
blue on the high altitude color transparenciesl The vegetated gypsum
soils are easily distinguished and completely discriminated from all
other features.

The gypsum indicator species produced a light to dark mottled blue
and green color on the prints of the low altitude photographic mosaic.
The quality of the color reproduction of the prints and of the 35 milli-
meter slides from which the brints were enlarged was not as good as
that of the high altitude transparencies. This was attributed to auto-
matic color film processing of the slides and prints as well as the .
photographer's inexperience with infrared photography. Of the Tow alti-
tude photography, the color quality of the original 35 millimeter slides
was better than that of the enlarged prints. This was also attributed
to the nature of automatic commercial film processing.

In spite of the lower quality of the low altitude color photograﬁhy,
the vegetated gypsum areas were completely discriminated from all other

features. Smaller areas of anomalous gypsum plant communities could be
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distinguished on the low altitude photographs than on the high alti-
tude transparencies as a result of higher resolution.

The exposed gypsiferous (non-vegetated) soil sites yielded a pale
yellow to white color on both the high and low altitude color photo«
graphy. The exposed gypsiferous soils are easily distinguished on the
color near-infrared photography but it could not be completely discrim-
inated from other non-vegetated soils.

The zones of gypsum indicator plants produced dark mottled grey
tones on the low altitude black and white near-infrared photographs.
The areas of anomalous plant communities can be easily distinguished
on the black and white prints, but they cannot be discriminated exclu-
sively because other types of vegetation exhibit the same spectral
signatures.

Exposed gypsiferous soils registered as light grey tones on the
black and white photography. The exposed gypsiferous soils are easily
distinguished on the black and white prints; but, as in the case with
the color near-infrared photography, it was not possible to discriminate |

exposed gypsiferous soils from other non-vegetated soil types.

Comparison of Color and Black and White

Near-Infrared Photography

A comparison of a low altitude color near-infrared photograph
With a black and white near-infrared photograph of the same section
(Figure 3) illustrates the greater discrimination capability of color
near-infrared photography. The vegetation exhibited by the two small
dark grey "oxbow" ellipses in the small encircled area near the right

center of both photographs are brush and shrubs which are not common
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to gypsum soils. The blue-green mottled color within the larger en-.
circled area near the left center of the color photograph and the mix-
ture of light to dark grey tones of the equivalent area on the black and
white photograph represent the anomalous gypsum plant communities.

Both areas are easily discriminated because of their different colors in
the color photograph. In the black and white photograph, both areas
display the same grey tone and so it is not possible to differentiate

the two types of vegetation using black and white infrared photography.

Evaluation of Color Near-Infrared

Aerial Photography

A map of vegetated gypsum outcrop and soil was prepared from each
type of the color near-infrared aerial photography (low and high alti-
tude) in order to evaluate the potential of the two remote sensing
techniques as data bases for developing non-point source water pollu-
tion maps.

The High Altitude IR Gypsum Outcrop and Soil map (Plate I) was
prepared using the high altitude color transparencies (1:120,000).
These transparencies were used as a guide to distinguish the areas
of anomalous gypsum plant communities and used in conjunction with
black and white aerial photographs (1:24,000) to delineate vegetated
gypsum outcrops and soil. The map was prepared at a scale of 1:24,000
on stabline and included the southern end of the Tonkawa watershed
and northwestern half of the Little Washita River Watershed.

The Low Altitude IR Gypsum Outcrop and Soil map (Plate II)
was prepared using the low altitude color photographic mosaic.

By overlaying the mosaic with stabline, the anomalous vegetated
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gypsum areas were distinguished and mapped at .a scale of 1:20,000.
The map was photographically reduced to a scale of 1:24,000 on matte
acetate and includes the southern end of the Tonkawa watershed and
northwestern half of the Little Washita River Watershed.

