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SUMMARY 

S190A, S190B and S192 photographs and imagery have been 

studied using chiefly standard air-photo interpretation techniques 

supplemented by color additive vielqing and density slicing. The 

EREP data have been found of potential usefulness for natural 

resource inventory work, water quality monitoring, and land-use 

mapping for specific problems at scales up to 1:30,000. However, 

smaller scales are more useful. Distinctions between forest types 

in North CaroHna are limited to conifers, mixed conifer-hardwoods 

and hardwoods. The orbital data have been tested for efficiency of 

use for vegetation-mapping in the Coastal Plain and found of 

potential usefulness, especially for crop inventories. 

Geologic interpretation has been limited to detection of 

lineaments; lithOlogic differentiation and soil group mapping 

have proved infeasible in North Carolina except for differentiation 

of wetland soils in the Coastal Plain. 

The data have also been tested for utilization in deSigning 

State Parks and in constructing environmental impact statements 

for airport expansion. It is believed that if they had been 

available at an early stage of park and airport design, they would 

have proved of value. 

Even an initially relatively inexperienced interpreter can use standard 

optical techniques for interpretation and under certain favorable 

circumstances achieve an interpretative accuracy of 90%. An experienced 

interpreter can achieve better results, approaching an overall 

accuracy of nearly 100% in many caseS. Familiarity With the area 

being interpreted is a partial key to achieving these levels of 

accuracy. The synoptic vielq afforded by the photography enables 

an investigator to place a particular problem in a regional context, 

even if the mapping scale that can be attained from the imagery is 

too small for the problem at hand. 

Imagery from the 8192 multispectral SCanner has proved to be 

capable of useful di~criminationB for vegetation and crop analysis. 

However, for this type of data to be useful, larger scales must 
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be achieved; also greater cartographic accuracy than is present in 

the 8],92 data and lack of distortion must characterize the scanner 

data. 

Although SK1LAB-EREP data could be uti,ized in solving some 

of North Carolina's natural resource and land-use inventorying 

needs, its "one-shot" occurrence caused a lOI~er interest in the 

project on the part of state agencies than might have occurred 

if the data had been available on a regular basis. For many uses 

the greater scale achievable by enlargemsnts of the EREP photography 

gives it advantages that smaller scale orbital imagery does not 

have. 
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1.0 INTRODUCTION 

The general purpose of the North Carolina ERE? study l~as the 

interpretation and the analysis of EREP data to demonstrate their 

usefulness to various state and regional governmental agencies. 

The main emphasis of the demonstration Has directed tOl'1ard utilization 

of the data for land-use and natural resource planning and manage­

ment activities. It was an elcperiment to learn the extent to l'7hich 

the information could be used by these agencies and to learn something 

of the applicability of the photography and imagery to the l'70rk of 

various agencies. It ~1aS expected that techniques and procedures 

l~ould be developed l'7hich l'70Uld malte this source of information 

understandable to a variety of diSCiplines and to planning and 

management personnel concerned with interdisciplinary problems. 

An important part of the study l'7as to acquaint technical personnel 

at various levels of government ~7i th the data and to find l'1aYS of 

putting them to practical use as expeditiously as possible. 

The State of North Carolina was chosen as the general area of 

investigation so that a variety of test sites might be available 

for the experiments. Specific test sites in l'7hich representative 

problems germane to a number of disciplines existed ~7ere identified 

initially and proposed as part of the experiment. During the actual 

SKYLAB flights data acquisition l'7as made over a restricted number of 

the proposed test sites. Heather factors eliminated some of the test 

sites and restricted the usefulness of some of the data acq~ired. The data, 

therefore forced the investigators to concentrate their studies on 

certain geographically limited areas. As a result, the investigation 

turned to an evaluation of the imagery that l'7as received for various 

purposes, using test sites for l~hich imagery l~as availab1.e. In a 

general way, the imagery l~as evaluated for all three physiographic 

provinces of the state. The approximate positions of the tracks 

of SKYLAB 2 and SKYLAB 3 across the state are sholom on the map of 

Fig. 1 (pg. 12) • 
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1.1 Objectives 

The objectives of this investigation in Cerms of problems to 

be studied I;ere the follol-7ing: 

1. To demonstrc,te the usefulness of SKYLAB data in 

land-use planning for the three physiographic 

provinces of North Carolina: the Coastal Plain, the 

Piedmont, and the Nountains. 

2. To use the EREP data for studying regional geologic 

problems in these provinces. 

3. To evaluste EREP data for developing predictive 

techniques for hydrologic purposes, both surface 

and subsurface, and to use the imagery to study 

fracture patterns and groUndt·lc..t:>r occurrences in 

areas of crys talline rocl~s. 

4. To demonstrate the extent to I-7hich the EREP data 

could be used for management of forest and Hater 

resources in the North Ca_olina Piedmont and 

Coastal Plain. 

5. To use the data to pinpoint areas of environmental 

concern. The EREP data Here also to be studied in 

terms of evaluating coastal processes and coastal 

geomorphology. 

6. To study the distribution and dispersion of suspended 

materials I-lithin the estuaries and lagoons of the 

coastal area. 

7. To perform an educational function in ~lhich the 

potentials of remote sensing techniques and th~ 

use of EREP-like data by various regional nnd local 

planners \·lere to be demonstrated. 

1.2 Procedures and Problems 

During the initial stages of the EREP data evaluation it was 

realized that not all objectives outlined in the proposal could 

be met because of the constraints put on the study by the nature of 

-2-

" 

i 
J 



• 

• 

1 I 

the data itself. Cloud cover obliterated or obscured many potential 

test sites. Some sites that had been chosen l'lere not photographed; 

alternate sites that were not particularly suited for an investigation 

of this nature had to be used. Consequently, some specific problems 

l.ere identified, and the best test sites possible chosen for 

investigation. 

Although similar to normal aerial photography except for the 

scale factor, the S19DA and S19DB photographs have scales l.hich 

make interpretation by simple visual means someClhat difficult. 

Therefore, several optical enhancement procedures l·lere used. In 

addition, photographic laboratory processing l.as used to bring the 

original imagery up to a suitable l.orking scale, but in doing so 

some loss of detail was encountered. It also became evident as the 

study progressed that some familiarity l.ith a"rial photography is 

necessary before the SlD9A and S19DB imagery can be adequately 

interpreted. However, the basic training of people l.ith fel. skills 

in photographic interpretation takes only a fel'l hours, and they can 

learn to use this type of imagery effectively after a short period 

of training. 

Follol.ing the ohjectives of the proposal as originally submitted, 

the investigation evaluated the usefulness of the EREP imagery of 

North Carolina for the following natural and cultural features and 

resources: (a) forest, (b) coastal processes, (c) urban change and 

development patterns, (d) water quality (in the broader sense), 

(e) geologic structure and (f) environmental evaluation. Additionally, 

applicability of the imagery to agriculture related problems was 

studied. 

