














E-2 (cont'd)

7. Electro-optical Remote Sensors with Related Optdcal Sensors; 8. Imaging

and Nonimaging Sensors; 9. Microwave Remote Sensors; 0. Platforms for

Remote Sensors; 11, Communications for lmaging Systems; l2. Remote Senscr

Data Systems, Processing, and Management; and 13. Ground lnvestigations in
Support of Remote Sensing. Volume 11, "Interpretation and Applications,"

of 1277 pages is organized into 13 more chapters: 1l4. Fundamentals of Image
Interpretation; 15. Cartographic Presentation of Remote Sensor Data; 16.
Terrain and Minerals - Assessment and Evaluation; 17. Forest Lands - Inven-
tory and Assessment; 18. Range Resources — Inventory, Evaluation, and Monitor-
ing; 19. Water Resources Assessment; 20. The Marine Enviromment; 21. Weather
and Cllmate - Measurement and Analysis; 22. Crops and Soils; 23. Urban
Environments — Inventory and Analysis; 24. Engineering -~ Regional Inventories,
Corridor Surveys, and Site lnvestigations; 25, Regional Analysis; and 26.
People: Past and Present. The Maruol provides tables, figures, and both black-
and-white and color photographs. Extensive bibliographies are given as is

an extensive glossary of technical terms.

remote sensing remote sensor systems
aerial photography applications
image analysis ground truth

automated data processing

E-3  Anderson, J. E. 1975. Delineution of rForest Cover Types Based On
ERTS-1 Multispectral Scammer Data. M.S. Thesis, Forest Resources
Dept., Penn. State Univ., University Park, PA. 75 pp.

Two classification algorithms (DCLASS and CANAL, both developed at Penn. State
Univ.) were investigated for potential application to analysis of ERTS-1 MSS
data for delineating forest cover types in an 8,100 ha. study area in central
Pennsylvania. Both systems generate classification maps of selected printed
gymbols, each representing a particular ground target category. Two sets of
single season data (Oct., 25, 1973 and May 16, 1973) and data merged from these
two seasons were analyzed. Ground truth was determined from the aerial photo-
graphy (altitude 12,600 ft.) with color and CIR transparencies, and from tim-
ber type maps from the State Bureau of Forestry. Color infrared traunsparen—
cies were more useful than those in color. 1t was found that DCLASS, a
Euclidian classification algorithm used to analyze untransformed MSS data,

was of limited value, but it might be used for areas where vegetation is
fairly homogeneous. CANAL, a canonical classification algorithm using trans-—
formed MSS data, resulted in accuratc classification for both single scason
MSS data and for merged data. The discriminatory power of this appreach is
much greater than single Kuclidian distance classification. CANAL is re-
commended for use in delineating forest cover types in areas with mountainous
topography and/or heterogeneous vegetation.

remote sensing multispectral scanner
ERTS-1 data ground truth

forest cover typing aerial photography
algorithms color photography

color infrared photography Pennsylvania
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E-4  Anderson, J. R., et al. 1976. A Land Use and Land Cover (lassification
System for Use With Remote Sensor Data. USGS Professional Paper
964, USGS, Washington, D.C. 28 pp.

The organization of a land use and cover classification system for use with
remote sensing information is discussed. The system has been designed to
meet the needs of State and Federal agencies, and was developed with certain
criteria: (1) the minimum level of interpretation accuracy from remote sen-
sor data should be at least 85% (2) the degree of accuracy between categories
should he about equal:; (3) results should be repeatable and reproducible;

{4) there should be flexibility enough to allow for seasonal data as well as
different platforms. The system itself 1s a hierarchy of four Iinformation
levels according to the data type (spaceborne, high, medium, and low alri-
tudes). Level I has been structured into nine broad land use and cover
categories with Level II having 37 subcategories. Levels TTI and IV, repre-
senting levels of more refined, precise, and accurate identification and
classification, have been left open-ended to allow the user to tailor the
system to his reguirements. Extensive descriptions of the land use and cover
types at Levels I and Il are given. Also, a color coding system ucing Munsell
notation is suggested for Level I maps.

land use classification cultural resources
remote sensing aerial photography
low altitude land use
medium altitude mapping
high altitude satellite sensing
natural resources LANDSAT

E~5  Anson, A. 1965. Comparative Photointerpretation from Panchromatic,
Color, and Fktachrome IR Fhotography. in Proe. 31st Annual Meeting
American Society of Photogrammetry, 33 pp.

In 1964 a cooperative project was undertaken by the Color Photography Com-
mittece of the American Society of Photogrammetry and the U.S. Army Engineer
Geodesy, Intelligence and Mapping Research and Development Agency Lo compare
photointerpretations from BW, color, and CIR aerial photography. An RC-130
aircraft furnished by the U.S, Alr Force was used as a camera vehicle over
the 30 mi.2 Bennettsville, SC test area. A Fairchild KC-4 canera, equipped
with a Geocon color corrected lens, was used for the BW photographs. A Wild
RC-8, equipped with an Aviogon color corrected lens and an anti-vignetting
filter, was used for the color and CIR photography. The aerial photography
was obtained over a three week period at platforms of 2,500, 10,000, 20,000
and 30,000 ft. above mean terrain (AMT). After processing by the Cecast and
Geodetic Survey it was found that only the 10,000 foot aerial photographs were
suitable for photointerpretation. Two photeinterpreters prepared maps at the
1:20,000 photo scale for each of the following: drainage, vegetation, soils,
and cultural features. Further, they analyzed 42 selected photopoints for
which ground truth data had been collected on vegetation (tree height, dia-
meter, spacing, species, and general ground cover), soil type, moisture con-
tent, and surface drainage. All interpretations, mappings, and analyses were
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made over a six month period using the BW prints, color and CIR transparencies
in that order. It was found that CIR aerial photos revealed the greatest
amount of drainage detail and afforded a more rapid and accurate means than
either BW or color. The confidence level for drainage interpretation was
highest using CIR photos. The vegetation maps prepared from BW and color
films were nearly identical; the ones from CIR showed almost twice the detail.
Further, while only two classes of cropland could be mapped from 8W and color,
there were four classes with CIR. While the cultural maps from each film type
were comparable, the photointerpreters found working with color and CIR to be
more satisfactory in speed and confidernce. Numerical analysis of the infor-
mation from the 42 preselected photo points showed that CIR provided 22%
greater correct responses than did BW; the color aerial photos compared favor-
ably with the CIR. Recommendations for future similar studies included con-
siderations toward controlled sensitometry; analysis of several test areas;
and employing a group of two or more photointerpreters with similar exper-
ience and capability.

aerial photography vegetation mapping
photeointerpretatiorn: drainage analysis
black-and-white photography soils mapping
color photography South Carolina

color infrared photography

E-6  Anson, A, 1970. C(olor Aerial Photos in the Recomnaissance cf Soils
and Hocks. Photogrammetric Engineering, 37(4):343-354,

The utility of color aerial photography in geologic and pedologic applica-
tions is discussed. Several controlled tests were conducted in eastern South
Carolina and western Arizona to demonstrate the usefulness of color films. In
June 1964, 1:20,000 scale aerial photography was conducted using three film
types: BW, color, and CIR. A group of photointerpreters was asked to analyze
the imagery types without ground truth and prepare drainage, vegetation, and
soils maps. They concluded the CIR photographs afforded a rapid and accurate
means of mapping not only drainage, but also moist soils. Discrimination of
vegetation types was better with CIR than with normal color and BW. Soils maps
prepared from the color and CIR photos provided the maximum number of detailed
areas. The photointerpreters were also asked to identify 42 preselected photo
points (ground truth provided by Army Map Service Engineers). The correct
responses using CIR photos were 22% greater than with BW; also color provided
a 20% higher accuracy than BW. In a secound effort, cartographic cameras

(Wild RC-8 and Fairchild KC-4) were operated simultaneously at 10,000, 20,000
and 30,000 ft. using BW, color, and CIR films. Analysis of the photographs
from the three platforms required 48.5 hours (225 hrs. for 30,000 fr; 13 hrs.
for 20,000 ft; and 13 hrs. for 10,000 ft)}., Features identified and recorded
were soils, vegetation, landforms, drainage patterns, land use, surface
materials, geology, and cultural features. At the time of this report, work
was continuing to complete a detailed analysis of the study area.
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aerial photography soils
color photography geology
color infrared photography mapping
black-and-white photography Arizona
reconnaisgance surveys South Carolina

E-7 Anson, A. 1976. Applications of Color and Multispectral Technigues.
Photogrammetric Fngineering and Remote Sensing, 42(4):513-523.

The requirements for Military Geographic Intelligence are as broad and varied
as the disparate elements of the terrain. The type of information required
cannot always be extracted from conventional aerial sensors. With color
aerial photography the dimension of hue is added to those of length, width,
shape, texture, and shadow. A newly fabricated aerial cartographic camera
with color correction capabilities (KC-4B) and equipped with Automatic Expo-
sure Control is described. Another method of collecting aerial color photo-
graphy, through the use of BW imagery by multiband combination, is discussed.
Design and fabrication of the multiband camera is complete; a viewer is under
contract, A third method for extracting color information from the terrain
by color coding techniques which are used to make an optical record of the
spectral reflectances is also discussed; preliminary results are given. The
purpose of the entire program 1s to optimize the collection of color aerial
photography for man-machine processing with maximum resolution. (Author)

aerial photography color photography

camera color infrared photography
multiband photography sensor systems
black-and-white photography multispectral photography

E-8 Avery, T. E. 1977. Interpretation of Aerial Photographs. 3rd ed,
Burgess Publishing Co., Minneapolis, MN. 392 pp.

This text offers a basic course in aerial photograph interpretation. Products,
techniques, camera systems, and various applications are described —-- sowme in
more detail than others. The book is organized into 15 major chapters:

(1) Photography, Films, and Filters; (2) Orientation and Study of Aerial Photo-
graphs; (3) Photo Scale and Stereoscopic Parallax; (4) Stereograms, Shadow
Heights, and Areas; (5) Flight Planning (including technical specifications

for aerial photography}; (6) Planimetric and Topographic Mapping; (7) Nonphoto-
graphic Imaging Systems; (8) Land Information Systems and Land-cover Mapping;
(9) Prehistoric and Historic Archeolegy; (10) Agriculture and Soils; (11)
Forestry Applications; (12) Landforms and Physiographic Features; (13) Fngineer-
ing Applications and Mining Patterns; (14) Urban Industrial Patterns; and (15)
Air Intelligence and Military Target Analysis. A glossary, conversion tables,
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and a sample short-course outline also are provided. Black-and-whire
photographs (some stereograms), figures, and tables are used liberally to
illustrate the applications discussed. Some color plates are included. Also,
where used in the text, measurements are given in metric uuits.

aerial photography photogrammetry
photointerpretation flight planning
education land use mapping
black-and-white photography archeology

coler photography agriculture
color infrared photography soils
electromagnetic spectrum forestry

geclogy engineering

E-9 Cheeseman, C. E., Jr. 1973. 4 Performance and Cost Analysis of Air-
eraft and Satellites for Operaltioval Earth Rescurces Systems. in
Proc. Symp. on Management and Utilizatiom of Remcle Sensing Data,
Sioux Falls, SD. pp. 1-16.

