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Annotated B1b11ography of Techn1ques for Image

Enhancement and Interpretat1on in Remote Sensing

The purpose of th1s annotated b1b]1ography is to provide the: user of
: the Remote Sensing. Informat1on Subsystem (RSIS) w1th br1ef descriptions of
recent research techn1ques of image enhancement and the1r app11cat1ons to

specific image 1nterpretat1onrprob1ems. ‘Tab]e 2 of the May 1979 ASVT/RSIS

Technical Report entitled Funotionai Design Narrative Descrigtions listed
~ digital image processing requirements of'the RSiS. The references in this -
'bibliography were chosen beCauSe they describe theSevprocessing requirements.
The format of that table was modified s]1ght1y and used as the out11ne for |
’Sect1on One of th1s b1b]1ography
The b1b11ography is not 1ntended to be an exhaust1ve compilation of all
]‘pert1nentvart1c1es. Such a co]]ect]on would be outdated as soon-as it was -
- printed. It does, however,'tontain-a bnoad sampling of the recent’remote
sensing literature. we'trted not to include multip]e-references to the same
‘technique, but some repetition was necessary in onder.to fu]1y describe some
‘_procedures of.image enhancement and,fnterpretationQa | |
3 The bib]iography‘is divided into two major seotions.v The first section
contains articles which describe methods of‘image enhancement. This section'
is dfvided into three parts which outline the sequential steps of image en-=
hancement from d1g1ta1 data on magnetic tapes to hardcopy film “images. |
Preprocess1ng compr1ses the mach1ne man1pulat10n of d1g1ta1 data Some
preprocessing 1s,apcomp]1shed.pr1or to the interactive stage,of_data hand]ing,'v
but thene'is‘SOmeioyerlap between'these steps.. The user assumes a more active
role in the 1nteract1ve stage of process1ng At this time he manipulates the

‘data. (for examp]e as 1t is d1sp1ayed on a CRT) to suit his needs. . The post-



'processfhg stage is herein considered the CRT display of final results of the
previous two stages, and the prdduction of hardcopy film images. |
‘The,user‘who isffémiliar with fhese teéhniques and who is interested

in‘the applications df_these processes to his aréa of interest should refer
f0 Secti0n'Two. ‘ |

 .The theme of Section Two is image interpretation. Articles in this
~ section describe‘tﬁe appiication_of techniques exp]qined in Séqtion One to
_spécifié problems of'image 1hterpretation that are ekpected tq arise during
the analysis of the TNRIS/NASA Joint Project Test Sites. This section is divided
iﬁto seven broadAIand‘covér/1and use categories. Within eacH category,
‘ afticles=are arranged by the technique;descrfbed, such as density slicing,
band-fatioing and the like. | |

The'source of these annotated references was Geo Abstracts, Section G,

Remote_Sensing,'Photogrammetry and Cartography, 1976-1979. We gratefully
abknow]edge the permission granted by that pub]icatjon‘to use their annotations.
Some of the annotations were edited to conserve space énd eliminate information

not directly relevant to the heading under which they were grouped.
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I. Image Enhancement

A. General

Haralick, R.M., 1976, Automatic remote sensor image processing, in Topics
in applied physics, 11, pp 5-63.

Two methods of automatic image processing are described. The first one
requires special instruments and the input of analog tapes. The second
method consists of more complicated processing and requires corresponding
software and the input of digital tapes. Automatic identification methods
are applied by some authors to the division of cultivated land, urban
areas, forests and water. Automatic processing includes tape recording
of the imagery, normalization of half-tones, marking out of details,
choice of the decisive rule and error determination. The processing

is discussed from the point of view of both future development and of
instruments and software.

Levinson, R.A.; Marrs, R.W.; and Grantham, D.G., 1976, Rapid low-cost image
analysis through video processing, University of Wyoming, Remote sensing
laboratory, open file report, GJBX-37(76), 54 pp.

A new, more economical, video system capable of performing complex image
analysis has been developed. This report describes the functions, com-
ponents, and operation of that system. Processing capability of the new
video image analysis system includes many of the tasks previously accom-
plished with optical projectdrs and digital computers. Video capabilities
include: color separation, color addition/subtraction, contrast stretch,
dark level adjustment, density analysis, edge enhancement, scale matching,
image mixing (addition and subtraction), image ratioing, and construction
of false-color composite images. Rapid input of non-digital image data,
instantaneous processing and display, relatively low initial cost, and Tow
operating cost gives the video system a competitive advantage over digital
equipment. Complex pre-processing, pattern recognition, and statistical
analyses must still be handled through digital computer systems. The video
system at the University of Wyoming has undergone extensive testing,
comparison to other systems, and has been used successfully in practical
applications ranging from analysis of X-rays and thin sections to pro-
duction of color composite ratios of multispectral imagery.

Rosenfeld, A., and Kak, A.C., 1976, Digital picture processing, (Academic Press;
Computer science and applied mathematics. A series of monographs and
textbooks), 457 pp.

After a general introduction (chapter 1) and a review of various useful
mathematical tools for digital picture processing (chapter 2) a brief intro-
duction is presented to visual perception (chapter 3). Chapter 4 is

devoted to the theory of picture digitization, while chapter 5 treats
picture compression. In chapters 6 and 7 techniques for picture enhancement



© and restoration are discussed. Chapter 8 dea]s with methods of seg—
~ menting pictures into significant parts, while chapter 9 discusses the
measurement of geometrical properties of picture parts Chapter 10 ,
considers non-geometrical picture properties (e.g. texture) and gives a
description of pictures in terms of parts, properties, and relationships..

~ B. Preprocessing
R Rad1ometr1c correct1ons

Rohde, W.C.; Lo, J.K.; and Pohl, R.A., 1978, EROS Data Center LANDSAT digital
enhancement techn1ques and 1magery ava11ab111ty, 1977 Canadian}joUrna]
of remote sensing, 4(1) pp 63-76.

The US Geological Survey s EROS Data Center (EDC) is exper1ment1ng with
the production of digitally enhanced LANDSAT imagery. Advanced digital
image processing techniques are used to perform geometric and radiometric
corrections and to perform contrast and edge enhancements. The enhanced -
image product is produced from digitally preprocessed LANDSAT computer
~ compatible tapes (CCT's) on a laser beam film recording system. Bad data

~Tines or line segments with more than 150 contiguous bad pixels are cor-
rected by inserting data from the previous line in place of the bad data.

- Striping, caused by variations in detector gain and offset, is removed
with a destriping a]gor1thm applied after digitally enhanc1ng the data.
Image enhancement is performed by applying a Tinear contrast stretch and
an edge enhancement algorithm. The edge enhancement algorithm is designed
to enhance boundaries between terrain features that exhibit subtle dif- .
ferences in brightness values along edges of features.

2;‘~Geometric corrections

Ballew, G.I., and Lyon, R.J.P., 1977, The display of LANDSAT data at large
sca]es by matrix printer. Photogrammetr1c eng1neer1ng and: remote sens1ng,
43(9), pp 1147-1150. o N

L1nepr1nter images of digital LANDSAT multispectral data may be conven—

iently and economically d1sp1ayed on standard line- pr1nter paper by using
a matrix printer, DOTPRINT images at nominal scales of 1:24,000 and 1:50,000,
and 1:62,500 are produced. More precise geometry is obta1ned by using °
control po1nts and regression equations. which perm1ts features to be
located to the nearest half-pixel over an area the size of a 15-minute
quadrangle. Color infrared images and color classifications may be -
produced from several DOTPRINTs by overpr1nt1ng channe]— or rat1o 1mages
of different colors on the same piece of paper.

Rohde, W.C.; Lo, J'Kv -and Pohl, R.A. » 1978, EROS Data’Center LANDSAT digita]'
' enhancement techn1ques and 1magery ava11ab1]1ty, 1977. - Canadian journal of
remote sens1ng, 4(1) PP 63 76. el . :

‘See Sect1on}I-B-1,for annotat1on.



3.

E]iminating/reducing noise--bad scan line removal

Goetz A.F.H., and Billingsley, F.C., 1973, DigitaT image enhancement tech-

4.

niques used in some ERTS app11cat1on prob]ems University of wyom1ng,
Laramie, Contributions to geology, 12 (2), pp 7-21.

Enhanced images can be used alone or as ‘inputs to classification routines.
However, in some problems the spatial relationships are equal in importance
to the classification results and enhancements can be designed to provide
both types of information in one image. Enhancements discussed include
contrast stretching, multi-ratio color displays, Fourier plane operations
to remove striping and boosting MTF response to enhance high spatial fre-
quency content. The use of each technique in a specific application in
‘the fields of geology, geomorphology and oceanography is demonstrated.

‘Band ratioing

Goetz, A.F.H.,‘and Billingsley, F;C.;M1§73, DigitaTvimage enhancement tech-

5.

niques used in some ERTS application problems. University of Wyoming,
Laramie, Contributions to geology, 12 (2), PP 7-21.

“See Section I-B-3 for annotation.

Contrast Stretch

Goetz, A.F.H., and Billingsley, F.C., 1973, Digital image enhancement tech-

niques used in some ERTS application problems. University of Wyom1ng,

" Laramie, Contributions to geology, 12 (2), pp 7= 21

See Section I—853 for annotation.

Rohde, W.C.3; Lo, J. K., and Pohl, R.A., 1978 EROS Data Center LANDSAT digital

6.

enhancement techniques and 1magery ava11ab111ty, 1977. Canadian journal

of remote sensing, 4 (1), pp 63-76.

See Section I-B-a for annotation.

Edge enhancement

Faller, K.H., 1977, A procedure for detection and measurement of interfaces in

remotely acquired data using a_digita] computer. ‘US National Aeronautics
and Space Administration, Lyndon B. Johnson Space Center, Houston, Texas,
NASA-TR-R-472, JSC- S 467, 32 pp. ' v _

A techn1que deve]oped and evaluated for the detection and measurement of



, surface feature 1nterfaces in remotely acqu1red data is descr1bed A :
‘computer implementation of this technique has been effected to automatically
~ process categorized data derived from various sources such as the LANDSAT
- mu1t1spectra1 scanner and other scanner type sensors.

Rohde W.C.; Lo, J.K.3 . and Pohl, R.A. 1978 EROS Data Center LANDSAT digital
- enhancement techn1ques and 1magery ava11ab111ty, 1977 Canadian journal -
‘of remote sens1ng, 4 (1), pp 63-76. S 2 '

See Section I-B-1 for annotation.

- 7. Texture analysis

Hara]1ck R.M.3 Shanmugam K.; and Dinstein, I., 1973, ”Textural features for
- image classification. IEEE Transact1ons on systems, man and cybernet1cs,
SMC-3 (6), pp 610-621. SR :

. Texture is one of the 1mportant characterlst1cs used in 1dent1fy1ng obJects
or regions of 1nterest in an image, whether the image be a photomicrograph,
an aerial photograph, or a satellite image.. This paper describes some -
easily computable textural features based on graytone spatial dependencies,
‘and illustrates their app11cat10n in category-identification tasks of
three different kinds of image data: photomicrographs, 1:20,000 panchromat1c
aerial photographs, and ERTS MSS 1magery We use two kinds of decision 4

" rules: one for which the decision regions are convex po]yhedra (a piecewise
Tinear decision ru]e), and one for which the decision regions are rectangular

~parallelpipeds (a min-max decision rule). In each experiment the data set
was divided into two- parts, a training set and ‘a test.set. Test set
identification accuracy is 89 percent for the photomicrographs, 82 percent
for the aerial photographic imagery, and 83 percent for the satellite
imagery. These results indicate that .the easily computable textural

- features probab]y have a general app11cab111ty for a w1de var1ety of

, ‘1mage class1f1cat1on app11cat1ons :

Thomas, J.0., 1977 Texture ana]ys1s in 1magery process1ng, in Br1t1sh pattern R
recogn1t1on assoc1at1on and remote sensing society joint meet1ng on :
texture analysis, Oxford, April- 19, 1977, Proceed1ngs, ed J.0. Thomas and
P.G. Davey, (J.L. von Genderen Remote sensing soc1ety, Fa1rey Surveys Ltd
Ma1denhead) pp 1- 44 _

- Texture ana]ys1s is 1ncreas1ng1y app11ed in automatic d1g1ta1 1magery /

- processing systems in remote sensing. A variety of techniques for providing
,textura] measures suitable, for example, for use as features to be extracted
in software data c]ass1f1ers are available. The most widely used employ f1rst
~order grey Tevel statistics, or, involve measures based on co-occurrence
matrices (2nd order stat1st1cs) Other variants 1nc]ude ‘transform methods -
-for example, 'rings' or 'wedges' based on Fourier measures of texture. In
this paper, attent1on is concentrated on the use of second order statistics,
and some simple 'model’ images are used to illustrate how texture measures
computed from the p-matrices work. The paper conc]udes w1th a d1scuss1onv



B of the use of texture ana]ys1s in remote sens1ng “imagery evaluation.
Simple classifiers based on textural feature extraction alone are capab]e

- of better than 85% accuracy in a wide range of applications part1cu1ar1y
when comb1nat1ons (e g. pa1rs) of texture measures are used

8. Table Took-up protedure

- Shlien, S., 1975, Practical aspects-re1ated to automated classification of
LANDSAT imagery using lookup tables, Canada Centre for remote sensing,
Department of Energy, mines and resources, research report, 75-2, 15 pp.

The computer time needed to classify LANDSAT data can be reduced by an
order of magnitude by employing a table lookup scheme. The method is
practical on any general purpose computer since it does not require special
- hardware or a great deal of core memory. This paper presents a descrip-
" tion and illustration of a particular implementation of the table lookup
scheme using hash1ng tables, and a mathematical model, re]at1ng the statis-
vt1cs of a LANDSAT 1mage to the size of a lookup table, is examined.

 C. Interactive processing

1.  General
Wi

Henze, J., and DeZur, R., 1975, Interactive digital image manipulation system.
in NASA earth resources survey symposium. Volume 1-B: geology, information
systems and services, Houston, Texas, June 1975, (United States National
Aeronautics and Space Administration, Lyndon B. Johnson Space Center,
Houston, Texas; pp 1415-1435.