After a repres~ntative amount of the imagery had been received, 

the investigators arranged meetingsl.ith people l'lOrking in various 

state agencies, ,lith planners for the City of Raleigh, and l.ith other 

potential cooperators. The purpose of these meetings was to identify 

problems in l.hich the several agencies l'lere interested and for l'hich 

the EREP data might be relevant. Also availability of the data l,as 

publicized through newspaper stories and radio and TV coverage • 

-3-
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It soon became evident that the imagery by itself ~1aS of limited 

usefulness to most agency personnel because of their interest in 

geographical areas that were not photographed by SKYLAB. Also, it 

became evident that the local and reg:'onlll agencies t'7ere interested 

in the imagery only if it t'7ere possible to identify relatively smllll 

features. 

2.0 GENERAL NATURE OF THE INVESTIGATIONS 

The photography and imagery available to tnis investigation 

is listed in Table 1 • 

• 1 Geolocy 

Geologic interpretation of the EREP imagery h:ls been related 

chiefly to finding the extent to tvhich lineaments could be recognized 

on it in the th~ee provinces of North Carolina. It has also been 

utilized to study sedimentary features associated t·7ith the inlets 

in the Outer Banks. An attempt t'7as made to use the imagery to map 

rock types. 

Studies of coastal processes have been limited to an attempt 

to understand the information that EREP photographs provide about 

three of the inlets through the North Carolina coastal islands. 

The nonrepetitive nature of SKYLAB in its pass over the North 

Carolina coast combined tv:f.th the extensive cloud cover at the 

time of the 9 August l~73 pass makes it difficult to evaluate the 

imagery as a useful tool except in a q~alitative sense. 

SKYLAB imagery proved of limited usefulness in solving 

geologic problems in North Carolina. Evaluations of the imagery 

were made for the Blue Ridge Province in the Asheville a~ea, for 

the Piedmont, and to a limited extent for the northeastern Rart 

of the state, in the Coastal Plain. In addition,one frame of the 

imagery tvas examined as a potential contribution to a study related 

to lo~ation of quarry sites along the Coastal Plain/Piedmont 

boundary. 
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Table 1 

Photography and Imagery Used 

Approximate scales of original SKYLAB photography and images 

S190A 
S190B 
S192 

(70mm) 
(4.5-inch - 115mm) 

1:2,900,000 
1:950,000 
1:720,000 

Asheville - Buncombe County; 10 June 1973, 1430Z (0930 EST) 

S190A 

S190B 

Rolls 

07 
08 
09 
10 
11 
12 

81 

Frames 

249-254 
249-254 
265-270 
265-270 
249-254 
249-254 

352-356 

U-2 Aircraft Photography 

t~avelengtll (um) 

0.7-0.8 
0.8 - 0.9 
0.5 - 0.88 
0.4 - 0.7 
0.6-0.7 
0.5 - 0.6 

0.4 - 0.7 

Color infrared photographs taken May 1970 
(NA8A/MSC Mission 128-A, Roll 19) from 65,000 ft. 
(Appro~imate scale: 1:130,000) 

Coastal (Northeastern) North Carolina; 9 August 1973, 
1347Z (0847 EST) 

S190A 

Rolls Frames Wavelengths 

25 026-033 0.7 - 0.8 
26 026-033 0.8 - 0.9 
27 026-033 0.5 - 0.88 
28 026-033 0.4 - 0.7 
29 026-033 0.6 - 0.7 
30 026-033 0.5 - 0.6 

(I!m) 

8192 Multispectral Scanner (13 bands between 0.41 and 12.5 um) 

NP3A Aircraft Photography (Mission 253, site 244/018) flown at 
10,000 ft. Cloud cover limited usefulness of this data. 
Color infrared photography (1:20,000 scale) 
Four band, multispectral photography (1:20,000 scale) 
RS-14 thermal scanner imagery (1:72,000 scale) 
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Table 1 
(continued) 

Piedmont Region; 12 September 1973, 1703Z (1203 EST); 17 September 
1:211, 1500Z (1000 EST) 

S190A 

12 Sept. 

17 Sept. 

12 Sept. 
17 Sept. 

Rolls 

37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 

86 
88 

Frames 

114-118 
114-118 
114-118 
114-118 
114-118 
114-118 

108-112 
108-112 
108-112 
108-112 
108-112 
108-112 

287-296 
146-152 

Have1ength (um) 

0.7 - 0.8 
0.8 - 0.9 
0.5 - 0.80 
0.4 - 0.88 
0.6 - 0.7 
0.5 - 0.6 

0.7 - 0.8 
0.8 - 0.9 
0.5 - 0.88 
0.4 - 0.7 
0.6 - 0.7 
0.5 - 0.6 

0.4 - 0.7 
0.4 - 0.7 

S192 S192 Multispectral Scanner (13 bands between 
0.41 and 12.5 um) 

U-2 Aircraft Photography 

Color infrared photography taken 15 September 1973 
(NASA Mission 73-157) from 65,000 ft. 
(approximate scale 1:130,000) 
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2.1.1 Techniques 

Standard photogeo10gic techniques were used to study th~ SKYLAB 

imagery for geologic purposes. The black and white transparencies, 

the color transparencies, and the color infrared transparencies 

were all used on light tables and under various magnifying devices. 

The imagery was studied in a color additive viewer and projected 

through the viewer onto various base maps. Distinction of various 

rock units was essentially impossible in the Asheville area and on 

the Piedmont. The boundary between the Coastal Plain and the 

Piedmont could be readily distingUished on most of the S190A and 

S190B imagery. The major usefulness of the imagery geologically 

seemed to be restricted to the mapping of lineaments. In the 

northeastern part ~f the state major geomorphic features of the 

Coastal Plain are readily recognizable where not obscured by cloud 

cover, and the pocosins with their wet soils are easily picked out. 

2.1.2 Results 

As noted before, lineament mapping seemed to be the most 

useful application of the SKYLAB photography. Many man-made 

features appear as lineaments and must be separated from those 

that are geologically important. 

Recognition of rock types on the imagery is virtually 

impossible for both the Piedmont and Blue Ridge provinces of the 

state, at least in those areas Which are covered by SKYLAB 

photography. The metamorphic rocks which underlie these areas 

together with their associated soils do not possess signatures 

significantly different for lithologic separations. In addition, 

rather extensive vegetative cover and thick layers of weathered 

materiai obscure any systematic differenceS. \~ere it is possible 

to make lithologic distinctions, they are ~hief1y accomplished 

through the fact that one rock type may be more resistant than 

another and that the geomorphiC expression of a particular rock 

type may be followed from one outcrop to another by its topographic 

expression. Lineaments in the Piedmont are reflected in most 
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cases by stream patterns and/or by l'later bodies l,hich f.1.ll former 

stream valleys. 

2.1. 3 Raleigh and j-Iake County 

Geologic studies of part of the North Carolina Piedmont l,ere 

made for Raleigh and the surrounding area. It l'/aS found that the 

major geologic features ,·Tere not easily distinguished on the 3KYLAB 

imagery. Boundaries betl'Teen the Triassic Basin and the adj acent 

metamorphic rocks could not be easily distinguished, although the 

Coastal Plain boundary l'1ith the Piedmont (the Fall Line) could be 

mapped in considerable detail. 

