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E-1 Ahl, J . G., M. G. Boylan, D. L . Mokma, W. L. Meyers, S. W. Schar, and 
R. D. V1asin. 1972. Invest i gat i on of Land Pesoupce Use i n Sout h­
east Mi chigan. in ?roc. 8t h Intl . Symp. Remote Sensing Env. ER1M, 
Ann Arbor, MI. 1: 2J- JJ. 

A Study was undertaken by Michi gan State Univer sit y , the University of 
Hichigan Willow Run Laboratories, and the Michigan Department of St ate Hi gh­
ways to de t ermine the poten t ial environmental impacts of a proposed express­
way extension of M-14 between Ann Arbor and Plymouth, MI. One of the pro­
blems in assessing the environmental impact of proposed highway corridors i s 
the l ack of a scientific approach for analyzing the effects of construction 
in an ecologi call y sensitive ar ea. In this instance, however, a segment of 
M-14 was constructed in 1964 and could serve as a r ef er ence in environmental 
impact assessment for the proposed corridor. The three agencies involved 
produced a schedule for three major areas of inquiry: (1) analysis of 
vegetation; (2) analysis of soil and surface hydrology; and (3) analysis of 
land use char acteris tics . Remote sensing techniques used were aerial photog­
r aphy and multispectral scanning f r om altitudes of 2, 000 and 7,000 ft . and 
NASA RB-S7 aerial photographs from 60,000 ft . Nine-inch square high altitude 
eIR aerial photographs were used to analyze vegetation patterns, identify 
water bodies, ann examine l and use. Black-and- white infrared photogr aphs 
t aken in 1972 wer e also interpreted. Extensive gr ound truth information �w�a�~� 

collect ed to support the image analysis . To determine the impac t that the 
existing sect ion of M-14 had made on surrounding soils , land use, vegeta­
tion, and surface hydrology , aerial photogr aphs t aken in 1970 were compared 
with t hose taken in 1958 and 1963 prior to construction. Results of the 
analyses were project ed to the proposed alternate corridors for the M-14 
extent ion, and the extent of environmental impact was extrapolated. It was 
concluded that probable changes in pl ant communities and water levels would 
occur, but there would be littl e change in either soil or land use . 
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E-2 American Society of Photogrammetry . 1975. �M�a �~ �u �a �l� of Remote Sensi ng. 
R. C. Reeves, Ed., Falls ChurCh, VA. 2144 pp. 2 vol . 

This work includes the collected efforts of 242 contribut ors in the field of 
r emote sensing . Volume I of the Manual entitled "Theory, Instruments, and 
Techniques" in 867 pages provides a detailed examination of both t he basi c and 
the more technical aspect s of r emot e sensing. Vol ume I i s organized into 13 
chapter s as follow s : 1. Intr oduction; 2. History of Remote Sensing; 3. The 
Nature of Electromagnetic Radiation; 4. Interaction Mechanisms ; 5. Interaction 
Mechanisms Within the Atmosphere; 6. Photographic Systems for Remote Sensing 



E-2 (cont 'd) 

7. Electro- optical Remote Sensor s with Re l ated Optical Sensors ; 8 . Imaging 
and Nonimaging Sensor s; 9 . Hicrowave Remote Sensor s ; 1-0 . Platforms for 
Remote Sensors ; 11 . Communications for Imaging Systems ; 12 . Remot e Sensor 
Data Systems, Processing, and Management; and 13 . Ground Investigations in 
Support of Remote Sensing . Vo lume II, " Interpretation and Appl i cations ," 
of 1277 pages is organized i nto 13 more chapters : 14 . Fundamentals of Image 
I nterpretation; 15. Cartographic Presentation of Remo t e Sensor Data; 16. 
Terra in and Minerals - Assessment and Evaluation ; 17 . Forest Land s - Inven­
tory and Assessment; 18. Range Resour ces - Inventory, Evalua tion , and Honitar­
ing ; 19 . Hater Resources Assessmen t; 20 . The Harine Environment; 21 . Weather 
and Climate - Measurement and Analysis ; 22 . Crops and Soils ; 23 . Urban 
Environments - Inven tory and Analys i s ; 24. Engineering - Regiona l I nventories , 
Corr idor Surveys , and Site Investigations ; 25. Regional Analysis; a nd 26 . 
People : Past and Present . The Manual provides tables , figures, and both blac k­
and- white and color photographs . Extensive bibliographies are given as is 
an ex t ensive gl ossar y of technical terms . 
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E- 3 Ander son , J. E. 1975. De~ineation of Fores t Cover Types Based On 
ERTS- l MUltispectral Scanner Data . M.S. Thesis, Forest Resources 
Dept., Penn. Stat e Univ ., University Park, PA. 75 pp . 

Two c l assifica tion algorithms (DCLASS and CANAL , both developed a t Penn . State 
Univ.) were investigated for potent ial a pplication to analysis of ERTS-l MSS 
data for delineating fo r es t cover t ypes in an 8 ,100 ha . s tudy a r ea in centra l 
Pennsylvania . Both systems generate classif ication maps of sel ected printed 
symbol s, each representing a particular ground tar get category . Two sets of 
singl e season da t a (Oct. 25 , 1973 and May 16 , 1973) and data mer ged from these 
two s easons were analyzed. Gr ound truth was determined fr om the aerial photo­
graphy (altitude 12 ,600 ft.) with color and eIR transparenc ies , and from tim­
ber type map s from the State Bureau of Fores t ry . Color infrared transparen­
cies were more useful t han those in co l or. It was found that DCLASS, a 
Euclidian class i fication a l gori thm used to analyze untransformed MSS data, 
was of limited value, but it might be used for areas where vegetation i s 
fairly homogeneous . CANAL, a canonica l c l assif ication algorithm using t rans­
formed MSS data , res ulted in a ccurat e classifi cation fo r both sing l e season 
MS S data and for mer ged da t a . The di scriminatory power of this approach i s 
much greater than single Euclidian di s tance classification . CANAL is re­
commended for use in delineat ing forest cover types in areas with mountainous 
topography a nd/or heterogeneous vegetation . 
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E-4 Anderson, J. R., et al . 1976 . A Land Use 
System f or Us e Wi t h Remote Sensor Data . 
964, USGS, Wa s hington, D.C. 28 pp. 

and Land Covel" Classification 
USGS Professional Paper 

The organization of a land lis e and cover clas sification system fo r use with 
remote sens ing information i s di s cussed. The sys tem has been d es i gned to 
meet the needs of Stat e and Federal agencies , and was deve loped with certain 
crite ria: (1) the minimum l evel of in terpretation a ccura cy from r emote sen­
sor data should be at l e as t 85% ( 2) the degree of ac curac y be t\yeen categories 
should be about equal; (3) re sult s should be repea table and r eprod uc ible; 
(4) there s hould be f l e xibility enou gh to allow fo r seasonal da ta a s well a s 
different platforms . The system itself is a hierarchy of four information 
levels according to the data t ype (spaceborne, high, medium, and low alti­
tudes ). Level I has been structured into nine broad l and use a nd cover 
categories with Level II having 37 subcategories . Level s III and IV, r epre­
senting levels of more r ef ined, precise, and ac curat e identification and 
classification, have been l ef t open-ended to allow the user to tailor the 
sys t em to his requirement s . Extensive descriptions of the land use and cover 
types at Level s I and II are given . Also, a colo r coding sys t em us ing Munsell 
notation is suggested for Level I maps . 
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E- 5 Anson , A. 1965. Comparative Photointerpretation from Panchr omatic, 
Color , and Ektachrome IR Photography. in Proc . 31 s t Annual Meeting 
American Society of Photogrammetl"Y , 33 pp . 

In 1964 a cooperative pro ject was undertaken by the Co lor Photography Com­
mittee of the American Society of Photogrammetry and the U. S. Army Engineer 
Geodesy, Intelligence and Mapping Research and Development Agency to compare 
photointerpre t ations from B~.J, color, and CIR ae rial photog raph y . An RC-130 
aircraft f urnis hed by the U. S , Air Force was us ed a s a camera vehicle over 
t he 30 mL2 Bennett sville, SC tes t area. A Fairchild KC-4 came ra, eq uipped 
with a Geocon color corrected lens , was used for the BW photographs. A Wild 
RC-8, equipped with an Aviogon color corrected lens and an anti-vignetting 
filter, wa s used for t he color and CIR photography . The ae rial photography 
was obtained over a three week period at platforms of 2,500, 10,000, 20,000 
and 30 ,000 ft. above mean t e rrain (A}IT). After process ing by the Coast a nd 
Geodetic Survey it was found that only the 10,000 foot aerial photographs were 
s ui table for photointerpretation . Two photo interpreters prepared maps at the 
1:20,000 photo scale for eac h of the f ollowing: drainage, vegetation, soi l s , 
a nd cultural fea tures . Further, they analyzed 42 selected photopoints for 
which ground truth da ta had been collec ted on vegetation (tree he i ght , dia­
meter, spac ing, species, and general ground cover) , soil type, mois ture con­
tent, and s urface drainage. All interpretations , mappings , and analyses were 
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made over a six month period using the BW prints , color and erR transparencies 
in that orde r. It was found that eIR aerial photos revealed the gr ea t est 
amount of draina ge detail a nd afforded a more rapid a nd accurate means than 
either BW or co l or . The conf idence level fo r drainage interpretation was 
highest us i ng eIR photos. The vegeta tion maps prepared from BH and color 
films were nea rly identical ; the ones from e IR s howed a lmost twice t he detail. 
Further, while only two classes of cropl a nd could be mapped from BW and color , 
ther e were four c lasses with GIR. While the cultural maps from each f ilm ty pe 
were comparable, the photointerpreters f ound working with color and eIR to be 
more sat i s factory in s peed and conf idence . Numerical analysis of the infor­
mation from the 42 preselected photo points showed that CIR provided 22% 
greater correct responses than did BW; the color aerial photos compared favor­
ably with the CIR. Re commendations for fu ture s i mi l a r s tudies inc luded con­
siderations toward controlled sens i tome t ry ; analysis of sever a l t est areas; 
and employ ing a group of two or more pho to interpreter s with s imila r exper­
i ence and ca pabili ty . 
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Anson, A. 1970 . Color Aer ial Photos i n the Reconnaissance of Soils 
and Rocks . Photogrammetric Engineering, 37(4):343-354. 

The utility of color aerial photography in geologic and pedologi c applica­
tions is discussed. Several controlled tests were conducted in eastern South 
Carolina and western Arizona to demonstrat e the usefulne s s of color films . In 
June 1964, 1: 20 ,000 scale aerial photography was conducted us ing three film 
t ypes : BW, color, and CIR . A group of photointerpreters wa s asked to analyze 
the imagery type s without ground truth and prepare drainage . vegeta tion, and 
soils maps . They concluded the eIR photogra phs a f f orded a rap i d and accurate 
means of mapping not only drainage , but also moi s t soils . Disc rimination of 
vegetation types was better with eIR than with normal co l or and BW. Soils maps 
prepa r ed from the color and CIR photos provided the maximum number of detailed 
areas. The photointerprete r s were a l so asked to identify 42 presel ected photo 
points (ground truth provided by Army Map Service Engineers). The correc t 
res ponses us ing CIR photos were 22% greater than with BW ; also color provided 
a 20% higher acc ura cy than BW . In a second effort, cartographic cameras 
(Wild RC-8 a nd Fa irchild KC-4) were operated s imul taneously a t 10,000, 20 ,000 
and 30,000 f t. us ing BW, color, and CIR films. Analysis of the photographs 
from the three pla tforms r equir ed 48.5 hour s (225 hrs . for 30 ,000 ft; 13 hr s . 
f or 20 ,000 f t; and 13 hrs. for 10,000 ft). Fea tures identified and recorded 
were soils, vegetation, landf orms, drainage pa tt e rns , land use , s urface 
materials, geology, and cultural fe·atures. At the time of this r eport, wo rk 
was continuing to complete a de tailed ana lys i s of the study area . 
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E-7 An s on, A. 1976. Applications of Color and MUltispectral Techniques . 
Photogrammetric Engineering and Remot e Sens ing , 42(4):513-523 . 