The system is designed for manipulation, analysis, interpretation, and
processing of a wide variety of image data. LANDSAT (ERTS) and other data
in digital form can be input directly into the system. Photographic prints
and ‘transparencies are first converted to digital form with an on-1ine high-
resolution microdensitometer. The system is implemented on a Hewlett-
Packard 3000 computer with 128 K bytes of core memory and a 47.5 megabyte
disk. It includes a true color display monitor, with processing memories,
graphics overlays, and a ‘movable cursor. Image data formats are flexible

so that there is no restriction to a given set of remote”sensors. Con-
version between data types provides a basis for comparison of the various
data. Multispectral data is fully supported, and there is no restriction

on the number of dimensions. In this way multispectral data collected

at more than one time may be treated as data collected with twice (three
times, etc.) the number of sensors. There are various libraries of functions
available to the user: processing functions, display functions, system-
functions, and earth resources applications functions.



Morgan 0.E.; Ba]ston, D.M.; and Custance, N D. E 1977, Interact1ve 1mage pro-.
cessing techn1ques using the Plessey IDP 3000, in Proceed1ngs 11th inter-
‘national sympos1um on remote sensing of environment, April 1977, (Center

~ for remote sensing information and ana]ys1s, Env1ronmenta1 Research Inst1-
- tute of M1ch1gan Ann Arbor) , PP 953- 954

The three modes of 1nteract1ve operat1on termed A]pha Beta and Gamma
Processing, reflect the need for a range of interactive processing
techn1ques Alpha processing is characterized by the instantaneous

- processing of a high quality TV 1mage which can be Tive from a camera
or stored on a number of the system's 16 digital image stores. The Alpha
process1ng functions are highly interactive with pseudo-analogue control
of piecewise linear contrast stretching, color compositing, tinting, Tevel
slicing, maximum emphasis display, ratioing and simple classification.
Beta processing implements functions which cannot be easily performed at
full TV rates by for which rapid response is essential in an interactive

- environment. The Beta functions may be one or two dimensional in nature
and range from enhancement through multi-spectral classification with

. complex decision boundaries to spatia] (texture) processing and ana]ys1s.
The third process1ng mode, Gamma is totally software orientated and is
used where it is 1nappropr1ate to implement the processing in hardware -
e.g., feature optimization, and classifier training, or where the nature
of the data makes software process1ng the natural funct1on - e.g., ground
truth data basing. : '

2. Density slicing

Dooley, J.T., 1976, Utility of scahning densitometer in analyzing remotely
sensed imagery. US National Aeronautics and Space Administration, Lewis
Research Center, Cleveland, Ohio, NASA-TM-X-73533, E-8955, 21 pp, refs.

The utility of a scanning densitometer for aha]yzing imagery was evaluated.
Uses studied include: 1) quick-look screening of imagery by means of
density slicing, magnification, color coding, and edge enhancement; 2)
preliminary category classification of both low- and high-resolution data
bases; and 3) quantitative measurement of the extent of features within
se]ected areas.

Wang, S., 1977, Coastal thematic mapping by density slicing ERTS-1 imagery of
western Ta1wan National Taiwan Un1vers1ty, Department of Geography,
science reports, 9, pp 53-68.

Thematic mapping by density slicing and color coding ERTS-1 satellite
images can be accomplished by using an 12s Digicol Density Analyzer. This
is illustrated by extracting the following themes from either a Band 5 or
Band 7 image: coastal wetlands; lakes and ponds; urbanized, industrial, and
bare soil areas. This technique can be used to extract any. part1cu1ar theme
which has a d1st1ngu1shab1e tone on the images.



w1]met J., 1975, The use of dens1ty s11c1ng for 1and use mapping. “Bulletin
tr1mestr1e1 de la societe belge de photogrammetr1e 117- 118 pp 33-43.

Density s]1c1ng may be achieved with the aid of masks from negatives or

-~ by numerical methods from digital data. Although the method allows the
“interpretation of features from their spectral signature, the signature =
‘may vary due to such factors as time and place of photography and the .
emulsion used. Two examples are g1ven showing how the method may be used
for land use mapping and the mapp1ng of 11near features and for themat1c
mapp1ng from LANDSAT photography

3. Band ratioing

Raines, G.L., 1977, Digital color analysis of color-ratio composite LANDSAT
: scenes, in Proceedings 11th international symposium on remote sensing of :
. environment, April 1977, (Center for remote sensing information and analysis,

Environmental Research Institute of Michigan, Ann Arbor), pp 1463-1472.

A new technique has been developed by which values of gray tones in
three ratios being composited can be numerically transformed from three
axes of an orthogonal coordinate system.to values in a cylindrical
~coordinate system that approximates Munsell color space. Combined ratio
~values thus can be precisely and quantitatively defined in terms of distinct
colors that would result from a color-compositing process, such as the
diazo process. Applied to the Goldfield, Nevada, area, this new technique
has been used to produce color composites that accurately discriminate
-altered ground, show variations within altered areas, and show limonitic
‘alluvium transported from the Goldfield area, in different colors which
could not be distinguished from altered ground in the diazo color-ratio
‘composites previously used.

4., False-color image

Beer, J.S.; Sijmons, K.; andee1nre1ch H., 1978, Intensity and color coding
of re11ef and ground cover on PC transformed LANDSAT data, ITC Journal
78(2), pp 247-252.

Authors report on research to assess LANDSAT imagery. as an aid in the pro-
duction of relief maps by photo-mechanical methods. Using as. original
material black and white LANDSAT imagery showing relief and vegetation,
the method of obtaining the simulation of continuous tone, in color, is
described and the final results are presented.

Raines, G.L., 1977, Digital co]or analysis of co1or-rat1o composite LANDSAT
scenes, 1n Proceed1ngs 11th international symposium on remote sensing
- of environment, April 1977, (Center for remote sensing information and
analysis, Env1ronmenta1 Research Institute of Michigan, Ann Arbor), 1977,
pp 1463- 1472 :

See Section I-C-3 for annotation.



‘ Romijn, M.A., 1977, Pr1mer for the production of LANDSAT co]or compos1tes, g
ITC Journal 77 3, pp 545 556. : ,

This pr1mer contains the bas1c techn1ca1 1nformat1on requ1red for the
production of LANDSAT color-composites, Tisting in note:form the mater1a1».'
and equ1pment needed as we]] as the method of work1ng

5. "Unsupervised" or "clustering” ana1y31s -

Haske]] R.E., 1977, An interactive color display for mu1t1spectra1'1magery
using corre]atlon c]uster1ng, US National Aeronautics and Space Adminis-
tration, Lyndon B Johnson Space Center, Houston Texas, 28 pp.

A method of and apparatus for proce551ng}mu1t1spectra1 data is provided

which permits an operator to make parameter level changes during pro-

cessing of the data. The system is directed to product1on of a color

classification map on a video display in which a given color represents

a localized region in mu1t1spectra1 features space. Interactive controls

perm1t an operator to alter the size and change the location of these
regions, permitting the classification of such reg1ons to be changed from -

a broad to a narrow c]ass1f1cat1on

Narendra P M., and Go]dberg, . 1977 A non- parametr1c c]uster1ng scheme for
LANDSAT Pattern recogn1t1on 9 (4) pp 207-216.

A 4-dimensional h1stogram is computed to reduce the Targe LANDSAT :
pixel data (up to 7.6 million pixels to a frame) to the much smaller number
(6,000) of distinct vectors and their frequency of occurrence in the ,
scene. The vectors are clustered by a recent non-parametric clustering
algorithm, using the histogram count as a probability density estimate.
Hashing is used to generate the histogram and also subsequent table
-Took-up classification of the individual pixels in the image after the
histogram vectors are clustered. The resultant clustering scheme is
very efficient and a 512 x 512 LANDSAT scene can be clustered in less
. than 2 min of CPU time on a PDP-10 computer. - Results of the application
~of the clustering scheme on. representative LANDSAT scenes are included.

6. Change'detection

Ne1sm111er R A.; Kr1stof S J.; Scholz, D K Anuta, P. E}, and Momin, S. M
1977, Eva]uat1on of change detect1on techn1ques for mon1tor1ng coasta1
zone environments, in Proceedings 11th international symposium on remote
sensing of environment, April 1977, (Center for remote sensing information
and analysis, Env1ronmenta1 Research Institute of M1ch1gan Ann Arbor), ,
pp 1229- 1238 ' :

'»An:area of the Matagorda Bay estuarine_system_aTong the Texas. coast was -



- selected as the principal study site. “Initially, the study included

“individual data analysis of the area using the maximum Tikelihood classi-

- fier as implemented by LARSYS. The resultant inventory classifications -

- included categories of agriculture, rangeland, high coastal marshes,

“wooded areas, swamp timber, brackish marshes, residential areas, grass- ,
Tands, mud and sand flats, beach ridges, ‘and at Teast 4 open water classes.

- Four cand1date change detection techniques were designed with the under-
standing that other methods of change detection may function as well.

The four techniques utilized were identified as: 1) post classification =
(direct change) method, 2) delta data change detection, 3) spectral/temporal
change c]ass1f1cat1on and 4) layered spectral/temporal change classifi-
cat1on - ‘ : : a o IR _

7. Automated Corre]atfon of spectral "clusters" with surface information

~ Struve, H.; Grabau, W.E.; and West, H.W. 1977 Acqu1s1t1on of terrain 1nfor-
mat1on using LANDSAT mu1t1spectra1 data Report 2. An interactive.
procedure for classifying terrain’types by spectral characteristics,
US Army Engineer Waterways Exper1ment Stat1on, Vicksburg, Miss., tech--
nical report 140 pp.

This study deve]oped a sem1aut0mated procedure for classifying LANDSAT
radiance data in terms of preselected Tand-use categor1es The pro-
~cedure is an interim solution to the prob]em of mapping very large areas
in terms of re]at1ve1y crude categor1es in very short per1ods of time.

D. - Postprocessing

~ Best, R.G. ;’and Smith, J.R., 1978, Photographic cbntrast enhancement of LANDSAT
imagery, Photogrammetr1c engineering and remote sensing, 44 (8),
pp 1023 1026. .

An increase in photographic contrast (gamma) results in. greater density
differences among scene features and better radiometric resolution pro-
viding the maximum interpretation potential of LANDSAT imagery. The
process involves selectively varying film type, developer, and develop-
ment time to produce higher contrast in the reprocessed image. The tech--
~nique has applications in any project which utilizes LANDSAT. imagery.
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II. IMAGE INTERPRETATION

A. Agr1cu1tura1 Land Use, Irrigation (See also Rangeland and Soils)
1. Table Tlook-up o

R1chardson A.J., and Wiegand, C.L., 1977, A table look-up procedure for rapidly
~ mapping vegetation cover and crop deve]opment, in 4th annual symposium
on machine processing of remotely sensed data, LARS, Purdue University,
June 1977, ed D.B. Morrison and D.J. Scherer, (Inst1tute of Electrical and
Electronics Engineers), pp 284-296. o

The LANDSAT data space surround1ng the soil background 11ne for MSS5 and
MSS7 was divided into 10 decision regions corresponding to water; cloud
shadows low, medium, -and high ref]ecting soil; cloud tops; low, medium, and -
dense plant cover; and a threshold region into which no LANDSAT data are
expected to fall. Using a table Took-up procedure, based on these 10
decision regions, LANDSAT scenes could be classified into meaningful vegeta-
tion density levels, soil brightness levels, and water from the raw satel-
lite data without prior knowledge of local crop and soil conditions. These
procedures deviate from current pattern recognition and remote sens1ng prac-
tice but should lead to faster and more automated machine processing of
satellite MSS data for monitoring crop development, and for associating
vegetation vigor and yield in large area crop yield prediction efforts.

2. False-color image

McMurtry, G.J.; Petersen, G.W.; and Wilson, A.D., 1974, Techniques for delinea-

v tion and portraya] of land cover types using ERTS-1 data. Interim report.
Pennsylvania State University, University Park, Office for Remote Sensing
of Earth Resources, ORSER-SSEL-TR-23-74, 18 pp.

ERTS data were used to map land cover in agricultural areas, although in
some parts of Pennsylvania, with small irregular fields, many of the pixels.
~overlap field boundaries and cause difficulties in classification. Various
techniques and devices were used to display the results of these land
© cover analyses. The most promising approach would be a user-interactive
color monitor interfaced with a Targe computer so that classification results
could be d1sp1ayed on the CRT and these results output by a hard complete
copier. A

3. Radiometer, spectrometer app1ications

_Ahern, F.J.; Goodehdugh, D.G.; Grey, A.L.; Ryerson, R.A.; and Vilbikaitis, R.J.,
1978, Simultaneous microwave and optical wavelength observations of agri-
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cultural”targets; Canadian journal of remote sensihg, 4(2), 'pp 127—143

A 13.3 GHz scatterometer and a nadir- v1ew1ng radiometer measur1ng reflected
- ‘radiance in the LANDSAT bands were f]own simultaneously over fields con-
taining eleven different forage crops. The coherent illumination and de-
tection inherent in the scatterometer operation results in analysis tech-
niques and statistical uncertainties which are quite different from those _
associated with the more traditional optical techn1ques Confusion matrices
were calculated for both the optical and the microwave data. -Microwave
~and optical sensors provide complementary information which, when combined,
permit the most accurate (88.4 + 8.0 (s.d.) for 9 c]asses)»classifications
to be achieved. The most significant features derivable from the scattero-
meter data were the dual-polarized scattering co-efficients at nadir and
the linear slopes of the scatter1ng co- eff1c1ents as a funct1on of obser-
~vation angle . ‘ .

Beers,vJ N.P., 1975, Ana]ys1s of s1gn1f1cance within crop- spectra a comparison
. study of d1fferent multispectral scanners, Netherlands Interdepartmental
WOrk1ng Group on the App]1cat1on of Remote Sens1ng, Delft, Pub] 30, 46 pp.

In order to study the spectra] s1gnatures of vegetat1on canop1es, ref]ectance-

- data of 11 crops were gathered during the 1973 growing season using the
NIWARS double beam type spectrometer. Using the spectra obtained, it was.
possible to determine for each crop or group of crops the part of the
spectrum which is most significant. From this knowledge the use of the
channels of different multispectral scanners is concluded 1n re]at1on to the
relative 1nformat1on content of the channe]s

B. Forest Resources, Native Vegetation, T1mber Survey
1. Digital ana]ys1s, genera]

Deth1er ‘B. E Ash]ey, M. D B]a1r B.0.; Capr1o J.M.; Hopp, R J. 5 and Rouse,.
J. W Jr 1975, Sate111te sens1ng of pheno]oglcal events, Search Agr1—
cu]ture 6(1) 46 pp. .