2.2 Forestry 

The EREP investigations in forestry have been carried out by 

one faculty member assisted from time to time by several graduate 

students and undergraduate students. Professional cooperation has 

been secured from other personnel in the university system, the 

U. S. Forest Service, North Carolina Forest Service, the Planning 

Department of the Triangle J Council of Governments I-Those geographic 

area of responsibility includes Hal~e County, and from local planning 

agency personnel. 

The study of EREP data in forestry has been directed chiefly 

to the urban-rural complex of Raleigh and its environs. The 

emphasis has been upon use of the imagery for evaluating urban area 

forest cover. 

2.3 Land-Use Planning 

The main effort expended in the land-use planning aspect of 

the investigation has been to demonstrate hOI, EREP-type data can 

be utilized in making decisions about land-use inventories and in 

identifying critical areas of environmental concern. The results 

of this study indicate that imagery of this type can be used 

methodically, intelligently, and l'1ith some degree of accuracy for 

many regional land-use planning activities. Test sites included 
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the Asheville-Buncombe County area, the Hinston-Salem/Greensboro 

area, the Raleigh area, and part of coastal northeastern North 

Carolina. 

2.4 Hydrology and I·later Resources 

Little systematic effort nos made to study the usefulness 

of EREP S19DA and S19DB photography for hydrologic and l~ater 

resources purposes in the present investigation. Although a few 

of the major laltes in North Carolina have boen photographed from 

SKYLAB, the absence of groundtruth data and the fact that many of 

the lakes were partially cloud-covered l·rhen SKYLAB passed over 

limits the usefulness of the SI(YLAB information for hydrologic 

studies in North Carolina. 

2.5 Agricultural Studies 

One study evaluated SKYLAB-type photography for making crop 

inventories in coastal North Carolina. The limited study of the 

S192 imagery made during this investigation indicates that this 

type of imagery can be useful for crop assessment in North Carolina. 

3.D TECHNIQUES 

During the course of this study most of the effort has been 

directed tOl~ard application of relatively simple techniques that 

can be used by local planners and resource managers 1'1ho have no 

access to sophisticated equipment. Simple projection techniques 

using standard slide, overhead, and opaque projectors have been 

used. Stereoscopic vie\~ing 1-lith readily available equipment has 

been one of the interpretative practices. Color additive viewing 

has been used l~ith the blaclt and white S19DA imagery. Combinations 

of color infrared, color, and multispectral black and l~hite 

photographs from Sl9DA "mperiment have been used in the colol: 

additive vim·lel:. Studies of the photogl:aphy have been cal:ried 

out with pocket and mil:rol: stareoscopes, Wild mil:ror stel:eoscope, 

an Old Delft scanning stel:eopcope, binoculal: microscopes, a Bausch 
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and Lomb Zoom 70 stereo-microscope, and a Bausch and Lomb Zoom transfer­

scope. Transparencies and prints have been used successfully as have 

both positives and negatives. The color additive viewer has proved 

to be a useful tool for studying much of the imagery, but one of 

the simplest interpretation techniques has been the use of a standard 

binocular microscope and interpretation of the 70mm (S190A) or 

4.5 inch (S190B) transparencies as they were received from NASA. 

Density slicing has been employed with mixed results. In this 

technique the densities of various parts of a transparency are 

measured by an optical sensor which converts the signal through an 

analogue system to a color code displayed on a color TV tube. Each 

color represents a density level on the transparency. Theoretically, 

if a density level represents a phenomenon, then the scene can be 

better interpreted and understood with the aid of the color display. 

The technique was useful for interpreting water depths in the 

coastal inlets and for identifying crops and vegetation. However, 

it was of limited usefulness in studying land-use patterns around 

urbanizing areaS in the Piedmont and Blue Ridge provinces of the 

state.. 

4.0 INVOLVENENT OF AGENCIES 

Initially considerable effort was expended in the education of 

personnel of various state and local agencies. EREP photography 

was displayed and demonstrated to those who were interested. It 

was discussed both formally and informally with potential user 

groups, and as wide a dispersal of information about SKYLAB as 

possible was made, including investigator participati<JI' on radio 

and TV interviews. However, the interest in the r,KYLAB experiment 

was very intermittent, was generally superficial, and unless the 

investigators could provide an answer to a very specific problem 

or question, such as one of land-use change since the most recent 

aerial photography was made, there was no general interest in the 

imagery. Also the very limited geographic distribution of the 

photographs made it impossible to attract a broader potential user 

group to its use. 
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5.0 TEST SITES 

The map of Fig. 1 ShOI;S the location of the several test 

sites. Descriptions of the investigations pertaining to each of 

the test sites follows. Conclusions reached from the individual 

investigations are discussed ~lith the respective investigation. 
, 

Since photographic quality and an individual investigator's 

experience with the photography and the featuree looked for 1'lere 

different with each investigation, conclusions about the utilitarian 

aspects of the photography may apply only to a given experiment; 

yet from the several experiments a broad pattern of usefulness and 

limitations on usefulness of the photography emerges. 

6.0 SCALE, RESOLUTION AND INTERPRETIVE TECHNIQUES 

6.1 Evaluation of Different Kinds of Photographr 

This portion of the evaluation of photography is based on 

experiences in the forestry phases of photo analysis. Stereopairs 

and single frames, color or high resolution color, and color 

infrared (CIR), and three sizes of transparencies: 70mm (S190A), 

4.5-inch (S190B) and 9-inch enlargements of the S190A material 

were studied. 

A general evaluation of stereopairs (indicated by a double 

number, e.g., 46-110/111) and single frames is given in Table 2. 

The quality classes are identified as f"l,tO~IS: 

Excellent: water bodies and their boundar I,es eaE'ily seen 

and identified; soil conditions i.dentified by cJ.fferences in tone 

or color; forest stands easily seen and differ in tone one from 

the other; urban land uses differentiated rea~ily; detail of 

streets and buildings d01m to indiVidual dl'lellings is readily 

visible. 

Good: some degrading in detail of land-use boundaries, street 

patterns, and ground cover. Shorelines of ~later bodies often are 

indistinct. Forest cover differences are difficult to recognize. 
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Fair: street patterns obscure, land-use boundaries generally 

visible but indistinct in urban areas, soil conditions difficult to 

differentiate. 

~: photographs usable for many purposes, but detail is 

obscured by graininess or lack of contrast. 

Table 2 shot~s subjective evaluations under specific instrumental 

and lighting conditions. Another interpreter "10rking under different 

conditions and for different purposes could well make different 

evaluations and could report the usefulness of the photography at 

different value levels. Although subjective evaluations made by 

one person are perhaps of limited usefulness, they can provide a 

potential user of SKYLAB photography with an ordinal measure of 

the utility of the photography. This measure can be helpful in the 

making of decisions about which photography should be preferentially 

selected in attempts to use the SKYLAB material to solve a particular 

problem •• 

6.2 Scale and Resolution 

6.2.1 Studies with Available Equipment 

In connection with various forestry studies using SKYLAB 

photography several scales of photography ~ere tried for various 

purposes. The results of these trials are listed belo~l. 

(I) 70mm transparencies, Roll 40, Frames 117 and 118, S190A; 

approximate £lcule: 1:2,900,000. Instrument used t~as B & L Zoom 70 

stereos cope. 