The development of an analysis system to determine airecraft and spacecraft
cost and performance for surveying Earth resources is described. Twenty
variables of user requirements, ranging from length and width of target in
lkm., to number of spectral channels required, to maximum total elapsed time
for accomplishing the sensing, are listed for inclusion in the model; each

is described. A description of the spatial and temporal relationships of

the carriers to target requirements is given and algorithms for obtaining
values of the cost elements of the gystem are enumerated. The model was
applied to two test cases, one inveolving imaging the United States every 18
days at resolutions between 2 and 5 m.; the other involved sun-synchronously
imaging varying numbers of small (100 km.z) targets evenly distributed over
the U.S. with various resoluticn requirements. It was concluded that satel-
lites require 2 substantially higher coverage rate than alrcraft to become
efficient; imaging the total U.S5. (or a larger area) at anything but the high-
est resolutions is better done by satellite. At sub-U.5. levels, or with inter-
mittent coverage, aircraft are likely to offer the better solution. Also
satellites must be capable of looking obliquely to service small high resolu-~
tion targets. Coupling an oblique-look capability with tuning of the orbit
to provide both long and short term cycles of target coverage is recommended
as a promising technique for satellite coverage of both scattered small tar—
gets and large contiguous areas.

remcte sensing used requirement
cost effectiveness test target
aircraft sensing algorithm

satellite sensing
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E-10 Chren, W. A. 1975. 4 Comparative Evaluation of Faliern Recognition
Computer Algorithms for Remote Sensing Applications at ORSER,
M.S. Thesis, Elec. Enprg. Dept., Penn. State. Univ., University
Park, PA., 172 pp.

The objective of this study was to compare analytically and experimentally
the various remote sensing data analysis programs developed at the Office
For Remote Sensing of Earth Rescurces (ORSER) at the Pennsylvania State
University. General discussions of pattern recognition and remote sensing
are given, followed by detailed descriptions of the ORSER computer software.
The actual processing strategies were tested by applying them to ERTS multi-
spectral scanner (MSS) data., Nine land classes were determined from low
altitude CIR photographs at a scale of 1:31,200. These served as a source
for ground truth information. TIn a further study, a CTR photograph taken by
SKYLAB served as ground truth for the ERTS data. All analyses were conducted
with seasonally compatible data. Preprocessed MSS data resulted in the most
accurate classification (91%). Other unpreprocessed classifiers resulted in
accuracies of 76 to 87%, and some classifiers were more accurate than others
for certain land classes.

automatic classification SKYLAB

pattern recognition computer program
ERTS ground truth
color infrared photography data analysis
aerial piotography Pennsylvanla

remote sensing

E-11  Copgeshall, M. E., R. M. Hoffer, and J. S. Berkebile. 1974. A Com-
parison Letween Digitized Color Infrared Photography and Mulii-
spectral Scanner Data Using ANP Techniques., The Laboratory for
Applications of Remote Sensing, Purdue University, West Lafayette,
IN. LARS Info. Note 033174. 13 pp.

High altitude (60,000 ft.) CIR aerial photographs were comparcd with MSS data
using ADP techniques in correctly classifying six land use types (deciduous
and coniferous forests, water, and forage, corn, and soybean crops). A NASA
RB-57 aircraft was used to collect 1:120,000 aerial phaotographs. The MSS on
thhe ERIM aircraft was used 22 minutes later at an altitude of 5,000 ft. The
test area comprised some 6,400 a. and was about 60% forested. The CIR trans-
parencies were subjected to a color separation process which resulted in

three BW transparencies which, In turn, were digitized using a scanning micro-
densitometer with a 50 pm perture. The M5S used had twelve channels, but

only the three approximating the wavelength sensitivities of the CIR film were
used (.52 to .57 um, .61 to .70 um, and .72 to .92 um). Using a computer
operated image analysis system, 62 training samples were selected from the MSS
digital data to develop the classification criteria as were 58 from the CIR
digital data. Overall correct classification for the six land classes was
80.5% for the three MSS channels and only 47,5% for the CTR data. There was
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a significant amount of classification confusion with the CIR data, while
there was good separation with the MSS data. Results auggested a greater
potential for accurate identification of terrain features using M3S data with
ADP techniques than using digitized, multiemulsion CIR aerial photography.
This can be best explained largely by the greater dynamic range and higher
spectral resolution of the scanning system. The authors also noted that more
accurate classification results were achieved by using other combinations of
the MSS channels.

color infrared photography spectral resolution
multispectral scanner image analysis
automated data preocessing digital image
aerial photography algorithm

high altitude classification

E-12  Drackett, K. T., W. D. Gregg, and J. Bale. 1975. Practical Applica-
tions of Low, Mediwn, and ligh Altitude Alrevaft Remote Sensing
Data to Land Use Flanwing. in Remote Sewnsing of Earth Resources,
4:203-231. Tenn. Space Inst,, Tullahoma, TN.

A land use inventory program should incorporate three distinct data sources
to provide accurate information for planning purposes: (1) remote sensing
imagery; (2) field surveys; and (3) collateral data. Remote sensing imagery
can be grouped into three classes: small scale (<1:60,000) for state,
regional and other broad-scale applications; medium scale (1:60,000 to
1:12,000) for county wide and moderately detailed studies; and large scale
(»1:12,000) for detailed surveys or for specialized problems. Each scale
offers particular advantages and disadvantages for different types of appli-
cations. Field surveys, or ground truth, provide supportive data for the
land use 1nventory. Preliminary photointerpretation will increase famillarity
with the study areas and decrease the amount of field survey time required.
Field surveys also include observations made from light aircraft and helicop-
ter. Collateral data is defined as qualitative and quantitative Information
extracted from previously compiled data which serve as inputs to the land use
inventory. Collateral data can often be difficult to collect and manipulate
and should be used selectively. Four case studies demonstrating the use of
various scales and types of remote sensing imagery in land use planning are
presented., In Maryland, small scale NASA U-2 CIR aerial photographs were used
to generate manuscript land use maps and digital land use data. A key aspect
of this study was the utility of remote sensing as a planning tool in the
early stages of a state wide land use inventory strategy development. In
Louisiana, small scale NASA U-2 CIR aerial photographs were used to delineate
wetlands and identify significant natural and cultural features in Jefferson
Parish. Multidate low and high oblique photographs were used as a decision-
making aid. TIn San Bernadineo, California, medium and large scale CIR aerial
photographs were used to prepare land use maps for regional plapning and for
electric power demand projections. And in New Castle County, Delaware, small
scale CIR and large scale BW aerial photographs were used in the provision of
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land cover data for the identification of non-point water pollution sources
and permeability coefficients to be incorporated in the EPA Sec. 208 program
for the county. From the illustrations provided in the case studies, it was
concluded that ezerial photography plays important roles as a primary data
source by providing inventory information during initlal processes of goal
formation or problem identification, a source for inventory data, a graphic
base for information storage, a means of displaying data for communicative
purposes, and as a monitoring device.

Temcte sensing ground truth
aerial photography collateral data
small scale land use planning
medium scale land use inventory
large scale California

color infrared photography Louisiana
black-and-white photography Maryland

E-13 Elifrits, C. D. and D. J. Barr. 1978. 4 Mwwal for Inexpensive
Methods of Analyzing and Utilizing Remote Sensor Dula. Dept., of
Mining, Petroleum, and Geologic Engrg., Univ., of Missouri-Rolla,
Rolla, MO. 26 pp.

This manual is intended to serve as a guide to remote sensing equipment and
interpretation techniques. Brief descriptions, often including approximate
cogst information, are given for different stereoscopes, light tables, addi-
tive and subtractive color viewers, transfer instruments, and drafting and
cartographic equipment and supplies. Also, a brief discussion of the analy-
sis of aerial photographs and LANDSAT imagery and their application in land
use mapping engineering soils studies, geologic and water resources mapping,
environmental impact assessment, and agriculture is presented.

remote sensing equipment
imagery analysis

E-14 Enslin, W. R., §. E. Tilman, R. Hill-Rowley, and R. H. Rogers. 1977.
A Procedure for Merging Land Cover/Use Data from LANDGAT, Aerial
Photography, and Map Sources: Compatibility, Accuracy, and Cost.
Bendix Aerospace Syst. Div., Ann Arbor, MI. 10 pp.

Aerial photograph, map, and satellite sensor data sources: each has advan-
tages and limitations in the development of land use/cover information for
regional planning purposes. Automated data processing (ADP) of LANDSAT MSS
data is a fast, low cost, method of producing general land cover maps and
tabular data. Conventional interpretation of and information extraction from
aerial photographs and existing resource maps is a more time consuming and
expensive procedure than is ADP of MSS data, but usually provides a more
detailed classification with a higher level of accuracy and reliability. An
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ideal Natural Resource Information System (NRIS) would involve a structured
merging of information from TANDSAT, aerial photographs, and maps. A 13-
task program for producing geocencoded land use/cover maps from computer pro-
cessing of LANDSAT data is discussed, as is incorporating additional infor-
mation derived from aerial photographs and maps. The requirements are: (1)
land use classification with at least an 85%Z accuracy; (2) identification of
additional categories or of higher accuracy not achievable with LANDSAT; and
(3) evaluation of the accuracy, time and cost associated with applying the
integrated inventory. Such a study is heing undertaken in Michigan using

the U.5. Geological Survey Land Use Classification System, The overall theme
in developing land use maps by merging data sources is to identify a combina-
tion of data sources and procedures that provide a more detailed, accurate,
and cost effective land cover/use inventory compared with deriving all the
data from a single source.

aerial photography mapping

LANDSAT classification accuracy
automated data processing efficiency

resource inventory Michigan

land use inventory

E-15 Estes, J. E. and L. ¥W. Senger, Eds. 1974, Remote Sensing: Techniques
for Envirvornmental Analysie. Hamilton Publishing Co., Santa Barbara,
CA. 340 pp.