This study of the tempora] -and geograph1ca1 progression. of the plant Tife
cycle reflected in variations-in the spectral properties of plants at more
than 3200 sites throughout the USA was based on 2 sequences; the green

wave, which recorded the progression of foliage deve]opment over wide areas,
and the brown wave, a record of vegetation senescence. The use and computer
analysis of ERTS-1 (Earth Resources Technology Sate111te) imagery and
~multispectral scanner d1g1ta1 tapes and data hand]1ng and photo 1nterpretat1on
techn1ques are descr1bed ‘

Hoffer, R.M., 1976 Techniques and applications for computer -aided ana]ys1s of i
mu1t1spectra1 scanner data, in Remote sensing in forestry. Proceedings of the
symposium held during the XVI IUFRO World Congress, Oslo, 21 - 26 June,

1976, ed.G. Hildebrandt, (International Union of Forestry, Research Organi-
zat1ons, Subject Group S 6. 05 Remote Sensing, Freiburg), pp 103-113.
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~ Several procedures for digitally processing and analyzing data from satellite
. scanner systems have been found to be useful. The techniques were applied
.~ to a mountainous test site of approximately 106 ha area. In spite of the
vegetative and topographic complexity of this test site, coniferous and
deciduous forest -cover, as well as other major cover types, could be mapped
with an accuracy of approximately 85% using both LANDSAT and SKYLAB data.
Individual forest cover types were mapped with approximately 70% accuracy.

~ Kalensky, Z., and Scherk, L.R., 1977, Accuracy of forest mapping from LANDSAT

. computer compatib]e tapes, in Proceedings 10th international symposium on

~remote sensing of environment, October 1975, (Center for Remote Sensing
Information and Analysis, Env1ronmenta1 Research Institute of Michigan,
Ann Arbor), pp 1159-1168.

The obta1ned»resu]ts‘conf1rmed usefulness of LANDSAT computer compatible
tapes for automatic identification of forest and classification of broad
forest types. This can be utilized in thematic mapping at 1:250,000 scale

. which is compatible w1th geometric accuracy of the LANDSAT scene corrected
images. :

Kan, E.P., 1976, A new computer approach to map fixed forest features and post-

’ process mu1t1spectra1 data, in Proceedings of the American Society of Photo-
grammetry, Fall convention, Seatt1e “Washington, Sept 28 - Oct. 1, 1976,
pp 386-401. :

Theory and application of a new computer approach for mapping mixed forest
features (i.e. types, classes) from computer classification maps are pre- -
sented. Because standard statistical pattern recognition techniques fail to
detect mixed features in mixed stands defined by the Forest Service, a new
approach 1is proposed by which features such as mixed softwood/hardwood stands.
are treated as admixtures of softwood areas and hardwood areas. This approach
is accomplished by the iterative manipulation of the postprocessing al-
gorithm that eliminates small connected sets. Computer-classified Land
Satellite multispectral scanner data of the Sam Houston National Forest

were used to demonstrate the approach.

Titus, S.; Gialdini, M; and Nichols, J., 1977, A total timber resource 1nventory
based upon -manual and automated analysis of LANDSAT-1 and support1ng air-

. craft data using stratified multistage sampling techniques, in Proceedings
10th international symposium on remote sensing of environment, October
1975, (Center for Remote Sensing and Analysis, Environmental Research Institute
of M1ch1gan, Ann Arbor), pp 1093-1100.

.The t1mber resource inventory proved to be cost-effective and timely in
obtaining timber resource information. The parameters of interest had
relative standard errors (RSE) within the range 6.31 to 8.19% with the
exception of number of trees per hectare which was 12.19% (due 1arge1y
to the difficulty of locating within the photo plots all trees of 127 mm
DBH and larger). While the RSE for cubic meter volume, 7.82%, does not
meet the specified sample precision 1eve] of five percent, the overall .
results are sat1sfactory
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= Z;Z'Tab]e Took-up

W1egand C.L.; Gausman, J.W.; Leamer, R.W. R1chardson A.J.; and Everitt, J.H.
1977, So11 water and vegetat1on cond1t1ons in- south Texas, Final report.
13 Jan 75-13 Jun 77, (U.S. Department of Agr1cu1ture Agr1cu1tura1
Research Service, weslaco Texas), 121 pp.

The best wave]engthsf1n the 0.4 t632.511m interval were determined for
detecting lead toxicity and ozone damage, distinguishing succulent from
woody species, and detecting silverleaf sunflower. A table look-up pro-
cedure was devised that permits rapid identification of soil background

~and green biomass or phenological deve]opment in LANDSAT scenes w1thout the
need for tra1n1ng data. . '

3. Density slicing

Kinash, K., Chyo, M., 1976, Mon1tor1ng‘forest environment with photo densito-
meter through success1ve sampling, in Remote sensing in' forestry. Pro-
ceedings of the symposium held during the XVI IUFRO World Congress, Oslo,
21-26 June 1976, ed. G. Hildebrandt (International Union of Forestry, Re-
search Organ1zat1ons, SubJect Group S 6 .05 Remote Sens1ng, Fre1burg)
pp 351- 362

One method of monitoring forest env1ronment may be the measurements of the

densitometer on the aerial photography of forests. Successive change

of the two occasions will be estimated through successive sampling. Com-
‘parison of four basic methods of successive sampling is done and the change
- of forest percentage is estimated by the densitometer value.

Rodr1guez -Bejarano, Dario, 1975, Density slicing applied to forest type delinea-
tion, Photogrammetr1c Engineering and Remote Sensing, 41(8), pp 1029-
1037.

Printing aerial photdgraphs of a forested area on Agfacontour film to
achieve density slicing, and subsequent]y copying the density slices on
-very high contrast 1ith film, aided 1n the discrimination of conifers and
broad]eafed trees.

4. False-color image

Lee, Y J.; Towler, F.; Bradatsch, H.; and Finding, S., 1977, Computer-assisted
forest Tand c]ass1f1cat1on by means of several classification methods
on the CCRS IMAGE-100, in 4th Canadian symposium on remote sensing,
Quebec, May 16-18, 1977, (Canadian Aeronautics and Space Inst1tute Ottawa),
pp 37-46.

This study reoorted'the results of computer-assisted forest land classification
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by means of principal components color enhancements, unsupervised,
supervised classification and multidate digital analysis on the CCRS

- IMAGE-100 multispectral analyzer. The study was conducted on three test
sites in British Columbia. Site one was selected for the study of forest
land classification; site ‘two for monitoring burned-over areas, and site
three for monitoring logged-over areas. The results from principal com-
ponents color enhancement were excellent.

5. Unsupervised classification

Lee Y.J.; Towler, F; Bradatsch, H.; and Finding, S., 1977, Computer-assisted
'forest Tand c]ass1f1cat1on by means of several class1f1cat1on methods
on the CCRS IMAGE-100, in 4th Canadian symposium on remote sensing, Quebec,
May 16-18, 1977, (Canadian Aeronautics and Space Institute, Ottawa),
pp-37-46. o : ' '

'-See'Sectioh I1-B-4 for annotatioh,ﬁ

- 6. Clustering

F]em1ng, M.D., and Hoffer R.M., 1977 Computer-aided analysis techniques
for an operational system to map forest Tands utilizing LANDSAT MSS data,
Purdue University, LARS Technical Report, 112277, 236 pp. -

The objective of this research was to define an effective and efficient
computer-aided analysis technique that can be utilized to map natural
resources, particularly forest lands in areas of rugged terrain using
‘digital multispectral scanner data collected from satellite altitudes.

- Six alternative procedures for developing training statistics were defined
and tested. The results indicated that the "Multi-Cluster Blocks' approach

~was optimal since it required the smallest amount of support data, required
relatively few man-hours of analyst time, reduced computer (C.P.U.) time,
and resulted in the highest overall classification accuracy.

7. Change detection

Baker, N.K., and others, 1976, An 1nteract1ve minicomputer image processing
system for remote sensing applications, in Proceedings of the American Society
of Photogrammetry, Fall convent1on Seatt]e Washington, Sept 28-0ct. 1,
1976, pp 373-385. _

An inexpensive digital image processing and disp]ay system was developed
by the U.S. Forest Service. The system has been designed to support a
wide range of earth resource applications including: land use analysis,
vegetat10n (spec1es) 1dent1f1cat1on, 1nventory of forests and range]ands,

\
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and detection and analysis of insect and disease infestations. Results
are presented for a typical application of change detection and forest -
stand impact analysis for Mountain Pine beetle infestations in the Ponderosa
Pine ecosystem of the Black Hills National Forest in western South Dakota.

8. Mapping, manuallinterpretatiOn“

- Witmer, Richard E 1972 Some forest 1nterpretat1on potentlals of hyper -altitude
-photography and ERTS A imagery applications and prognostications, Tennessee
Valley test site; final report; (East Tennessee State Un1vers1ty, Johnson -
City, Department of Geography), 23 pp.

Forest cover of an area in northern Alabama was mapped using 1 120,000~
scale photography. Maps drawn from a mosaic, and one drawn from the original
“transparency, proved the increased accuracy of the map prepared from the
transparency. Seven basic forest patterns were created by relating charac-
teristic slopes, topographic positions, and drainage networks to the forest
cover. The ability to produce-a.valid catalog of repeatable patterns that
could be applied to spec1f1c case situations over a larger area was demon-
strated.

9. Reflectometer, spectroradiometer applications

Drewett, R.J., 1977, Use of a remote reflectance and digital data analysis to
study phosphate def1c1ency in spruce trees, in Proceedings 10th 1nternat10na1
symposium on remote sensing of environment, October 1975, (Center for
Remote Sensing Information and Analysis, Environmental. Research Inst1tute
of Michigan, Ann Arbor), pp 1123-1132. :

A series. of measurements wa$ made during 1974 on 2 and 3 year Sitka Spruce
with known levels of phosphate dosing ranging from severely deficient to

a toxic overdose. Spectral reflectance was measured under a range of
conditions in the pre-growth and full-growth seasons using a special-
purpose remote reflectometer. This instrument scans a selected number of
ground areas in rapid succession at each wavelength, and records’ the radiance
from each target in digital form. One target is normally a reference panel,
while the remaining targets (up to 9 is feasible) are the areas of measure-
ment. A number of different targets may be reliably measured without diffi-
culty from a tower or vehicle roof. .A suite of programs is available to
display and analyze the data. o '

Ka]ensky, Z., and Wilson, D.A., 1976, Spectral signatures of forest trees, in
Third Canadian symposium on remote sensing, Edmonton, Alberta, September 1975,
ed Thompson, (Canadian Aeronautics and Space Institute, Ottawa), pp 155-171.

Described are field measurements of daylight radiation ref]ected»upwards
from the crown of six tree species in visible and near-infrared frequencies
of the electromagnetic spectrum. Each site was measured on at least two
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dates between Tlate June and early September to account for variations in
~ species pheno]og1ca1 stages dur1ng the summer season. In addition, some
of the spec1es were measured in two different locations to account for
differences in site conditions. Presented are the reflectance data of
tree species and their variations calculated from the field spectrorad1o--
‘metr1c data measured in the 1974 season. .

Kre1be1 1978, Average var1ab111ty of the radiation reflected by vegetated
surfaces due to differing irradiations, Remote sens1ng of env1ronment
7(1) pp 81-83. L .

The average variability of the reflected field due to d1ffer1ng d1str1-
butions of irradiation are given for three surfaces: bog, pasture land,
and coniferous forest. Because the results are rather similar, mean
values for vegetated surfaces can be derived. They indicate a change of
reflected radiance by + 1% per degree change of the solar zenith angle
and per. 10% change of the opt1ca1 depth of the atmosphere '

Odle, W.C., 1976, Remote sensing of Stw Augustine dec11ne (SAD) disease,
Texas A &M Un1vers1ty, College Station, Remote Sensing Center, TR-RSC-
77, 177 pp.

Laboratory and field spectral reflectance measurements of healthy and infected
St. Augustine's grass were made using several different instruments..

Spectral difference between healthy and infected grass occurred in the
‘visible and near infrared regions. ' .

C. Geology, Mineral Resources
1. Digital analysis, general

Hord, R.M., 1977, Digital enhancement of LANDSAT MSS data for mineral explora-
tion, in Remote -sensing applications for mineral exploration, ed W.L. .
Smith, (Dowden, Hutchnison and Ross Inc., Pennsylvania; distributed by
John Wiley and Sons), pp 235-250.

Review of pub]ished reports suggests that LANDSAT imagery has become ‘es-
tablished as a research tool despite the widespread use of less than
optimal techniques for 1nterpretat1on and presentation of the imagery.
A developed technology exists to 1mprove the utility of image data. When
important decisions are to be made in the resource area, exploitation of
this technology to maximum advantage is essential. Some of the more common
examples illustrated in pictures are: digital linear contrast enhancement;
density slicing; digital photomosaic construction; logarithmic ratioing;
~and combinations of these techniques on a single image.
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Lyon R.J.P., 1977, Mineral exploration applications of digitally processed
LANDSAT imagery. in Proceedings of the 1lst annual William T, Pecora memorial
symposium, October 1975, Sioux Falls, South Dakota, ed.P.W. Woll and W.A.
Fischer, (United States Geological Survey Profess1ona1 Paper, 1015),
pp 271-292, _

- Enhancement proce551ng of LANDSAT CCT digital data can marked]y increase
its-application in mineral exploration. The use of computers- in geological
analysis of these images is complicated because of the inability of the

~creative photogeologist to specify mathematically the decisionmaking
process by which he arrives at an analysis. Algorithms can be created for
some of the steps, but by using an interactive computer display system,
under. the control of the geologist personally familiar with the problem
and area being studied, the man-machine interaction can extract the benefits
of both. This paper descr1bes the use of such a system (STANSORT) to
mineral exploration problems, in zero vegetation cover (Yerington; Goldfield,
Nev.), mixed cover of pinon pine and juniper (Pine Nut Mtns.,'Nev.), heavy
birch {orest'(Karasjok, Norway), and full tropical cover (Tifalmin, New

~ Guinea)., ' '

Robinson, J.E., and Carroil, S., 1977, Software for geologic processing of
LANDSAT~imagery, Computers and geosciences, 3(3), pp 459-464. ‘

The effective delineation of rock boundaries and other geologic features
from LANDSAT imagery usually requires the use of scenes that have been
processed d1g1ta11y to optimize information content and presentation. . Geo-
logical processing programs correct for atmospheric distortions and stan-
dardize reflectances to uniform ranges for within and between scene con-
tinuity. The ideal geological software system for LANDSAT processing

'is a combination of programs that can be ordered to produce the desired
resolution of reflectance zones while retaining the structural and tex-
tural information that is vital to accurate interpretation.