Th e requiremen t s fo r Military Geog r aphic Intelligence are as broad and varied 
a s the disparate elements of the terr a in . The type of information requi red 
cannot always be ex trac ted f rom conve ntiona l aerial s ensors . With color 
aerial photography the dimension of hue i s added to those of length, width , 
shape , t e xture, a nd shadO\v. A newl y fabricated aeria l cartographic camera 
with color correction capabilities (KC-4B) and equipped wi t h Au tomatic Expo­
sure Control is described . An other me thod of collec ting aerial color photo­
graphy , through the us e of BW imager y by multiba nd combination, i s dis c ussed . 
De s i gn a nd fabr i cation of the multiband camera is complete ; a viewe r is under 
contract. A third method for ext racting color information from the terrain 
by c ol or codi ng techniques which are used to make an optical record of the 
s pec tral re flec t a nces is also di s cussed; preliminary re s ults are given . The 
purpose of t he entire program i s to optimize the collection of color aerial 
pho tography fo r man-machine processing with maximum resolution . (Author) 
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E- 8 Avery , T. E . 1 9 77. Int erpretation of Aeria l Photographs . 3rd ed. 
Burgess Publishing Co., Minneapolis, MN . 392 pp . 

This t ex t offe rs a bas ic course in aerial photograph interpreta tion . Products, 
techniques , camera systems, and various applications are desc ribed -- some in 
mor e deta i l than others . The book i s organized into 15 maj or chapters : 
(1) Photogr aphy , Films, and Filters; (2) Orientation and St udy of Aerial Photo­
graphs; (3) Pho to Scale and Ster eoscopic Parallax; (4) Stereograms, Shadow 
He ights, and Areas ; (5) Flight Planning ( i ncluding technical s pecifications 
for aeria l photography); (6) Pla nimetr ic and Topogra phic Mapp i ng; (7) Nonphoto­
gra phic Imaging Systems; (8) Land Information Systems and Land- cover Mapping; 
(9) Prehistoric a nd His toric Archeology; (10) Agricul ture and Soils; (11) 
Fores tr y Applications; (12) Landforms and Phys iographic Fea t ures ; (13) Engineer­
ing Applications and Mining Pat terns; (14) Urb an I ndustrial Patterns ; a nd (15) 
Air I n t e llige nce a nd Mil ita r y Ta rget Anal ys i s . A glossary , conver s ion tables , 
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and a sample short-cour s e outline al s o ar e provided. Black-aod-white 
photographs (some stereograms), figures, and tables are used liberally t o 
illus trate the applications discussed . Some color plates are included . Als o, 
where us ed in the text, measurements are g iven in me tric units. 
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E-9 Cheeseman, C. E., Jr. 19 73 . .4 Per fo rmance and Cos t Ana!ysis of Air-
cr a f t and Sate H i tes f or Operatiana! Earth Resources Systems . in 
Pr oc . Symp . on Management and Uti Zi zation of Remote Sensing Data, 
Sioux Falls, SD. pp . 1-16. 

The development of an a nalysis sys tem to determine airc raft and spacecraft 
cost and performance for survey ing Earth resources is des cribed. Twenty 
variable s of user requirements, ranging from length and width of target in 
km. , to numbe r of s pectral channels required, to maximum total elaps ed time 
for accomplis hing the s e ns ing , are listed for inc lus ion in the model; each 
i s described . A description of the s patial and temporal relationships of 
the carr i ers to target requirements is given and algorithms for obtaining 
values of the cost elements of the system are enumerated . The model was 
applied to two tes t cases , one involving imaging the United States every 18 
days at resolutions betl.Jeen 2 and 5 m.; the other involved s un- synchronously 
imaging varying number s of small (100 km. 2) targets evenly distributed over 
the U. S . with various resolution requirements. It was concluded that satel­
lites r equir e a substantially higher coverage rate than aircraft to bec ome 
efficient; imaging the total U.S . (or a larger area) at a nything bu t the high­
es t resolutions i s better done by satellite . At s ub-U.S. l evels, or with inter­
mittent coverage , aircraft are likely to offer the better solution. Also 
s atellites must be capable of looking obliquely to s ervice small high re s olu­
tion targets. Coupl ing an oblique-look capability with tuning of the orbit 
t o provide both long and short term cycles o f target coverage is re commende d 
as a proml s log technique for satellite coverage of both scattered s mall tar­
gets a nd large contiguous areas . 
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E-10 ehren, W. A. 1975. A Comparative Evaluati on of Pattern Recognition 
Comvuter Algorithms f or Remote Sensing App lications at ORSER. 
M. S-. Thesis

9 
Elee . Eng rg. Dept., Peno . State . Univ .• Univer s ity 

Park, PA . 172 pp . 

The objective of this study was to compare analytically and exper imentally 
the various r emote s ens ing data analysis programs developed at the Office 
fo r Remote Sensing of Earth Re sources (ORSER) at the Penns y lva nia State 
University. Genera l discuss ions of patte r n recognition and r emote sensing 
are given , followed by detailed descriptions of the ORSER computer software. 
The actual processing st rategies were te s t ed by applying them to ERTS multi­
spectral sca nner (MSS) data . Nine land classes were determined from low 
a ltitude erR photographs at a sca l e of 1 : 31 , 200. These served a s a source 
fo r ground truth information . In a further s tudy , a eIR photograph t a ken by 
SKYLAB served as ground truth for the ERTS data. All analyses were conducted 
wi th seasonally compatib l e dat a . Preprocessed MSS data r esulted in the mo s t 
accurate c lassif ication (91%) . Other unpreprocessed classifiers resulted in 
accuracies of 76 to 87%, and some c l assif i e r s were more accurate than others 
fo r certain land c lasses . 

E-ll 
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I 
Coggeshall, M. E. , R. M. Hoffer, and J . S. Berkebile . 19 74 . A Com-

parison Between Digiti zed Color In frared Photography and MUlti ­
spect ra l Scanner Data Using ADP Techniques . The Laboratory for 
Applications of Remote Sensing J Purdue University, \,Test Lafayette , 
IN . LARS Info . Note 033174 . 13 pp. 

High altitude (60 , 000 f t.) CIR aerial photographs were compared with MSS data 
using ADP techniques in correctly classifying six land use t ypes (deciduous 
and coniferous forests, wate r , and f orage , co rn , and s oybean cr ops) . A NASA 
RB-57 aircraft was used to collect 1:120,000 aerial photographs . The MSS on 
Lhe ERIM aircraft was used 22 minutes later at an altitude of 5 . 000 ft. The 
test a rea comprised some 6.400 a . and was about 60% fo r ested. The eIR tr a ns­
pare ncies were subjected to a co lor separation process which resulted in 
three BW transparencies which , in turn , were digi t i zed us ing a scanning micro­
densitometer with a 50 ll m perture . The HSS used had twelve channe l s, but 
only the three approximating the wavelength sens itivities of the elR f i l m we r e 
used (.52 to .57 llm, .61 to . 70 llm, and . 72 to . 92 ~m). Using a computer 
operated image analysis sys tem, 62 training s amples were sel ec ted from the MSS 
digital data to develop the classification criteria as were 58 from the erR 
digital data . Overall correct c lassifi ca tion for the six land clas s es was 
80 .5% for the t hr ee HSS channels and only 47.5% for the erR data. There was 
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a s ignificant amount of classification confusion with the eIR data, while 
the re was Boad separation with the HSS data. Result s suggested a gr eater 
potential for accurate identification of terrain features us ing MSS data with 
ADP techniques than us ing digi ti zed, multiemulsion erR aerial photography. 
This can be best explained largely by the greater dynamic r ange and higher 
s pectral resolution of the s canning system . The authors also noted t hat more 
accurate classification r esults were achieved by using other combinations of 
t he MSS channels. 
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E-12 Drackett, K. T., W. D. Gregg, and J . Bale. 1975 . Fraatiaa ~ App ~iaa­
Hons of Low, Mediwn, and /li gh Al t i t ude A':Y'cY'aft Remote Sensing 
Data to Land Us e P~anning . in Remote Sensin~ of EaY'th Res ources , 
4:203- 231. Tenn. Space Inst. , Tullahoma, TN. 

A land use inventory program should incorporate three distinct data s ources 
to provide accurate information f or planning purposes : (1) r emote sensing 
imagery; (2) field surveys; and (3) collateral data. Remote sensing imagery 
can be grouped into three classes : small scale «1 : 60,000) for state , 
regional and o"ther broad- scale appli ca tions; medi~m scale (1 : 60, 000 to 
1:12 , 000) for county wide and moderately detailed s tudies ; and large scale 
(,,::,,1 : 12 ,000) for de tail ed s urveys or for specialized problems. Each scale 
offers particular aqvantages and disadvantages for different types of appli­
cations. Field s urveys , or ground truth, provide supportive data for the 
land use inventory . Preliminary photointerpre t a tion will increa se familiarity 
with the s tudy areas and decrease the amount of fie l d s urvey time required . 
Field surveys also include observations made from ligh t aircraft and he licop­
ter . Collateral data i s defined a s qualitative and quantitative in formation 
ex tracted from previously compiled data whi ch serve as inputs to the land use 
inventory . Collateral data can often be difficult to collect and manipulate 
and s hould be us ed selectively. Four case s tudies demonstrating the use of 
various scales and t ypes of r emot e sensing imagery in land use planning are 
presented. In Maryland, small scale NASA U-2 CIR aerial photographs were us ed 
to generate manuscript land use maps and digital land use dat a . A key a s pec t 
of this study was the utility of r emote sensing as a planning tool in the 
early stages of a s t a t e wid e land us e inventory s trategy development . In 
Louisiana, small scale NASA U- 2 eiR aerial photographs were us ed to delineate 
wetlands and identify s ignificant natural and cultural features in Jefferson 
Paris h. Hultidate low and high oblique photographs were us ed as a decision­
making aid. In San Bernadino, California, medium and large scale eIR aerial 
photographs were used t o prepare land us e maps for regional planning and for 
e l ectric power demand projections. And in New Cas t l e County , De laware, small 
scale erR and large scale BW aerial photogra phs were used in the provision of 
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land cover data f or the identifi cation of non-point water pollution sources 
,gnd penneability coefficien t s to be incorporated i n the EPA Se c . 208 program 
for the county . From the illustrations provided 1n the case studies , it was 
concluded tha t aerial photography plays important roles as a primary da ta 
source by providing inve ntory information during initial processes of goal 
formation or problem identification, a s ource for i nventory data , a graphic 
bas e for i nformation storage , a mean s of dis play ing dat a for communicative 
purpos es, and as a monitoring device. 
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Elifrits, C. D. and D. J. Barr. 1978 . A Ma.nual. fo l' I ne::cpensiv e 
Methods of Analyzing and UU lizing Hemote Sensor' Data . De pt. of 
Mining , Pet roleum, and Geologic Engrg ., Vniv. of Missouri-Rolla, 
Rolla, MO. 26 pp . 

This manual is intended to s e rve as a guide to remote sensing equipment and 
in terpretation techniques. Brief descr i ptions , often including approximate 
cos t informa tion, a re give n f or dif fe r ent s tereoscopes , light tables , addi­
tive and subtract ive color viewers , transfer instruments, and drafting and 
cartographic equipment and supplies. Al s o, a brief dis cuss ion of the analy­
sis of a erial photographs and LANDSAT imagery and their application in land 
us e mapping engineering soils studies , geologic and wa t er r esources mapping, 
environmenta l impact assessment, and agr iculture is presented. 
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Ens l in, W. R., S. E. Tilman, R. Hill-Rowley , and R. H. Rogers . 1977. 
A Procedure for Merging Land Cover/Use Dat a from LANDSAT, Aerial 
Photogr aphy, and Map Sources: Compatibility , Aceuracy , and Cos t . 
Bendix Aerospace Sys t. Div. , Ann Arbor, MI . 10 pp . 