This book is a collection of papers from various disciplines of remote sensing.
The text includes 12 chapters each by a different author, and addresses the

state of the art of remote scnsing applications. It was not organized to serve

as a comprehensive text in remote sensing. The 12 sections, each preceded by
a synopsis, are as follows: (1) Developing Geographical Remote Sensing; (2)
Imaging with Photographic and Nonphotographic Sensor Systems; (3) Quantiltative
Data Extraction and Analysis of Remote Sensor Imagery; (4) Remote Sensing of
Natural Resources; (5) Geomorphic-Geologiec Mapping from Remote Sensors; (6)
Interpretation and Mapping of Natural Vegetation; (7) Interpreting Land Use
from Remote Sensor Imagery; (8) Remote Sensing of Agricultural Resources; {(9)
Urban Applications of Remote Sensing; (10) Remote Sensing Techniques and Urban
Data Acquisition; (11) Regional Analysis and Remote Sensing; and (12) Remote
Sensing and Evviromnmental Quality: Problems and Potential. A brief glossary
of remote sensing terms is given in the appendix as is an extensive biblio-

graphy. Also, U.S. institutions and organizations engaged in remote sensing
related activities are listed.

remote sensing vegetation mapping
environmental analysis land use

geography agriculture

Sensor systems urban analysis
natural resources regional analysis
geology image analysis

computer processing
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E-16 Cold, D. P., S. S. Alexander, and R. R. Parizek., 1974. Application
of Remote Sensing to Natural Resource and Enpironmental Problems
in Pennsylvania. Earth and Mineral Sciences, 43(7):49-53.

Examples of geological applications of LANDSAT data in Pennsylvania are given.
Specific attention was given to geologic structures, linear features, hydro-
geologic and engineering studies, ore deposits, and strip and acid mine
drainage. Using a LANDSAT mosaic for the state, researchers at ORSER demon-
strated the capability of certain M55 channels to depict geological phenomena.
Bedrock structures were well defined on midwinter scenes from band 7, while
band 5 imagery at a scale of 1:250,000 depicted the contacts of some litho-
logic boundaries in eastern Pennsylvania to a positional accuracy of (400 m,
In combining the information derived from LANDSAT imagery, aerial photography,
and field studies, six scales of linear features were recognized. QOther ex-
amples and a general description of remote sensing techniques and the electro-
magnetic spectrum are given, In comparing the cost apd manpower requirements
needed to compile a statewide mosaie of imagery from various sensor platforms,
it was found that LANDSAT coverage would require only 14 frames, take 1.5
man-years, and cost only $75,000; low altitude (6,000 to 10,000 ft.) aerial
photograpny weuld involve 20,000 frames, 44 man-years, and $1,000,000., With
a 9" by 9" frame format, the scales of each respective imagerv type would be
1:1,000,000 and 1:12,000,

remote seasing aerial photography
geology low altitude

cost effectiveness Qffice for Remote Sensing
LANDSAT of Earth Resources
multispectral scanner Pennsylvania

high altitude

C~-17  Haas, R. H. and M. C. McCaskill. 1972. Use of Large-Scale Aerial
Photography in Obtatning Vegetalion Information for Uwban Planning.
Remote Sensing Cntr., Texas A&M Univ., College Station, TX. Tech.
Rept. REC-39. 43 pp.

A cooperative arrangement was established between personnel of the Vegetation
Svstems Laboratory (VSL) at Texas A&M University and Ceorge Mitchell and
Associates, Inc. in 1971 in order to perform vegetation analysis via remote
senslng techniques. A key objective of the study was to perform comparative
evaluations of large scale (1:6,000) BW, color, and CIR aerial photographs

in forest vegetation typing. This was accomplished through the interpreta-
tion of each of the imagery types and the compilation of various vegetation
maps for Woodlands-Phase 1 development arca in southern Montgomery County,
Texas. Color aerial photography was flown over the rest area in February
1970; bath BW and color contact prints were made from this film. A CIR aerial
photography mission was conducted in November 1971 over eleven 0.5 a. valida-
tion sites cruised in November 1971. Overstory and understory species
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were catalogued. A study of these plots using all three photograph types in-
dicated that certain land features could be distinguished equally well on all
three; these features included: (1) water, (2) bare ground, (3) ground
covered with litter, grasses, and forbs, and (4) overall forest vegetation.
The primary weakness of BW was the poor differentiation between evergreen
understory and shadow, and overstory separation was limited largely to differ-
entiation between coniferous and deciduous types. Color imagery satisfacto-
rily permitted shadow/vegetarion differentiation and separation of overstory
into similar morphological and phenotypic groups. lnterpretation of CIR
aerial photos provided more accurate information than did either of the other
two imagery types; it further permitted species identification {(especially
with hardwoods); contributing factors included (1) the fact the CIR trans-
parencies were used as opposed to BW and color prints which improved contrast
and resolution, (2) CIR provides a bhetter spectral separation, and (3) the
CIR aerial photography was conducted in a season when the trees were in leaf
whereas the color and BW were not. Based upon the results from the applica-
tions of BW, coleor, and CIR in the preliminary study areas, CIR and color
were used to conduct a vegetation strata study of the Woodland-Phase 1 area
(approx. 6,232 a.). The canopy and understory surveys made with CIR appeared
tc be more reliable than those made with color. In ccomparing the vegetation
identifications made through interpretation of the CTR aerial photos with
ground truth information, it was found that similar morphological or phenc-
typic groups were identified with 93% accuracy while species, a more detailed
level cf identification, were 77% correct.

aerial photography vegetration analysis
black-and-white photography forest inventcery
color photography forest cover typing
color infrared photography Texas

E-18 Hill-Rowley, R., M. Beylan, W. Enslin, and R. Vlasin. 1975. Improved
Resource Use Decisions and Aetions Through Remote Sewsing. in Proc.
NASA Earth Resources Surv. Symp. 1-C:1747~1767, Houston, TX.

Studies conducted at Michigan State University on applications of remote
sensing to improve management decisions on resource uses are described.
Applications are divided into two categories: (1) first generation —-

direct action applications, and (2) second generation -- indirect, delayed
action, multifaceted applications. Making such a distinction is crucial for
justifying proposed undertakings, research design, methodology requirements,
budget allocations, etec.. From activities completed in 1974~75, seven case
studies are reported upon: (1) multi agency river basin planning, (2) corri-
dor assessment for highway routing and improvement of county level planning
decisions, (3) developing improved timber management practices, (4) enforce-
ment of a recently enacted Soil Frosion and Sedimentation Control Act. (5)
measures and procedures for local implementation of the new Farmland and Open
Space Preservation Act, (6) appraisal standards for land value assessment, and
(7) optimizing agribusiness processing plant locaticns. Cases 1 and 2 are
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second generatlon type, case 3 is a combination, and cases 4-7 are first
generation type. Ccleor infrared photographs at several scales from a variety
of sources was used in the studies and personnel from the unser agencies were
included as participants. It was concluded that remote sensing provides
solid, timely, relevant comparative intelligence on land, vegetation and
water characteristics developed on a unified, regional basis. It will be a
matter of routine to update and expand such systems. In case study 2, a dual
product consisting of a general 24 category land cover inventory and a 34
group speclal environments classification was developed. The latter group
provides information about prime agricultural lands, wetlands, steep slopes,
forested areas, critical soil conditions, and areas of prominent soclal
values Ilncluding: (1) developed, commercial, residential and industrial
areas, (2) scenic areas, (3) historic areas, (4) unique wildlife areas, and
(5) precious wilderness areas. TInventory data were derived from 1:36,000
CIR imagery using a four hectare grid and recorded on computer coding forms
especially designed so that up to six land cover and seven special environ-
ment codes could be recorded for each cell. A specific locatlon indicator
was assigned to each cell. The data were used to plan highway corridor loca-
tions with low environmental impact. The land cover inventory and particu-
larly the special environment identifications allow a tremendous variety of
corridor options to be derived and made available for effective local dis-
cussion and evaluatiom,

remote sensing Tand cover

color infrared photography environment

river statute enforcement
water resources open space planning
highway corridor selection tax assessment
highway planning land value

forestry Michigan

E-19  Hootsy, J. R. 1973. A Preprocessing and Classification Syetem for
Remotely Sensed Multispeciral Scanner Data. M.S. Thesis, Elec.
Engrg. Dept., Penn. State Univ., University Park, PA. 177 pp.

Preprocessing of digital remote sensing data is discussed. Preprocessing,
using statistical characteristics ascribed to the data, is described as a
conversion of the raw digital data to facilitate the classification processes,
Preprocessing includes functions such as data dimension reduction, noise sup-
pression, scale corrections, radiometric corrections, etc. Various prepro-
cessing techniques were used with four supervised ORSER classiflcation pro-
grams. Evaluations were made using different combinations of 13 channels of
M35 data from the University of Michigan scanner system. Color and CIR aerial
photographs provided ground truth and information for selecting classes and
training samples. It was concluded that, although generally slower, quadratic
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discriminant functions provided better class boundary detection thau linear
functions. Further, data treated by preprocessing resulted in better classi-
fication results than did data not so treated.

computer program algorithm

multigpectral scanner aerial sensing

pattern recognition color photography

linear discriminant color infrared phetography
remote sensing cluster analysis

F-20  Jeter, F. P. 1975. The Color Negative as a Multi-purpose Tool.
Photogrammetric Engineering, 41(8):1003-1004.

The Oregon State Highway Division (OSHD) has been increasing its use of color
aerial photography. A primec reason for this is the fact that color Film
diapositives increase mapping quality and efficiency because of ease in their
interpretation; with color, shadows do not appear sc dense as in BW and there
is more detail in the lighter areas, resulting in some increase in vertical
accuracy. Color infrared film positives have been found to be a good medium
for hydrological studies and in urban areas with industrial haze. However,
CIR was not a good medium for contouring where tree cover exists. Experience
has shown that the color negative can serve as a multipurpose tocl to be used
in mapping, color contact print or enlargement production, as well as for BW
contact prints or enlargements. In fact, results demonstrate that ceclor
negatives can be used to generate higher quality half tome film positive en-
largements than can be made from BW negatives. On the average, the total
cost of color aerial negatives is about 30 to 80% higher than BW. Also, color
enlargements are about $4.25 to $7.25/ft.2, whereas BW enlargements are
$l.50/ft2. The present mapping program of OSHD includes the use of color
aerial photography whenever weather conditions permit; however, it is noted
that the increased cost of color over BW must be justified for each mission.

aerial photography color infrared photography
color photography cost

black-and-white photography Oregon

mapping

E-21  Keifer, R. W. 1971. Effecis of Date of Photography on Airphoto Inter-
pretatior., Remote Sensing Program, Dept. of Civil Engrg., Univ. of
Wisconsin, Madison, WI. Report No. 9. 24 po.