Schmidt, R.G., and Bernstein, R., 1977, Evaluation.of improved d1g1ta1 processing
techn1ques of LANDSAT data for su1f1de mineral prospect1ng, in Proceedings
of the 1st annual William T. Pecora memorial symposium, October 1975,
Sioux Falls, South Dakota, ed.P.W. Woll and W.A. Fischer, (United States »
- Geological Survey Professiona] Paper, 1015), pp 201-212.

A relatively simple method of digital computer classification of multi-
spectral scanner data was tested at a porphyry copper deposit in a very

~arid part of Pakistan and was then successfully app11ed to mineral explora-
tion in an adjacent region. The surface expressions of the a]ready known
porphyry copper deposit and the five new prospects discovered in this
experiment are all characterized by abundant 11ght -toned su]fate minerals
and do not seem to contain much pigmentation by iron oxides. Digital
multispectral classification was performed by using reformatted computer-

- compatible tapes of one scene. Our experiment indicates that simple
methods of digital classification of LANDSAT data can aid in the Tocation
of mineral deposits in desert terrain.
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;, 2. Contrast‘stretchv~

A]bert N R.D., and Chavez, P. S Jr. , 1977, Computer- enhanced LANDSAT imagery
~as a tool for mineral exp]orat1on in A]aska, in Proceedings of the 1st - -
~ annual William T. Pecora memorial symposium, October 1975, Sioux Falls, kp

South Dakota, ed P.W. Woll and W.A. Fischer, (Un1ted States Geo]og1ca1 ‘
Survey Profess1ona] Paper, 1015) pp 193- 200

Recent work in Alaska indicates that computer -~enhanced LANDSAT 1magery

shows many of the known mineral deposits and can. help in the prediction

of potential mineral occurrences. False color, 'simulated natural color,"

and color ratio techniques, were used successfu]]y in conjunction with

a black and white, single band image mosaic of Alaska.. Computer techniques

involved 1) atmospheric and Sun-elevation corrections, noise removal, '

computer mosaicking, and change of the data format and 2) image enhance-v
~ment, involving data manipulation for maximum discrimination of surface

materials and structure. Application of a new technique called a 'sinusoidal’
" stretch gave information not ava11ab]e in other products hav1ng standard

contrast stretches : :

Offield, T.W.; Abbott, E. A ; Gillespie, A.R.; and Loguercio, S 0., 1977, Struc--
ture mapp1ng on enhanced LANDSAT images of southern Brazil: tecton1c control

of m1nera]1zat1on and specu]at1ons on. meta]]ogeny, Geophys1cs, 42(3)
pp 482- 500

Computer enhancement, particularly contrast stretching, reveals a pre-
viously unnoticed east-west structural zone across a LANDSAT image of the
southern Brazilian Precambrian shield. In this zone occur the only

* known economic or near-economic deposits of gold, tin, and copper. Such

deposits are typically localized by small east-west structura1 elements.
Non-economical copper occurrences elsewhere in the region appear to be
related to major northeast- and northwest- trend1ng 11neaments mapped in
LANDSAT 1images. :

Rowan, L.C.; Goetz, A.F.H.; and Ashley, R.P., 1977, Discrimination of hydro-
therma]]y a]tered and unaltered rocks 1n v1s1b1e and near-infrared multi-
spectra] images, Geophysics, 42(3) pp 522-535.

M1nera1og1ca1 differences between a]tered rocks and most unaltered rocks

in south-central Nevada cause visible and near-infrared (0.45 to 2.4um)
spectral-reflectance differences which can be used to discriminate these
broad categories of rocks in multispectral images. The most important
mineralogical differences are the increased abundance of goethite, hematite,
and jarosite, and the presence of alunite, montmorillonite, and kaolinite

in the altered rocks. The technique deve]oped to enhance these subtle -
spectral differences combines ratioing of the MSS bands and contrast =
stretch1ng The stretched ratio values are used to produce black-and- wh1te
1mages which depict materials according to spectral reflectance;- rat1o1ng
minimizes the influence of topography and overall albedo on the grouping

of spectrally similar materials. Color compos1t1ng of two or more stretched
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ratio images to form co]or ratio composites provides additional enhancement.
The most effective color-ratio compos1te for discriminating between the
altered and unaltered areas, as well as among many of the unaltered rocks

in south-central Nevada, was prepared using the following diazo color and
stretched ratio image comb1nat1ons blue for MSS 4/5, yellow for MSS 5/6,
and magenta for MSS 6/7. Altered areas appear green and brown in this com-
bination. : :

3. Band ratioing

Ballew, Gary I., 1977, Correlation of LANDSAT-1 mu1t1spectra1 data with surface
geochemlstry, in Proceedings 10th international symposium on remote sensing
of environment, October 1975, (Center for Remote Sensing Information and
Analysis, Env1ronmenta1 Research Inst1tute of Michigan, Ann Arbor) ,

- pp 1045-1056.

LANDSAT-1 multispectral scanner digital data were compared to surface
geochemical data from the Washington Hill mercury mining district in the
north central portion of the Virginia City 15-minute quadrangle, Nevada.
The four channel values and their six ratios, four logs and six logs of
ratios were correlated with metal concentration and log of metal concen-
tration for each of the six metals. Assuming the data are normally dis-
tributed, Tinear relationships with a probability of greater than 0.90
exist for channels or functions of channels and Hg, Pb, Cu, Bi, log Hg,
log Ag, log Pb, Tog Cu and Bi concentrat1ons '

Juneman, P.M. whee1er S.G.; and Ingram, D.S., 1976, Use of an interactive
process1ng system in a geological application, in International Earth
Resources Management Sympos1um January 27-29, 1976, Houston, Texas,
pp 333-349.

Authors describe the use of LANDSAT data p]us an interactive computer pro-

cessing system to make a detailed study of lithology, rather than structure,

of a relatively small, arid area with very limited vegetation and pri-
~marily igneous rock types. The system has been used to transform a set

of LANDSAT data by channel ratioing, to display the transformed data for

analysis, and finally, after introducing ancillary ground truth informa-

tion, to map rock types within the area. The conclusion is drawn that

the use of an interactive process1ng system for rock type d1scr1m1nat1on

is feas1b1e and practical.

Merifield, P.M.; Lamar, D.L.; Keaton, J.R.; and Lamar, J.V., 1974, Enhancement
of geologic features near Mojave, California, by spectral band ratioing
of ERTS MSS data, California Earth Science Corp. (Santa Monica, California),
.technical report, 74-4, 21 pp. :

A number of geo]og1c features in the western Mojave desert were enhanced
in spectral ratio images to ERTS MSS data, especially in the Band 5 to
Band 4 ratio. A]]uv1a1 fans of different ages, wh1ch are indistinguishable
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in single spectral band images, are readily differentiated. Other geologic
features enhanced relative to their surroundings include an iron oxide
gossan around the once productive Middle Butte mining area, and a marble
unit presently being quarried for the manufacture of cement. Calcareous
~and alkaline soils of lTow fertility are also easily distinguishable be-
- cause of their re]at1ve1y dark appearance on the Band 5 to Band 4 ratio
image.

Rowan, L.C.; Goetz, A,F.H.; and Ashley, R.P., 1977, Discrimination of hydro-
thermally altered and unaltered rocks in visible and near-infrared multi-
~ spectral images, Geophusics, 42(3), pp 522-535.

See Section II-C-2 for annotation.

4, ;Fa]se-co]or;image

- Albert, N.R.D., and Chavez, P.S., 1977, Computer -enhanced LANDSAT imagery as
a tool for mineral exp]orat1on in Alaska, .in Proceedings of the 1st
annual William T. Pecora memorial symposium, October 1975, Sioux Falls,
~Soth Dakota, ed P.W. Woll and W.A. Fischer, (Un1ted States Geological
Survey Professional Paper, 1015), pp 193-200.

See Seétion I11-C-2 for annotation.

4Rowan, L.C.; Goetz, A.F.H.; and Ashley, R.P., 1977, Discrimination of hydro-»
therma]]y altered and unaltered rocks 1n visible and near-infrared multi-
spectra] 1mages, Geophus1cs, 42(3) pp 522- 535 SR

,See_Sect1on I1-C-2 for annotat1on

5.,'Mapping, manual 1nterpretatjon

Brewer W.A.; Erskine, M.C., Jr.; Prindle, R.0.; and Haenggi, W.T., 1974,
~Mineral exp]orat1on potent1a] of ERTS-1 data, (United States NASA, ERTS
Report; E74-10608), 94 pp. v ’ ‘

ERTS-1 imagery of Arizona was interpreted for regional structure and tec-

- . tonic units. Eight fault systems were identified by trend, of which two,
northeast and northwest, are considered to be related to porphyry copper
mineralization. Nine tectonic units can be identified on the imagery
as distinct geological identities. The boundaries between these units can
be correlated with theoretical shear directions related to the San

- Andreas stress system. Fourier analysis of the N 50 W fault trend indicates
a fundamental spacing between Fourier energy maxima that can be related
to distances between copper depos1ts
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., and Ra1nes, G.L. 1974 An eva]uat1on of mu1t1band photography for

rock discrimination, (Un1ted States NASA, ERTS Report, E74 10410) 38 pp.

- The ab111ty of mu1t1band photography to d1scr1m1nate sed1mentary rocks

~was examined. More than 8600 in situ measurements of band reflectance of

the sedimentary rocks of the Front Range, Colorado, were acquired. Statis-
tical analysis of these measurements showed that: 1) measurements from

~one site can be used at another site 100 miles away; 2) there is basically

only one spectral reflectance curve for these rocks, with constant ampli-
tude differences between the curves; and 3) the natura] variation is so

“large that at least 150 measurements per formation are required to select

best filters. The designed multiband photography concept for rock dis-
crimination is not a practical method of 1mprov1ng sed1mentary rock dis-

»cr1m1nat1on capab111t1es

~Morrison, R.B., and Hallberg, G.R., 1974, Evaluation of ERTS-1. imagery for
- mapping Quaternary deposits and landforms in the Great Plains and Midwest,

(United States NASA, ERTS Report, E74-10614), 8 pp.

“Maps at 1:1 million séa]e for thehident1f1cat1on and mapping of 1andform

and land use characteristics and surficial geologic materials directly from
the ERTS-1 images were prepared. For areas that have not been mapped at
1:500,000 or Tlarger scales, maps will provide the first moderately detailed
1nformat1on on landform features and surficial materials. Much of the

- information mapped is significant for exploration and for applications in

engineering and environmental geology, including land use planning.
Analysis of drainage patterns, stream-divide relations and land use patterns
has revealed several poss1b1e moraine-controlled divides of middle. and early
Pleistocene age. One is an extension of the Cedar Bluffs moraine of south-
eastern Nebraska. Another of these divides may correspond to the terminus
of Nebraska dr1ft in the Kansas City study area. The trends of parts of
various ancient filled valleys also have been identified by analysis of
changes in width of the present stream valleys. The alignments of certain

_segments of stream valleys in Kansas and Missouri appear to be contro]]ed

by reg1ona1 faults or other structural features. - .

Stow, S.H.; Price, R.C.; Hoehner, R.; and Wielchowsky, C;, 1976, Use of remote

sensing techniques for geological hazard surveys in vegetated urban
regions. Final report 1 Jul 1973 - 30 Jun 1976, (Alabama University,
Department of Geology and Geography), 170 pp. . .

The feas1b111ty of us1ng aerial photography for ]1tho]og1c differentiation
in a heavily vegetated region is investigated using multispectral imagery
obtained from LANDSAT satellite and aircraft-borne photography. Delineating
and mapping of localized vegetal zones can be accomplished by the use of
remote sensing. ~An investigation was made to show that local plant zones
are affected by altitude, topography, weathering, and gullying; but are
controlled by lithology. Therefore, maps outlining local plant zones were
used as a basis for lithologic map construction.
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' ﬁ. M1n1ng, Detect1on and Monitoring
' 1. D1g1ta1 ana]ys1s, general

~

Anderson, A.T., and Schubert J., 1976, ERTS-1 data’applied to strip mining,
Photogrammetr1c engineering and remote sensing, 42(2), pp 211-219.

’Two coal basins w1th1n the Potomac River Basin contain the largest strip-
mining operations in western Maryland and West Virginia. These are at the
Georges Creek and the Upper Potomac Basins, which lie within the Georges
Creek (Wellersburg) syncline. The disturbed strip<mine areas were delineated
with the surrounding geological and vegetation features by using ERTS-1
data in both analog (imagery) and digital form. The two digital systems used
were 1) the ERTS-Analysis system, a point-by-point digital analysis of

- spectral signatures based on known spectral values, and 2) the LARS Auto-
matic Data Processing System. Aircraft data,'ground verification information,
and geo]og1ca] field studies also aided in the application of ERTS-1
imagery in order to perform an integrated analysis that assessed the adverse
effects of str1p m1n1ng

Durfee, R.C., and Edwards, R.G., 1975‘ Ass1gnments of ERTS and topOgraph1ca1
data to geodetic grids for environmental analysis of contour strip mining,
Oak Ridge National Lab, Tenn., Conference, 55 pp. :

- Computer techniques are presented for converting ERTS classified landcover
patterns, Defense Mapping Agency topographic data, and geographical

~variables from other sources onto a common geodet1c grid composed of

~Tatitude-Tongitude cells. Spatial analysis techniques are then used to
assess the environmental and aesthetic impact of coal surface m1n1ng in the
New River Bas1n of East Tennessee.

United States National Field Investigations Center, 1975, An application of
ERTS technology to the evaluation of coal strip mining and reclamation in
the northern Great Plains.. Final report, (Denver, Colorado), 120 pp.

A study was conducted of the coal mines in Wyoming, Montana, North and South
Dakota using remote sensing data from ERTS. The study documents the

size, shape and location of the actively mined area, untouched spoil piles,
reclaimed or recontoured areas, newly vegetated areas and abandoned spoil
piles within each of the 30 active, inactive or proposed coal mine sites.
Land use or classification at each mine evaluated was defined by computer
processing of "ERTS data from digital magnetic tapes. In most cases the
computer classification techniques were successful. '

2. Geometric correction

Rogers, R.H.; Reed, L.E.; and Pettyjohn, W.A., 1974, Automated strip-mine
and rec]amat1on mapping from ERTS, (United States NASA, ERTS Report
E74-10490), 15 pp. _

Computer processing techniques were applied to ERTS-1 CCT data acquired,
in August 1972 on the Ohio Power Company's cQa1 mining operation in
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Muskingum County, Ohio. Processing results succeeded in automatically
classifying, with an accuracy greater than 90%; 1) stripped earth and
major sources of erosion; 2) partially reclaimed areas and minor sources
of erosion; 3) water with sediment; 4) water without sediment, and 5) vege-
tation. Computer-generated tables 1isting the area in acres and Km?
were produced for each target category. Processing results also included
~geometrically corrected map overlays. Each target category is assigned
a distinctive color on the overlay to facilitate interpretation. The
overlays, drawn at a scale of 1:250,000 when placed over an AMS map of
the same area, immediately provided map- locations for each target. These
mapp1ng products were generated at a tenth of the cost of conventional
mapp1ng techn1ques

3. Density slicing

Gi]bertson, B.P. 1975 Monitoring the growth or decline of vegetation on mine
dumps , - (Spectra] Afr1ca (Pty) Ltd., Randfontein), 150 pp.