Aerial photog raph, map, and satellite s ensor data sources: each ha s advan­
tages and limitations in the deve lopment of l and use/cov e r information for 
r egional pl anning pu rpos e s . Au tomat ed data process ing (ADP) of LANDSAT MSS 
data is a fas t, low cost , method of producing general land cover maps and 
t abu l ar data. Conventional interpreta tion of and i nformation extraction from 
aer i al photographs and existing resou rc e maps is a more time consuming and 
expens ive procedur e than is ADP of MSS data , but usually provides a more 
detailed c l ass i f ication with a highe r l evel of accuracy and reliability . An 
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idea l Natural Resource Informa tion Sys t em (NRIS) would involve a s t r uc tured 
merging of information f rom LANDSAT, aeria l pho tograph~ , and maps . A 13-
t ask progr am for producing geoencod ed l and use / cover maps fr om compute r pro­
ce s s ing of Lfu~DSAT data is discussed , as i s incorporating additional infor­
mation derived f rom aerial photographs and maps . The r equi r ements a r e : (1) 
l a nd use classification with at l eas t an 85% accuracy; (2) ident i ficat i on of 
additional categories or of higher accuracy not achievab l e with LAND SAT; and 
(3) evaluation of the accuracy , time and cos t associated with applying the 
integr a ted invento r y . Such a s tudy i s being undertaken in Michi gan us ing 
t he U. S . Geological Survey Land Use Classific ation Sys t em. The overall theme 
in dev e l oping l and use maps b y mergi ng dat a s ources i s to identify a combina­
tion of data sour ces a nd procedures that provide a more detailed, accur ate , 
and cost effective land cover/use i nv entory compared with deriving a ll the 
data from a singl e s ource . 
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Ed s . 1974. Remote Sensing : Techniques 
Hamilton Publi s hing Co ., Santa Ba r bara, 

Thi s book is a collec tion of papers from var ious disciplines of remot e s ensing. 
The text includes 12 chapte r s each by a diff e r ent author , and addresses the 
state of the art of r emote sensing applications . It was not organized to serv e 
as a comprehens ive tex t in r emot e sens ing. The 12 sec tions , each preceded by 
a synop s i s , a r e a s f ollows : (1) Developing Ge ographi cal Remo t e Sens ing; (2) 
I mag ing with Photograp hi c and Nonphotographic Sens or Systems ; (3) Quantita ti ve 
Data Extrac tion a nd Ana l ys i s of Remote Sens or Imagery; (4) Remot e Sens ing of 
Natural Re s ources ; (5) Geomorphic- Geolog i c Mapping from Remo te Sensor s ; (6) 
Interpretation a nd Mapping of Nat ura l Vege tation; (7) Interpreting Land Us e 
from Remote Sens or Imagery ; (8 ) Remo t e Sens ing of Ag ricultural Resour ces ; (9) 
Urban Applica tions of Remote Sensing ; (10) Remote Sens ing Techniques and Urban 
Da t a Acquis ition; (11) Regional AnalYSi s and Remo t e Sensing ; and (12) Remo te 
SenSing and Evvironmental Qual ity : Problems and Potential. A brief gl ossary 
o f remote sensing terms is given in the appendix as i s a n extensive biblio­
graphy . Al so , U. S . institutions a nd or gani za t i on s engaged in remote s ensing 
r e l ated a ctivities a r e listed . 

r emote s e n s ing 
environmental analys i s 
geography 
sensor s ystems 
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E-16 Cold, D. P., S. S . Alexander, and R. R . Parize k . 1974 . Application 
of Remote Sensing t o Natural Resource and Environmental Pl'oblems 
~n Pennsylvania. Earth and Mineral Sc i ences , 43(7):49-53. 

Examp l es of geological applications of LANDSAT data in Pennsy lvani a are given. 
Specific attention was given to geol ogic structu r es , linear features , hydro­
geologic and engineering studies , ore deposits , and strip and a c id mine 
drainage. Using a LANDSAT mosaic for the sta t e, researchers at ORSER demon­
st rated the capability of certain MSS channe l s to depic t geolog i cal phenomena. 
Bedrock structures we r e well defined on midwinter scenes f rom band 7 , while 
band 5 imagery at a scale of 1:250 , 000 depic ted the contac ts of some litho­
logic boundaries in eastern Penns ylvania to a positional accuracy of ! 400 m. 
In combining the infor mation derived from LANDSAT imagery, aeria l photography, 
and f i eld studies, six scales of linear feature s wer e recognized. Other ex­
amples and a general description of remote sens ing t e chn i que s and t he ele ctro­
magnetic spectrum are given . In comparing t he cos t a nd ffi.:tnpower r equi r ements 
needed to compile a statewide mos aic of image r y from various sensor platforms , 
it was found that LANDSAT coverage would require only 14 f r ames, t ake 1. 5 
man-years, and cost onl y $75 , 000; low altitude (6,000 to 10,000 ft.) ae rial 
photogra phy would i nvolve 20 , 000 frame s , 44 man-year s , and $1,000,000. With 
a 9" by 9" frame format , the s cales of each respec tive imagery type would be 
1 : 1 , 000 , 000 and 1:12,000. 
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Haas , R. H. and H. C. HcCaskil l. 19 72 . Use of Large- Scale Aeria l 
Photography in Obtaining Vegetation In f ormation fol' u~ban Planni ng . 
Remote Sensing Cntr., Texas A&H Univ., College Station, TX. Tech. 
Rept . RSC-39. 43 pp . 

A coope rative arrangement was established between personne l of the Vegetation 
Sys tems Laboratory (VSL) at Texas A&M Univers i t y and George Hi t c hel1 and 
Assoc i ates , Inc . in 1971 in order to perform vegetation analysis via remote 
senSing t echniques. A key objective of the s tudy was t o pe r form comp a rative 
evaluations of large scale (1:6,000) BW , color, and eIR aerial photographs 
in forest vege t ation typ ing . This was accompl i s hed through the i n terpreta­
tion of each of the imager y types and the compilation of variou s vegetation 
maps for Hoodlands-Phase 1 developme nt area in southern Montgomery County, 
Texas . Color ae ria l photography was flown over t he test area in February 
19 70; both BW and col or contact p rint s were made from this film . A CIR aerial 
photography mission was cond ucted in November 1971 over eleven 0 . 5 a . valida­
tion si t es crui sed in November 1971 . Overstory and unde r sto r y species 
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were catalogued . A s tudy of these plots us ing all three photog raph types i n­
dicated that certain land featu r es could be distinguished equally well on a ll 
t h r ee ; these fea tures included: (1) water, ( 2) bare gl."'ound, (3) ground 
cover ed with litter, grasses , and forbs , and (4) overall forest vegeta t ion. 
The primary weakness of BW was the poor differentiation be t ween evergreen 
understory a nd s hadow, a nd overs tory separation was limite d large l y to dif fe r­
entiation b e twee n conife r ous a nd deciduous t ypes . Color image ry sat i s f ac t o­
rily pe r mit ted shadow/v ege t at i on differentiation and separa t i on of ove r s t o r y 
into similar morpho l ogical and phenot ypic g roups. Interpretation of eIR 
ae r ial photos provided more accurate informat ion than did either of the other 
two imager y t ype s ; it furthe r permitted s pe c i es identifica tion (especially 
wi th ha rdwoods) ; contributing factors inc luded (1) the fact the CrR trans­
pa r encies were used as opposed to BW and color pr ints whi ch impr oved contrast 
and r:-eso lution, ( 2) CIR provides a bet ter spectral separ at i on , and (3 ) the 
erR aerial photogr aphy wa s conducted in a season when the trees were in l eaf 
whereas t he color a nd BW were no t . Based upon the r e s ul ts from the applica­
tions of BW, color, and CIR in the preliminary s tudy areas, CIR and co l or 
we r e us ed to conduc t a vegetation st rat a s tudy of t he Woodland-Phase 1 area 
(approx . 6 , 232 a .). The canopy and understory s urveys made with eIR a ppe a red 
to be more reliab l e than tho s e made with color . In c ompar ing the vegetation 
identif i ca tions made through inte rpretation of the CIR aerial photos with 
ground t ruth information, it was found that s i mi l a r morphol og ical or pheno­
t yp i c g r oup s were identified with 93% accuracy while species , a more detailed 
l eve l of ident i f ication, were 77% co r rect. 
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Hill-Rowley , R., M. Boy lan, W. Ens lin, and R. Vlasin. 19 75 . Imp~oved 

Resource Use Decisions and Ac tions Through Remote Sensing . in P~oc . 
NASA Earth Resources Surv . Symp . I -C:1747-1767, Houston , TX. 

Stud ies conduc t e d at Hichiga n State Unive r s ity on a ppl ications o f remo te 
sensing to improve management decisions on r esource uses are described. 
Applications a r e divid ed into two ca t egori es : (1) first genera tion --
dire ct a c tion applications , and (2 ) second generation -- indirect , delayed 
a c tion, multi f aceted applicat i on s . Haking s uch a di s tinct i on i s crucial for 
justify ing proposed unde rtakings , r e search des i gn, methodology r equirements , 
budget allocat ions , e tc .. From ac tivities completed in 1974-75 , seven case 
studie s a r e r eported upon: (1) multi agency r iver basin planning , (2) corri­
dor as s es sment for highway r outing a nd improvement of count y leve l planning 
deCision s , (3) developing improved timber management practices , (4) enforce­
ment of a r ecently enac ted So i l Ero s i on and Sed imentation Control Ac t. (5) 
measures and procedures for local imp lementation of t he new Farmland and Open 
Space Preservation Act, (6) appraisal standards fo r land value a s sessment and 
(7) op timizing agribus iness pr oces sing plant locations. Cases 1 and 2 ar~ 
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second generation t ype , case 3 i s a combination, and cases 4-7 are fi r st 
genera tion type . Color infrared photog r aphs at s eve ral scal es from a va r iet y 
of s ources was used i n the s tudies and persounel from the Ilser agencies were 
included a s partic ipants. It was concluded that r emo t e sensing provides 
solid, time ly, relevant compar at i ve intelligence on land, vegetation a nd 
water characteristics developed on a uni fied, r egional bas is . It will be a 
matter of rou tine to update and expand su c h systems . In case study 2, a dua l 
product consisting of a general 24 category land cover inventory and a 34 
group special environments classif ication was developed . The latter group 
provides information about prime ag ricul tural l and s , wetlands , steep slopes , 
fore s t ed areas, critical soil conditions, and areas of prominent s ocial 
values including: (1) developed, comme rcial, res idential and industrial 
areas , (2) s cenic areas, (3) hi s toric areas, (4) unique wildlife areas , and 
(5) precious wilde rness areas . Inventory data wer e derived from 1: 36 , 000 
eIR imager y using a four hectare gr id and re corded on computer coding form s 
especial l y designed so that up to six land cover and seven spec i a l environ­
ment codes could be r ecorded for each cell . A s pecif i c loca tion i ndica tor 
was assigned to each cell . The data wer e used to plan highway corridor loca­
tions with low environmental impact. The land cove~ inventory and particu­
larly the s pe cial environment identifications allow a tremendous variety of 
corridor options to be derived and mad e available for ef f ec tive local dis ­
cus s ion and evaluation . 
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Hootsy, J. R. 19 73 . A Pr eprocessing and Classification Sys tem for 
Remotely Sensed Multispectr al Scanner Data. M. S. TheSiS , E1ec . 
Engrg . Dept ., Penn. State Univ., Unive r si t y Pa rk, PA . 177 pp. 