(a) Magnification 7x approximate scale 1:414,300. 

Land-use.boundaries generally identifiable for kinds and sizes 

of land use encountered; airport rUnt~ays clearly measurable. 

(b) ~fugnification 13x, approximate scale 1:223,000. 

Details of streets clear. 

(c) Magnification 20x, approximate scalar 1:145,000. 

Individual dwellings Visible but city-bloc!t-size parks in urban 

area not·identifiable. 
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Table 2 

SKYLAB photo-evaluation for interpretation of resource uses 
(classes: excellent, good, fair and poor) 

No. l{ind~"~ Water Soil Forest 

Roll-Frame E G F P E G F P E G F P 

. :::~;::; 

40-117/118 70mm color x I x x 
f-,. 

S190A Experiment 

46-110/111 9" color x x x 

40-117/118 9" color :< x x 

40-117 9" color x x x 

39-117/118 9" CrR* x x x 

45-110/111 9" CIR;' x x x 

39-117 9" CIR'~ x I , ~ x 

S190B Experiment 

86-292/293 4.5" color x ~ x 

86-292/293 9" color x x x 

88-150 4.5" color x x x 

88-150 9" color x x x 

86-292 9" color x 

*CIR = color infrared 

**The nominal 9-inch size represents an enlargement from 

Urban 

E G F P 

x --I-. 
x 

x 

x 

x 

x 

x 

I-
x 

x 

x 
I- --

x 

x 

70mm (S190B, 3.2x) or 4.5 inch (S190B, 2x) original photogrfi.phy 
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(d) Hagnification 28x, appro:timate scale 1:103,600. 

Photo grain is enlarged to obliterate detail such as individual 

dl{ellings, but business buildings can be differentiated from 

their parking lots. 

(II) 4.5-inch transparencies, Roll 86, Frames 292 and 293, 

S190B; approximate scale 1:950,000; instrument used \-laS B & L Zoom 70 

stereoscope. 

(a) Hagnification llx, approximate scale 1:86,300. 

Individual dl{ellings in most areas Here visible, football stadium 

seen in detail, both lanes of an interstate highl~ay Here clearly 

seen. This I-mS considered the optimum interpretation scale for 

f~rp.stry-greenspace analysis purposes. 

(b) Hagnif:lcation 22X approximate scale 1:43,200. 

This scale I~as judged to be th" maximum useful one for forestry­

greenspace purposes. 

This Rtereopair 1·/aS considered to be the best example of 

either Sl90A or S190B photography Hhich 1'las studied under a 

t~ild 3x mirror seereoscope (approximate scale 1:366,700) in this 

investigation. Interpretative details included individual 

d~lellings, both lanes of an interstate highl~ay, football stadium, 

and color details in nel'T1y disturbed earth in construction 

projects. 

(III) 4.5-inch transparencies, Roll 88, Frame 150, S190B; 

approximate scale 1:950,000. Instrument used I~as B & L Zoom 70 

microscope. 

(a) Hagnif:lcation llx, approximate scale 1:86,300. 

For forestry-greenspace analysis this appeared to be the optimum 

scale. Individual dl-le11ings. vegetative cover and similar details 

I{ere detectable. In trials at 14x magnification (approximate 

scale 1:68,000) graininess degraded the quality of the image and 

made it less useful than the smaller-scale image. Hagnifications 

up to 20x (1:47,500) 1'lere, hOHever, of use to the interpreter. 
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(IV) 4.5-inch transparency, Roll 88, Frame 150, S190B; 

approximate scale 1:950,000. Instrument used: B & L Zoom 

transfers cope (ZTS). 

(a) Magnification 8x, a,proximate scale 1:118,800. 

This appeared to be the best scale for ZTS 
interpretation. The same frame in 9-inch format (approximate 

scele 1:475,000) was found to be better at all magnifications 

on the ZTS than the 4.5-inch version (scale 1:950,000), but a 

7.4x magnification(approximate scale 1:128,300)was considered best. 

The 9-inch enlargement of Roll 88, Frame 150(approximate 

scale 1:475,000)was considered to be the best forestry-greenspace 

mapping photo received for the North Carolina SKYLAB project. 

The ZTS in general has the following characteristics for mapping 

from this 9-inch enlargement: good urban boundary detail at 2x 

(1:237,500), city street patterns ac 4x (1:ll8,800), excessive 

graininess at 8x (1:59,400). 

6.2.1.1 Interpretation of Lakes by Proj ection--Buncombe County: 

SKYLAB imagery was studied for recognition and detection of lakes 

at different scales for the Buncombe County area. The imagery used 

was from Rolls 07 (0.7-0.S~m) and OS (0.8-0.9pm), Frame 251, the 

black and white infrared bands. Roll 11 (0. 6-0. 7pm), Frame 25~ the 

red band, Was used to show the clouds so that shad01~s of clouds 

could not be mistaken for lakes. Three by four-inch rectangles 

were cut from positive transparencies which were at a scale of 

approximately l:.SOO,OOO. The rectangles were tnounted and projected 

through a color additive viewer onto an exterior screen at a scale 

of between 1:30,000 and 1:35,000. Lakes approximately three acres 

in size were measurable on the projection, and smaller lakes were 

recognized on the basis of shape and reflectance. These latter 

lakes were estimated to be about 1.5 to 2 acres in total area. 

Imagery at the approximate scale of 1:800,000 (Roll 07 (0.7-

o. S~m), Frame 251) was examined under a bit10cular microscope at 

a magnifi~ation of 40x. The scale of view was 1:20,000. Lakes 
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were recognized as clusters of dots on the photographed material. 

To the inexperienced observer, they might not have appeared to be 

lakes; however, their arrangement, the shape of the cluster of dots, 

the presence of the dots in an infrared band, and, of course, 

experience leads to the ~onclusion that these are lakes. Several 

of the lakes were checked and found to be partially filled quarry 

pits or settling ponds of the Groves tone Quarry near Highway 70 

east of Asheville. Presence of other lakes observed on the imagery 

was confirmed by field checking. As a matter of speculation, it is 

possible that the quarry pits may be more sharp'y set apart from 

their surroundings than other lal~es of equivalent size because of 

the steep ~qalls which produce a sharp boundary between the water 

and dry land. It was noted that the quarries appeared more sharply 

set apart from their surroundings than some of the other lakes. 

Speculatively speaking, the relationship may possibly be explained 

OIl the basis of the nature of the boundaries. In the case of the 

tqat:er-filled quarries steep walls form the boundaries; other lakes 

gradually shoal toward their edges. Damper land areas near the 

actual land-water boundary may have a reflectance similar to that 

of the adjacent shallower water. As a result the boundary between 

water and land could appear less distinct to the eye than in the 

case of the quarry boundaries. 

Small lakes cannot be seen distinctly on the color infrared 

imagery in all instances. Lakes must be distinguished from cloud 

shadows whi~h appear on the infrared imagery and from topographically 

low areas lying in shadows between ridges or mountainous areas. 

These low areas are also sometimes dark because of shadow. With 

practice 'an observer can probably separate the lakes from shadows 

on the color infrared film, but it is more diffiCUlt to do this 

with the color infrared film than ~qith the black and white infrared 

bands. 