The effects of date of photography on photointerpretation using color and CIR
films are illustrated in this paper. Examples of soil studies and flcoding
studies have been emphasized. More than 3,000 exposures of color and CIR

film on 35 mm format were taken of selected sites in southern Wisconsin during
1969 from elevations of 2,000 to 8,000 ft. above terrain. The subject matter
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included rural terrain (cropland, grazing land, and woocdland), lakes (showing
weed and algae growth), and river flood plains (showing river flooding and
subsequent crop damage). Some photographs taken to study soll aud floods
are described. Certain intensive study sites were photographed on as many
as 20 different dates during the year. The striking changes in texture,
tone, and coler that occur from day to day and month to month at selected
sites are illustrated. Study of the original color and ClR transparencies
lead the author to conclude that: (1) color f1lm is superior to CIR film
for revealing differences in soil color, especially the color of relatively
dry soils with low crop cover; (2) CIR film is superior to color film for
revealing soil moisture differences; (3) CIR film is superior to color film
for revealing subtle differences in vegetation type and vigor that may be
caused by differences in soil type or moisture content. The results of this
research show that there are certain dates during the year for the procure-
ment of best aerial photography for interpretive uses and that the date of
photography may not be the same for all interpretive uses. Most of the
illustrations contained in this paper are oblique aerial photographs. A
critical examination of vertical stereo aerial photography taken for the
purposes described should enable more precise evaluations and conclusions
about the effects of data of phetography on photointerpretation. The author
suggests that further studies along this line include the use of vertical
sterec aerial photography using celor and CIR films.

aerial photaography color photography
color infrared photography seasonal imagery
black-and-white photography Wisconsin

£E-22  Reifer, R. W. 1972. Sequential Aerial FPhotography and Imagery For
Soil Studies. Remote Sensing Program, Univ. of Wisconsin, Madison,
WI. Rept. No. 10. 25 pp.

A study area a few miles west of Madison, WI, was selected as a site in which
to contrast the soils interpretations made from different types of aerial
imagery taken on several dates. Black-and-white aerfal photographs taken on
June 15, 1962 and June &4, 1968 were acquired from the Agricultural Stabiliza-
tion and Conservation Service (ASCS); the author conducted 30 aerial photo-
graphic missions from May 1969 through September 1971 using boLh 35 mm. color
and CIR films. Additionally, thermal infrared (IR) imagery was collected on
8 different dates in September 1971, using a Texas Instruments RS-310 scanner.
The 35 mm. photography was conducted with Minolta SRT-101 and motor driven
Nikon-F cameras. The soll features of particular interest included a beach
ridge, consisting of fine sandy loams underlain by sandy materials, and sur—
rounding lakebed soils of silt loams with a seasonally high water table. The
BW reproductions of the color and CIR photographs demonstrate that the beach
ridge and lake bed soils are more clearly emphasized on particular dates,
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The author concluded that the best times of the year for conducting soil
studies in southern Wisceonsin via aerial photography appeared to be May 1
to June 15 and September 1 to 30. The IR Imagery, along with proper radio-
metric ground truth, appeared to be able to depict temperature differences
as small as 2°F. The apparent temperature of the beach ridge was 63°F and
that of the lake bed soils about 58°F, On the imagery, the warmer sandy
ridge can be clearly distinguished from the cocler, wetter, silty lake bed
soils. Further, this difference was more dramatic on daytime thermal IR
imagery due to the differential thermal heating by solar radiation. TFrom
these observations, the author concluded that aerial thermal IR imagery may
be a better sensor than aerial photography (celor or CIR) for soil type
mapping and evaluation,

aerial photography seasonal imagery
color photography soils

color infrared photography soll mapping
thermal infrared imagery Wisconsin

E~23  Kiefer, R, W., S. D. Johnson, and A. W. Voss., 1975. 4 Computer-
based Remote Sensing Literature Cataloging System. 1in Remote

Sensing of Earth Resources, 4:675-6Y90. Univ. of Tenn. Space
Inst,, Tullahoma, TN.

An Inexpensive computer agsisted system for the storage and retrieval of
remote sensing information developed at the University of Wisconsin at Madison
is discussed. At the time of this publication, appreximately 1,000 articles,
mostly from Photogrammetric Engineering, were classified in four ways,
according to: (1) platform; (2) remote sensing techniques; (3) sensor type;
and (4) application. There are 9 platform categories, 8 technique categories,
24 sensor categories, and 72 application categories. Each bibliographic entry
in the system includes the following: (1) author and title; (2) identifica-
tion number; (3) platform code (two possible); (4) technique code (two pos-
sible); (5) sensor code (three possible); and (6) application code (three
possible). The user prompted computer program is primarily a sorter and
lister and does not perform cross referencing in reference retrieval. The
coding lists used are presented in the report.

remote sensing literature computer program
information storage and retrieval Wisconsin
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E-24 Leupold, R, C., R. P, Herbst, J. B, Mathies, and R. J. Kohut. 1978.
Use of Color Infrared Aerial Photography fer Documenting Baseline
Vegetation Stress im Envirommental Impact fssessemnt. in Proe.
Symp. Remote Sensing for Vegetation Damage Assessment, Seattle,
WA. pp. 369-380.

Aerial photography is widely utilized 1n preparing vegetation maps for
environmental impact assessments. Low altitude CIR aerlal photography pro-
vides excellent species differentiation for mapping plant communities and

can be effectively used for documenting preoperational vegetation stress.
Analysis of CIR photos increases the efficiency of field survery attempting

to document existing stress over large areas. Based on our studies in the
Northeast, Midwest, and Southeastern United States, CIR photography at scales
of 1:7,200 to 1:12,000 can he used to detect insect outbreaks, tree disease,
frost damage, weed competition, and crop planting success. Studies have in-
cluded annual monitoring to survey the development of stress, This paper
discusses the resolution of CIR positive transparencies based on stereoscopic
interpretation at magnificatlon ranges of 1.5 to 9X. Classification of stress
types are present in evaluating the effectiveness of remote sensing. Other
environmental conditions evaluated by remote sensing, such as soils, erosion,
drainage, flooding, and water turbidity aid in understanding existing stress
or assessing impact. When correlated with existing and predicted air quality,
CIR photos provide a data base for assessing emission impacts. (Authors)

aerail photography environmental impact
color infrared photography field studies

large scale citrus crops
vegetation stress insects

vegetation analysis Florida

air pollution

E-25 Link, L. E., Jr. 1976. Procedures for the Systematic Fvaluation of
Remote Sensor Performance and Quantitative Mission Plamning. U.S.
Army Engr. Waterways Exp. Sta., Vicksburg, M5. Tech. Rept., M-76-8,.
287 pp.

Techniques feor quantitatively evaluating photographic and thermal IR remote
sensor systems are presented. The models include considerations of the source
of electromagnetic radiation, atmospheric interactions, sensor altitude, time
of day and year, latitude, sensor spectral and spatial characteristics, and
feature and background spectral reflectance or emittance characteristics. A
detailed explanation of the theory behind the photographic and the thermal IR
models is given. Each model can be implemented by using either a computer
program or nomograms. The computerized version was written in Fortran IV
language. A discussion of the operation of and the inputs to the program is
provided. A detailed description of the nomogram construction procedure is
also given., 1In the photographic sensor system model, BW, black-and-white IR,
color, and CIR films, with various filter comhinations, can be evaluated.
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The main output of this model is a feature/background contrast value which
is a measure of how well images of features can be separated using the vari-
ous film and filter combinations.

remote sensing remote sensor system evaluation
remote sensors mathematical model
black-and-white photography computer program

color photography NOmMOgram

color infrared photography electromagnetic spectrum

thermal infrared scanner

E-26 Mairs, J. W. 1976. The Use of Remote Sensing Techniques to Identify
Potential Natural Areas in Oregon. Biological Conservation,
9:259-266.

In July 1974, a joint project between Oregon's Natural Area Preserves Advi-
sory Committee and the Environmental Remote Sensing Applications Laboratory

at Oregon State University was begun to provide a vegetation resource
inventory of potential natural areas within state owned lands in selected
Oregon counties using remote sensing techniques. The search for potential
natural reserves with varied enviromments can be both time consuming and
costly. Therefore, high altitude (20 km.) U-2 aircraft CIR aerial photographs
were used to provide amnalysts with a synoptic view of the study areas, ex—
cept for small strips in northern and western Malheur County where ilmagery
was not available. The survey of the 208,400 ha. of state owned land was

done by interpreting 1:130,000 CIR film positives on a light table with the
aid of an 8X magnifying lens. Criteria used to identify or eliminate a site
as a potential natural area included: degree of vegetation modification or
disturbance; character of the vegetation; dominant species:; and other environ-
mental factors such as the presence of natural water features of scenic land-
forms. Field checks requiring 15 days were conducted to clarify uncertain
photointerpretations. The survey required about 1,000 man-hours over a seven-
wonth period. One hundred-five units having a total area of 25,700 acres

were catalogued as potential natural areas. Plant coomunities were identified
in enviromments ranging from moist coastal headlands to dry salt deserts.

The suitability of high altitude CIR aerial photography in conducting such a
survey is discussed.

aerial photography vegetation inventory
high altitude * environment
small scale natural area

color infrared photography Oregon
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E-27 May, G. A. 1976. Use of LANDSAT-1 Digital Muyltispectral Scanner
Data for Land Cover Mapping. Ph.D. Thesis Agron. Dept., Penn.
State Univ., University Park, PA. 117 pp.

Nine watersheds within the Susquehanna River Basin of southeastern
Pennsylvania served as the test areas for determining the applicability of
automatic data processing (ADP) of LANDSAT MSS data in regional land cover
mapping. LANDSAT MSS digital data were acquired for the study areas in
October and July 1973, The image processing facilities at ORSER were used

to derive computer generated land cover maps which delineated major cate-
gories such as hare soil, stubbleland, hayland/grass, woodland, urban areas,
disturbed lands, and water bodies. Ground truth was provided primarily by
topographic quadrangles and aerial photograplhis. A Bausch and Lomb Zoom
Transfer Scope was used to superimpose the "ground truth" on the computer
classification maps. Overall, a 757% correct classification was realized by
the ADP of the two -season, merged LANDSAT data. Only 687 correct classifi-
cation was achieved using the October data alone, 1t was also shown that
while mapping data sets provided better overall results, some categories were
best classified by the single season characterization. The spectral group
centroids in each of the four MSS bands were calculated for each land cover
catepory to develop a spectral signature bank. The feasibility of applying
signature extension (the transfer of predetermined signatures through space
and time) was explored. 1In order to classify and map reliably and acecurately,
it was found that spatial and atmospheric variables must remain somewhat
constant. Different types of computer generated maps were produced including
line printed character maps as well as color coded maps, and at scales from
1:15,000 to 1:50,000. 1It was noted that the type and scale of classification
map depends on the user's needs.

LANDSAT land cover
multispectral scanner mapping

automated data processing ground truth

digital imagery aerial photography
computer mapping multitemporal analysis
computer program signature analysis
spectral signature Pennsylvania

E-28 McKim, B, L., C. J. Merry, S. Cooper, D. M. Anderson, and L. W. Gatto,
1975, Applications of Remote Sensing for Covps of Engineers Pro-
grams in New England. in Proc. 10th Intl. Symp. Remote Sensing of
knv. ERIM, Ann Arbor, MI. 19 pp.