Pr ep rocessing of digital remote sensing data is discus s ed. Preprocessing, 
using s tatistical characteristics ascr ibed to the data, i s described as a 
convers ion of the raw d igi t a l data to facilitate the classification processes. 
Preprocess ing includes functions such a s data dimension r eduction, nois e sup­
preSSion , scale cor rections, r adiometric corrections , e tc. Various prepro­
cess ing te chniques were used with four s upervised ORSER class ification pro­
grams . Evaluations lvere made using di ffe rent combinations of 13 channels of 
MSS data from the University of Michigan scanner system . Color and eIR aerial 
photogra phs provided ground truth and informa tion for se l ec ting classes and 
training samples . It was concluded that, although generally s l ower, quadratic 
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discriminant funct ions provided better class boundary detec tion than linear 
functions . Further, dat a trea ted by preprocessing resulted in better classi­
fication results than did data not so treated . 
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E-20 Jeter, F. P. 1975 . The Color Negative as a MUlti - purpose Tool . 
Photogrammetric Engineering , 41(8):1003- 1004. 

The Oregon State Highway Divis ion (OSHD) has been increasing its use of color 
aerial photography . A prime reason for this is the fact that color film 
diapositives incre ase mapping quality and eff i ciency because of ease in their 
interpretation ; with color, shadows do not appear so dense as in BW and there 
is more detail in the lighter areas, resulting in some increase in vertical 
accuracy. Color infrared film positives have been found to be a good medium 
for hydrological s tudies a nd in urban areas with indus trial haze . However , 
eIR wa s not a good medium for contouring where tree cover exists . Experience 
has shown t hat t he co lor negative can serve as a multipurpose tool to be used 
in map ping , color contact print or enlargement production, as well as fo r BW 
contact prints or enlargement s . In fact, results demonstrate that co lor 
negatives can be used t o generate higher quality half tone fi lm pos itive en­
largements than can be made from BW negatives. On the" average , the total 
cost of co lor aerial negatives is about 30 to 80% higher than BW. Al so , color 
enlar gements are about $4 . 25 to $7.25/ ft. 2 , whereas BW enlargements are 
$1.50/ft2 . The present mapping pr ogram of OSHD includes the use of co lor 
aer ial photography whenever weather conditions permit; however , it is noted 
that the increased cost of co lor over BW must be justified for each mission. 
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Keifer, R. W. 
pl'etation. 
Wisconsin, 

1971. Effects of Date of Photography on Airphoto Inter­
Remote Sensing Program t Dept . of Civil Eng r g ., Univ . of 

Madison, WI. Report No.9 . 24 pp . 

The effects of date of photography on pho tointerpretation using color and CIR 
fi lms are illustrated in this paper . Examples of soil s tudies and flooding 
s tudies have been emphasized . More than 3,000 exposures of co lor and erR 
film on 35 mm format wer e taken of selected s ites in s outhern Wisconsin dur ing 
1969 from e levat ions of 2,000 to 8 ,000 ft. above t e rrain . The subject matter 
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included rural ter rain (c~opland, gr az ing land, and woodland), l akes (showing 
weed and algal": g rowth),. and river f lood plains ( shm.Jing river flooding and 
s ub s equent crop damage). Some photographs taken to study 5011 auJ floods 
are described. Certain intensive s t udy s i tes were photographed on a s many 
as 20 different dates during the year . The striking changes in texture , 
tone , and color that occur from day to day a nd month to month a t selected 
s ites are il l ust rated. Study of the original co l or and elR t ransparencies 
lea d the author to conclude that : (1) color film is superior to eIR film 
for r evealing differences in soil color, especially the color of relatively 
dry soils with low crop cover ; (2) eIR fi lm is supe r ior to color f ilm fOT 

revealing soil moisture differences; (3) eIR fi lm is superior t o color f ilm 
for r eveal ing s ubtle differences in vegetation type and vigor that may be 
caus ed by differences in soil type or moisture cont ent. The results of this 
research show that there are certain da tes dur i ng the year for the procure­
ment of best aerial pho togr aphy for interp r e tive uses and that the dat e of 
photography may not be the same f or all int erpretive uses . Hos t of the 
illustrations contained i n this paper are ob lique aer ial photogr aphs . A 
critical examination of vertical s tereo aerial photography taken for the 
purposes described should enable more precise evaluations and conc lus ions 
abollt t he effects of data of photography on photointerpretation. The au thor 
s ugges ts that f urther s tudies along t h i s line include the use of vertical 
s tereo aerial photography using color and erR f ilms . 
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Keifer, R. W. 1972 . Sequential Aerial Photography and Imagery for 
Soil Studies . Remote Sensing Progr am , Univ . of Wisconsin, Madison, 
WI. Rept . No . 10. 25 pp. 

A s tudy area a few miles west of Hadison, WI , was selected as a s ite in which 
to contrast t he soils interpretations made from different t ypes of aerial 
imagery taken on several dat e s. Black-aod-white aeria l photographs taken on 
June 15 , 1962 and J une 4, 1968 were acquired from the Agricultural St abil i za­
t i on and Cons ervation Ser v i ce (AS eS ); the author conduct ed 30 aerial photo­
graphi c missions from May 1969 through September 1971 using both 35 mm. color 
and eIR films. Additiona lly, thermal inf rared (IR) image r y was collected on 
8 different dates in September 1971, using a Texas Ins trumen t s RS-3l0 scanner. 
Th e 35 mm. photography was conduct ed with Minolta SRT-IOI and motor driven 
Nikon- F cameras. The soil features of particular inte r es t included a beach 
ridge, consisting of fine sandy l oams underlain by sandy mater ials , and sur­
rounding lakebed soils o f silt loams with a seasonally high water table. The 
BW reproductions of the col o r and eIR photographs demons trate that the beach 
ridge and l ake bed s oils are more c learly emphasized on particular da te s . 
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The a u t hor concluded tha t the bes t times of the year for conducting soil 
studies in s outhern Wisconsin via aerial photography appeared to be Hay 1 
to J une 15 a nd Sep tember 1 to 30. The IR imagery, along with proper radio­
me tric ground truth, a ppea red to be able to depict t emper ature differ ences 
a s small as 2°F . The apparent t empe r ature of t he beach ridge was 63°F and 
that of the l a ke bed soil s about 58° F. On the imagery, the warmer s andy 
r i dge can b e c l early dis tinguished from the cooler, wet t e r, s ilty l a ke bed 
soils . Furthe r , t hi s difference was mor e dramatic on daytime ther mal IR 
imagery due t o the diffe r ential thermal heating by solar rad ia tion. From 
t hese ob servations, the author concluded that a erial thermal IR imagery may 
be a be tt er sens or t han aeri a l photography (col or or eIR) for soil type 
mapping and evaluation. 
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Kiefer, R. W., S . D. Johnson, a nd A. W. Voss . 1 975 . A Computer­
based Remote Sens ing Literature Cataloging System. in Remote 
Sensing of Earth Res ources, 4 : 675-690. Univ. of Tenn . Space 
Inst., Tullahoma , TN. 

An inexpensive computer a ssis t ed sys t em for the storage and retrieval o f 
remote sen s ing information deve loped at the University of Wis cons in at Madison 
i s discussed. At the time of this publication, approximately 1,000 articles , 
mostl y f rom Photogrammetric Engi neering , we r e classified in four ways , 
ac cord i ng to : (1) platform; (2) remote sensing teChniques ; (3) sensor type ; 
and (4) applic ation . Ther e are 9 pl a t form categories , 8 technique categories , 
24 sen s or cat egories , and 72 application categories. Each bibliographic entry 
in t he s ys tem inc l udes the following: (1) author and title; (2) identifica­
t ion number ; (3) platform code (two possible); (4) technique code (two pos ­
sible); (5) sensor code (three possible); and (6) application code (three 
possible) . The user prompted compu ter progr am is prima rily a s orter a nd 
li ster and does not perform cross r eferencing in reference retrieval. The 
coding l ists used a r e presented i n the r e port . 

remote sens ing l i t erature 
information storage and retrieval 

computer progr am 
Wi sconsin 
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E-24 Leupold, R. C., R. P. Herbs t, J. B. Ma thies , and R. J. Kohut. 1978 . 
Use of Color Infrared Aerial Photography for Dooumenting Baseline 
Vegetation Stres s in Environmental Impact /.sseSBemnt . in Proc . 
Syrrrp . Remote Sens ing fop Vegetation Damage Assessment -' Sea t tIe , 

WA. pp. 369-380. 

Aerial photography is widely utili zed in preparing vegetation maps for 
environmen ta l impac t assessments . Low a ltitude erR aeria l photogr a phy pro­
vides excellent species di ffe rent iat ion for mapping plant communitie s and 
can be effectively us ed for documenting preoperational vegetation stres s . 
Analys is of e rR photos i ncreases the efficiency of field s urvery a t t empting 
to doc ument exis ting stress over larg e a reas . Based on ou r studies in the 
Northeas t, Midwes t, and Southeastern United Sta te s , elR photography a t scales 
of 1:7,200 to 1:12 , 000 can be used to de t ect insect outbreaks , tree disease, 
f rost damage , weed competition , and crop planting s uccess . Studies have in­
c luded annual monitoring to s urvey the development of s tress. This paper 
disc usses t he r esolution of eIR positive trans paren c ies based on s t e reoscopic 
interpreta tion at magnif icat ion r anges of 1. S to 9X . Class if ication of st res s 
t ypes a re present in evalua ting the effec tive ness of r emote sens ing . Othe r 
environmental condi t ions evaluated by remote sens ing , such as s oils , erosion, 
drainage, f l ooding , and water turb i dity a id in unde rstanding existing stress 
or a ssessing impact. When correla ted with ex i s ting and predIcted air quality , 
eIR photos provide a data base for assess ing emission impac t s . (Au thors) 
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Link, L. E., Jr. 1976. ~ocedures f or the Systematic Evaluation of 
Remote Sensor Per formance and Quanti tative Mi ssion Planning . u.s. 
Army Engr. Waterways Exp . Sta ., Vic ksbu rg, MS. Tech . Rept. M-76-8 . 
287 pp. 

Techniques for quantita tively evaluating photographic and thermal IR remote 
sensor systems are presented. The mode l s inc lude cunsiderations of the source 
of electromagnetic rad iat i on, atmospheric interactions , sensor al titude, time 
of day and year, latitude, sensor s pectral and s patial character i stic s , and 
feature and background s pec tral r e flect a nce or emittance charac teri s tics . A 
detailed exp lanation of the theory behind the pho to graph ic and the therma l IR 
model s is given. Each mode l can be implemen ted by us ing e ithe r a computer 
progr am or nomograms . The computerized version was written in Fortran IV 
language. A dis cussion of the opera tion of and the inputs to the program is 
provided . A de tailed description of the nomogram construc tion procedure is 
also given. In t he photogra phic s ensor system mode.l, BW, black-and-white IR , 
col or, and erR films , with various f il ter combina tions, can be evaluated. 
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The main output of this model is a 
i s a measure of how well images of 
ous film and filter combinations. 

feature/background contrast value which 
features can be sep~rated u s ing the vari-
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Mairs, J . W. 1976 . 
PotentiaZ NaturaZ 
9:259-266 . 