’ Part1cu1ar mine dumps throughout the entire test area can be detected
and identified. Patterns of vegetative growth on the mine dumps can
be recognized from visual analysis of photographic images. Because
vegetation tends to occur in patches on many mine dumps it is unsatis-
factory to classify complete dumps into categories of percentage vege-
tative cover. A more desirable approach is to classify the patches of
vegetation themselves. The coarse resolution of conventional densito-
meters restrict the accuracy of this procedure, and consequently a direct
analysis of ERTS.CCT's is preferred. A series of computer programs were
written to perform the data reading and manipulating funct1ons required
for bas1c CCT analysis.

Jordan, D.C.; Graves, D.H. ,iand Hammetter, M.C., 1978, Use of manual denéito—
metry 1n land cover classification, Photogrammetr1c engineering and
remote sensing; 44(8), pp 1053-1059.

- Our study indicates: that manual densitometry is a valuable tool for cover
classification in regions that include surface-mined areas. Manual spot
densitometers were used to obtain land cover signatures for 118 strata
from multi-temporal 1:24,000 color infrared and multispectral aerial
‘photographs. Distinction between coniferous and deciduous trees is good
under prefoliated conditions. However, a combination of foliated and pre-
foliated conditions is superior.to either alone. Undisturbed forest and

- surface-mined areas are accurately classified from imagery taken during
foliated cond1t1ons .



o

4. Edge_enhancement

Anuta, P. E » and Ri, - B M 1975 ERTS mu1t1spectra1 image transformat1ons
- for geological 11neament enhancement Purdue Un1vers1ty, LARS Informat1on
Note, 022575, 19 pp. . v

A study was conducted to investigate the edge'enhancement potential of
“Gradient and Laplacian transformations on ERTS-1 multispectral scanner -
data. This report describes initial effort to enhance linear features by
application of two-dimensional derivative operators to the ERTS imagery.
The enhancements also have direct applications to image registration by
~ providing a means of enhancing temporarily invariant objects in the scene.

5. Band-ratioing

Anderson A.T. Schu]tz, D.T.; and Buchman, N. 1975, LANDSAT 1nventory of
-surface m1ned areas us1ng extendible d1g1ta1 techn1ques, in NASA Earth
Resources Survey symposium. Volume 1-A: agriculture, environment, Houston,
Texas, June 1975, (United States National Aeronautics and Space Adm1n1s-,
tration, Lyndon B Johnson ‘Space Center, Houston, Texas) pp 329-345.

Mu1t1spectra1 LANDSAT 1magery was ana]yzed to'prov1de a rapid and accurate
means of identification, classification, and measurement of strip-mined =
- surfaces in Western Maryland. Four band analysis allows distinction of

a variety of strip-mine associated classes, but has limited extendibiTity;,
A method for surface’area measurements of strip mines, which is both
_geographically and temporally extendible, has been developed using band-
ratioed LANDSAT reflectance data. The accuracy of area measurement by this
method, averaged over three LANDSAT scenes taken between September 1972 =
and Ju]y 1974, is greater than 93%. Total affected acreage of 1arge (50 .
hectare) mines can be measured to w1th1n 1.0%.- :

6. Fa}se-color image

: Russe]] 0.R.; Nichols, D.A.; and Anderson, R., 1977, Application of LANDSAT-2
: data to the implementation and enforcement of the Pennsylvania Surface =
‘Mining Conservation and Reclamation Act. Final report March 1975 -May 1977
(Earth Sate]11te Corp R Wash1ngton, D. C ), 78 pp. v

Eva]uat1on of LANDSAT imagery 1nd1cates severe 11m1tat1ons in its ut111ty
~ for surface mine land studies. Image stripping resulting from unequal
~detector response on satellite degrades the image quality to the extent
that images of scales larger than 1:125,000 are of limited va]ue for manua]
1nterpretat1on Computer processing of LANDSAT data to improve image
quality is essent1a1 “the removal of scanline stripping and enhancement
of mine land ref]ectance data combined with color composite printing
 permits useful photographic enlargements to approximately 1:60,000.
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7. Histogram generation-.

Rogers, R.H.; Reed, L.E.; and Pettyjohn, W.A., 1974 Automated strip-mine
and rec]amat1on mapp1ng from ERTS, (Un1ted States NASA, ERTS Report E74-
10490), 15 pp. .

See Section II-D-2 for annotation‘;1

8. Mapping manual interpretation

Amato, R.V.; Russell, O. R Mart1n, K.; and Wier, C.E., 1975, Application of
EREP, LANDSAT and a1rcraft image data to env1ronmenta1 prob]ems related
-~ to coa] mining, in NASA Earth resources survey symposium, Volume 1-A:
agriculture, environment, Houston, Texas, June 1975, (United States Nat1ona1
* Aeronautics and Space Adm1n1strat1on, Lyndon B. Johnson Space Center,
Houston, Texas pp 309-327. .

Remote sensing techniques were used to study coal mining sites within the
Eastern Interior Coal Basin (Indiana, I11inois, and western Kentucky) ,
the Appalachian Coal Basin (Ohio, West Virginia, and Pennsylvania) and
the anthracite coal basins of northeastern Pennsy]van1a - Many sensors
and platforms have been used

Hughes, T.; Dillon, A.C., III; White, J.R., Jr.; Drummond, S.E., Jr.; and Hooks, -
W.G., 1975, Assessment of practicabi]ity of remote sensing techniques for

- a study of the effects of strip mining in Alabama. Final report 1 July
- 1973-30 June 1975, Alabama Un1vers1ty, (Department of Geology and Geography),
190 pp. ' ’ :

Two test sites, Cordova and Searles, representative of the various strip
mining techniques and environmental problems, were chosen for intensive
studies of the correlation between remote sensing and ground truth data.

Mamu]a, N., Jr., 1978, Remote-sensing methods for monitoring surface coal mining
in the northern Great Plains. Journal of research of the United States
Geological. Survey, 6(2), pp 149-160.

Studies at a surface coal mine in Montana confirm that remote sensing is
effective for gathering land-use and environmental data (spatial, dynamic,
and seasonal) for large-scale surface mines in the northern Great Plains.
The Western Energy Co.'s Rosebud mine near Colstrip, Montana, was selected
as a test site because it typifies surface operations in the Powder

~ River Basin of Montana and Wyoming and elsewhere in the northern Great - .
Plains. Color infrared and black-and-white aerial photographs and a black-

“and-white band 5 LANDSAT image were used to identify 1) highwall and

bench areas, 2) ungraded spoils, 3) graded and recontoured areas, 4) revege-
tated recontoured areas, 5) natural and impounded surface water, and
6) miscellaneous areas.
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: | Moore H.D.; Adams, J.H.; and Gregory, A.F., 1977, Mapping mine wastes with

LANDSAT images, in 4th Canadian sympos1um on remote sensing, Quebec, May

.16 -18, 1977, (Canad1an Aeronautics and Space Institute, Ottawa), PP 294 - 304

Surficial materials at mine sites were subd1v1ded into four classes of
mine waste (overburden tailings, waste rock and slag), two classes of
water, two classes of vegetational cover and two c1asses-0f mining facili-
ties. 718 mine sites were studied and classifiable wastes were detected
at 399 sites. Inventory sheets were prepared for all detectable dis-
posal areas larger than one hectare and 1:50,000 maps were prepared for -
all such areas in-excess of 10 hectares. ‘

Wobber, F.J.; Russell, 0.R.; and Deely, D.J., 1975, Multiscale aerial and

O E.

2.

Iyer, H.S.,

orbital techn1ques for management of coa] m1ned lands, Photogrammetr1a,
31(4), pp 117-134.

LANDSAT-1 imagery and small-scale color-infrared aerial photography have

‘unique advantages for performing a rapid regional inventory of distur-

bances in coal-mining areas. Large-scale photography is needed for com-
prehensive studies of acid mine drainage, and other mining-related water-
quality control prob]ems A systematic analysis of nearly 50 mined-Tand
features versus various scales of “imagery has been tabulated for ease of
reference by those involved in mined-land studies.

Rangeland and soils

1. Digital analysis, general

K1rschner, F.; Kaminsky, S Hinzel, E.; Latowski, C,; and We1sm111er, R., 1977,

Quant1f1cat1on of 5011 mapping by d1g1ta] analysis of LANDSAT data,

~1in Proceedings 11th international symposium on remote sensing of environ-

ment, April 1977, (Center for Remote Sensing Information and Analysis,
Env1ronmenta1 Research Institute of Michigan, Ann Arbor), pp 1567-1574.

| Digital analysis of LANDSAT mu1t1spectra1 scanner (MSS) data provides a

means of accurately describing and quantifying soil mapping unit composi-
tion. This paper examines three distinctly different soil mapping units
and their composition as described by_l% field mapping and 2) digital
analysis of satellite MSS data. A 4 ml¢ area located in Clinton County,
Indiana was selected as the study area. The soils of this location
developed from glacial till, loess and Tacustrine materials, and are .
representative for much of th1s region. One soil’ represent1ng each of
these categor1es was selected for detailed study.

False-color image

for soil mapping with respect to a part of north western India, in Remote

26

1975, Use of additive color viewer for interpretation of ERTS imagery
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sensing of earth resources, volume 4 ed F. Shahrokh1, (Un1vers1ty of
Tennessee Space Institute), pp 293- 299.

- ERTS-1 color compos1tes relating to an area in the north western part
of India were interpreted with the aid of projections in an Additive Color
Viewer, for the purpose of preparing soil maps. Satisfactory physio- '
graph1c delineations could be made by this procedure; the soil compos1-.
tion of the units could be st1pu1ated on the basis of the author's:
knowledge of the soils of the study area. Bands seven and five gave
the best results for the 1nterpretat1on of the black and white imagery
for small scale soil mapping. The color composite product was found
to be superior to the black and white imagery; a procedure 1nvo]v1ng the
comb1nat1on of the two seems to be the best approach for soil mapping.

3. Spectrometer app]icationsv

Genda, H., and Okayama,'H., 1977, >F1er;averag1ng spectrograph camera for
remote sensing applications and its- character1st1cs, Applied optics,
16(3), pp 601- 606

The function of a.f1e1d—averaging spectrograph camera is the same as a -
spectroradiometer, which is widely used for remote sensing applications
at the present time. Moreover, it is more compact, portable, and lower
priced than conventional instruments. The spectral reflectances of
scenes were measured by photographic and spectroradiometer methods
in field experiments. The spectral 1mage of soil photographed by a beam
- split camera used with the field-averaging spectrograph camera is dis-
p]ayed in false color.

Schreier, H., 1977, Quantitative predictions of chemical soil conditions from

: mu1t1spectra1 airborne, ground, and Taboratory measurements, in 4th Canadian
symposium on remote sensing. Quebec, May 16-18, 1977, (Canadian Aero-
nautics and Space Institute, Ottawa), pp 106-112. ’ :

The potent1a1 of pred1ct1ng chem1ca1 soil -conditions from mu1t1spectra1
reflectance measurements is examined using correlation and regression
techniques. The spectral reflection of soils from five different parent
materials was measured from the air, on the ground and in the laboratory

- with a multichannel spectrometer. Characteristic spectral reflection
curves over the 400-1000' nm wavelength range were obtained for each of
the five groups, producing significantly different mean and range values.
A comparison between the chemical conditions of the soils and their
reflection values revealed that percent carbon, percent iron, and ex-
changeable magnesium were most s1gn1f1cant1y correlated with percent
reflection. A curvilinear regression fitting an exponential function
was found to be satisfactory for the prediction of carbon and exchangeable
magnesium values, while a straight linear function sufficed for iron
prediction. Us1ng the above mentioned functions it was possible to
determine the carbon, magnesium, and iron variation across several agri-
cultural fields using the airborne measurements. '
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‘4. Mapping, manual'intekpketation

Coo]ey, M. E , and Turner R M., 1975, Applications of ERTS products in range and
- water management prob]ems, Sahe11an zone, Mali, Upper Volta, and Niger.
Open file report on West Africa 1nvest1gat1ons, US Geological Survey,
Reston, Va., Office of Internat1ona1 Geo]ogy, IR-WA-4, 96 pp.

A f1e1d investigation dur1ng Apr1] and May 1974 eva]uated application of

ERTS imagery to range and water management problems in Mali, Upper Volta,
~and Niger. Specific applications of the ERTS imagery were identified

in river-blindness control; tse-tse fly control; bush-burning evaluation; -

distinction of arable from non-arable lands; ana]ys1s of problems of ’

accelerated eros1on, the annual flood of the Niger River; and ground-

water development in fractured rocks.. .

Houston, R‘S , and Gordon, R.C., 1974, Range vegetation type. mapp1ng and
aboveground green biomass est1mat1ons using multispectral imagery,
(United States NASA, ERTS Report E74-10493), 17 pp.

Range vegetat1on types have been successfully mapped west of Baggs,
Wyoming, using ERTS-1 imagery. These types have been ascertained from
field transects over a f1ve year period. Comparable studies will be
made with EREP imagery. ' Aboveground biomass estimation studies are
being conducted utilizing double sampling techniques on two similar
study sites. Information obtained will be correlated with percent
relative reflectance measurements obtained on the ground which will be
related to image brightness levels. This will prov1de an estimate

of aboveground green biomass with multispectral imagery.

Massoud, F.I., 1978, The use of satellite imagery in detecting and delineating
sa]t affected 50115, in Ter colloque pedologie et teledetection, Rome,
1977, ed M.C. Girard, (International Soil Sc1ence Society), pp 77-84.