At least for the Asheville area the color photography shOl~ .. 

lakes poorly or not at all because of a lack of contrast between 

the color of the water and the color of the surrounding land. 
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It seems possible, although it has not been unequivocally demonstrated 

during the course of this investigation, that enlargements of 

suitable scale made from the S190A 70mm SKYLAB photographs can be 

projected with a good projection device to a scale of approximately 

1:15,000 to 1:20,000 and that at this scale water bodies of one to 

two acres can be recognized if the black and white infrared bands 

are used. The largest lake or pond that might be mapped using this 

technique would be ~~o to three acres. Whether this scale of inter­

pretation can be done consistently or not is probably dependent to 

a great extent upon such things as sun angle, associated topography, 

and the surrounding land uses. 

6.2.2 Laboratory Measurements and Field Measurements 

Roll 86, Frame 293 and Roll 88, Frame 150 (S190B, both high 

resolution color transparencies) made in September 1973 were 

evaluated for scale and resolution. The study was done using the 

original 4.5-inch format material (approximate scale 1:950,000). 

Field checking took place in January 1975. Test sites t~ere Upchurch 

community in Wake County, North Carolina State University campus, 

Carter Stadium, and North Carolina State UniverSity Farm Unit #2. 

The purpose of the investigation was to examine the spatial 

resolution of SKYLAB S190B color photos under nearly ideal conditions 

where 

a) surface features were not obscured by haze or clouds, 

b) selected features afforded excellent contrast with suo:ouuding 

surrounding terrain, 

c) the localities were familiar to the interpreter. 

Test sites were chosen which had a low likelihood of change 

during the time interval between th2 taking of the photograph and , 

the actual ground measurements. A local farmer was consulted to 

verify that nearby fields and ponds had remained essentially 

unaltered between September 1973 and January 1975. The photographs 

were taken in late summer when foliage was at a maximum while the 

field checks were madt in mid-winter. This fact apparently caused 
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sone interpretation problems, as Table 3 indicates, where 

agri~ultural features such as fields are bounded by woods and 

grassy areas. It l'laS found difficult to determine by looking 

at bare trees at the time the ground truth was collected in 

January 1975 hOI'/ the trees Ivou1d be recorded on an orbital 

photograph taken at a time of full foliation. The field boundary 

recognized on the SKYLAB photograph Ivas of the branch overhang, 

and the density of leaves on the trees in September 1973. In 

other Ivords, the field edge lay beneath the overhanging branches, 

and the measurements on the SKYi.AB transparency inM,cated dimensions 

smaller than the actual dimensions of the field. Also, even Ivith 

the shapes and areas of Zie1ds preserved, the portion actually 

planted in a given crop could vary by small amounts betl·/een seasons 

depending upon the farmer's cropping procedures and the extent of 

Iveed, bush, and briar grOlvth along edges and corners of fields. 

Obviously su"h problems Ivere not encountered Ivith man-made objects 

such as athletic fields, paved lots, and dams. ConsequentLy, much 

better measurement accuracy was obtained as Table 3 and accompanying 

graph (Fig. 2) sholV'. A sketch map of the Upchurch community is 

shown in Fig. 3 for reference. Measurements on the S190B trans­

parencies Ivere made with the Bausch & Lomb Zoom 70 stereomicroscope 

with a projected scale micrometer. 

The Raleigh-Durham Airport northeast-southlvest runway Ivas the 

best defined ground feature photographed, and since its dimensions 

were known, it was used along IV'ith a two mile (3.2 km) section of 

U. S. 1 west of Raleigh to determine photo scale. An average of 

these two measurements gave a scale of 1:933,429. This figure 

varied by 1.78 percent from the 1:950,000 scale given by the EROS 

Data Center. 

Most of the field measurements made are summarized in Table 3. 

The only ones omitted are those which could not be separated on the 

imagery from adjacent features. 
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TABLE 3 

Measurements on SKYLAB-3 S190B Photographs 

Photo Field Percent 
(Feet) (Feet) Error + Feet 

Object Length Width Length Width Length Hidth Length lVidth 

Sand Ridge 

Trees 

Riding Ring 

Field "B" 

Field "c" 

Carter Stadium 

Airport Runway 

North Carolina State 
University Track 

North Carolina State 
University Farm 

a) Field 1 

b) Field 2 

c) Trees 

270 

205 

578 

364 

578 

1260 

1792 

102 

158 220 

196 

550 

513 

384 

140 

560 

1238 

840 1815 

653 

75 

125 23.0 

4.59 

5.10 

545 

-5.20 

150 

3.34 

1. 78 

908 -1.26 

619 

36.8 

26.8 

-5.88 

-6.66 

-7.48 

5.49 

50 

9 

21\ 

-20 

18 

22 

-23 

*A large tree in one corner obscured the intersection of the measured edges, and the ~·lidth 
measurement on the SKYLAB transparency was apparently made on the field side of the 
tree, resulting in a short measurement. 
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Given below are brief descriptions of the Upchurch sites (Fig. 3). 

1. Pond near Upchurch bridge on Cary-Green Level Road. 

2. Riding ring off Apex-Morrisville Road. This appears as 

a "hazy" oval on the photo and measures 196ft x 76ft (S8m x. 23m) as 

shown. Since soil within the ring is very much like that of adjacent 

unsurfaced road, contrast is not very good along the short axis of 

the oval. 

3. Sand ridge adjacent to Durham-Southern Railroad at Upchurch 

bridg".. This was the smallest feature recognizable. It is linear 

and lies bet\~een the railroad and paved road as shown on the sketch. 

The distance from the center of the railroad to center of the road 

was measured to be 75ft (22.8m). It is therefore estimated that 

the lower limit of resolution for the S190B material used is SOft (lS.2m). 

Objects of this size and smaller either fade into the grain of the 

photograph or repetitive measurements do not give consistent values, 

indicating that the features cannot be measured with acceptable 

accuracy. 

4. Trees near Upchurch bridge. This rectangular patch of mixed 

hard\~oods and a few scattered pines produced maximum contrast \~ith 

surrounding fields. Corners on the 125ft x 220ft (38m x 67m) 

rectangle appeared sharp and clear but weed growth along the road 

ditch and field edge apparently lowered the accuracy ,~ith which the 

feature could be measured. 

5. Field adjoining trees (above). Accuracy of measurement 

was better because the field was bounded by a road on one end and 

a hedge row on the other, rather than by trees, making it more 

easily distinguished than the patch of trees. 

Man-made objects are easily distinguished within the limits 

of the resolving ability of the camera-film combination. Measurements 

of dimensions greater than 200 ft- (6lm) resulted in 5% error or 

less. Objectp 7S ft (22.8m) on a side could easily be resolved, 

although accurate measurement of such features could not be made 

with the Bausch & Lomb Zoom 70 stereomicroscope. A finer scale on 

the micrometer would probably permit measurements of shorter distances • 

1 
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In one field, for instance, a tree line 30 ft (9m) uide could 

just be detected as a dark line on the imagery. It Has appro::imately 

twice the ,~idth of the scale pointer. This ",ould e::plain ,·,hy 

(even with the 10~lest percent error) dimensions of t~ell-defined 

objects could never consistently be measured to smaller than ±.20 

ft (± 6m). 