The Use of Remote 
Areas in Oregon . 

remote sensor s ystem evaluation 
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Sensing Techniques to Identify 
Biologica l Conservation, 

In July 1974, a joint proj ect between Oregon' s Natural Area Preserve s Advi­
sory Committee and the Environmental Remote Sensing Applications Laboratory 
at Oregon State University was begun t o provide a vegetation resource 
inventory of potential natural areas within state owned lands in s elected 
Oregon counties using r emote sensing techniques . The searc h for potential 
na tural rese rves with varied environments ca n be both time consuming and 
costly . Therefore, high altitude (20 km . ) U-2 aircraft elR aerial photographs 
were used to provide analysts with a synoptic view of the s tudy areas, ex­
cept for small strips in northern and western Malheur County where imagery 
was not available. The survey of the 208,400 ha. of s tate owne d land was 
done by inte rpreting 1:130,000 elR film positives on a light tabl e with the 
aid of an 8X magnifying lens . Cr iteria used to identify or eliminate a s ite 
as a potential natural area included: degree of vegetation modification or 
disturbance; character of the vegetation ; dominant species; and other environ­
menta l fac tors such as the presence of natural water features of s ce nic land­
forms. Field checks requiring 15 days were conducted to clarify uncertain 
photointerpretations. The survey required about 1,000 man- hours over a seven­
month period. One hundred- five units having a tota l area of 25,700 acres 
were catalogued as po tent ial natural areas. Plant communities were identified 
in environments ranging from moist coastal headlands to dry s alt deserts. 
The suitability of high altitude erR aerial photography in conducting such a 
survey i s discus s ed. 
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E-27 May, G. A. 19 76 . Use of LANDSAT- J Digita~ Mu~tispectpa~ Scannep 
Data f op Land Covep Mapping . Ph.D. Thes i s Agron. Dept. , Penn . 
St a te Univ., University Pa rk, PA. 117 pp. 

Nine water s hed s with in the Susquehanna River Bas In of southeaste rn 
Pennsylvania s erved a s the test areas for determining the applicability of 
automatic data processing (ADP) of LANDSAT MSS data i n r eg i onal l and cover 
mapping . LANDSAT MSS digital da t a were acquired for the s tudy a r eas in 
Oc tober a nd July 197 3 . The image proces~ing facilities a t ORSER were used 
to derive computer generate d l a nd cover maps which delineated major cate­
gories such as bare soil, s tubbleland, hayland/ gr a s s , woodland, urb an areas , 
disturbed lands, a nd water bodies. Ground truth was provided primarily by 
topogra phic quadra ngl es a nd aerial photographs . A Bausch and Lomb Zoom 
Tra ns f e r Scope was used t o superimpose the " ground t r ut h" on the compute r 
c l assificat ion maps . Overall, a 75 % co rrec t c l ass i f i ca tion was r eali zed by 
the ADP of the two -season, merged LANDSAT data. Only 68% correct c l assifi­
cation was achieved us ing the Oc t ober data alone . It was a l s o shown t ha t 
whil e mapping data set s provided better overall r esults , some ca t egor ies wer e 
best clas sif i ed by t he sing l e season charac teriza tion. The s pec tral group 
centroids in each of t he fo ur HSS bands were calcula t e d f or each l and cover 
ca t egory to deve lop a s pe ctral s i gnature bank . The feasibility of a pplying 
signature extens ion (the transfer of predetermined s i gna tures through s pace 
a nd time) was explored . In orde r to c lassify and lIIap r e l iably and acr:uratel y , 
it wa s found that spatia l and atmospheric variables mus t r ema in s omewhat 
cons tant. Different t ype s of computer generated map s were produced including 
l i ne printed character maps as well a s color coded maps, and at scales from 
1:15,000 to 1:50,000. It wa s noted that the t ype and scale of c lass i f i cation 
map depends on the user' s needs . 
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HcKim, H. L., C. J. Herry, S . Cooper, D. M. Ander son, and L . W. Gatto. 
,1975. App~ications of Remote Sensing f op CoPps of Enqineeps Ppo­
gpams in New Eng~and . in Pr>oc . . 1Oth Intl . Symp . Remote Sensing of 
Env . ERIM , Ann Ar bor, MI. 19 pp. 

The utility of satell i te, high altitude and low altitude ae rial imagery wa s 
evaluated by the Corps of Enginee rs. The mos t s i gnificant contribution t o 
dat e has been to increase confide nce by more accurately e s timating parameters 
us ed in mode ls . Several new coope r a tive r emo t e senSing prog rams address ing 
environmental and hydrologic. problems were i mplemente d by t he Cold Region s 
Res earch and Enginee r ing Labora tory and the New England Divi s ion of the Corps . 
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The fir s t objective of these programs was to determine the avai l ability, type, 
s cale and resolution required . The second objective was to s hot\! how remote 
sensing method s can be utilized to a ugment or update conventional procedures . 
For the analys is of LANDSAT da t a, imager y f rom each band wa s enlarged t o 
1:200,000 with a spatial resolution of 70 m. This image r y provided valuable 
inf ormation fo r site evalua tion , de fini t ion of geologic lineaments and monitor­
ing s now and i ce accumulat ion a nd ablat i on. Thi s in fo rma tion can in f lue nce 
design of new Corps facilities or on flood forecasting procedures . Skylab 
S190A (multiband photography) , Skylab S190B (earth terrain camera) , and 
RB-57/RC8 (high altitude aircr aft ) photographs wer e enl arged to 1:63,600 
with r esolutions of 25 , 12.5, and 5 m. respe c tive l y . Us ing a modified ver ­
sion of the USGS land us e classificat ion system for use with r emote s e ns ing 
da t a , the erR image r y was interpreted and l and use categories del ineated . 
The Sky lab program has defined the detail of l and us e mapping that can be 
accomplished fr om th e S190A a nd Sl90B pho tography . The re s ul ts from the S190B 
imager y compared favorab l y with those obta i ned from high altitude aircraft 
photogra phy . The LANDSAT Sl90A data products were not cons i dered ad equa te 
fo r detaile d land use mapping although the p roduc t s wer e useful fo r rapid 
regional land use inve n tories . Low altitude air cr aft pho togr aphy (scale 
1: 33 , 600) was used t o determine the l ocation of ma t er i als a t a potential dam 
construc tion si t e l oca t ed on the St. John River i n Aroos took County , Ma ine , 
approximately 30 mi . west of t he town of Ft. Kent . A 335 ft . earthen dam 
will be designed primarily fo r hydroel ectric power, with secondary use f or 
flood cont r ol. The study s howed tha t the materia l needed for cons truction of 
the earthen dam and dikes ca n be obtained within a s ix mil e r adiu s of the 
primary dam and f our mile r adius of the thr ee dike s ites . This should a llow 
~ l a rg e cos t savi ng fo r trans portation of mate r ial as compared t o orig i nal 
design es timates . In a no ther program , th e effect of i nundat i on at s ix New 
England flood control r eservoirs was inves tigated . The ef f ects of the 1973 
s umme r f lood wer e assessed from low a l titude crR photography and corrobora­
tive ground s urveys . The extent a nd sever ity of tree damage was mapped and 
analyzed statis t ically . These resul ts will be us ed by the Corps in the r e­
ser voir management program. 
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Merry , C. J . and H. L. McKi m. 19 76 . AppZi eati ons of Remote Sensing 
in t he New Eng Zand Urban Studi es Program. in Proe . of t he Soe . 
Seientists Conf.: 214- 215 . Memphis , TN. 

A s tudy was conduc t ed to compare t he accuracy and cost e f fectivenes s of using 
aerial photographic techniques to derive data t o be used in t he STORH (storage , 
treatment, overflow runoff model) hydrologic model. These t echniques we re con­
trasted with the more conventional met hods [not described] of the New Engl a nd' 
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Division, U. S. Army Corps of Engineers in extracting information on (1) area 
of watershed , (2) land use type in wiltersherl, (3) impervious sur.face a 'rea for 
a given land use type, and (4) curb length for a land li s e type . Photomosaic s 
covering six selected 7- 1/2 minute USGS topographic quadrangle s in the 
Boston metropolitan area were prepared from NASA RB- 57 RC-S high altitude 
BW aerial photographs enlarged to a scale of 1 : 24,000 . A total of six Level 
I, 17 Level II, and 18 l.evel III land lise categories were delineated on the 
aerial photos, costing $2,890 for the six quadrangles ($0.014/a.) compared 
to $600 ($0.003/a.) for the conventional techniques . Watershed boundaries 
could not be determined from the imagery and had to be delineated and the 
areas meas ured from topographic maps . Impervious surfaces were mapped from 
low altitude aerial photography (1:3,500; type not given] for two selected 
sites . The results we re comparable to those of the conventional me t hod; a 
comparison of the cost e ffectiveness of the two methods was no t poss ible 
because of insufficient data. More than 64% of all curbs in the Newton test 
site were identified on the low altitude photography. The cost of c urb den­
sity mapping with photointerpre tation was $0.899/a. compared to $1.200/a. 
by the conventional method of using residential density as an index. Although 
not always less expensive than conventional procedures, photo interpretation 
was recommended to derive uata input for the STORM nodel becaus e of (1) higher 
accuracy, (2) increased confidence , and (3) greater amount of detail. 
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Miller, L. D., C. Tom, and K. Nualchawee. 1977. Remote Sensing I nputs 
t o Landscape Mode[s Which Predict Future Spat ia[ Land Use Patterns 
for Hydro[ogic Mode [s . Goddard Space Flight Center, Greenb elt, MD . 
NASA-X-923-77- llS. 41 pp. 

Lands cape mod e ling organizes and overlays data from existing maps , analys i s 
of r emote sensing imagery, and tabular data into a computer fr amework. The 
overlays of map and image derived data provide a basis for computer simula­
tion or modeling of the future s patial behavior of the landscape to anti c i­
pated natural events or human, activity. A typical application of s uch a 
procedure to hydrology is the prediction of future land us e patterns of an 
urban area as input into the simulation of the urban hydrograph. The appli­
ca tion of landscape mod e ling to the Denver, CO metropolita n a r e a provides an 
illustration of thi s technique. A tropical forest area of northern Thailand 
provides a te s t ca s e of the application of the approach in more natura l 
surroundings. Combining the available remote s ensing imagery with available 
map information in the landscape model provides a basis for substantial 
improvements in s tudies of land us e and hydrology. Visual display of 
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land use changes was accomplish ed by a cell b y cell comparison of the u se 
and cove r c ategories as existed in 19 63 and 1970 . One technique discussed 
fo r the projection of f uture land use patterns i s the Markov Trend Model, 
which assumes that f u ture l a nd use can b e predicted , in the s hort run , by 
observations on recent past changes. Another method d iscus sed is discrimi­
nan t analys is , which considers t he probability of land use change from one 
ca t ego r y to a nother on a cel l by cell bas i s (i . e ., preser v ing s patial in teg­
r ity) . In t he text, s ome attent ion i s g iven t o i mproved LANDSAT HSS image 
cl as s if i cation . Comparisons a r e made fo r classifications based (1) solely 
on the four MSS band s , (2) the fo ur ba nd s plus the s ix rations of these 
bands , and ( 3 ) inc lusions of various combinations of o ther data pla nes ( e . g . ~ 
census data, t opography , freeway location, e t c .). 
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Poulton, C. E. 1972 . A Comprehensive Remote Sensing Legend Sys tem f oY' 
the Ecological Characterization and Annotation of Natur al and 
Altered Landscapes . in Pr oc . 8th Symp . Remote Sensing of Env ., ERIM 
Ann Arbor, MI . 1:393-408. 

An integrated legend s ystem is presented for use i n multis t age earth r e­
sources i nve ntory and land use classification. The program was developed by 
preparing a hierarchical classifica t ion a nd appl ying it to sa t e llite i mager y , 
and high and low alti t ude ae rial photography. The b roader categories are 
especially s ui table to s paceborne a nd high altitude sensor s , while the more 
detailed classes are fo r use with low al titude sys tems with their improved 
resolution. The detailed format for a comprehensive ecological legend in­
cludes information for: (1) gross r esource and land use ; ( 2) phys iognomic 
type or secondar y l and use ; (3) s pecific ecosys tem or detailed land use; ( 4) 
macro relie f ; (5) landform; (6) surfi cial geology ; and (7) soil type or 
characteristics . Desc riptions and symbo l s are presented for f i ve of these 
c lasses . Sugges tions a re made a s to how t he o t her t wo (geo l ogy and soils ) 
could be coded in a s imil ar mann er . A faul t of the legend system, as not ed 
by the autho r, i s tha t it does not prov i de for dir ec t assessment of s uch 
land uses (or activities) as gr azing , fore s try , water s hed , wi ldli fe produc­
tivity, aes thetics , or rec r ea tion. 

l a nd use 
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E- 32 Rambert, c . E. 19 73 . AnalQg t o Digital Conver s i on Sys t em faY' Mu lti ­
spectral Scanner Data . M. S. Thesi s El ee. Engrg . Dept . , Pen n. State 
Univ., University Park, PA. 104 pp. 