The utility of satellite, high altitudé and low altitude aerial imagery was
evaluated by the Corps of Engineers. The most significant contribution to
date has been to increase confidence by more accurately estimating parameters
used in models. Several new cooperative remote sensing programs addressing
environmental and hydrologic problems were implemented by the Cold Regions
Research and Engineering Laboratory and the New England Division of the Corps.
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The first objective of these programs was to determine the availability, type,
scale and resolution required. The second objective was to show how remote
sensing methods can be utilized to augment or update counventional procedures.
For the analysis of LANDSAT data, imagery from each band was enlarged to
1:200,000 with a spatial resolution of 70 m. This imagery provided valuable
information for site evaluation, definition of geologic lineaments and monitor-
ing snow and ice accumulation and ablation., This information can influence
design of new Corps facilities or on flood forecasting procedures. Skylab
$190A {(multiband photography), Skylab S190B (earth terrain camera), and
RB-57/RC8 (high altitude aircraft) photographs were enlarged to 1:63,600

with resolutions of 25, 12.5, and 5 m. respectively. Using a modified ver-
sion of the USGS land use classification system for use with remote sensing
data, the CIR imagery was interpreted and land use categories delineated.

The Skylab program has defined the detail of land use mapping that can be
accomplished from the $190A and S190B photography. The results from the S190B
imagery compared favorably with those obtained from high altitude aircraft
photography. The LANDSAT S$190A data products were not considered adequate
for detailed land use mapping although the products were usgeful for rapid
regional land use inventories. Low altitude aircraft photeography (scale
1:33,600) was used to determine the location of materials at a potential dam
construction site located on the $t. John River in Aroostook County, Maine,
approximately 30 mi. west of the town of Tt., Kent., A 335 ft. earthen dam
will be designed primarily for hydroelectric power, with secondary use for
flood control. The study showed that the material needed for construction of
the earthen dam and dikes can be obtained within a six mile radius of the
primary dam and four mile radius of the three dike sites. This should allow
a large cost saving for transportation of material as compared to original
design estimates. In another program, the elfect of inundation at six New
England flood contreol reserveoirs was investigated. The effects of the 1973
summer flood were assessed from low altitude CIR photography and corrobora-
tive ground surveys. The extent and severity of tree damage was mapped and
analyzed statistically. These results will be used by the Corps in the re-
servolr management program,

aerial photography LANDSAT

high altitude Skylab

low altitude land use
spaceborne sensors resolution
satellites classification
multispectral reservoirs
photointerpretation flood control
remote sensing New England

E-29  Merry, C. J. and H. L. McKim. 1976. dpplications of Remote Sensing
in the New Englend Urban Studies Program. in Proe. of the Soe.
Seientists Conf.: 214-215, Memphis, TN,

A study was conducted to compare the accuracy and cost effectiveness of using
aerial photographic techniques to derive data to be used in the STORM (storage,
Lreatment, overflow runoff model) hydrologic model. These techniques were con—
trasted with the more conventional methods [not described] of the New England
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Division, U.S. Army Corps cof Engineers in extracting information on (1) area
ofwatershed, (2) land use type in watershed, (3) impervious surface area for
a given land use type, and (4) curb length for a land use type. Photomosalcs
covering six selected 7-1/2 minute USGS topographic quadrangles in the

Boston metropolitan area were prepared from NASA RB-57 RC-8 high altitude

BW aerial photographs enlarged to a scale of 1:24,000. A total of six Level
I, 17 Level II, and 18 Level IIT land use categories were delineated on the
aerial photos, costing $2,890 for the six quadrangles ($0.014/a,) compared

te $600 (50.003/a.) for the conventiomnal techniques. Watershed boundaries
could not be determined from the imagery and had to be delineated and the
areas measured from topographic maps. Impervious surfaces were mapped from
low altitude aerial photography ({1:3,500; type not given] for two selected
sites. The results were comparable to those of the conventional method; a
comparison of the cost effectiveness of the two methods was not possible
because of insufficient data. More than 64% of all curbs in the Newton test
site were identified on the low altitude photography. The cost of curb den-
sity mapping with photointerpretation was $0.899/a., compared to $1.200/a.

by the conventional method of using residential density as an index. Although
net always less expensive than conventional procedures, photointerpretation
was recommended to derive data input for the STORM model because of (1) higher
accuracy, (2) increased confidence, and (3) greater amount of detail.

hydrologic modeling cogst effectiveuess
aerial photography mapping accuracy
photointerpretation low altitude

land use mapping high altitude
watershed mapping Massachusetts

E-30 Miller, L. D., C. Tom, and K. Nualchawee. 1977. Femote Sensing Inputs
to Landscape Models Which Predict Future Spatial hand Use Patterms
for Hydrologic Models. Goddard Space Flight Center, Greenbelt, MD,
NASA-X-923-77-115. 41 pp.

Landscape modeling organizes and overlays data from existing maps, analysis
of remote sensing imagery, and tabular data into a computer framework. The
overlays of map and image derived data provide a basis for computer sinmula-
tion or modeling of the future spatial behavior of the landscape to antici~
pated natural events or human, activity. A typical application of such a
procedure to hydrology is the prediction of future land use patterns of an
urban area as input into the simulaticn of the urban hydrograph, The appli-
cation of landscape wmodeling to the Denver, CO metropolitan area provides an
illustration of this technique. A tropical forest area of northern Thailand
provides a test case of the application of the approach in more natural
surroundings. Combining the available remote sensing imagery with available
map information in the landscape model provides a basis for substantial
improvements in studies of land use and hydrology. Visual display of
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land use changes was accomplished by a cell by cell comparison of the use
and cover categories as existed in 1963 and 1970. One technique discussed
for the projection of future ltand use patterns is Lhe Markov Trend Model,
which assumes that future land use can be predicted, in the short run, by
observations on recent past changes. Another method discussed is discrimi-
nant analysis, which considers the probability of land use change from one
category to another on a cell by cell basis (v.2., preserving spatial integ-
rity). In the text, some attention is given to improved LANDSAT MSS image
classification, Comparisons are made for classifications based (1) solely
on the four MSS bands, (2) the four bands plus the six rations of these
bands, and (3) inclusions of various combinations of other data planes {(2.g.,
census data, topography, freeway location, etc.).

land use modeling LANDSAT

hydrologic models image classification
remote sensing land use clasgification
trend analysis Colorado

discriminant analysis Thailand

E-31 Poultom, C. E. 1972. A Comprechensive Remote Sensing Legend System for
the Ecological Characterization and Annotation of Natural and
Alterad Landscapes. in Prec. 8th Symp. Remote Sensing of Env., ERIM
Ann Arbor, MI. 1:393-408.

An integrated legend system is presented for use in multistage earth re-
sources inventory and land use classification. The program was developed by
preparing a hierarchical classification and applying it to satellite imagery,
and high and low altitude aerial photography. The broader categories are
especially suitable to spaceborne and high altitude sensors, while the more
detailed classes are for use with low altitude systems with their improved
resolution. The detailed format for a comprehensive ecological legend in-
cludes information for: (1) gross resource and land use; (2Z) physiognomic
type or secondary land nse; (3) specific ecosystem or detailed land use; (4)
macro relief; (5) landform; (6) surficial geology: and (7) soill type or
characteristics. Descriptions and symbols are presented for five of these
classes. Supggesticns are made as to how the other two {geology and soils)
could be coded in a similar manner. A fault of the legend system, as noted
by the author, is that it does not provide for direct assessment of such
land uses (or activities) as grazing, forestry, watershed, wildlife produc-—
tivity, aesthetics, or recreation.

land use legend

remote sensing resources inventory
landscape land use rlassification
landform vegetation

ecology geology

soils terrain analysis

land cover
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E-32  Rambert, C. E. 1973. Analog to Digital Conversion System for Mulii-
spectral Scannar Data. M.S. Thesis Elec. Engrg. Dept., Peun. State
Univ., University Park, PA. 104 pp.

The research described involved the design and vse of a series of computer
programs that would convert MSS data in its analog magnetic tape format to

a computer compatible digital format (IBM/360, 9 track, 800 bpi). Eight-
channel Bendix MSS data were used to create and test the programs. A hybrid
computer, consisting of an EAI 680 analog computer and a DEC PDP-10 digital
computer, comprised the processing system hardware. FProcessing the M35 data
produces digital data output in GRSER format. The programs necessary to use
this system are presented in appendices. The author concluded that the
advantages of this hybrid conversion system over simple bulk digitizing are:
(1) more precise pixel sampling; (2) variable output format; (3) no special
equipment; {(4) geometric corrections can be performed simultaneously with
pixel sampling; and (5) preprocessing can be performed prior to signal con~
version. Disadvantages cited are: (1) the hybrid system requires more
hardware; and (2) better understanding of computer techniques is required
than with a simple bulk digitizer,

automated data processing digital computer
computer program multispectral scanner
analog computer

E-33  Rinker, J. N. and R. E. Frost. 1966. Enviromnental Analysis, Renmote
Sensing, and Educatton. 1in Proc. 4th Symp, on Remote Sensing Env.
Ann Arbor, MI. 2:709-711.

The criteria for efficient and accurate environmental analysis via remote
sensing are discussed. Professional interest in remote sensing falls into
three categories: (L) sensor systems engineering; (2) application of sensor
systems for terrain analysis, delineation, target identification, etc.; and
(3) envirommental analysis in the broad sense. In systems engineering, a
foundation in physics and mathematics, with specializatrion in other discip-
lines, is required. 1In the second category, emphasis must be placed on the
applied natural and physical sciences. In the third category, a team effort
is required with coordinated effort from individuals from the other two cate-
gories. The team approcach tu envirommental analysis is emphasized because
the various physical, natural, and cultural components of the environment are
interrelated; the disciplines of geology, biology, geography, ecology, hydro-
logy, etc., are man-made divisions of the enviromment. Therefore, while spe-
cialization is required to a certain extent, the ability of a remote sensing
analyst to perceive the need for interacting with other disciplines is necesg-
sary.

remote sensing environmental analysis
education
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E-34  Rinker, J. N., J. Ehlen, A. E. Krusinger, T. R. Currin, A. 0. Poulin,
and P. B. McCracken. 1976, C(Capabilities of Hemote Sensors to
Deternine Environmental Information for Combat. U.S5. Army Engr.
Topo. Lab., Res. Inst., Fort Belvoir, VA. Rept. No, ETL-0081.
242 pp. ’

U.S. Army Field and Technical Manuals were used to develop a list of 313
environmental information needs required by the Army to accemplish its vari-
ous military tasks. Each item was evaluated apainst a list of remote sen-
sing systems to determine the extent to which each system could provide the
information. The systems evaluated were LANDSAT (ERTS), radar, thermal IR,
low altitude oblique aerial photography, standard photo index sheets, and
stereo 1:20,000 and 1:100,000 scale vertical aerial photographs. Each system
was vated for its usefulness in identifying each of the environmental features.
The evaluations also include the level of skill required to obtain the neces-
sary information from the remote sensing imagery. Also, comments and discus-
sion on the definition of factors, limitations with reference to both the
factors and procedures, and possible use of other remote sensor systems are
presented,

remote sensing agriculture

enviromaental analysis land use

combat urban environment

vegetation pollution

hydrology mapping

geology site analysis

terrain analysis military applications
construction remote sensor system evaluation
utilities transportation

E~35 Robinove, C. J. 1972. WMemote Senging in Geology, Hydrology, and
Geography. in Proc. Intl. Workshop on Earth Resources Survy.
Syst., 1:55-66, Ann Arbor, ML.