The areas on the color aerial photography which displayed the
spectral signatures of gypsum indicator plants were field checked in
order to establish the ground truth of the color near-infrared signa-
tures. All of the areas which exhibited the spectral signatures of
the gypsum indicator plants were found to accurately delinate the ve-

getated gypsum outcrops and soil.
Supervised Classification

Landsat scenes were selected from two different periods of the
year in order to evaluate the effects of soil moisture variation and
seasonal vegetation changes upon the classification of all gypsiferous
soil types. The scenes selected were Landsat I scene E1706-16332 for
June 29, 1974, and Landsat III scene E30004-16290 for March 9, 1978.
Vegetation is in full foliage during June but is dormant in March with
the exception of wintér wheat. The June scene exhibits dry soil mois-
ture conditions. No rainfall was recorded in the study area for a
period of 12 days prior to the acquisition of the scene. The March
scene represents wet soil moisture conditions. Approximately 3/4 to

1 inch of rain fell throughout the study area on March 7, 1978.

Identification of Ground Cover Classes

The first step in the development of the supervised classification

was the identification of all significant ground cover classes in the
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study area for each scene. The identification of ground cover classes
was made from an examination of supplementary data sources (ground
truth) which included:

United States Department of Agriculture (USDA) Agri-

cultural Stabilization and Conservation Service (ASCS)

578 forms (crop records) of 1974 and 1978

- May, 1974 black and white ASCS (USDA) aerial photographs
(1:24,000)

May, 1973 NASA High Altitude Color Near-Infrared aerial
photographs (1:120,000)

Soil Conservation Service (SCS) soil maps of Caddo and
Comanche counties

The ground cover classes used for the supervised classifications of

each scene are listed in Tables I and II.

Delineation of Ground Cover Classes

Five ground truth maps (1:24,000) were prepared which delineated
the ground cover identified within the study area. These maps are:

High Altitude IR Gypsum Qutcrop and Soil Map,
Plate I

Vegetated Gypsum Outcrop and Soil Map, Plate III
June 29, 1974 Ground Truth Map, Plate IV
March 9, 1978 Ground Truth Mqé? Plave V

011 Well and Sforage Tank Si%éﬁMap, Plate VI

High Altitude IR Gypsum Outcrop and Soil Map. The High Al-

titude IR Gypsum Outcrop and Soil Map (Plate I) delineates the

vegetated gypsum outcrops and soil and the exposed gypsiferous soil.
Exposed gypsiferous soil sites were mapped using the Soil Conservation

Service soil maps of Caddo and Comanche counties and black and white

aerial photographs. The map includes the southern portion of the



TABLE I
GROUND COVER CLASSES FOR JUNE 29, 1974

Classes

Vegetated gypsum outcrops and soil
Exposed gypsiferous soil

Town

Water

Dense woodland

Moderately dense woodland

Sudan

Alfalfa

Cotton

May maize

Bare ground and June maize
Improved pasture

Unimproved pasture

0il1 well and storage tank sites

TABLE 11
GROUND COVER CLASSES FOR MARCH 9, 1978

Classes

Vegetated gypsum outcrops and soil
Exposed gypsiferous soil

Town

Water

Dense woodland

Moderately dense woodland

Sudan

Alfalfa

Cotton

Maize

Wheat

Improved pasture

Unimproved pasture

0i1 well and storage tank sites
Barley

Oats

37
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Tonkawa watershed and northwestern half of the Little Washita River

watershed.

Vegetated Gypsum Qutcrop and Soil Map. The Vegetated Gypsum Out-

crop and Soil Map (Plate III) delineates only vegetated gypsum outcrops
and soil. The vegetated gypsum areas were mapped at a scale of 1:24,000
from Soil Conservation Service soils maps of Caddo and Comanche coun-
ties. Black and white aerial photographs were used to distinguish
between vegetated and non-vegetated gypsum areas. The map includes

the southern end of the Tonkawa watershed and northwestern half of the

Little Washita River watershed.