Accuracy on agricultural features t-TaS not as good ss for other 

man-made features in the 75 ft - 500 ft (22.8m - 153m) range, 

but at 1000 ft (305m) the percent error had decreased to nearly 

that of the man-made features. 

In all probability, superposition of other photographic 

bands and color enhancement Hould allot~ the vie~Ter to distinguish 

bet'<;een types of vegetation and crop cover, thus greatly improving 

accuracy. A comparison of S190B and Sl90A photography revealed 

that the features discussed in this report could not be identified 

,·,ith the S190A, except on black and white photos in the .611m to 

• 7 lim band. As was to be expected from the design parameters of the 

S190A and S19DB,resolution t;as not as good nor ,-,ere boundaries as 

sharp ~n the S190A transparencies as on the S190B material. 

6.2.3 Scale Determination and Comparison with LANDSAT-l Imagery 

A scale check t;as made on S19DA imagery using the B & L Zoom 70 

stereomicroscope and topographic maps having a scale of 1:24,000. 

Comparisons were also made with the geologic map of the Denton 

Quadrangle (1:62,500) and a Band 6 infrared image from LANDSAT-I. 

Table 4 lists the frames and the respective objects measured 

together with a percent error calculation based on data from 

topographic maps and the scale data for SKYLAB and LANDSAT-l imagery 

from the EROS Data Center. 

Similar measurement trials in LANDSAT-l studies in North 

Carolina shol;ed errors from one to four percent (Welby, Lammi, 

and Carson, 1974). 

The high resolution black and I-,hite film (SI90A) from SKYLAll-3 

gives acceptable accuracy \;han measurements are required. The 
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TABLE 4 

Comparison of Heasurements, SKYLAB-LANDSAT 

Photo 
Object Distance 

Roll 41 Length of lake .02280 ft. 
Frame 11 (Dam to 1-85) 
.6-.7]Jm 

Roll 41 Leng th of Dam • 00032 ft. 
Frame 11 
.6-.7]Jm 

LANDSAT Distance across .00214 ft. 
Bend 6 "Forks" of Lake 
.7-.8]Jm 

Roll 43 Near Flat 
Frame 11 Swamp Htn • 
• 8-.9]Jm 

LANDSAT (ERTS) 
vs 

SKYLAB 
Scale Ratio 

• 

.00244 ft. 

"Accepted" 
(EROS) 

Hap 
Distance 

63,500 ft. 

875 ft • 

6900 ft. 

6900 ft. 

ERIS 
SL3 

Scale Photo 
(EROS~ Distance 
x 10 (ft .) 

1:2.85 

1:3.369 7209 

6 
3.369 x 10 = 1.182 
2.86 x lOb 

Photo 
Sca11i Distance % 
x 10 (ft.) diff. 

1:2.7855 2.28 
lalcu1a t,od) 

891 1.83 

1:3.224 4.3 
(calculated) 

6796 1.50 

Photo (Ca1cu1ateg) 
ERTS 2.224 x 10 = 1.157 2.11 
SL3 2.7855 x lOb 

• 
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1.83% difference betl~een calculated and accepted values at the 

900 ft. (275m) mark is comparable to the accuracy obtained from 

S190B color photography which was estimated to be about 2% (Fig. 2; 

Table 4). Apparently, for very large objects the limiting factor 

in accuracy of measurement is the measuring device itself, in this 

case the B & L projected scale micrometer. 

Finally, some of the frames from SKYLAB-3 I·/ere observed in 

stereo using a B & L stereoscope. Since most of the portion of 

North and South Carolina studied had relatively little relief 

(60-250 m), the only features to shol'/ elevation differences Here 

clouds. Stereo-viewing does, hOlqeVer, improve the resolution by 

causing corners and edges of man-made and natural features to be 

more distinct. 

6.2.4 A Guide to the Interpretation of SKYLAB Imagery of Buncombe 

County,North Carolina 

Interpretation and use of SKYLAB imagery in mapping land· ·use 

employing visual means of interpretation require the interpl:eter 

to be familiar with the ref1ectances of the various land uses. 

For this reason a descriptive guide was prepared for central and 

western Buncombe County. It is applicable to similar counties 

in the Southern Blue Ridge region. A similar county would be one 

which, like Buncombe County, was mountainous, underlain primarily 

by metamorphic rocks, was in or near North Carolina, and had 

approximately the same climatic conditions, and land-use patterns. 

The use of the gUide should reduce the time required for inter­

preters to learn the characteristic signatures of lend uses of such 

an area. It should also help standardize interpretations of the 

same areas by different interpreters. The possibility that the 

existence of such a guide might also increase the use of SKYLAB 

imagery or other space-acquired data by members of regional 

planning agencies who need the information I~as considered, and it 

seemed that a descriptive guide should be prepared. Particularly 

is this true in the case of those members of the regional 
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planning agencies \,ho have not had the opportunity for a conventional 

photo-interpretation course or to participate in a short course on 

the interpretation of space-acquired imagery. 

The set of photographic transparencies used in preparation of 

the guide is given in Table 5. They are enlargements to an approxi­

mate scale of l:BOO,OOO of S190A 70mm photographs taken on 10 June 

1973 at 0930 EST (1430Z; SKYLAB-2). 

Table 5 

Photographs used for Buncombe County SKYLAB Interpret~tion Guide 

Roll No. Frame No. Film !XEe Have1en!lth (11m) 

07 251 EK 2424 0.7 - O.B 
OB 251 EK 2424 0.8 - 0.9 

09 268 color infrared 0.5 - 0.88 

10 267 color 0.4 - 0.7 

11 251 Pan-X, 0.6 - 0.7 
80-022 

12 251 Pan-X, 0.5 - 0.6 
SO-022 

A three-inch (75rum) by four-inch (100mm) section of the 

appropriate transparency, containing Buncombe County, \,as cut 

from each transparency and put in a slide mount. The transparency 

from Roll 10, Frame 267 was cut to fit a 35mm slide projector, 

and the transparency from Roll 09, Frame 268 was not cut. A grid 

was drawn on clear acetata and taped to the slide for reference 

to areas on the transparency. Slides without the grids \,ere also 

used in a color additive vie"ler (Spectral Data Corporation, Model 

66) and a grid was put on the viel'ler screen for reference. The 

French Broad River was marked on the grid system as l'lell as on 

the clear acetate so that the imagery could be properly referenced. 

Checking of the interpretation and the mapa constructed during 

preparation of the guide was done from color infrared U-2 photography, 

NASA/MSC 12BA, May 1970, Roll 19, Frame 3496, and from a limited 

ground check. 

-27-

i 

1 
a 



I 

[ 

TI10 descriptive guide is in throe parts: one for use of the 

transparencies 1'lith no aid or l-7ith a magnifying glass, one for use 

of the transparencies 11ith a binocular microscope at 10 :t magnification, 

and one for use 1'lith the transparencies in the color additive viel-7er. 