Remote sensing from satellites and aircraft has many applications to the
scientific disciplines of geclegy, hydrology, and geography. The feasibility
of remote sensing for geologlc purposes has been demonstrated by the discovery
of significant areas for mineral exploration in the southwestern United States
from space photographs, the delineation of rock structures favorable for oil
and gas exploration, and the description of changes in landforms caused by
geologic events such as volcanic eruptions and earthquakes. Hydrologic uses
of remote sensing include the exploration for ground water in both arid and
humid regions, the assessment with repetitive images of the status of peren-
nial and intermittent lakes, the mapping of flooded areas, and the delineation
of coastal and inland wetlands. Geography is both a discipline in itself and
an integration of other disciplines. Geographic uses of remote sensing data
include land use mapping in urban and rural areas, mapping of sequential
changes in cultural features and their relation to the envireonment, and the
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synthesis of other resource information with geographic dara to form informa-
tion systems for management use. Basic and applicd research in each discipline
coupled with increasing operaticnal use of space and aircraft collected remote
sensing data in information and resource management systems will provide a

future capability for better rescurce and euvironmental management. {Author)
remote sensing geology
aircraft sensing hydrclogy
satellite sensing geography
water resources mineral exploration
mapping

E-36 Rogers, R. H., J. B. Mckeon, L. E, Reed, N, F. Schmidt, and R. N.
Schecter. 1975. Computer Mapping of LANDSAT Datu for Environmen-
tal Applications. Bendix Aerospace Syst. Div., Ann Arbor, MI.
17 pp.

As part of the national effort to deal with water pollution, Sec. 208 of the
Federal Water Pollution Control Act Amendments of 1972 (PL 92-500) provides
regional planning agencies with the opportunity and funding to undertake
regional water quality planning. A requirement of the 208 program is tc pre-
dict water quality in the rivers and lakes resulting from existing and poten-
tial land use, To achieve this capability, the Triangle F Council of Covern-
ments {North Carolina) is developing deterministic models capable of predict-
ing sediment and nutrient flow intc the waterways, An essential input to
these models is an accurate inventory of land cover within the watersheds of
the region. Svuch an inventory was obtained for a 1,750 mi,? 208 study area
through the computer processing of LANDSAT computer compatible tapes using

the Bendix Aerospace Systems Division Multispectral Data Analysis System. Ten
land cover categories were interpreted for the study area at a resclution of
1.1 a. These included three urban density categories, four forest types,
apgricultural-managed lands, bare seoil construction sites, and water. The
resulting products included color ceded overlays for each of the 10 categories
for a 1:96,000 scale base map {(photographically enlarged from 1:576,000 com-
puter—generaged film negatives), a color composite map of the same categorles
and scale, and a computer tape containipg 54 quadrangles {7 1/2 minute) where
each 50 m, grid cell was ccded as to the 10 land cover types. The overall
classification accuracy was estimated to be better than 90%. These taped data
were aggregated into 10 a, grid cells and merged with scils and slope data to
compute sediment and nutrient flows in the drainage areas. The complete inven-—
tory was accomplished within a period of 60 days at a cost of less than one
cent per acre, a significant improvement in dollars and time over conventional
photointerpretation and mapping techniques,
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LANDSAT land use inventory
autcemated data processing water quality
multispectral scanner data Section 208

computcr program geometric processing
computer ground truth

data analysis North Carolina

E-37 Rogers, R. H. and §. E. Tilman. 1976. 4 Strategy for Land Use/Cover
Data File and Map Preparation, Bendix Aerospace Sys, Div, Rept.
BSR 4239. Ann Arber, ML. 21 pp.

A conceptual framework for producing digital land use/cover files and maps is
discussed. Developed to be used in ccordinaticn with studies associated with
Sec. 208 of the 1972 Water Quality Act, the program suggests a plan for com-
bining the results of ADP of LANDSAT data and manual interpretation of aerial
plictographs and maps. Designed to be used on a regieonal planning level, the
system combines information form 14 land use and cover categories in matrices
of 10-acre geocoded cells. Of those 14 types, 10 of the more homogeneous ones,
such as rangelands, woodlands, water, and wetlands, would be delineated from
LANDSAT information. The other categories requiring improved spatial/spectral
resolution, such as commercial services, industries, transportation, communi-
cation, utility corridors, and tree and bush fruits, would be delineated by
aerial photograph interpretation. A system for geocoding these data is pre-
sented. A series of 11 tasks, from ground truth acquisition to final color-
coded map generation {(at 1:125,00Q0) and file creation is recommended.

land use LANDSAT

natural resources automated data processing
resource inventory mapping

aerial photography photointerpretation
digital image georeferencing

E-38  Sellman, B. 1972. FAfigh Altitude Aevial Photography as an Information
Source for lrban Landscape Analysis. 1in ifemote Sensing of Earth
Resources, 1:206-218. Conf. on Earth Resourc, Obs. and Info. Analy-
s1ls Syst., Univ. of Tenn. Space Inst., Tullahoma, TN.

Photographic imagery (BW, color, and CIR) of a seven county region (4000 mi.Z)
in southeastern Michigan collected from a NASA RB-57 aircraft at 60,000 ft.
was evaluated for use in urhan landscape analysis. Photomosaics were pre-
pared from the three kinds of imagery. Color rendition was not uniform acrass
a full frame even though an anti-vignetting filter was used. Using just the
central portion of a frame is recommended as in the use of band pass filters
to separate color film positives into discrete monochromatic images. Wratten
61 (green) and 29 (red) filters were used to enhance images of residential
development and vegetation detection, respectively. The broad coverage

of high altitude photographs permits studies of the spatial setting of



106

E-38 {(cont'd)

land use features. Some of the more important changes in urban structure can
be detected readily. The quantity and quality of information in the imagery
can be increased through color interpretattons and the use of special pro-
cessing techniques. The possibility of using filtered monochromatic nega-
tives produced from a CIR film positive to determine approximate populations
is discussed.

remote scnsing Eilter
high altitude black-and~white photography
color pnotography color infrared photography

urban environment

E-39  Shamburger, J. H. and H. K. Woods. 1975. Application of Femote Sen-
sors to Army Facility Management. Appendix B: Validatiom of
Enviromasental Maps Produced Through Air-Photo Tnierprelation.
Mobility and Env. Sys. Lab., U.S. Army Engr. Waterways Exp. 5ta.,
Vicksburg, M5. Tech. Rept. M-74-2. 40 pp.

Field studies were conducted to determine the accuracy ot environmental maps
produced through interpretation of BW aerial photographs [scale not given]
taken in the Fort Belveoir, VA area in 1972, Data on vegectation type, height,
and density, wildlife habitat, soil type, and six other factors were collected
in 36 sample sites. 1In the analysis phase, the values on the single factor
maps prepared using aerial photograph interpretation werc compared with the
overlays reflecting the field studies. Subjective evaluations showed that the
original photomaps were fairly accurate but required a few minor alterations
in line ghifting, factor class change, and the addition of new areas. Factor
maps are presented for all the features investigated. Generally, accuracies
derived via photointerpretation were greater than 90%. In studying the rela-
tive expenses associated with gathering remote sensing data, it was found

that panchromatic black-and~white IR aerial photographs, at 1:30,000 to
1:40,000, were the most cost effective ($2.00 to $4.50/mi.2) of those inves-
tigated. Multispectral camera imagery acquired from 16,000 ft. was the most
expensive ($30.00/mi.2). Tt was noted, however, that data acquisition is

only one component of the successful use and application of remote sensing
methods. Other considerations include the type of probelm to be analyzed, the
cost of ground control data, data manipulation, and information extractiun and
presentaction,

environment black-and-white photography
enpvironmental assessment vepetation

remote sensing wildlife

aerial photography mapping

natural resources cost effectiveness

photointerpretation Virginia
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f-40  Sherz, J. P. 1972, Final Report on Infrared Photography Applied
Resecrch Program. Inst. for Eav. Studies, Remote Sensing Prog.,
Univ. of Wiscoansin, Madison, Wl. Rept. No. 1Z. 62 pp.

The feasibility of using special aerial photographic films for water poltu-
tion monitoring of the outfall from the U.S. Steel Mill at Calumet, TL was
studied. Both color and CIR [1lms were used. Laboratory tests were made on
water samples taken at various points on both sides of a breakwater, on one
side of which the waters received the steel mill outiall. Total solids,

iron and phenol concentrations were measured. Reflectance analysis of these
water samples was conducted with a spectrophotometer, The laboratory study
indicated that there were apparent correlaticns between varicus concentration
levels of total solids, iron, and phenols and the percent reflectance of the
water samples. The films were tested with a microdensitometer. White styro-
foam panels were compared with barium sulfate standards in terms of percent
reflectance throughout the G.4 um to 0.73 um range of the electromagnetic
spectrum. Therc was a high degree of correlation; styrofoam was then adopted
as the reference standard (100% reflectivity). Two methods were used to cor-
relate water quality with pliotographic image reflectances: (1) absolute re-
flectance vs. pollution concentration and (2) ration of two wavelength reflec-—
tances vs. pollution concentration. 1t was concluded that the wavelength ratio
method correlates well with pollution concentration. Two other areas inves-—
rigated were (1) effects caused by lens falleff and angle of incidence and

{(2) depth penetration of various films. Differences in tone on either side of
the U.3. Steel bhrecakwater appeared more pronounced on color aerial photographs
than on CIR. This was verified by the microdensitometric analyses. Tt was
concluded that this was the case because color has more water "penetration
power™ than does CIR (Z.e., CIR film did not record tonal differences due to
iron presence on either side of breakwater hecause the iron solids were up to
15 fecet helow the water surface). Another conclusion was that corrections
must be made to raw microdeunsitometric data because of the effects of lens
falloff and changes of angle of incidence with Lhe water, An array of calibra-
tion panels throughout the sampling area would provide localized reference
standards, however.

remote sensing water quality
color photography reflectance curves
color infrared photography band ratioing
reflectance standards I11inois
micerodensitomer Wisconsin

depth penetration

E-41  Smedes, H. W., A. K. Turner, and J. C. Reed, Jr. 1976. Obligue Air-
photog for Mapping, Bducating (sers, and Enhancing Public Paritelpa-
tion in Envirewnental Planning. in Photogrammetey, Water Quality,
Safety Appurtenances, and Shoulder Design. National Res. Coun.,
Transp. Res. Board, Transp. Res. Rec. No. 594:1-5,

The utility of oblique color aerial photographs in various environmental plan~
ning procedures is discussed. In a study in Jefferson County, CO it was
demonstrated that low altitude oblique aerial photographs could bridge rhe gap
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belween on site observations and map representations. A citizens action
group was organized to assist in the development of an cpen space program.
lUser groups, consisting of citizens, were formed to play an integral role

in the decision making processes. It was realized carly in the study, how-
ever, that map and point information for natural and cultural parameters was
not easily communicated to those laymen participating in the plan's develop-
ment ; maps and vertical aerial photographs used by professionals were found
to be unfamiliar to users. Therefore, oblique aerial photographs were used
to train the citizens In map comprehension by illustrating the relsationship
between real world plhenomena and map content. After this initial bridge was
crossed, the participants were introduced to computer mapping techniques;
they agreed that the oblique aerial photographs contributed significantly to
their understanding of maps of natural resources. Further, oblique color
aerial photos were used to assist in environmental analyses and scenic
evaluations. The cost of acquiring about 100 oblique color aerial photo-
graphs was $59.

oblique aerial photography public participation
copen space planning cost effectiveness
mapping Ceolorado

education

E~42  Simpson, R. B., R. S. Yuill, and D. T. Lindgren. 1972. Urban-Ficld
Land Use From RB-57 FPhotogvaphy: The Boston and New Haveén Avreas.
Proj. in Remote Sensing, Dept. of Geography, Dartmouth College,
Hanover, NH. 84 pp.