The resear ch desc r i bed involved the design and use of a ser i es of compute r 
programs that would convert MSS da ta in its a na l og magne tic tape format to 
a computer compatible digital format (IBH/ 360 , 9 track, 800 bpi). Eight­
channel Bendix MSS data wer e us ed to create and tes t the program s . A hybrid 
compu t er, co nsisting of an EAl 680 analog computer and a DEC PDP-IO digital 
computer, comprised the processing system hardware . Proce ss ing th e MSS data 
pr oduces digital data outpu t in ORSER format. The programs neces sary to use 
t hi s system are presented in appendices . The author concluded tha t the 
advant ages o f this hybrid conve r s i on system over simple bulk digi tizing are : 
(1) more precise pixel sampl ing; (2) va riabl e output f ormat ; ( 3) no s pecial 
equipment ; ( 4) geometric corrections can be pe rformed s imultaneously wit.h 
pixel s ampling; a nd (5) pr eproces sing c an be pe r fo rmed prior t o s i gna l con­
version. Dis advantages cited are : (1) the hybrid system requir es mor e 
hardware; and (2 ) bet t e r unde r standing o f computer techniques is r equired 
than with a simple bulk digitizer. 
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Rinker, J . N. a nd R. E. Fros t. 
Sensing~ and Education . in 
Ann Arbor, HI. 2 : 709- 711. 

digita l computer 
multis pectr a l s canne r 

1966 . Envir onmental Analysis, Remote 
Proe . 4th Symp . on Remote Sens ing Env . 

The criteria for efficient and accurate e nvironmental ana l ysis via r emote 
sensing are discus s ed . Profess i ona l inte r est in r emote sensing fall s i nto 
three ca t egories : (1) sensor s ystems engineering; (2) application of s ensor 
sys t ems for terrai n a na l ysi s , de lineation, targe t identification, e t c . ; a nd 
(3) e nvironmental a nalysis in the broad sense . I n systems engineer ing, a 
foundation in physics and mathematics , with specializat ion i n other di s cip­
lines , i s required. In the s econd category , emphas i s must b e pl aced on the 
applied natural a nd physical sc ience s . I n t he third ca t egor y , a t e am effort 
is r equired with coordinated effort f r om individuals from the o the r two cate ­
gories. The t e am approac h t o env ironme ntal analysis i s empha sized because 
the various physical, natural , and cultural c omponents of the e nvironment a re 
interre l a t ed; t he diSCipl ines o f ge ology, bi ol ogy , geogr aphy, ecology , hydro­
logy, etc . , are man- made divisions of the env ironm en t . Ther efor e , while spe­
c i a l ization i s r equired to a certai n extent, t he abil ity of a remote sens ing 
a na l yst to per ceive t he need for inte r act ing with o t her disciplines is neces­
sa ry. 

remote senSing 
ed uca t ion 

environmental ana l ys i s 



E- 34 Rinker , J . N., J . Ehl en , A. E. Krusinger , T. R. Cur rin , A. O. Poulin, 
and P. B. McCracken . 1976. CapabiLities of Remote Sensors to 
Determine EnvironmentaL Information for Combat . u.s. Army Engr . 
Topo. Lab ., Res. Ins t . , Fort Bel vo i r , VA. Rept . No. ETL-OOSI. 
242 pp. 

U.S. Army Field and Tec hnical Manua l s we r e used t o deve lop a lis t of 313 
environmenta l information needs required by the Army to a ccompli s h i ts vari­
ous mili tar y tasks . Eac h item was evaluated agains t a l ist of r emote sen-
s ing systems t o deter mine the exten t t o which each sys tem could provide the 
information . The systems eva luated were LANDSAT (ERTS), radar, thermal IR , 
l ow al ti t ude oblique aer ial photography, standar d photo index sheets , a nd 
ster eo 1:20,000 and 1 :100 ,000 scal e vertical aeria l pho tographs . Ea ch sys t em 
was rated for its usefulness in identi fy ing each of the e nvir onmental f eatures . 
The eva luations al so include t he l eve l of skill r equi red to obtain the neces ­
sar y information from the r emo t e sens ing i magery . Also, comments and di s cus­
s ion on the definit ion of f ac tors, limitations with ref e r e nce to both the 
fac tors and procedure s , and pos sible use of other r emote sensor systems a re 
presen t ed . 
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E-35 Robinove , C. J . 1972 . Remote Sensing ~n Geo~ogy, Hydro~ogy, and 
Geography . i n Pr oc . IntL . Workshop on Earth Resources Survy . 
Sys t . 1:55-66, Ann Arbor , MI. 

Remote sensin g from satel lites a nd a ircra f t has many applications to the 
sc i enti fic disciplines of geology , hydrology , and geog r aphy . The fea s i bili ty 
of r emo te sensing f or geologi c purposes has been demons trated by t he discovery 
of signi f i cant a r e as for mineral explorat ion in the s outhwes t ern Uni ted States 
fr om space photographs , the delineation of r ock s tructures favorable f or oil 
and gas expl orat i on, a nd the description of changes in landforms caus ed by 
geologic event s such as volcanic erupt ions and ear thq uakes. Hydrologic uses 
of r emo te sen sing i nclude the explor ation fo r ground water in both arid a nd 
humi d r egions, t he a sses sment with r epe titive images of the status of peren­
nial and in termit tent lakes , the mapping of flooded a r eas , a nd t he de l i neation 
of coas t a l a nd inland wetlands . Geogra phy i s both a disc i pline in it s el f and 
an integrat ion of o the r disc iplines. Geographic uses o f r emote sensing data 
inc lude land lis e mapp i ng in urban and r ura l areas , mapp ing of sequential 
changes in cultura l feature s and t he ir rela tio n to the env ironment , and t he 
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s ynthes i s of other res ource information with geograph i c dat a to f orm informa­
tion systems f or management u s e. Ba s i c a THl a pplied r esearch in each disc ipline 
coupled with increas ing operational use of space and aircraft colle cted remote 
s ens ing data in information and re s ource management s ys tems will provide a 
f uture capability for be tter resource a nd e nvironmenta l management. (Author) 
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Roger s , R. H., J . B. 
Schec t er. 1975. 
t al App l ications . 
17 pp. 
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Mckeon, L. E. Reed, N. F. Schmidt, and R. N. 
Computer Mapping of LANDSAT Da t a for Envir onmen­

Bendix Aerospace Sy s t. Div., Ann Arbor, MI . 

As part of the national effort to deal with water pollution, Sec . 208 of the 
Federal Water Pollution Control Ac t Amendments of 19 72 (PL 92-500) provides 
regiona l planning agencies with the opportunity and fundin g t o undertake 
regional wate r quality pl anning . A requirement o f the 208 program i s to pre­
dict water quality in the rivers and l a ke s resulting f rom exis ting and poten­
tial l a nd use. To achi eve this capability, the Triangl e J Council of Govern­
ments (North Carolina) is deve l oping det e rminis t i c mode ls capable of predict­
ing s ediment and nutrient flow into the waterways . An e s s ential input to 
these models i s an accurate inventory of land cover within the watersheds of 
the region . Such an inventory was obtained f or a 1,750 mi. 2 208 s tudy area 
through the comput e r proce s s ing of LANDSAT compu t er compatible tapes us ing 
the Bendix Aerospace Sys t ems Divis ion Multispec tral Data Analysis System. Te n 
land cover categories were interpreted for the study ar ea at a resolution of 
1.1 a . These included three urba n de ns ity categories , four for est types, 
agricultural-managed lands , ba r e soil construction sites , and wate r. The 
r esulting products inc luded color coded overlays for each of the 10 categor i e s 
for a 1:96,000 s cale base map (photographically enlarged fr om 1:576,000 com­
puter-generaged film negatives), a color composi t e map of the same categories 
and scale , and a computer t a pe c ontaining 54 quadrangl e!": (7 1/ 2 mjnute) whe r e 
each 50 m. grid cell was coded as to the 10 land cover types . The overall 
c lassi f i ca t ion accuracy was estimated to be bette r than 90%. The s e taped data 
were aggregated into 10 a. grid cells a nd merged wi th s oils and slope data to 
comput e s ediment a nd nutrien t flows in the drainage areas . The complete inven­
tory was accomplis hed with in a pe riod of 60 days at a cost of l e s s than one 
cent pe r a c r e , a s i gnif i cant improvement in dollar s and time ove r conventional 
photointe rpr e t a tion and mapping technique s. 
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E-37 Rogers , R. H. and S. E. Tilman. 19 76. A Strategy f or Land Use/Cover 
Data FiZe and Map Preparation . Bendix Aeros pace Sys. Div. Rept . 
BSR 4239 . Ann Ar bor, HI. 21 pp. 

A conceptual framework for produc ing digital land use/cover files and maps is 
discus sed . Developed t o be used i n coordination with s tudies ass ocia ted wi th 
Sec . 208 of the 19 72 Water Quality Act , the program s uggests a. plan for com­
bining the result s of ADP of LANDSAT data and manual interpreta tion of aerial 
photograph s and maps . Des igned to be used on a regional planning level , the 
system combines informa tion form 14 land use and cover ca t egories in matrices 
of lO-ac r e ge ocoded cells . Of those 14 types , 10 of the more homogeneous ones, 
such as rangelands , woodland s , water, and we tlands , would be de linea ted from 
LANDSAT informat i on . The other ca tegories r equi r ing improved s patial/ s pectral 
resolution, such as commercial services , industries, tr ans portation, communi­
cation, utility corridors, and tr ee and bush fruits, would be delineated by 
aerial photograph interpretation . A system for geocoding these data i s pre ­
sented. A s eries of 11 tasks , fr om ground t ruth acquisition to fina l co lor­
coded map gene ration (at 1:125,000) a nd fil e creation i s r ecommend ed . 
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Sellman, B. 1972 . High Altitude Aerial Photography a s an 
Source for Urban &1ndscape Analysis . i n Remote Sensing 
Res ources , 1:206-218. Conf . on Earth Resourc . Ob s . and 
sis Syst. , Uni v. of Tenn. Space lns t., Tullahoma, TN. 

In formation 
of Earth 
Info . Analy-

Photographic i magery (BW , color, and erR) o f a seven county region (4000 mi . 2) 
in southeastern Hichigan collec t ed from a NASA RB-S7 aircraft at 60,000 ft . 
was evaluated for use in urban landscape analysis. Pho tomosa i cs were pre­
pared fr om the three kinds of imager y . Color r endition was not uni f orm a cros s 
a f ull frame even though a n a nti-vignett i ng filter was used. Using just the 
cent ral port i on of a f rame i s reconunended a s in the use of band pass filters 
to separa t e color film positives into di s crete monochromatic images . Wrat ten 
61 (green) a nd 29 (red) fil ters were used to e nhance images of r esidential 
development and vegetation detec tion, r espec tivel y . The broad coverage 
of high altitude photographs permits studies of t he s pat i al se tting o f 
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land use features. Some of the more important changes in urban structure ca n 
be detected readily, The quantity and quality of in formation in the imagery 
can be increased through color interpretations a nd t he us e of s pecia l pro­
cessing techniques . The possibility of using fil t ered monochromatic nega­
tives produced from a erR film positive to determine approximate populations 
i s discussed. 
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Shamburger, J. H. and H. K. Woods. 19 75. Applicati on of Remote Sen­
S Ol'S to Al'my Facility Management . Appendix B: Va Udation of 
Envil'onmental Maps Produced Through Air- Photo Inte l'pl'etation. 
Mobility and Env. Sys . Lab . • U.S. Army Engr. Waterways Exp . Sta ., 
Vicksburg, HS. Tech . Rept. H-74-2 . 40 pp . 