Land-use categories I'ere taken from the Geological Survey Circular 

671, A Land-Use Classification System for Use 1'lith Remote Sensor 

Data, by Anderson, Hardy, and Roach (1971). Level II interpretation 

\'las possible in some urban and I·mter areas I most areas 1'18ro limited 

to Level I interpretations. For the color additive vie\o1er the 

standard setting used t-las as follot-1S: 

Roll No. Havelength ()lm) Viet-ler Setting 

OB O.B - 0.9 Green at 6 1/2 

11 0.6 - 0.7 Gre>en at 7 1/2 

12 0.5 - 0.6 Red at 6 1/2 

OB O.B - 0.9 Negative, blue at 1 1/2 

Table 1 also gives the spectral coverage of the several S190A rolls 

of film. 

Category I: Urban and Built-up Land, Residential 

A. Transparencies viet1ed 11ith a magnifying glass: SKYLAB 

Rolls 07 and OB do not ShO~1 urban development t·le11. A grainy 

t:'l'.t'lre darker than the surrounding areas shows the urban 

development. The dark spots I-lithin this texture are usually 

commercial areas. Roll 11 (0.6 - 0.7 )lm) shoHs houses as tiny 

dots, often in rot-IS along roads. Roll 12 (0.5 - 0.6 )lm) ShOt'IS 

housing also, but the film graininess interferes I-lith the clearness 

of the housing patterns. Roll 10 (0.4 - 0.7 \lm) shol1s residential 

areas. The contrast bet~leen th'" 11hitish-orange of houses, commercial 

areas or industrial areas surrounded by blue-green vegetated areas 

(fields) makes both the shape and pattern of the areas of construction 

easy to recognize. Residential areas are not easily recognized 

on Roll 09. 
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B, Transparencies Viel'led \'lith a Hicroscope: Residential 

land use could not be recognized very I'lell on SKYLAB Rolls 07 or 08 

under the microscope. This land use can be very easily interpreted 

on Roll 11, Frame 251 as many tiny I·lhite dots, often in rO~lS. Density 

of urban development can be fairly easily determined also. Scattered 

patches of houses can sometimes be seen in Roll 11, Frame 251. 

These ShOI'l as a series of I~hite dots. The band of residential 

development along Highway 25 North can be picked out easily on 

Roll 11, HOI~ever, 0'.1 Roll 12, Frame 251 care must be taken to 

separate houses from the grain of the photograph. Roll 10, Frame 

26 7 shol~s good examples of l'esidential areas; they are best 

displayed as whitish-orange dots in rOI'lS, and many sre seen along 

roads and highways. Contrast l'lith forest land is clear on most 

parts of this frame, On Roll 09, Frame 267 residential areas are 

difficult to recognize. 

C. SKYLAB Transparencies in the Color Additive Viewer: At 

the standard setting houses on SKYLAB material are seen as red 

dots arranged in a grid pattern. Clear groups of houses and yards 

can be seen as red spots in a matrix of green (trees). Small fields 

are sometimes mixed l'lith scattered groups of houses, and the 

geometric patterns suggest the interpretation. High density housing 

areas tend to be somel~hat more gray than the 10Her density areas. 

Category II: Urban and Built-up Land, Commercial and Services, 

and Industry 

Large commercial and industrial de"elopments cannot usually 

be diffe! entia ted from one another on 3K':'., B imagery. In some 

cases they .:an be tentatively identifi"d ;;'c..th some degree of 

confidence using size and location as guides to the identification. 

A. Transparencies with a Magnifying Glass: The old 

commercial section of Asheville shot'lS as a dark spot on SKYLAB 

Rolls 07 and 08. The dark spots may be I'later 01. the roofs of the 

closely spaced buildings bue are more probably asphalt. Less 

closely spaced buildings or smaller buildings are somewhat dark also. 
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On Roll 11, Frame 251 both commercial areas and industrial 

areas are white, and it is hard to separate the two types of land 

use. When Rolls 07 and 08 are compared lqith Roll 11, some of the 

dark areas representing commercial and industrial areas are somewhat 

less dark. On the other hand, some commercial and industrial areas 

have a bright reflectance. Roll 12, Frame 251 shows commercial 

and industrial areas in a manner similar to Roll 11; however, Roll 

10, Frame 267 does not ShoW commercial areas quite as well as they 

are sholm on Rolls 11 and 12. Roll 09, Frame 268 shows paved 

araas which include industrial areas, commercial areas, and roads 

as blue spots or lines. Bare fields appear lqhitish to very light 

blue, 

film. 

and large areas of concrete pavement appear white on the 

Roll 09 (color infrared film) seems to be the only roll 

on which reflection differences between paved areas and fields 

could be easily recognized by the interpreter. 

B. Transparencies Under the Microscope: On Rolls 07 and 

08 commercial and residential areas are nearly as dark as lakes 

in the area. The old commercial section of Asheville shows as a 

pattern of white dots of varying sizes with a darker area in the 

middle. A large commercial or industrial unit looks like a single 

field on this roll. Roll 12, Frame 251 may show commercial and 

industrial land use effectively. On Roll 12, individual buildings 

are recognizable. Roll 10, Frame 267 (color film) shows commercial 

and industrial areas as a faint white haze if the buildings are 

small. On the other hand, large units are seen as white on this 

particular roll and frame. Orange-toned areas apparently are 

bare ground, such as construction sites. Outside the city orange 

areas are usually bare fields. Roll 09, Frame 265 shows industrial, 

or commercial'areas in bluish tones. 

C. SKYLAB Transparencies in the Color Additive Viewer: 

SKYLAB imagery at the standard setting in the color additive 

viewer shows large commercial or industrial units in white, and 

small one are displayed in either white or red. Large industrial 

areas may sometimes be mistaken for fields except that they are 

-30-

I 

, I 

I 

, I 

I 
......J 



• 

• 

isolated, and fields usually occur in groups; thus the geographic 

relationship of the land use has some bearing on the interpretation. 

The same areas ,~hich are dark on Rolls 07 and 08 ~re also 

some,~hat dark in the color additive vie,~er. These areas represent 

many closely spaced commercial buildings which have either asphalt 

roofs or have the area between them paved, or both. Around the 

darker areas are brighter, halo-like bands which seem to be 

characteristic of commercial .lnd industrial areas. 

Category III: Urban and Built-up Land, Extractive 

One major extractive operation ,~as mapped from the imagery. 

This is Grovestone Quarry in east Buncombe County. 

A. Transparencies with a Magnifying Glass: The quarry plant 

is not visible on Rolls 07 and 08. The lakes associated with the 

quarry operation are discernible, and the shape of the quarry works 

can be interpreted reasonably accurately from Roll 11, although 

the quarry cannot be uniquely distinguished from other industrial 

operations. In Roll 09, Frame 268 the ,~aterfilled quarry pits 

cannot be seen, but the quarry plant is recorded as a blue shape 

which cannot be identified as a quarry ,~ithout other knowledge. 

B. Transparencies with a Microscope: On Roll 11, Frame 251 

the Grovestone Quarry works are visible as a I~hite reflect.ion, 

but they are not clearly identifiable as a quarry. The information 

gained from Roll 12, Frame 251 is much the same. 