This study reports on work undertaken between June 1971 and June 1972 on the
use of high altitude RB-57 CIR aerial photography in the preparation of land
use maps and computer data bases of the Boston and New Haven metropolitan
areas, A prime purpose was to compare information derived from the aerial
photographs with U.S. Census infermation, The photography used was primarily
NASA RB-57 high altitude (50,000 to 60,000 ft.) CIR positive transparencies
(1:100,000) acquired with a Wild RC~8 camera. The imagery was viewed over a
light table with a stercoscope; however, frames were interpreted menoscopi-
cally. The land use classification scheme was taken from the EROS Atlas of
Urban and Regional Change and included 12 different categories., Aerial photo-
interpretation of the New Haven area (nine topographic sheet equivalents)
required seven man-weeks. Interpretations were coded at the 1/25 km.2 cell
level and put onto computer cards. Various computer graphic techniques were
used to penerate land use maps (water areas, multifamily and mixed residential,
single family residential, industrial, commercial, transportation and utili-
ties, institutional, recreational, agriculture, forest and vacant) in the
Beston and New Haven areas. Comparisons were made between this digital data
base and others from the northeastern United States. Studies correlating
percentage of urban land use (5 km. 2 cell size) and tramsportation network
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characteristics in the Boston metropolitan area resulted in a regression
model utilizing threc transportation variables; the model had a correlation
coefficient of 0.76 at the 0.0l confidence level.

land use high altitude
aerial photography Connecticut
transportation Massachusetts

color infrared photography

E-43  Stephens, P. R. 1976. Comparison of Color, Color [mfrared and
Panehromatie Aerial Photography. Photogrammetric Engineering
and Remote S5ensing, 42(10):1273-1277.

This paper compares the ease of interpretation and the amount of information
content of three types of aerial photography. Using a 35mm. Asahi Pentax
Spotmatic Camera, the investigator [located in New Zealand] acquired pan-
chromatic BW (Ilford F P4), color (Kodachrome X), and CIR (Kodak Ektachrome
Infrared) aecrial photography, all at 1:18,000. The film positives of these
imagery types were assessed for ease of recognizing and identifying selected
terrain features such as alignments, fault plug zones and seepage areas,
eroded surfaces, erosion types and processes, vegetatlon types and condition,
and drainage patterns. The BW photography was interpreted first, followed

by the color, then the CTR; further, a one week lapse was allowed before
moving from one imagery type to the next so that they could be evaluated as
ohjectively as possible. CIR aerial photography was ranked highest; owvcrall,
color was second, and BW was rated third. TIn one instance, however, the
analysis of drainage patterns, BW was equal or superior to either color or
CIR. This was due primarily to the greater detail shown in shaded or partially
obscured gronnd areas. It was concluded that, based upon costs and informa-
tion contents, a combination of CIR and BW aerial photography provided best
photointerpretive results with CTIR being the best single sensor.

aerial photography vegetation stress
color infrared photography erosion
colur photography New Zealand

hlack-and-white photography

E-44  Tanner, C. E. 1977. C(uide to Preselection of Training Samplec and
Ground Truth Collecstion. Env. Monitoring and Support Lab., Env.
Protection Agency, Las Vegas, NV. EPA-600/7-77-100. 32 pp.

Automated data processing (ADP) of digital remote sensing imagery can be a
cost effective merhod for image classification. However, to ensure accurate
processing via pattern recognition techniques, training samples must be
properly selected and adequate ground truth must be provided. Schemes are
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presented for the selection of training samples for both LANDSAT and aircraft
multispectral scanner (MSS) data. In general, it was recommended that 36
training samples per class be chosen [or each LANDSAT scene. A theoretical
situation is presented for anm aircraft MSS scene. Two criteria of training
samples are that they be homogeneous and uniformly distributed. These samples
should be selected initially from celor, CIR, or BW aerial photographs.

Field investigations of the training samples to be used in the ADP of the MSS
data should be conducted to determine how well a preselected gsite actually
typifies the class of interest. It was noted that such field verificaction
may result in as wuch as a 20% attrition rate. Whether conducting conven-
tional image analyses (Z.¢., photointerpretation) or ADP image analyses,
field studies are necessary to provide the analyst with the valid ground
cover classification. Ground truth operations, although highly necessary,
are usually expensive and are rarely performed properly. Techniques are
outlined and & sample ground truth form is presented that permits collecting
necessary field information efficiently and accurately.

aerial photography computer processing
multispectral scanner ground trath
automated data processing field studies
training sample Northern Creat Plains
clasgification

E-45  Thompson, W. T. 1971, &arth Survey Bibliography: A KWIT Twdex of
' Remote Sensing Information. Transportation Systems Center,
Cambridge, MA, Rept. No. DOT-TSC~NASA-70-1. 265 pp.

This bibliography contains 1,650 literature citations on remote sensing of
earth resources. The bibliography is divided into three parts: (1) a list-
ing of the bibliographic citations by an accession number; (2) a
keyword-in-context (KW1C) index; and {3) an alphabetized author index., The
KWIC index is a permuted title index generated through computer manipulation
of citation titles. Keywords are extracted from the titles and an index is
prepared automatically., A alphabetical keyword listing is generated with much
of the title (or context) surrounding the keyword field. Information is
provided on how documents can be acquired.

remote sensing bibliography
earth resources keywords
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F-46 Valentine, K. W. G. and J. F. Hawkins. 1975. A Quontitative Compari-
son of Color Photography and LANDSAT Imagery for a Small Seale
Land Resource Map of Northern British Columbia. in  Proc. 3rd
Canadian Symp. on Remote Sensing, 1:489-494. Edmontoun, Alberca,
Canada.

Thirteen soil surveyors produced a terrain map of an 800 mi.2 area just east
of Telegraph Creek in northern British Columbia. The mapping was done on
three adjacent color photographs and a LANDSAT image for comparison. The
percentage agreement with ground truth maps was measured and the time and
cost calculated to estimate how accurately a small scale resource map of
northern British Columbia could be made, how much it would cost, and how
long it would take. There was nearly 60% agreement with ground truth on the
photographs and about 50% on the LANDSAT image (using a simplified legend).
Sources of bias in the results may mean that these fipures are lower than
absolute levels of accuracy attainable. The results were satisfactorily
consistent between individuals on each image. Using photography (costing
approx. $442,000) a 1:1 million resource map of northern British Columbia
would take 4 1/2 years to produce. Using LANDSAT imagery enlarged to
1:500,000 (costing about $2,000) with a simplified legend, a map could be

produced in six months. The latter alternative is recommended. (Author)
aerial photography terrain analysis
color photography cost effectiveness
LANDSAT British Columbia
ground truth Canada

color composite

E-47 VanGenderen, J, L., B. F. Lock, and P. A. Voss. 1977. Testing the
Accuracy of Remote Sensing Land Use Maps., in Proe. 11th Symp.
Remote Sensing of Env. FERIM, Ann Arbor, MI. 1:615-623.

A technique for ground truth sampling and data analysis is discussed for
testing the accuracy of land use and cover maps prepared from remote sensing
imagery. The main aspects considered in designing the remote sensing sampling
procedure included: (1) the frequency that any one land use type is erron-
eously classified into another category; (2) the frequency that the wrong

land use is errconeously jincluded in any one class; (3} the proportion of all
land incorrectly classified; and (4) the determination of whether or not
classification errors are random. A stratified sampling technique was selected
over a strictly random sampling procedure so that smaller arcas and infre-
quently occurring land use types would be adequately sampled. The major dif~
ference between the two approaches is that stratified sampling considers each
land usec category, or stratum, as an independent subsample in which random
sampling is employed. Purely random sampling of an entire study area does

not break the area into separate groups. Within each stratum, random sampling
points are selected on the basis of a random number generator and some corre—
sponding grid referencing system. Probability statistics show that in order
to achieve an 83% overall accuracy in the land use and cover classification
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map, at least 20 sample points per category are required. For a 907 level,
at least 30 such points are needed, and better than 60 for a 957 accuracy.
Contrasting ground checked land use of sampling points with the categories
derived from remote sensing will permit an estimation of: (1) the correct
and incorrect classification (matrix) of individual categories (2) the over-
all correctness of the cntire land use map and (3) trends in the misclassi-
fication of certain land use and cover types.

remote sensing classification accuracy
land use mapping

E-48 Way, D. S. 1973. Terrain Analysis: A Guide to Site Seleetion
Using Aerial Photographic Interpretation. Dowden, Hutchinson,
and Ross, Inc., Stroudsburg, PA. 392 pp.

Terrain analysis is defined as the identification and interpretation of land-
forms resulting from geological processes. A sytematic approach to terrain
analysis is presented for use by planners in analyzing natural systems and
making decisions. The approach 1s interdisciplinary with discussions of
general geology, soils, rock types, glacial, fluvial, and aeolian landforms.
Numerous graphic examples are giveu by use of fipures, maps, and BW aerial
photograph stereo models., Specific issues of site development, including
sewage disposal, excavation and grading, soil compaction, highway construc-
tion, and other areas, are discussed briefly. Also, varlous remote sensor
systems are described and sources for aerial phetographic information are

given.
terrain analysis geology
photointerpretation suils
aerial photography land cover
resource mapping remote sensing
glacial landforms fluvial landforms
identification interpretation

E-49  Weeden, H. A. and N, B, Bolling. 1975. FHecommnaissance Mapping from
Aertal Photographs. ORSER/SSEL, Penn. State Univ., University Park,
P4, Tech. Rept. 17-75. 18 pp.