Field studie s were conducted to determine the accur acy ot environmental map s 
produced through interpretation of Sl.J aerial photographs (scal e not given] 
t aken in the Fort Belvoir , VA area in 1972 . Data on vegetation type, height , 
and density , wildlife habitat, soil type , and six other fac t ors were collected 
in 36 samp l e si t es . In the ana l ys i s phase, the val ues on the single factor 
ma ps prepared using aerial photograph interpretation wer e compared with the 
overlays reflec ting the f i e ld stud i e s . Subj ective evaluations showed that t he 
origina l photomaps we re fairly accurate bu t required a few minor alterations 
in line shifting , factor class c ha nge , and the add ition of new areas. Factor 
maps are presented for a ll the fea tures investigated. Generally , accurac i es 
derived via photointerpretation were grea ter than 90%. In studying the rela­
tive expe nses associated with gathering remote sensing data, it tv-as found 
that panchromatic black-and- white IR aerial photographs, at 1 : 30,000 t o 
1:40,000, were the most cost effective ( $2 . 00 to $4.50/mi. 2 ) of those inves­
tiga ted. Mult ispec tr a l camera imagery acquired from 16,000 ft . was the mos t 
exp ensive ($30 .00/mi. 2 ). It was noted , however, that data acquisition is 
only one component of the successful use and applicat i on of remote sensing 
methods. Other cons iderations include the type of probe lm to be analyzed , the 
cos t of ground control data, data manipulation, and i nf orma tion extracLlon and 
presentation. 
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E-40 Sher z , J. P . 1972. FinaZ Report on 
Research Program. Inst. fo( Env. 
Univ . of Wis consin, Hadi son , WI. 

Jnfpared Photogpaphy AppZied 
Stud i es , Remote Sensing Prog ., 
Rept . No . 1 2 . 62 pp. 

The feasibility of using s pecia l a e rial photogr aphic f ilms for water pollu­
tion monitoring of the outfall from the U. S. St eel Hill at Calume t, I L was 
s tud ied . Both color a nd eIR films we r e used . Laboratory tests were made on 
water samples take n at various po int s on both s ides of a breakwater , on one 
s ide of whi ch the wate r s r ece ived the s t ee l mill outf all . Total solids , 
iron and phenol concentrations wer e meas ured . Ref l ectance ana l ys is of these 
water samples was conduc t e d with a spec trophotometer. The laboratory s tud y 
indicated that there were apparent correlations between various concentration 
levels of total solids , iron , and phenols and the p er cent r eflectance of the 
\.Jater s amples. The films were t ested with a mic r odens i tometer . White styro­
f oam pa nels were c ompar ed with barium s ulfate standards in terms of percent 
reflectance t hr oughout the 0 . 4 ~m to O. 73 ~m range of the e l ect r omagneti c 
s pect r um . Ther e was a high degr e e of correlat i on; styrofoam was then adopted 
as the reference s tandard ( 1 00% reflect i vity) . Two methods \oJ"e r e used to cor­
relate water qua l ity with photographic i mage re f l ectances : (1) absolu te r e­
f l e ctance vs . pollution concentration a nd (2) r ation of two wavelength reflec­
tances vs . pollution concentration. It was conc l ude d t hat the wavelength ratio 
t!'!ethod correlates we ll with poll ution concen t r ation . Two other areas inves­
tigated were (1) effect s caused by l e ns fal l off and angle of i ncidence and 
(2) depth pe ne tration of various fi l ms . Diffe r e nces in tone on e ither side of 
the U. S. Steel br eakwater a ppeared more pronounced on color aer i al photographs 
than on CIR . This was verified by the microdens itometric ana l yses . It was 
concluded that this was the case becaus e col or ha s more water " pene tration 
power" than ,does eIR (i . e ." crR f i l m did not record tonal differ ences due to 
iron presence on e ithe r s ide of breakwater because the iron s ol i ds wer e up to 
15 feet below the water surface) . Another conclus i on was tha t correc t ions 
mu s t be made to r aw microdens itometr ic data be cause of the ef f ects of lens 
falloff and c hanges o f angle of inc idence with the water. An a rray of ca libra­
t i on panels throughout the sampling area would provide localized reference 
standards , however . 

E-41 

remote s ensing 
color photogr aphy 
color infrared photography 
ref l ectance standards 
micr odensitomer 
depth penetration 

wate r quality 
ref l ectance curves 
band r a tioing 
Illinois 
Wi s consin 

Smedes , H. W., A. K. Turne r, a nd J . C. Reed, Jr, 1976. Oblique Air'­
photos for Mapping , Edueating Users , and Enhancing PubZio Paritoipa­
tion in Envir onmental Planning . in FhotogY'ammetY'Y" IvateY' Quality" 
Sa f ety AppuY'tenanoes" and Shou ldeY' Desi gn. National Res . Coun., 
Transp . Res . Board , Transp. Res. Rec. No . 594:1- 5 . 

The u tility o f oblique color aerial photographs in var i ou s environment a l plan­
ning pr ocedures i s dis cussed . In a study i n Jeffer s on County , CO it was 
demonst r ated that l ow altitude oblique aerial photographs could bridge t he gap 
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betwe pn on site observations a nd map r epresentations . A citi zens a c tion 
group was organi zed to assist in the devel opment of all ope n s pace program. 
Us er g roups , consisting of citizens, were formed to play an integral role 
in the decis i on making processes. It was realized e arly in the study, how­
ever, that map and point informa tion for natural and cultural parameters was 
not easily communica ted to those laymen participating in the plan' s develop­
ment; maps and ver tical aer ial photographs used by profess i ona l s were found 
to be unfamiliar to users. Therefore, oblique aerial photographs were used 
to train the citizen s in map comprehension by illustrating the relationship 
between real world phenomena a nd map content. Afte r thi s initial bridge was 
crossed , the participants ,.,rere introduced to computer mapping techniques; 
they agreed t hat the oblique aerial photographs contribu ted s ignificantly to 
their understanding of maps of na tural resource s . Further, oblique color 
aerial photos were used to assist in environmental ana l yses and scenic 
evaluations . The cost of acquiring about 100 oblique color aerial photo­
graphs was $59. 
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Simpson , R. B., R. S . Yuill, and D. T. Lindgren. 1972. Upban-Fie ~d 
Land Use From RB-57 Photography: The Boston and New Haven Areas . 
Proj . in Remote Sensing, Dept . of Geography , Dar tmouth Colle ge, 
Hanover , NH. 84 pp. 

This study reports on \vork undertaken between June 1971 and June 1972 on the 
us e of high altitude RB- 57 CIR aerial photography in the preparation of land 
use maps and compu t e r data bases of the Boston and Ne\ ... Haven metropolitan 
areas. A pr i me purpose was to compare information derived from the aerial 
photogr aphs with U. S . Ce nsus information. The photography used was primarily 
NASA RB-S7 high altitude (50 , 000 to 60,000 ft.) erR po s itive transparencies 
(1:100,000) acquired with a \~ild RC-8 camera . The imagery was v i ewed over a 
light table wi th a ster eoscope; however, frames were interpreted monoscopi­
cally . The land us e classification scheme was taken [rom the EROS Atlas of 
Urban and Regional Change and included 12 different categories. Aerial photo­
interpretation of the New Haven area (nine topographic sheet equivalents) 
r equired seven man-weeks. Interpre tations were coded a t the 1/25 km . 2 cell 
l e vel and put onto computer card s . Various computer g raphic techniques were 
us ed to gener ate land use map s (water areas , multifamily and mixed resid ential , 
single fami l.y residential, industrial , commercial, t ransporta tion and utili­
ties, institutional, recreational, agri culture , forest and vacant) in th e 
Boston and New Haven areas . Comparisons were made between this digital data 
base and others from the northeas tern United States . Studi e s correlating 
percentage of urban land us e (5 km . 2 cell s i ze) a nd transportation network 
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char.acter i stics in the Bos ton metropolitan area re s ulte d in a regress ion 
model utilizing three transportation variables; the model had a correlation 
coefficient of 0. 76 at the 0.01 confidence l evel. 
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Stephens, P. R. 1976. 
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and Remote Sensing, 

high altitude 
Connecticut 
Massachusett s 

Comparison of Color, Color In frared and 
Photogpaphy . Photogrammetric Engineering 
42(10):1273- 1277. 

This paper compares the ease of interpretation and the amount of in f ormation 
content of three types of aerial photography. Using a 3Smm . Asahi Pentax 
Spotmatic Camera, t he investigator [located in New Zea l and] acquired pan­
chromatic St.] ( II fo r d F P4), co lor (Kodachrome X), and CIR (Kodak Ektachrome 
Infrared) aerial photography , all a t 1:18,000. Th e f ilm po s itives of these 
ima gery types were assessed for ease of recognizing and identifying selected 
terrain features s uch as a lignments, fault plug zones and seepage areas , 
eroded s urfaces, eros ion t ype s and proces ses, vegetation types and condition, 
and drainage patterns . The BW photography was interpreted fir s t, f ollowed 
by the color, then the CIR; further, a one wee k lapse was allowed before 
moving from one imagery type to the next s o tha t they could be evaluated a s 
objec tive ly as possible . erR aerial photography was r a nked highest; overall , 
color wa s second, and BW was rate d third. In one instance, however, the 
analys i s of drainage patterns, BW was equal or superior to either co lor or 
CIR. This was due primarily to the greater detail s hown in shaded or partially 
obscur ed ground areas . It was concluded that , based upon costs and informa­
tion contents , a combination of eIR and BW aerial photography provided best 
photo interpretive res ult s with eIR being the best single sensor . 
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E-44 Tanner , C. E. 19 77 . Gui de to Preselect7:on of Training Samp les and 
Gpound Truth CoZleotion. Env. Nonitoring and Support Lab ., Env. 
Protection Agency , Las Vegas , NV. EPA- 600/7-77-100. 32 pp. 

Automated data process ing (ADP) of digi tal remote s ensing imagery can be a 
cost e ffective me thod for image classification . However , to ensure accurate 
processing via pattern recognition techn iques, training samples must be 
properly selected and adequat e ground truth must be provided . Schemes are 
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pre.sented for t he selection of training samples for both LANDSAT and airc r aft 
multispectral s canner (H5S) data . In general, it was recommended that 36 
training samples per class be c hosen for each LANDSAT scene. A theoretical 
s ituation is presented fo r a n a ircraft MSS scene . Two criteria of training 
s amples are that they be homogeneous and uniformly distributed . These samples 
should be selected initially from color , erR , or BW aerial photographs. 
Fi eld inves tigations of the training samples to be used in the ADP of the MSS 
data should be conducted to determine how \vell a preselected s it e actually 
t ypifies the class of interest. It was noted that s uch field verification 
may re sult in as much a s a 20~~ attrition rate . lfuether conducting conven­
tional image analyses (i . e . ., photointerpre tation) or ADP image analys e s , 
f i eld studies are necessary to provide the analyst with the valid ground 
cover c lassification. Ground truth operations, although highly necessa ry, 
are usua lly expensive and are rarely performed properly . Techniques are 
outlined and a sample ground truth form i s presented that permit s coll ecting 
necessar y field i nformation efficiently a nd accurate l y . 
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Thompson, I,. 1. 1971. Ear t h Sur vey BibUography : A KWIC Index of 
Remote Sensing Informati on . Transportation Systems Center, 
Cambridge, MA. Rept. No . DOT-TSC-NASA-70-1 . 265 pp. 