‘The feasibility of us1ng satellite 1magery in detecting and delineating
salt affected soils is reported for three case studies. In the Indus
Plain, Pakistan, the feasibility study showed the usefulness of ERTS
imagery in salinity appraisal in cultivated zones subject to the availa-
bility of basic soil survey information as gound truth data. The use

of ERTS-1 imagery to update the soil survey data of salt.affected
areas:in California, USA, gave encouraging results where the soils are
barren, and inconsistent identification where they are cultivated. The
results of investigations to identify certain vegetated and barren salty '
areas .in Texas, USA,'with'Skylab S 192 MSS revealed that the reflective
infrared wavelengths are superior to the visible wavelengths for soil
sa11n1ty detection and that soil salinity may not be readily estimated
when using bare 5011 1nformat1on alone.
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.v F. Urban areas :
’ :1. D1g1ta1 ana]ys1s, genera]

Jackson T.J., 1976, The value of LANDSAT data in urban water resources planning,
(D1ssertat1on Abstracts Internat1ona1 B, 77- 10 406), 251 pp.

~An 1nvest1gat1on was conducted to determine the economic value of LANDSAT
-multispectral satellite remote sensing in urban water resources planning.
Parameters of the hydro]og1c simulation model STORM were related to the

~~watershed percent of impervious area. Hydrologic compar1sons indicated
‘that reliable flood frequency data could be developed using machine-aided.
classification of LANDSAT data to define the parameters of STORM. Bayesian
Decision Theory provided the framework for determining the expected '
value of LANDSAT data. The specific problem studied was selecting the

: opt1ma1 level of detent1on storage for the ‘Fourmile Run watershed.

Mause] P.W.; Rodd, W.J.; and Baumgardner, M.F., 1976, An ana]ys1s‘of metropolitan

: '1and use by mach1ne processing of Earth Resources Technology Satellite

- data, Purdue University, Lafayette, Indiana, Lab. for Applications of
- ‘Remote Sensing, LARS- Informat1on Note, 031276 12 pp.

- A successful app11cat1on of state-of—the-art remote sensing technology
in classifying an urban area into its broad land use classes is reported.

~ This research proves that numerous urban features are amenable to classi-
-fication-using‘ERTS mu]tispectra] data automatically processed by computer.

Odenyo V.A.0., and Pettry, D.E. 1977 Land-use mapping by machine pro-
- cessing of LANDSAT-1 data, Photogrammetrlc eng1neer1ng and remote sensing,
»43(4), pp 515-524.

~Data on computer compatible tapes of LANDSAT-1 of August 30, 1973,
were analyzed to generate a land-use map of Virginia Beach, V1rg1n1a
Bands 4, 5, 6, and 7 were used in the supervised approach w1th the LARSYS"
: software system of Purdue University. A Land-Use/Land-Cover map at a
~scale of 1:24,000 was obtained. Major functional classes delineated were
UrbanyAgricultural, Wooded, Water, Wetland, and Bare Land. Twenty-four
subdivisions of these classes were spectrally separable. Performances
of 97.9% for training field, 93.9% for test field, 97.0% for training
class, and 92.1% for test class were obtained. Construction activities
caused some misc1assif1Cations.r LT

W1]11ams, D.L., and Borden, F.Y. 1977 A reduction in AG/residential signature
conflict using principal components analysis of LANDSAT temporal data,
US National Aeronautics and Space Administration, Goddard Space Flight
Center Greenbelt, Md, NASA TM X-71387, 14 pp.

'Methods to delineate the types of land cover in the urban-rural transition
~ zone of metropolitan areas were considered. The application of principal
components analysis to multidate- LANDSAT  imagery was investigated as a means
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of reducing the overlap between residential and agricultural spectral
signatures. The statistical concepts of principal components analysis
were discussed, as well as the results of this analysis when applied to
multidate LANDSAT imagery of the Washington, D.C. metropolitan area.

2. Geometric corrections

Carter, P.; Gardner, W.E.; and Smith, R.F., 1976, The use of LANDSAT imagery

. for the automated recognition of urban development, in Land use studies
by remote sensing, ed W.G. Collins and J.L. van Genderen,,(Remote Sensing
Society; Remote Sensing Unit, Dept. of Civil Eng1neer1ng, Un1vers1ty of
Aston, Birmingham), pp 54-88.

The value of LANDSAT imagery for the automated determination of changes

in urban land is discussed. This imagery is readily available and rela-
tively inexpensive. The form of LANDSAT digital data, and the geometrical
corrections which may be applied, are described in detail and the limitations
of the data for character1z1ng urban land use categories are considered.
‘Finally various process1ng algorithms are described which will be invaluable
for c]ass1fy1ng data.

3. Edge enhancement

Tapper, G.0., 1976, Edge enhancement for delimitation of suburban environments,
in Th1rd Canad1an symposium on remote sensing, Edmonton, Alberta, September
1975, ed G.E. Thompson, (Canadian Aeronautics and Space Instltute Ottawa),
pp 195 201. o ‘ '

The technique of edge enhancement of selected LANDSAT 1 imagery has proved
to be useful for mapping variegated areal phenomena especially in subur-
ban environments. Edge enhancement of small scale (spacecraft) imagery
can allow cost effective monitoring of land use change for large regions

~and will be an extremely valuable too] 1n providing data necessary for
effective reg1ona1 p]ann1ng

4. Density slicing

Carter, P., and Jackson, M., 1976, The automated recognition of urban development
from LANDSAT images, in Sympos1um on machine processing of remotely ‘
- sensed data, June 29-July 1, 1976. Laboratory for Applications of Remote
Sensing, Purdue University, West Lafayette, Ind. , (Institute of Electrical
and Electronics Engineers, Inc.), pp lB 15 - "1B. 24 :

The problems and progress made in the development of automated methods
for the recognition and extraction of urban Tand use features from
LANDSAT digital data of the UK are described.. In the data examined so
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far density slicing in one waveband appears to be almost as effective

as multiwaveband classification in selecting the urban areas. While
absolute boundaries may be difficult to delineate, new developments may
be recognizable which would be adequate for monitoring needs. It appears
important to include the effects of seasonal change and make ‘use of '
textural analysis in the classification process.

Co]ner B.J., 1976, The use of LANDSATj1magery in urban1zed area studies, in
.Proceed1ngs of the American Congress on Surveying and Mapping, Fall con-
vention, Seattle, Washington, Sept. 28-Oct. 1, 1976, pp 210-222. o

This paper discusses the application of LANDSAT imagery. to the delineation
of urbanized area (UA) limits. The drawing of LANDSAT UA boundaries was
aided by the utilization of the appropriate 1970 Bureau of the Census
Metropolitan Map Series sheets. ‘The Bureau of the Census Block Statistics
Reports (1970) were used to determine the population within the observed
LANDSAT boundaries. The LANDSAT UA's were measured using a density
slicer's electronic planimeter. Comparisons were made between the

Census UA's and the LANDSAT UA's" re]at1ve to their areas and population
den51t1es :

5, Change detection

Alexander, R.H., and M1]azzb V.A., 1974, Some findings on the applications
of ERTS and Skylab imagery for metropo11tan land use analysis, (United
States NASA, ERTS Report, E74-10630), 17 pp. :

Work on a three-sensor land use data evaluation of the Phoenix area is
reported. Analyses between land use data generated from 1970 high alti-
tude photography and that detectable from ERTS and Skylab, especially in
terms of changes in-land use, indicate that ERTS and Skylab imagery can be
used effectively to detect and identify areas of post-1970 land use change,
 especially those document1ng urban expansion at the rural-urban fringe.

Christenson, J.W., and Lachowski, H.M., 1976, Urban area delineation and detection
of change along the urban-rural boundary, in Proceedings of the American
Congress on Surveying and Mapping, Fall convention, Seattle, Washington,
Sept. 28-0ct. 1 1976, pp 223-228.

LANDSAT digital multispectral scanner data (MSS), in conjunction with

~‘supporting ground truth, were investigated to determine their utility in
‘delineation of urban-rura] boundaries. The digital data for the metro-
politan areas of Washington, D.C., Austin, Texas, and Seattle, Washington,
were processed using an interactive image processing system. Processing
focused on identification of major land cover types typical of the zone
of transition from urban to rural landscape, and definition of their ,
spectra] signatures. Census tract boundaries were input into the inter-
active image processing system a]ong with the LANDSAT single and overlayed
multiple date MSS data. :
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| Todd, W.J., 1977, Urban and regional Tand use change detected by using LANDSAT
data, Journa] of research of the United States Geo]og1ca1 Survey, 5(5)
pp 529-534. . v

The At]anta Regional Commission and the Earth Resources Observation Systems
Data Center participated in a demonstration of the use of LANDSAT digital
data to detect land use change in the Atlanta, Ga., area. Temporal overlays
- combining LANDSAT band-5 data from October 1972 and 1974 were made by
‘using the General Electric Image 100 system.  The 1972 data were divided
by the 1974 data, and low ratios indicate areas where land use and land
cover had changed These Tow ratios were classified into a land-use-
-~ change theme. ’ :

6; - Mapping, manual interpretation

P]ace J.L., 1974, Land use mapping and modelling for the Phoenix quadrangle.
»Progress report 1 July 1972 - 19 Apr11 1974 (U.S. Geological Survey,
Reston, Va.), 34 pp. , '

The mapping of generalized land use level 1) from ERTS 1 images was shown
to be feasible with better than 95% accuracy in the Phoenix quadrangle.
The accuracy of level 2 mapping in urban areas is still a problem. Up-
dating existing maps also proved to be feasible, especially in water «
categories and agricultural uses: however, expanding urban growth was
- presented with accuracy. ERTS 1 film images indicated where areas of
~.change were occurring, thus aiding focusing-in for more deta11ed 1nvest1-

gat1on
G. Water , o
1. Ground water
a. -general

Moofe, G.K., and Deutsch, M., 1975, ERTS imagery for ground- water investigations,
Ground water, 13(2), pp "214-226.

ERTS imagery offers the first opportunity to apply moderately high-resolution
satellite data to the nationwide study of water resources. This imagery

is both a tool and a form of basic data. The main advantage of its use

will be to reduce the need for field work. Some present and potential

uses of ERTS imagery are to locate new aquifers, to study aquifer recharge
and discharge, to estimate ground-water pumpage for irrigation, to predict
the location and type of aquifer management problems, and to locate and
monitor strip mines which commonly are sources for acid mine drainage.
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b. digital analyfsis, general

L1dster W.A.; Schmer, F. A Ry]and D. w ; and Moore D.G., 1975, Remote-
sensing techn1ques for determ1n1ng water table depths in 1rr1gated agri-
~culture, in Proceedings of the fall convention, American Society of Photo-
grammetry, October 1975, Phoem1x Ar1zona pp 821 838. -

An effort to evaluate the app11cab1]1ty of remote sensing for determination
~ of water table depths in an irrigated region in North-Central Kansas has

been in progress since mid-1972. Areas having high water tables were
~visually Tocated on the aircraft imagery and verified by USBR personnel

at the study area. Aircraft and LANDSAT-1 imagery were digitized and

the digital values correlated with water table depths. Multiple re-

gression, mode seeking, and K-class classification analyses were applied

to the data. Significant correlations were obtained between water table

depths and LANDSAT-1 and aircraft data for the total area of study and

for spec1f1c fields. , v

c. mapping, manual interpretation

. Charron, J.E., 1976, Hydrogeological application of Earth Resources Technology
Satellite LANDSAT-1 1magery/Ut111Sat1on des techniques du satellite
LANDSAT 1 dans le domaine de 1'hydrogeologie, Environment Canada, Inland
Waters. Directorate, Scientific Ser1es, 62, 22 pp.

A correlation of LANDSAT-1 imagery with various hydrogeological and
surficial geology features in the Winnipeg areas, Manitoba, and the
Ottawa (Ontario)--Montreal (Quebec) area of Canada is presented. The
study includes the identification of groundwater recharge and discharge
areas and artesian zones; areas of freshwater discharge into surface-
water bodies; and the identification and mapping of various types of
surficial deposits.

E1 Shazly, E.M.; Abdel, M.A.; and El -Shazly, M.M., 1977, Groundwater studies in
arid areas in Egypt us1ng LANDSAT satellite 1mages, in Proceedings 11th
international symposium on:remote sensing of environment, April 1977,
(Center for Remote Sensing Information and Analysis, Env1ronmenta] Re-
search. Institute of Michigan, Ann Arbor), pp 1365-1372. °

Various features are. interpreted which have strong bearing on ground-
water in the arid environment. These include the nature of geologic
and lithologic units, structural Tineaments, present and old drainage
~systems, distribution and form of water pools, geomorphologic units, -
weathering surfaces and other weathering phenomena, desert soils, sand
‘dunes and dune sand accumulations, growths of natural vegetation and
agriculture, and salt crusts and other expressions of salinization.
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" 2. Surface water, inventory and mapping
' a. general

- Gierloff-Emden, H.G., 1976, Manual of interpretation of orbital remote sensing
- satellite photography and imagery for coastal and offshore environmental
features (including lagoons, estuaries and bays) Munchener Geographische -
Abhandlunge, 20, 176 pp. e '

The manua] covers 1) general remarks about the use of orbital satellites
for coastal studies, and 2) detailed case studies in coastal areas--
boundary Tayer model, water clarity and turbidity, lagoon and oceanic
water interaction, use of multispectral photography.

b. digital ana]ysis, general

Boland, D.H.P., and Blackwell, R.J. 1975, The LANDSAT-1 multispectral scanner
as a tool in the c]ass1f1cat1on of 1n1and lakes, in NASA Earth Resources -
Survey symposium. Volume 1-A: agriculture, environment, Houston, Texas,
June 1975, (United States National Aeronautics and Space Adm1nistration,
Lyndon B. Johnson Space Center, Houston, Texas), pp 419-442.

Relationships between LANDSAT-1 multispectral scanner (MSS) data and
the trophic status of a group of lakes in the north-northeastern part
of the United States were studied by predicting the magnitudes of two
trophic state indicators, estimating lake position on a multivariate
trophic scale, and automatically classifying lakes according to their
trophic state. Initially, the principal component ordination was .
employed with 100 Takes. MSS data for some 20 lakes was then extracted
from computer-compatible tapes using a binary marking technique. The
output was in the form of descriptive statistics and photographic con-
catenations. Color ratios were incorporated into regression models
for the prediction of Secchi disc transparency, chlorophyll a, and lake
position on the trophic scale. Results indicate that the LANDSAT-1 system,
although hand1capped by Tow spectral and spatial resolutions as well
-as excessive cloud cover, can be used as a supplemental data source

in lake survey programs.