A technique for reconnaissance mapping as opposed to "spot problem' mapping
of rock and soil is presented. Five terrain parameters were used to des-
cribe the mapping units and fully describe the three basic situations of rock
dominated, soil dominated, and intergrade landscapes, These five include:
soil texture, slope, waker table position, depth to bedrock, and special
features (strike and dip, landslide areas etc.). 1t was concluded that: (1)
aerial photo analysis to determine soil texture is not feasible because of
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the fine grading system and requires field and/for laboratory analysis; (2)
degree of slope can be derived directly from an aerial photograph stereo
model; however, refinement and accuracy is a function of the photo analysis
equipment used as well as the experience of the photointérpreter and mappings
should be checked against existing topographic maps; and (3) determination of
depth to bedrock using aerial photo analysis is an estimation at best and

is usually accomplished by utilizing the landform information present in the
stereo model. A technique for doing this is given., After identifying and
mapping similar landform units, each was assigned a set of five symbols
describing each of the landform elements. In applying this procedure to a
USDA BW aerial photograph (1:20,000 and covering some 5,000 a.) taken on May
25, 1957, the photeinterpreter tock six hours to map the units. However, 16
hours of background study were needed to prepare the area study guide (keys).
It was noted that greater speeds and higher accuracy could be obtained from
color transparencies studied on a light table, and that CIR would reveal the
most Information with regard to soil molsture. 1In regards to evaluating cer-
tain criteria used in highway location studies, including depth to bedrock,
depth to water table and desipn objectives, the aerial photographic elements
of landform, drainage, erosion, tone or color, land use, and vegetation were
identified as being useful indicateors. It was also concluded that the success
of the results depends on individual background and skill and is influenced by
the availabllity of multiscale and color photography.

photointerpretation soils

aerial photography bedrock
reconnaissance studies highway location
landform interpretation key
mapping Pennsylvania

E-50  Veekelie, G. E., J. C. Stephan, E. E. Smail, and T. F. CEbbert. 1977.
A Survey of Users of Earth fHesources Remnte Sensing Data. in Froe.
1ith Inti. Symp. Remote Sensing of Env., ERIM, Ann Arbor, MI.
3:1067-1076.

Battelle Golumbus Laboratories conducted a survey to assess Earth Rescurces
Survey (ERS) data use. The survey was intended to determine the use of
LANDSAT (or other satellite) and high altitude (> 60,000 ft.) aircraft imagery
and data, The first phase of the study involved identifying, obtaining, and
reviewlng information on ERS data and users from direct sources such as (1)
the three ERS centers, (2) structured and unstructured personal and telephone
conversations, (3) tailored and comprehensive questionnaires, and (4) selected
ERS presentations and publications. The second phase involved the aggregation
and analysis of data user responses from five user categories: (1) industry;
(2) state, regional, and local govermments; (3) federal government; (&)

academic institutions; and (5) non-U,S5. users. Three different types of surveys

were conducted: (1) questionnaires submitted to participants in the 1975 ERS
symposium held in Houston, TX (373 responses); (2) telephone and personal

113
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interviews from July 1975 and March 1976 (about 400 interviews); aund (3) mail
surveys of remote sensing users (389 responses). Care was taken that respon-
dents (1161 in all) were not included in more than one of the three surveys.
1t was found that geologically related and land use applications represented
the largest class of data use. Qther high use areas included agriculture and
forestry, Industry was the largest user of ERS data (particularly LANDSAT)
primarily for mineral and fossil fuel exploration. State and local govern-
ments were the group least frequently using LANDSAT data, Academic institu-
tions used LANDSAT for a variety of research applications. It was concluded
that the use of satellite acquired data would increase as future LANDSAT
systems capabilities improved, particularly in terms of greater spatial reso-
lution, more spectral coverage, more regular repetitive coverage, better data
turn around, and more technical and financial assistance to potential LANDSAT
dats users. With respect to grcater spatial resolution, most users commonly
recommended 20-40 or 10-20 m. while some, especially at the state and local
levels, suggested 1-10 m. spatial resclution, Also, ancother important recom-—
mendation was that more high altitude aircraft imagery be required to supple-
ment LANDSAT imagery.

remote sensing date users
LANDSAT user requirements
high altitude

E-51  Wilson, J. E. 1969. Sensor Detection Capabililies Study. USGS Circ.
616, 25 pp.

Ten remote sensor systems were cvaluated for their relative capabilities in
representing each of 98 classes of both man-made and natural features. The
ten sensor imagery types were : (1) BW photography, (2} color photography,
(3) CIR photography, (4) black-and-white IR photography, (5) 2 to 14 um
thermal IR imagery, (7) side-looking airhorne radar, (8) imaging milcrowave
radiometer, (9) electro-optical (television) imagery, and (10) nonimaging
gcatterometer., Based upon the current state of the art in sensor technology,
each system was subjectively rated from 1 to 8 in its effectiveness in
characterizing each of the 98 features. Such comparisans were made for day
and night low altitude (1,000 to 5,000 ft.) and day high altitude (10 to 100
miles} conditions. Where no evaluation was given, it was assumed that no
detection of that particular target was possible with that system given the
specified conditions. The ratings, which were based upon studies of imagery
(or data) from the various sensors and/or reviews of pertinent literature,
are relative and do not indicate the degree of accuracy or precision with
which a feature could be detected, identified, and characterized. 1t was
concluded that photographic remote sensor systems hold the greatest promise
for 89 of the 98 features studied.
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remote sensing
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black-and-white photography
color photography

color infrared photography
microwave imagery

scatterometer
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A-9, A-19, A-21, A-22, A-24, A-49,
C-4, C-9, D-3, D-5, E-5, E-22

A-29, A-36, C-8, C-13
c-7

A-4, A-9, A-20, A-23, A-24, A-29, B-3,
B-21, E-1, L-6, E-8, E-22, E-25, E-31,
E-48, E-49

A-53
B-22, E-5, E-6
A-45, C-2
A-16, A-38
D-7, E-28

D-1

B-13

A-16

A-35, C-5, C-14, E-27
c-13

E-11

A=52

E-18

c-10

A=b

E-1

A-34

B-9

B-17

E-18

c-13

A-5, A~10, A-11, A-13, A-27, B-22,
¢-10, E-26, E-31, E-34, E-46, E-48

E-9
A-38, B-7, E-17
E-30



Keyword
thermal emissivity

thermal infrared imagery

thermal infrared

thermal infrared scanner
thermograph

tonal signature
topographic mapping
topography

traffic

training sample
transmission corridor

transportation

transportation planning
trend analysis

United Kingdem

United States

urban analysis

urban environment

user requirement
utilities

utility corrideors
vegetation

vegetation analysis
vegetation association
vegetation identification
vegetation inventory
vegetation mapping
vegetation stress
Virginia

visible band
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A-1

A-15, A-22, A-29, A-35, A-42, A—43
E-22, E-51

A-2, A-5, A-6, A=9, A-36, C-5, C-13
A-1, E-25

a-1

C-14

A-8, A-32

A-11, A-19, A-23

A-27

E-44

A-45, B-4, B-15

A-2, A-1h, A-16, A-27, A-38, A-44,
A-52, B-7, B-9, B-12, E-34, E-42

A-26, A-27, B-5

E-30

A-10

A-30, A-33
c-6, E-15

E-34, E-38
E-9, E-50

B-15, E-34
B-13

B-3, B-21, E-31, E-34, E-39
E~1, E-17, E-24

c-1, C-14

c-1, C-12

E-26

A-30, A-49, D-5, E-5, E-15
E-24, E-43

A-29, A-36, B-4, C-3, E-39
A-5
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Keyword

water salinity
water resources
water quality

water mapping

water temperature
watershed mapping
wetland(s)

wetland assessment
wetland classification
wetland delineation
wetland mapping
wildlife

Wisconsin

Wyoming
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c-1

E-18, E-35

A-20, B-3, B-21, E-36, E-40
E-29

a-9

£-29

A-21, C-1, C-2, C-4, C-6, C-11
C-6

c-2, c-3, c-11

A-21, G-2, C-4, C-5

c-1, ¢-3

A-20, A-23, B-3, B-21, C-12, E-139

A-22, B-1, B-8, B-11, B-l4, B-15,
E-21, E-22, E-23, E-40

A=7, A-45



assoc.
bpi
bur.
BW
Can.
Canad.

CIR

cntr.
cm.
comm.
conf.
coun,
CRT
DEC
dept.
div.
DOT
econ,
ed.
Ed(s).
elec.

engr(s).

LIST OF ABEREVIATIONS AND ACRONYMS

acre(s)

automatic data processing
agronomy

American

architecture

Agricultural Stabilization
and Conservation Service

American Society of
Photogrammetry

association
bits per inch
bureau
black-and-white
Canada
Canadian

color infrared (see
also FCIR)}

center

centimeter (s)

commission

conferemnce

council

cathode ray tube

Digital Equipment Corporation
department

division

Department of Transportation
economics

edition

editor(s)

electric(al)

engineer(s)

engrg.

env.

ERIM

ERQS

ERTS

FCC

FCIR

FHA

ft,
CE

ha.
hr.

huy(s).

info.
inst,
intl,
IR

journ.

LARS

mi.
mm,

um

engineering
enviroonment (al)

Environmental Research
Institute of Michigan
(see also WRL)

Earth Resources
Observation System

Earth Resources Techno-
logy Satellite (see
alsc LANDSAT)

false-color composite

false-color infrared
(see also CIR)

Federal Highway
Administration

foot, feet

General Electrie
Company

hectare

hour
highway(s)
information
institute
international
infrared
journal
kilometer

Laboratory for Applica-
tions of Remote
Sensing

meter(s)
mile(s)
millimeter(s)

micrometer
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MSS
NASA

no.
obs,

ORSER

Pixel
PP-.
proc.
proi.
publ.
rd(s).
rec,
ref (s).
rept.
res.
sec.

5Crv.

LIST OF ABBREVIATIONS AND ACRONYMS (cont'd)

multispectral scanner

National Aercnautics and
Space Administration

number
observation(s)

Office for Remote Sensing
of Earth Resocurces

picture element
pages
proceedings
project
public
road(s)
record
reference(s)
report
research
section

service(s)

50C.

Sp., SPP.
SSEL

suppl.
surv,
symp.
s8yst.
topo.
transp.
UK

UN
univ.

USDA

USGS

social
species

Space Science Engineer-
ing Laboratory

supplemental
survey(s)
symposium
system(s)
topographic
transportation
United Kingdom
United Nations
university

United States Depart-
ment of Agriculture

United States Geological
Survey

ultraviolet
Wratten

Willow Run Laboratories
(see also ERIM)