This bibliography contains 1 ,650 literature citations on remote s ensing of 
earth resources . The bibliography is divided into three part s : (1) a list­
ing of the bibliographic citations by an access ion numberj ( 2) a 
keyword-in-context (KWIC) index; and (3 ) an alphabetized author index. The 
KWIC index is a pe rmuted ti tle i nd e x generat ed through computer manipulation 
of citation titles . Keywords are extracted from the titles and an index is 
prepared automatically. A alphabetical keyword listing is generate d with much 
of the title (or c.ontext) surrounding the keyword field. I n formation i s 
provided on how document s can be acquired . 
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E-46 Valentine , K. W. G. and J. F. Hawkins . 1975 . A Quantitative Compari ­
s on of Color Photogr aphy and LA NDSAT Imagery f or a Small Seale 
Land ResoUI'ce Map of Nor thern British ColumMa. in Pmc . Jrd 
Canadian Symp . on Remote Sensing, 1:489-494. edmon t on , Albe rta , 
Canada. 

Thirteen s oil s urveyors produced a terra in map of a n 800 mi. 2 a r ea j u s t e as t 
of Telegr aph Cr eek in northern British Columbi a . The mapping was done on 
three adjacent co lor photogr aph s a nd a LANDSAT image fo r compari son. The 
percent age agr eement with ground t ru th maps was measure d and t he t ime and 
cost calculated t o estimate how accura t e l y a small scale r esource map of 
northern British Columbia could be made t how muc h it would cost , and how 
long it would t ake . There was nearly 60% a gre ement with ground truth on the 
photogra phs and about 50% on the LANDSAT image (u s ing a s i mplified l egend). 
Sources of bias in the r esults may mean t hat t hese f i gures are lowe~ than 
absolute levels of accuracy attainable . The r esults we~e sati s factorily 
consi s t ent between individuals on each image . Using photogr aphy ( co s ting 
approx . $442 , 000) a 1:1 million re sourc e map of northe rn Britis h Columbia 
would t ake 4 1/ 2 years to produce . Using LANDSAT imager y enlarged to 
1:500 , 000 (costing about $2 , 000) with a simpl i fied legend, a map could be 
produced in six months. The latter alternative i s r ecommended. (Author) 
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VanGenderen, J. L., B. F. Lock, a nd P . A. Voss . 1977 . Te s t ing the 
Proc . 11th Symp . 
1: 615- 623 . 

Accuracy of Remote Sensing Land Use Maps . in 
Remot e Sensing of Env . ERIM, Ann Arbor, MI. 

A t ec hnique f or ground truth sampling and data a na l ys i s i s di scussed f or 
test ing the a ccuracy of land u s e and cover maps prepared f rom remote sensing 
imager y . The main aspects considered in de s i gning the r emote sensin g s amp l i ng 
procedu~e included : (1) the fr eq ue ncy that anyone l a nd use t ype is erron­
eous l y class ified into another category ; (2) t he f r equency that the wr ong 
land use i s er r oneously included in anyone class ; (3) the proportion of a ll 
land incorre ctly class ified; and ( 4) t he de t e rmina tion of whe ther or not 
c l assification e rror s are random. A stra t i fied s ampling technique was selected 
ov er a s trictly r a ndom sampling procedure so t hat smalle r a r e a s a nd i nfre­
quently occurring land us e t ypes would be adequ a t e l y sampl ed. The majo r dif­
ference between the t wo a pproac hes i s t hat s tratifie d s ampling cons iders each 
land use cate gor y , or stratum , a s a n inde pendent s ubsample in which random 
s ampling is employed . Pure l y random sampling of a n entire study are a does 
not break the area into s eparate groups . Within eac h stratum , r a ndom sampling 
points are s e lec t e d on the basis of a random number genera t or a nd s ome corre­
s ponding grid r e f e r e ncing sys t em. Probability s t a ti s tics show that in order 
to achieve a n 85% overall accuracy i n the l and use and cover classifica t ion 

111 



112 

E-47 (cont'd) 

map, at least 20 sample points per catego r y are required. For a 90% level, 
at l east 30 such points are ne~d.ed , and better than 60 for a 95% accuracy. 
Contrasting ground checked land use of sampling points with the categories 
der ived from remote sensin g will permit a n estima tion of: (1) the correc t 
and incor r ect classification (matrix) of individual categor i es (2) the ave"c­
all correctness of the entire land use map and (3) trends in the misclassi­
fication of certain land us e and cover types. 
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Way , D. S. 1973. Te rr'ain Anal ysis : A Guide to Site Selection 
Using Aerial Photographic I nterpretation. Dowden, Hutchinson , 
and Ross, Inc., Strouds burg, PA. 392 pp. 

Terrain analysis is defined a s the identification and interpretation of land­
forms r esulting from geological processes. A sytematic approach to t errain 
analys is i s presented for use by planners in analyzing na tur al ~ystems and 
making decisions . The approach is in t erdisciplinary with dis cuss ions of 
general geology, soils, rock types, glac ial, fl uv ial, and aeolian landforms . 
Numerous graphic examples are given by use of figures, maps, and BW aerial 
photogra ph stereo models. Specific issues of site development, including 
sewage disposal, excavation and grad ing , soil compaction, highway construc­
tion, and other areas , a re discussed briefly. Also, various remote sensor 
systems are described and sources for aerial photographic information are 
given. 
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Weeden, H. A. and N. B. Bolling. 1975. Reconnaissance Mapping from 
Aerial Photographs . OR SER/SSEL, Penn . State Univ ., University Park, 
PA . Tech . Rept. 17- 75 . 18 pp . 

A t e chnique for reconnaissance mapping as opposed to " s pot problem" mapping 
of rock and soil is presented. Five terrain parameters were used to des­
cribe the mapping units and fully describe the th ree basic situat i ons of rock 
dominated, soil dominated, and inter gr ade landscapes . These five include : 
soil texture, s l ope , water table position, dep th to bed roc k , a nd specia l 
features (strike a nd dip, landslide areas etc .). It was conc luded that : (1) 
aerial photo analysis to determine soil texture is not feasible beca use of 



E- 49 (can ' t) 

the fine grading s ystem and requires fiel d and/or laboratory a na l ysis ; (2) 
degree of slope can be derived direc tly from an aerial photograph stereo 
model; however, r e finement a nd a ccuracy is a func tion of the photo analysis 
equipment used as well as the experience of the photo in terpreter and mappings 
s hould be checked against exis ting topograph ic maps ; and (3) determination of 
depth to bedrock us ing aerial photo analys i s is an es tima tion a t best a nd 
is usually ac complished by utili z ing the landform information present in t h e 
s tereo mode l . A technique fo r doing this is given. Afte r ident ifying and 
mapping s i milar landform uni ts , each was assigned a s et of five symbol s 
describing each of the landform e l ement s . In a pplying this procedu re to a 
USDA BW aerial photogr aph (1:20,000 and covering some 5 ,000 a .) t aken on May 
25 , 1957, t he photointerpreter took six hour s t o map the unit s . However , 16 
ho ur s of background study wer e needed to prepare th e area s tudy guide (keys ). 
I t was noted tha t greater s peeds a nd higher acc uracy could be obtained f r om 
co l or transparencies studied on a light table , and tha t CIR would reveal the 
most informat ion with r egard to soil moistur e . In regards to evaluating cer­
tain criteria used in highway l ocation s tudies , including depth to bed r ock , 
depth to water table and de s ign objectives, the a erial photographic e lemen ts 
o f landform, drainage , e ro s i on , tone or color, land use, and vege t at ion were 
i dentif i ed as being useful indica tors . I t was also c onc luded that the s uccess 
of the results depend s on individual background and s ki l l and i s inf luenced by 
the availability of mul t i scal e and co l or pho tography. 
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Wee kelic, G. E., J . G. Stephan, H. E. Smail, a nd T. F . Ebbert . 1 977 . 
A Survey of User s of Earth Res our ces Remo·te Sensing Data. in Proc . 
11th I ntl . Symp . Remote Sens ing of Env ., ERIM, Ann Arbor , MI . 
3 :1067- 1076. 

Batte lle Columbus Laboratories conducted a s urvey to assess Ear th Resources 
Survey ( ERS) data use. The survey was intended t o determine the use of 
LANDSAT (or other sa t ellite) and high altitud e ( > 60,000 ft.) air cr aft imager y 
a nd da ta. The f i r s t phase of the s tudy involved i denti fy ing, obtaining , a nd 
reviewing information on ERS data and users from direct s ources such as (1) 
the three ERS centers, (2 ) structured a nd unstruc tured personal and telephone 
co nve r s ations , (3) t ailo r ed and compre hensive questionnaires , a nd (4) sel ec ted 
ERS pre sentations and publications . The second phase involved the aggrega tion 
a nd anal ys i s of data user r esponses from five user ca t egories: (1 ) i ndus try ; 
(2) s t a te, regi onal , and l oca l government s ; (3) federal gov ernment; (4) 
academic institutions; and (5) non-U . S . user s . Three di ffe r ent t ypes of surveys 
wer e conducted : (1) quest i onnaires s ubmit t ed to parti cipant s i n the 1975 ERS 
sympos ium held in Houston , TX (37 3 responses) ; (2) telepho ne a nd pers onal 
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interviews from July 1975 and March 1976 (about 400 interviews) ; and (3) mail 
surveys of remote sens ing users (389 responses). Care was taken that r es pon­
dents (1161 in all) were not included in more than one of the three s urveys. 
It was found that geologically related and land use applications represented 
the largest class of data use. Other high use areas included agricultur e and 
forestry . Industry was the largest user of ERS data (particul arly LANDSAT) 
primarily for mineral and fossil fuel exploration . St ate a nd l oca l govern­
ments were the group least frequently using LANDSAT data. Academic institu­
tions used lJU~DSAT for a variety of research applications. It was conc luded 
tha t the llse of satellite acquir ed data would increase as fu ture LANDSAT 
systems capabili ties improved, particularly in terms of grea ter spatial reso­
lution, more s pectral coverage, more regular repe t itive coverage, be tter data 
turn around, and more technical a nd fi nancial ass i stance to potential LANDSAT 
data user s . ~.]ith r espec t to greater spatial resolu tion, most users commonly 
reconunended 20-40 or 10- 20 m. while some , especially at the state and local 
leve l s, sugges ted 1-10 m. spatial resolution. Also , another impor tant r ecom­
mendation was that more high altitude aircraft i magery be required to supple­
ment LANDSAT i magery . 
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Hilson , J. E. 1969 . Sensor Detection Capabi li ties Study . USGS eirc. 
616 . 25 pp . 

Ten remote sensor systems were evaluated for their relative capabilities in 
representing each of 98 c l asses of bo th man-made and natural features. The 
t en sensor imagery types were: (1) BW photography, (2) color photography, 
(3) CIR photography, (4) black- and- white IR photography, (5) 2 to 14 ~m 
ther mal IR imagery , (7) side- looking airborne radar, (8) imag ing microwave 
radiometer , (9) electro-optical (telev i sion) imagery, and (10) nonimaging 
scat t erometer. Based upon the c urrent state of the art in sensor technology , 
each system was subjectivel y rated from 1 to 8 in its effec tiveness in 
characterizing each of the 98 features . Such comparisons were made for day 
and night low a l titude (1,000 to 5,000 ft . ) and day high a ltitude (10 to 100 
miles) condi tions. ~.Jhere no evalua tion was given, it was assumed that no 
detection of that particular target was possible with that system given the 
specified conditions. The r atings, whi ch were based upon s tudies of imagery 
(or data) from the various sensors a nd /or reviews of pe rtinent literature, 
a re relative and do not indicate the degree of accuracy or precision with 
which a feature could be detected , identified , and characterized . It was 
concluded that photographic remote sensor systems hold the gr eatest promise 
for 89 of the 98 features studied . 
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