June 29, 1974 Ground Truth Map. The June 29, 1974, Ground Truth

Map (Plate IV) delineates all significant typeé of ground cover (i.e.,
perennial native vegetation, cultivated fields, water bodies, and urban
districts) present in the Tonkawa watershed on June 29, 1974. The
location of all cultivated fields and the identification of the ground
cover exhibited by the field (i.e., plowed, newly planted, or crop type)-
was made by a simultaneous examination of the Agricultural Stabilization
and Conservation Service's 578 forms (crop records) and black and white

aerial photographic coverage of the Tonkawa watershed.

March 9, 1978 Ground Truth Map. The March 9, 1978, Ground Truth

Map (Plate V) delineates only ground cover which is different from that
noted in the June period due to seasonal agricultural practices within
the Tonkawa watershed. The .identification of the ground cover exhibited
by all cultivated fields on March 9, 1978, was made using the same pro-

cedure which was used to identify the agricultural ground cover for the



39

June, 1974 Ground Truth Map (Plate IV). The ground cover which remains
constant in location (perennial vegetation, water bodies and urban dis-

tricts) was not delineated.

0il Well and Storage Tank Site Map. 0il and gas well sites and

storage tank locations were delineated on the 0il Well and Storage
Tank Site Map (Plate VI) using black and white aerial photos (1:24,000)
of May, 1974. The map was prepared at a scale of 1:24,000 and includes

the northwestern half of the Little Washita River watershed.

Assignmént of Training Sets

A training set was assigned to each of the ground cover classes
with the exception of the vegetated gypsum outcrops and soil. Two
training sets were assigned to the vegetated gypsum class. The two
sets were required in order to evaluate the suitability of two differ-
ent sources of ground truth for the vegetated gypsum outcrops and soil.
The two sources used for vegetated gypsum ground truth were the Soil
Conservation Service soils maps of Caddo (April, 1973) and Comanche
(August, 1967) counties and the High Altitude IR Gypsum Outcrop and
Soil Map.

Two groups of training sets were organized for each Landsat scéne.
The two groups for each scene were labeled Soil and IR to identify
which ground truth source was used for the vegetated gypsum class.
Tables IIT and IV Tist the training sets of the Soil and IR groups for
the June and March scenes. Because of differences in ground cover be-
tween June and March, the training set groups of the June and March

scenes are not identical. The resulting four training set groups were



TABLE III

TRAINING SETS FOR JUNE 29, 1974

Training .
Set Group Soil IR
Class Training Class Training
Symbol Set Symbol Set
1 Vegetated Gypsum Qutcrop and Soil 2 Vegetated Gypsum Outcrop and Soil
(from SCS soils maps) (from High Altitude IR Map)
3 Exposed Gypsiferous Soil 3 Exposed Gypsiferous Soil
4 Town 4 Town :
5 Water 5 Water
6 Dense Woodland 6 Dense Woodland
7 Moderately Dense Woodland 7 Moderately Dense Woodland
8 Sudan 8 Sudan
9 Alfalfa 9 Alfalfa
A Cotton A Cotton
B May Maize B May Maize
C Bare Ground and June Maize c Bare Ground and June Maize
D Improved Pasture ’ D Improved Pasture
E Unimproved Pasture E Unimproved Pasture
F 0i1 Well and Storage Tank Sites

0]



TABLE IV
TRAINING SETS FOR MARCH 9, 1978

Training

Set Group Soil IR
Class Training Class Training
Symbol Set Symbol Set
1 Vegetated Gypsum Outcrops and Soil 2 Vegetated Gypsum Qutcrops and Soil
(from SCS soils maps) : (from High Altitude IR Map)
3 Exposed Gypsiferous Soil 3 Exposed Gypsiferous Soil
4 Town 4 Town
5 Water 5 Water
6 Dense Woodland 6 Dense Woodland
7 Moderately Dense Woodland 7 Moderately Dense Woodland
8 Sudan 8 Sudan
9 Alfalfa 9 Alfalfa
A Cotton A Cotton
B Maize B Maize
C Wheat C Wheat
D Improved Pasture D Improved Pasture
E Unimproved Pasture E Unimproved Pasture
F 0i1 Well and Storage Tank Sites G Barley
G Barley H Oats
H Oats

Ly
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labeled June Soil, June IR, March Soil, and March IR.