Mausel, P.W.; Todd, W.J. Baumgardner M.F.; Mitchell, R.A.; ‘and Cook, J.P.
1976 Eva]uat1on of surface water resources from machine-processing of
ERTS multispectral data, Purdue Un1vers1ty, Lafayette, Ind., LARS- Information
Note, 030576, 7 pp

The surface water resources of a large metropolitan area, Marion County
(Indianapolis), Indiana, are studied in order to assess the potential
value of ERTS spectral analysis to water resources problems. The results
- of the resedrch indicate that all surface water bodies over 0.5 ha .
were identified accurately from ERTS multispectral analysis. Five
distinct classes of water siltiness; depth of water; presence of macro
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, and micro biotic forms in the water; and presence of various chemical
~concentrations in the water. The machine processing of ERTS spectral
data used alone or in conjunction with conventional sources of hydro-
‘Togical information can lead to the monitoring of area of surface water
bodies; estimated volume of selected surface water bodies; differences
in degree of silt and clay suspended in water and degree of water
eutrophication related to chemical concentrations.

- C. band ratioing

Yarger, H., and McCauley, J.R., 1975, Quantitative water quality with LANDSAT
and Skylab, in NASA Earth resources survey symposium. Volume 1-A: agri-
“culture, environment, Houston, Texas, June 1975, (United States National
,Aeronaut1cs and Space Adm1n1strat1on, Lyndon B. Johnson Space Center,
Houston, Texas), pp 347-370.

Correlation studies were completed between LANDSAT MSS band ratios
derived from CCT and 170 water samples taken from three ‘Targe Kansas
reservoirs, coincident with 16 different LANDSAT passes over a 13 month
period. The following conclusions were obtained: 1) LANDSAT MSS reflec-
tance levels are useful for quantitative measurement of suspended solids
up to at least 900 ppm, 2) MSS band ratios derived from CCT can measure
suspended solids with 67% confidence level accuracy of 12 ppm over the

~range 0-80 ppm and 35 ppm over the range 0-900 ppm, 3) suspended solids
contour maps can be easily constructed from CCT for water bodies larger
than approximately 100 acres, 4) ratioing suppresses MSS reflectance
level dependence on seasonal sun angle variation and permits measurement
of suspended load the year round in the middle latitudes. Skylab

~imagery from a single pass over three reservoirs compares favorably to
LANDSAT results up to 100 ppm.

d. false-=color ﬁmage

Boland, D.H.P., and Blackwell, Richard J., 1975, The LANDSAT-1 multispectral
scanner as a tool in the classification of inland lakes, in NASA earth
resources survey sympos1um Volume 1-A: agriculture, environment, Houston,.
Texas, June 1975, (United States National Aeronautics and Space Adm1n1strat1on,
Lyndon B. Johnson Space Center, Houston, Texas), pp 419-442.

‘See Section I1-G-2-b for annotation.

~e. mosaicking

May, G.A., and Petersen, G.W., 1978, Use of LANDSAT-1 data for the detection and
" mapping of saline seeps in Montana, Pennsylvania State University, University
Park Off1ce for Remote Sens1ng of Earth Resources, ORSER-SSEL-TR-4-76, 87 PP.
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Saline seeps can be efficiently and accurately mapped, within resolution
capabilities, from merged May and August LANDSAT-1 data. Seeps were mapped
by detecting salt crusts in the spring and indicator plants in the fall.
These indicator plants were kochia, inkweed, and foxtail barley. The total
hectares of the mapped saline seeps were calculated and tabulated. Saline
seeps less than two hectares in size or that have Tinear configurations

- Tess than 200 meters in width were not mapped using the LANDSAT-1 data.

~ Saline seep signatures developed in the Coffee Creek test site were ex-
tended to map saline seeps located outs1de th1s area.

f. mapping, manual interpretation

Frank, T. D ; McCoy, R.M.; and van Pelt, N.S., 1977, The application of rembte]y-
sensed data to regional drainage bas1n ana]yses, in Great.Plains--Rocky
Mountain geographical journal, 6(2), pp 220-227.

The Center for Remote Sensing and Cartography at the University of Utah
is presently evaluating remote sensing techniques useful in inventorying
and monitoring surficial features of sparsely-vegetated perennial
desert environments. A vast data base previously unavailable has been
- generated for certain dra1nage basin variables for a sem1ar1d region of
south- centra] Utah.

Gilmer, D.S., and Work, E.A., Jr., 1977, Application of LANDSAT system for
_improving methodo]ogy for inventory and classification of wetlands,
(United States Bureau.of Sport Fisheries and Wildlife, Jamestown, N.
Dakota, Northern Prairie Wildlife Research Center), 13 pp.

Processing of LANDSAT MSS data for detection of prairie ponds and lakes was

completed.  Data coverage included a 36,876 sq km area in southeastern

North Dakota during May and July. Cloud coverage limited the May coverage

to 87% of the total area. Data analysis was accomplished using three

software programs. Wetland identification by MSS sensors were compared

to visual counts obtained by observers in low flying aircraft. Pond

numbers identified by LANDSAT averaged about 20% of those counted visually.
~ The discrepancy was attributed to the fact that approximately 75% of

the ponds in the glaciated prairie region are less than 0.4 ha in size.

It is significant, however, that LANDSAT counts accurately reflect trends.

Hancock K.J., and Schlosser, E.H., 1976 Water mapping from satellite data: an
automated procedure, in Internat1ona1 earth resources management symposium,
January 27-29, 1976, Houston, Texas, pp 279-301.

Death ‘and destruction caused by failure of unrecorded dams led the U.S.
Congress to require a national inventory and inspection of water impound-
ments. To aid in compiling the inventory, the Corps of Engineers and the
State of Texas requested support from NASA's Johnson Space Center in
Houston. As ‘a result the DAM (Detection and Mapping) package was developed
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to provide accurate, up-to-date economical and properly formatted maps

of surface water using LANDSAT earth resources satellite digital data. This
easy to use package has helped several Corps of Engineer districts up-

date and check their impoundment inventories. - Accuracies obtained for both
water detect1on and 1ocat1on have exceeded the design criteria.

WOrk E.A., and Gilmer, D.S., 1976, Utilization of sate111te data for 1nvent0ry1ng
prairie ponds and 1akes, Photogrammetr1c eng1neer1ng and remote sensing, °
42( ), pp 685- 694

By using data acquired by LANDSAT-1, studies were conducted in extract1ng
information necessary for formulating management decisions relating to
migratory waterfowl. Management decisions are based in part on an assess-
"ment of habitat character1st1cs, spec1f1ca]1y numbers, distribution, and .
quality of ponds and lakes in the pr1me breeding range. This paper
reports on a study concerned with mapping open surface water features
in the glaciated prairies. Emphasis was placed on the recognition of

. these features based upon water's uniquely low radiance in a single near-
infrared waveband. The results of this recognition were thematic maps-
and statistics relating to open surface water .

Wyatt, A.W.; E1lis, M.L.; and Bell, A.E., 1975, The app]ication of remote
~ sensing technology to the inventory of playa Takes in the High Plains of
Texas, in NASA Earth resources survey symposium. - Volume 1-D: water re-
sources, Houston, Texas, June 1975, (United States National Aeronautics
and Space Adm1nlstrat1on, Lyndon B Johnson Space Center, Houston, Texas),
pp 2523-2530. :

The project will use the detection and mapping (DAM) package developed
at NASA-Johnson Space Center. The.economy of the High Plains region

is dependent on ground water for irrigation and the Ogallala aquifer

is being depleted faster than it is being recharged. The playa lakes
represent a potent1a1 source of artificial recharge for the aqu1fer and-
an inventory is the first step in that direction.

3. water’qua]ity; including salinity, turbidity
- a. digital analysis, general

Alfoldi, T.T., and Munday, J.C., Jr., 1977, Progress toward a LANDSAT water
quality monitoring system, in 4th Canad1an symposium on remote sensing,
Quebec, May 16-18, 1977, (Canad1an Aeronautics and Space Inst1tute Ottawa)
pp 325-340. _ : :

The analysis of color or 'chromaticity' of LANDSAT scenes is providing
-~ a mechanism for the quantitative monitoring of water quality. Recent
- progress in the implementation of the chromaticity transform on the IMAGE
100 now offers the speed and f]ex1b111ty of this digital analysis system.
Data extracted from over 40 LANDSAT images of Canada, the U.S. and Nigeria-
have def1ned the 1ocus of chromat1c1t1es on a chromat1c1ty diagram for:
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a variety of water conditions. Discrete 1oc1 are identified for suspended
sediment, chlorophyll and bathymetry. Moreover, contam1nat1ng shifts of
these 1oc1 by sunglint, whitecaps, thin clouds, haze and air pollution
may be detected on the diagram, and removed. Multidate suspended sedi-
ment sampling in the Minas Basin, Nova Scotia has produced correlation
to LANDSAT data of r=0. 95, after atmospher1c adjustment. :

Bukata, R.P. Bruton, J.E.; and Jerome, J.H. 1977 Determination of water qua11ty
by means of remotely-sensed and 1oca11y acqu1red optical data, in . .
Environmental analysis, ed G.W. Ewing, (Academic Press), pp 13-28.

Spectro-optical techniques for determining water quality of inland lakes
by means of both remotely-sensed and locally-acquired data are discussed.
Results of pattern recognition studies are presented in which the mathe-
matically cohesive patterns observed in the spectro-optical digital
data of LANDSAT-1 are related to the water quality, physical, and bio-
logical aspects of lake behavior. Correlations are shown for the sus-
pended solids concentrations (inorganic turbidity) and near-surface
chlorophyll-a concentrations (organic turbidity) with the digital
satellite data. A semi-empirical optical model is also described from
which the suspended organic and inorganic concentrations of a water

- mass can be determined by simultaneous measurements of the transmission
and volume reflectance -of the water column at any wavelength.

Gervin, J.C., ahd Marshall, M.L., 1976, A LANDSAT study of water quality on Lake
.Okeechobee, in Proceed1ngs of the American Society of Photogrammetry, :
Fall Convention, Seattle, Washington, Sept. 28-Oct. 1, 1976, pp 451-476.

This paper uses multiple regress1on techn1ques to investigate the re-
“lationship between LANDSAT radiance values and water quality measurements.
For a period of over one year, the Central and Southern Florida Flood
“Control District sampled the water of Lake Okeechobee for chlorophyll,
carotenoids, turbidity, and various nutrients at the time of LANDSAT over-
passes. Using an overlay map of the sampling stations, LANDSAT radiance
values were measured from computer compatible tapes using a GE Image 100
and averaging over a 22-acre area at each station. These radiance ’
values in four bands were used to form a number of functions (powers,
‘Togarithms, exponentials, and ratios) which were then compared with the
ground measurements using multiple linear regression techniques. Indi-
vidual correlations were presented for the various water quality
parameters and best fit equations were examined for chlorophyll and turbidity.

Rogers, R.H., and McKeon, J.B., 1977, App11cat1on to LANDSAT to mapping inland
lake water quality and watershed land use, in Proceedings 11th inter-
national symposium on remote sensing of environment, April 1977, (Center
for Remote Sensing Information and Analysis, Env1ronmenta1 Research Institute
of Michigan, Ann Arbor), pp 1239-1240.

Bendix has tested a number of different approaches to mapping water
quality from LANDSAT. The best approach is as follows: 1) Categorize
LANDSAT CCTs on NDAS. Use available surface truth (water quality para-
meter measurements) only as a guide to assure that a wide range of lakes
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are entered as tra1n1ng sets 2) P]ot spectra] curves of each tra1n1ng- i

~set lake (10-15 typically). 3) Compare curves, or transparencies thereof,;p. R

~and. group according to shape and relative position (5-7 groups typ1ca11y)
- 4) Re-assign colors. so that each group of lakes has a different color. 1
©5) Film complete study area. 6) Compare color of all lakes mapped in study
area with surface truth and establish color key to relate each water
quality parameter to each map color. Watershed land cover inventories which
include color-coded maps and over]ays, at various scales, tabular data, -
and digital cover files were produced from LANDSAT CCTs.for a price of
0.1 to 1.0 cents per acre depending upon size ‘of test area and map -
scales. Similar products produced from any other source would have cost
two to ten times more. The land cover data is now being used by the State - =
of Michigan and three state regional planning agencies to develop
relationships between categorized land use and Take water quality.

Scherz, J.P., and van Domelen, J.F., 1977, Water qua11ty indicators obtainable -
-~ from aircraft and LANDSAT 1mages and their use in class1fy1ng Takes, in.
" Proceedings 10th international symposium on remote sensing of environment
October 1975, (Center for Remote Sensing Information and analysis, Env1ron~
mental Research Inst1tute of M1ch1gan Ann Arbor) pp 447 460,

-~ The first step in subtract1ng the noise from total s1gna1 is to determ1ne
“the proper relationships between incoming energy, different water factors,
‘and what the sensor sees.  The next step is to mathematically manipulate
these values such that everything is subtracted except the energy returned
from the material in the water. In the laboratory this is performed
by 0bta1n1ng the proper signal from distilled water. While in the field

- the signal is obtained froma very clear water lake. In either case by
properly subtracting the clear water signal from the - d1rty water signal
the residual signal is caused solely by the material in the water. By

~applying such techn1ques to lab samples and LANDSAT tapes analyzed at
Bendix Computers, it is possible to separate lakes into general- groups
such as: c]ear water s11t a]ga] and tann1n-water lakes

Wezernak C.T. Tan1s, F.J.; and Bana A 1976, Troph1c state analys1s of 1n]and
. 1akes, Remote sensing of env1ronment 5(2), 147-165.

“ The formulation of a trophic state index using remote sens1ng data is
discussed. A multivariate analysis technique is applied to the data
‘to formulate a trophic state index which combines selected indicators of
eutrophication into a single numerical expression. Results are presented
for a group of inland lakes in Southern Michigan. The relationship :
- between phosphorus 1oad1ng to the 1akes, and the der1ved numer1ca1 1ndex 2
is exam1ned o :



40

b. density slicing

Brown, D., and Skaggs, 1974, Remote sensing applications to hydrology in
Minnesota, in-A study of M1nnesota forests and lakes using data from:
Earth Resources Technology Satellites: 24 Month progress report, (Minne-
sota Un1vers1ty, M1nneap011s, Space Science Center), pp 81-196.

'The studies include: 1) the 1nvest1gat1on of surface cover data to develop
surface runoff coefficients for noninstrumented watersheds; 2) the de-
tection of surface water and seasonal surface water changes with ERTS
imagery; 3) the application of ERTS-1 MSS imagery to the detection of
peaty wetlands; 4) the application of high altitude aerial photography
and manually interpreted and density sliced ERTS-1 images to the devel-
opment of an urban hydrologic model for the Twin Cities Metropo]1tan
area; and to the investigation of multi-seasonal ERTS 1 imagery for
classification of lake quality in M1nnesota

Lawrence G.T., and Graham, C.W. 1976 Remote sens1ng applied to a]ga]
prob]ems in lakes, in Third Canad1an symposium on remote sensing, Ed-
monton, Alberta, September 1975, ed G.E. Thompson, - (Canad1an Aeronaut1cs
and Space Institute, Ottawa), pp 309-314.