Delineation of Training Sets

The third step in the organization of the supervised classifica-
tion consisted of delineating training sets from the ground truth maps
onto two grids. The grids which consisted of 10 columns per inch in
the horizontal direction and eight lines per inch in the vertical di-
rection were produced by the computer line printer for the Landsat
scenes to serve as reference sources for geographical coordinates (line
and column numbers). The coordinates were used to designate the loca-
tions of the training sets within the Landsat scenes and to geometri-
cally correct the Landsat greyscale images. The grids were geographi-
cally referenced to the study area by overlaying each one on a topo-
graphic map and drawing in the section lines. The corresponding sec-
tion lines of the'ground truth map and grid served to reference the map
and grid to each other. By overlaying each grid sequentially on the
ground truth maps appropriate for each scene, the training sets were
delineated on their respective grids.

The locations of most of the ground cover classes (water, urban
districts, perennial vegetation, pasture, oil well and storage tank
'sites, and gypsum) are the same for both scenes. Only the agricultural
classes change in distribution between June and March. Therefore, the
only training sets which were to be delineated on separate grids for
each scene were those for the agricultural classes. The training sets
for all the June ground cover classes were delineated on the June grid.
Only the March agricultural training sets were delineated on the March

grid. The computer classification program is used to obtain the com-
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plete March training set data by updating the previously processed June

training sets.

Digjtiiation of Training Set Data

The fourth and final step in the development of the supervised
classification involved digitizing the training sets. The training
sets were digitized by compiling the coordinates of each area which
served as part of a training set. The digitized data was recorded
on computer cards to serve as the training set data for the classifi-

cation progrém.
Format of LANDSAT Imagery

The two formats of Landsat imagery used in this investigation
were black and white photographic prints and digital data stored on
computer-compatible tapes (CCT). The multispectral composition of
each Landsat scene consists of four channels or bands of the electro-
magnetic spectrum labeled four, five, six, and seven. The spectral
limits of each band are 0.5 to 0.6, 0.6 to 0.7, 0.7 to 0.8, aﬁd 0.8
to 1.1 micrometers (10“6 meters) respectively. Each Landsat scene con-
sists of approximately é;581,600 data points or pixels (picture ele-
ment) arranged in a mat;%x consisting of 2,340 Tines of approximately
3,240 columns. Each pixel represents the average reflectance of 1.1
acres.

For storage on computer-compatible tapes, each Landsat scene 1is
divided into four vertical strips of equal column width. The digital
data of all four bands from each strip is organized into a separate

file (dataset). The resulting four files are stored sequentially on
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on the CCT, so that the first file represents the leftmost strip of the

scene.

Computer Processing Programs

Pre-classification computer processing and enhancement techniques
were applied to the digital data of the two scenes in order to eliminate
unnecessary data and to correct radiometric and geometric distortions.
After the enhancement and correction techniques were completed, the
supervised classification of the digital data was executed in two
sequential phases. The programs used in this analysis of Landsat digi-
tal data included GODDARD, FRAME, GREYSCALE, SMOOTH, REGISTER, TRANS-
FORMATION, and DELIN, all of which are described in the following sec-
tions. The DELIN program was used several times with different options
identified as DELIN-merge, DELIN-subscene and DELIN-classification. The
analysis flow chart shown in Figure 4 illustrates the sequence of pro-
cedures used for automatic data processing and the development of the
supervised classification. The computer program listings appear in
Appendix A and the job control cards for the programs are listed in

Appendix B.

GODDARD (Recombination of Landsat CCT Files)

The digital data of a Landsat scene is organized into four files
on the computer-compatible tapes (CCT) received from the Earth Resources
Observation Systems (ER0OS) Data Center at Sioux Falls, South Dakota.
In order to simplify all further computer processing, the GODDARD pro-
gram was used to combine the original four files into one file. The

resulting single file of data was labeled the "GODDARD" dataset.
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