In comparison to the restricted field of view obtained dur1ng in s1tu

~investigations, remote sensing provides a complete overview for the -

- mapping of surface distribution of algae blooms and for the selection

of sampling areas. The spectral reflectance of surface algae in the near- -
infrared portion of the spectrum provides the necessary signature for -
photographic analysis. A case study of Lake of the Woods (Ontario)
is presented. High surface concentrations of algae on this lake provide
spectral signatures that have been recorded by the multispectral scanner
of the LANDSAT-1 satellite. Electronic density analysis of this imagery
distinguished relative algae concentrations and distributions that are
substantiated by low-altitude color infrared photography.

Scarpace, F.L., and Nade, R.E., 1974, Mon1tor1ng the trophic status of inland Takes:
- a quantitative application of ERTS imagery, in Proceedings American
Soc1ety of Photogrammetry, fall convent1on Sept .10-13, 1974, pp 232-239.

The feas1b111ty of using photograph1c representations of the ERTS imagery
to classify lakes in the State of Wisconsin as to their ‘trophic level

was studied. Densitometric readings of bands 5 and 7 were taken for all
the lakes in Wisconsin greater than 100 acres (approximately 1100 lakes).
An algorithm has been developed from ground truth measurements to predict
an indicator for trophic status.
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&  I c. band ratioing“

Harr1s, G. P Bukata, R.P.} and Bruton, E. J 1976 Sate111te observat10ns 3
... of water quality, Transportation eng1neer1ng Journal ASCE 102(TE3), :
-Proceed1ngs paper 12300, pp 537-554. v ' :

- LANDSAT 1 observat1ons of water quality indicate that hydrography,

- suspended solids, and chlorophyll a can be measured with MSS bands 4,

.5, and 6, respectively. As a summary of work performed at CCIW and

- McMaster University in the pattern recognition studies of the LANDSAT-1
digital data collection over the Laurentian Great Lakes, results are -
reviewed of the physical interpretation ascribed to data of the pattern
observed in various combinations of the radiance bands while absent in
others. Band-by-band limnological interpretations of the patterns ob-
served in the d1g1ta] print-outs of the LANDSAT-1 apparent rad1ance data
are given. '

Rogers, R.H., 1975, App11cat1on of LANDSAT to the surveillance and control
of eutroph1cat1on in Saginaw Bay, (Bendix Corp., Ann Arbor, Michigan Aero-
space Systems Div.), 13 PP . :

LANDSAT digital data and ground truth measurements for Saginaw Bay
(Lake Huron), Michigan, for 3 June 1974 can be correlated by stepwise
Tinear regression technique and the resulting equations used to estimate
invisible water quality parameters in nonsampled areas. Correlation of these
~ parameters with each other indicates that the transport of Saginaw River
water can now be traced by a number of water quality features, one or more
of which are directly detected by LANDSAT. Five of the 12 water quality
~ parameters are best correlated with LANDSAT band 6 measurements. One
parameter (temperature) relates to band 5 alone and the remaining six may
be predicted with varying degrees of accuracy from a combination of
two bands (first band 6 and generally band 4 second).

Rogers, R.H.; Shah, N.J.; Smith, V.E.; and McKeon, J. B 1976, Computer mapping
of water qua11ty in Sag1naw Bay with LANDSAT d1g1ta1 data Special report.
Bendix Corp., Ann Arbor, Michigan Aerospace Systems Div., BSR-4213, 15 pp.

LANDSAT digital data and ground truth measurements for Saginaw Bay, Michigan
- for 31 July 1975 were correlated by stepwise linear regression and the

resulting equations used to estimate invisible water quality parameters

in nonsampled areas. Chloride, conductivity, total Kjeldahl nitrogen,

total phosphorus, and chlorophyll a were best correlated with the ratio

of LANDSAT Band 4 to Band 5. Temperature and Secchi depths correlate best

with Band 5. ' ’

d. fa]seTCOlor/image

Everett, L.G.; Leonhart, L.S.; and Lep]ey, L.K., 1973, An evaluation of ERTS-1
- imagery 1n reservoir dynamics, in Proceed1ngs 4th Annual Conference on
Remote Sensing in Arid Lands, (University of Ar1zona Tucson, College
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of Earth Sc1ences, 0ff1ce of Arid Land Stud1es) pp 259-274.

Imp11c1t in the use of ERTS 1 imagery is the ability to 1ocate stressed
~areas and to evaluate the seasonal and areal distribution of the aquatic
~problem.. Evaluation of water quality-parameters as they are interpreted

through multispectral scanning by Bands 4 through 7 have indicated an -

applicability for locating: 1) seasonal and spatial plankton b]ooms,

2) areas of water upwelling and surface phenomena, and 3) sediment dis-

 tribution from a controlled source (Glen Canyon Dam). The techniques

of false color classification from computer analysis and multispectral-
“additive color viewing are used to present elucidation of p]ankton dynam1cs

and hydrodynam1c var1ab1es 1n Lake Mead, Ar1zona

McKeon, J.B.; Rogers; R H.s and Smith, E , 1977, Product1on of -a water quality
: - map of Sag1naw Bay by computer process1ng of LANDSAT-2 data, lg_Proceedlngs
11th international symposium on remote sensing of environment,
~ April 1977, (Center for Remote Sensing Information and Ana]ys1s, Environ-
‘mental‘Research Institute of Michigan, Ann Arbor), pp 1045-1054.

LANDSAT-2 computer compatible tapes for two consecutive scenes, acquired

on 31 July 1975 (2190-15401), were processed.on a Bendix MDAS (Multispectral
- Data Analysis System). Each water quality station was called up and '
located on the color TV monitor. A cursor was shaped around each of the

16 stations (those sampled the same day as the LANDSAT overpass) so as

to include an average of 80 pixels per station area. The mean reflectance,

in raw data counts, was extracted as the independent variable and applied
‘to a linear regression program with nine water quality parameter surface
measurements (temperature, Secchi depth, chloride, conductivity, total
Kjeldahl nitrogen, total phosphorous, chlorophyll a, total solids and
suspended solids). The correlation coefficients ranged from 0.73 for
Secchi depth to 0.94 for temperature, nitrogen, and phosphorus.

Rogers, R.H.; Reed, L.E.; and Smith, E. V., 1975, Computer mapping of turbidity
and c1rcu1at1on patterns: in Sag1naw Bay, M1ch1gan from LANDSAT data,
(United States NASA, ERTS Report, E75-10321), 16 pp.

LANDSAT was»used as a basis for produc1ng geometrically-corrected color-
coded imagery of turbidity and circulation patterns in Saginaw Bay,
Michigan (Lake Huron). This imagery shows nine discrete categories of -
turbidity, as indicated by nine Secchi depths between 0.3 and 3.3 m. The
categorized imagery provided an economical basis for extrapolating

water quality parameters from point samples to unsampled areas.

Rogers, R.H.; Smith, V.E.; Scherz, J.P.; Woelkerling, W.J.; Adams, M.S.; and
-Gannon; J E. 1977 App11cat1on of LANDSAT to the surve111ance of lake
eutroph1cat1on in the Great Lakes basin. Final report March 1975--September

‘ 1977 (Bendix Corp., Ann Arbor Michigan, Aerospace Systems Div.), 193 pp.

A step -by-step procedure for establishing and mon1tor1ng the trophic -

status of inland Takes with the use of LANDSAT data, surface sampling,-
" laboratory analysis and aerial observations were demonstrated. The

biomass was related to chlorophy]] a concentrations, water c]ar1ty,
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~and trophic state. A procedure was . deve]oped for using surface samp11ng, '
LANDSAT data, and linear regression equations to produce a color-

- coded image of large lakes showing the distribution and concentrations

~of water quality parameters, causing eutrophication as well as parameters
which indicate its effects. Cover categories readily derived from LANDSAT
were those for which Toading rates were available and were known to have

’ major effects on‘the qua]ity and quantity of runoff and lake eutrophication.

Tay]or M.M., and Langham E J., 1976, The use of maximum information co]or
enhancements in water qua11ty stud1es, in Third Canadian symposium on -
remote sensing, Edmonton, Alberta, September 1975, ed G.E. Thompson,
‘(Canad1an Aeronautics and Space Inst1tute Ottawa), pp 359-366.

There is usually a strong corre]ation between the four spectral bands
of LANDSAT images. This means that any corresponding color composite
using three of the bands as primary colors is not optimum for presenting
the information contained in the.images. Moreover, since only three

* bands may be used in the preparation of color composites an unknown
amount of information is lost. The technique described here is a devel-
opment of previous work and it enables noise to be minimized while the
information from all four bands is concentrated sequentially into syn-

. thesized images. This procedure has wide application but it is parti-
cularly interesting for the study of lakes where there are gradients
in the amplitude of one or several superimposed spectral signatures.-
Its use in the study of Lac St-Jean is described by way of illustration.

e. radiometer use

Moore, D., and Haertel, L., 1975, Remote sensing of water quality in prairie
lakes. Completion report, (South Dakota State University, Brook1ngs,
Water Resources: Inst1tute) 72 pp.

Twelve different remote-sensing estimates were taken from LANDSAT-1
imagery, low-altitude aerial photographs, ground-based radiometer, and
ground-level photographs. These were correlated with prairie lake water
transparency and algae abundance. For predictive purposes multiple
“regression analyses were performed using the three water quality para-
meters as dependent variables and the remote sensing parameters as
independent variables. The correlations between the three water quality
parameters and physical factors and nutrient levels were also investi-
gated us1ng multiple regression analyses.

4. Water resources ,
a. digital analysis, general

Henninger, D.L.; Stauffer, M.L.; Petersen, G.W.; and MCMurtry, G.J., 1975, Flood-
plain delineation using LANDSAT-1 digital data. " Technical report, Pennsylvania
State University, University Park\Office for Remote Sensing of Earth
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Resources, ORSER-SSEL-TR-20-75, 64 pp.

A continuous floodplain boundary was drawn on the basis of the computer .
classification of selected LANDSAT-1 digital MSS data. Within the agri--
~ cultural and developed portion of -the study area, this floodplain cor-

- related favorably with the USACE 100-year return:period floodplain, which
is based on the conventional engineering parameters of streamflow and .
basin configuration. Within the forested portion of the study area,

~correlation of the floodplain Timits was not as satisfactory Since
the floodplain 1imit established by remote sensing in the forested area
con51stent1y overestimated the USACE 100-year return period floodplain,
there is an indication that it could represent the limit of a flood with
a return- period of more than 100 years.

‘b. density slicing

Ho]iyday, E.F., 1976, Improving estimates of streamflow characteristics by u51ng
LANDSAT- 1 imagery, Journal of research of the United States Geological
Survey, 4(5), pp 517-532.

‘Imagery from LANDSAT-1 was used to discriminate physical features of
drainage basins in an effort to improve equations used to estimate stream- -
flow characteristics at gauged and ungauged sites. Records of 20 gauged
basins in the Delmarva Peninsula of Maryland, Delaware, and Virginia

were analyzed for 40 statistical streamflow characteristics Equations
~relating these characteristics to basin characteristics were obtained

by multiple Tinear regression. A control group of equations contains

basin characteristics derived from maps. An experimental group of
equations contains basin characteristics derived from maps and imagery.
Characteristics from imagery were forest, riparian (streambank) vegetation,
water, and combined agricultural and urban land use. These basin _
characteristics were isolated photographically by techniques of film-
density discrimination. The area of each characteristic in each basin -
was measured photometrically. Comparison of equations in the control

group with corresponding equations .in the experimental group reveals

that for 12 out of 40 equations the standard error of estimate was reduced
by more than 10%. : .

c. edge enhancement

McCoy, R.M., 1973, Enhancement of imagery for water resources studies, in
Proceedings 4th annual conference in remote sensing in arid lands, (Univer-
sity of Arizona, Tucson, Col]ege of Earth Sciences, Office of Arid Land
Studies) pp 220-226. ‘

Describes several methods of enhancement, and goes‘on to describe the use
of edge enhancement to define river networks and to fac111tate the measure-
ment of areas.
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d. false-color image

James, W.P.; Woods, C.E.; and Blanz, R.E. 1976 Environmental eva]uat1on of
water resources development, Texas A & M Un1vers1ty, College Station,
Water Resources Inst. Technical Report, TR-76, 231 pp.

The environmental effects of channelization and surface impoundments are
discussed for 12 physiographic regions of Texas as delineated on black :
and white satellite (LANDSAT-1) mosaic of band 7. With the aid of LANDSAT-1
imagery, representative or typical transects were chosen within
each region. Profiles of each site were constructed from topographic
maps and environmental data were accumulated for each site and related to
low altitude aerial photography and enlarged LANDSAT-1 false color

. composites. Each diagrammatic transect, with accompanying data and photo-
graphs, provides significant information for input of environmental

amenities on a local and regional scale into pre]1m1nary water resources
deve]opment studies.

Owen, J.R., and Shown, L.M., 1976, Hydrology of arid and semiarid areas, United
States Geological Survey professional paper, 929, pp 217-219.

A description of features shown on an ERTS color composite image showing.
the canyon lands of the Colorado Plateau and the confluence of the Green
and Colorado Rivers in Utah.

e. mapping, manual interpretation

Higer, A.L.;;Rogersf R.H.; Coker, A.E.; and Corder, E.H., 1975, Water—manage-
ment models in Flor1da from ERTS-1 data. F1na1 report, (U S Geological
Survey, Miami, Fla., Water Resources Div. ) 44 pp.

Twenty data collection platforms were established in southern Florida.

Water Tevel and rainfall measurements were collected and disseminated

to users in less than 2 hours, a significant improvement over conventional
techniques requiring 2 months. ERTS imagery was found to significantly
enhance the utility of ground measurements. Water stage was correlated
with water surface areas from imagery in order to obtain water stage-volume
relations. Imagery provided an economical basis for extrapolating water
parameters from the point samples to unsampled data.

Hollyday, E.F., and Pluhowski, E.J., 1976, Improving estimates of streamflow
characteristics, United States Geo]og1ca1 Survey professional paper, -
929, pp 136-138.

Land-use data obtained from an ERTS image was used to improve estimates
of mean monthly streamflow for July in the Delmarva Peninsula. As a
result of using remotely sensed data, estimates of some characteristics
of streamflow at ungauged sites have been significantly improved.