C. SKYLAB Transparencies in the Viel~er: The combinations of 

SKYLAB imagery show the Grovestone Quarry generally in whitish or 

off-white tones. The lakes associated with the quarries are 

hidden by clouds. 

Category IV: Urban and Built-up Land, Transportation and Utilities 

A. Transparencies with a Magnifying Glass: Roads show poorly 

on Rolls 07 and 08 positives on the other hand, they show very 

I~ell on Rolls 11 and 12. Roads appear orangish in color on the 

color infrared pictures taken from SKYLAB. Roll 09, Frame 268 
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shows the roads ~~ith bluish tones .• but they are not as sharply 

defined as they are on Roll 10. R~Rds are often marked by houses 

along one or both sides, even when the road itself cannot be 

directly seen. Railroads and power lines could not be uniquely 

identified. 

B. Transparencies with a Binocular Hicroscope: Highway 

interchanges in places where the highway ~~idens can be seen on 

binocular microscopic examination of the SKYLAB imagery. The 

intersections show particularly well on Roll 10, Frame 267. A 

power line can be recognized on Roll 11, Frame 251 as a fine 

white line. 

C. SKYLAB Transparencies in the Viewer: Large major roads 

appear white, and the small roads are red on the viewer screen with 

the standard setting. The power line is not discernible. 

Category V: Urban and Built-up Land, Open and Other 

A. Transparencies with a HagnifYing Glass: A golf course 

shows as a bright spot on all near-infrared bands, showing 

particularly well on Rolls 07 and 08. The golf course is not 

recognizable on Roll 11, Frame 251 because of the overall high 

film density and lack of scer.e contrast of the picture used. It 

shows as a spot slightly lighter than the surrounding areas and 

possesses very fine texture on Roll 12, Frame 251. The golf course 

also shows as a light blue-green ,spot on Roll 10, Frame 267, ..,.nd 

it may be recop,nized clearly as a medium-to-fine-textured light red 

spot on Roll 09, Frame 268. 

B. Transparencies with a Hicroscope: The golf course is seen 

as an area with a density of black dots 'lot~er than that of the 

surrounding area on Rolls 07 and 08 of the SKYLAB photography. It 

cannot be recognized on 

o~ Roll 12, Frame 251. 

Roll 11, Frame 251, but it may be recognized 

It appears as a light red.spot on Roll 09, Frame 268. 

C. SKYLAB Transparencies in the Viewer: Open urban land 

does not show ~~ell on black and white SKYLAB material in the color 
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additive vi~~er. The golf course is seen as reddish green and 

slightly lighter than the surrounding land. 

Category VI: Agricultural Land 

Agricultural land is seen in two contexts on the SKYLAB imagery 

of the Asheville area: that of many small-to medium-sized fields 

in the Asheville basin in north and northwest Buncombe County and 

that of isolated clusters of large fields of genelally undeveloped 

land in southern Buncombe County. The northern fields can 

generally be identified by their size, shape, and number. On the 

other hand, the southern fields can be mistaken for industrial areas 

because of their size and a similarity in reflectance. However, 

the fields can generally be identified on the basis of their close 

spacing, conformance to a contour pattern, conformance to a road between 

two of the, and by their clustering in groups. In contrast, an 

industrial complex is usually isolated. Areas with scattered fields 

or houses are sometimes difficult to separate from agricultural land. 

A. Transparencies with a Magnifying Glass: Rolls 07 and 08 

of SKYLAB do not show the agricultural areas clearly, but on the 

other hand Rolls 11 and 12 show them with clarity. The shape of 

fields approximately 10 acres in size can be determined. Roll 12, 

Frame 251 appears to show more detail than the material from Roll 

12, but it has less contrast than other films. Large, closely 

spaced fields in the southern part of Buncombe County can be seen 

very well on Rolls 11 and 12. Roll 10, Frame 267 shows agricultural 

areas clearly. 

fields appear 

Bare fields appear with an orangish tint; covered 

in green; patches of trees appear 

Farms show as different intensities of white on 

in blue-green tones. 

a red background 

on Roll 09, Frame 268. Color as well as arrangement helps to 

separate fields and industry in this frame. The fields appear 

whitish in many cases, and industrial areas appear in bluish tones. 

B. Transparencies with a Microscope: Outlines of individual 

fields are readily seen. Topographic placement and position with 

respect to roads aid in separating agricultural areas from 
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industrial complexes. Most agricultural land fo11O\'IS the topographic 

contours. Changes from agricultural areas to residential areas in 

Buncombe County can be spotted by the changes in gray. On Roll 09, 

Frame 268 the residential areas do not appear to be easily 

dis tinguished. 

C. SKYLAB Transparencies in the VieHer: Agricultural areas 

on SKYLAB imagery used in this exercise appear in some cases as 

white areas, representing large bare fields. In other instances 

they are reddish. The pattern of reflectances provides a clue as to 

~~hether fields are present or whether the reflectance is coming 

from some industrial or commercial development. Fields are 

generally very close together in a patch~'lorlc pattern. In contrast, 

the isolated occurrence of large white rectangles usually indicates 

the presence of industrial or commercial complexes; on the other 

hand, fields set within a residential area, such as at Harren Hilson 

College, an agricultural school, may be recognized on the basis 

of the combination of geometric pattern and vlhitish to reddish 

tones on the screen of the color additive vievler. 

Category VII: Forest 4and 

A. Transparencies with a Magnifying Glass: Forest land was 

studied in t~~o settings. Hhere there is mountain topography, the 

texture in forested areas is very smooth, but reflectance may be 

either medium or low (medium-to dark-gray on the black and white 

transparencies) • In the topographically lower places ~~ooded areas 

tend to show a very smooth texture and in general a low reflectance 

(dark-gray in the black and white transparencies). Forested areas 

are not sharply defined on Rolls 07 and 08 of the S190A material. 

Roll 11, Frame 251 has such a high contrast that some small, lo~~ 

density residential or agricultural areas are not well displayed, 

and these areas resemble forested areas. Roll 12, Frame 251 

permits separation of the forested land from farms and 101< density 

residential areas. The forests are darker-toned. Roll 10, Frame 
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267 (color) shows the forested areas in blue-green or orange, and 

on Roll 09, Frame 268 the forests are a prominent red. 

B. Transparencies with a Microscope: Forests are generally 

recognizable without a microscope, but the use of it shol~s patches 

of woods in the farm land and also helps the interpreter to pick 

out isolated houses and farms. Isolated hous~s and farms may be 

seen well both on Roll 11, Frame 251 and on Roll 12, Frame 251, 

and patches of trees and farms are also I-lell displayed on Roll 12, 

Frame 251. Blue-green coloration gives clues to patches of trees 

on Roll 10, Frame 267. 

C. SKYLAB Transparencies in the Viewer: The use of the color 

additive viewer did not improve the ease of interpretation of the 

forest lands. On the other hand, some differences could be brought 

out by changing the settings on the dials, and if a detailed 

analysis of the forested areas were being made, the color additive 

viewer would certainly be a useful tool. 

Category IX: Hater ---
A. Transparencies with a Magnifying Glass: I?ater bodies 

appear dark on Rolls 07 and 08 of the SKYLAB imagery; it is 

particularly easy to differentiate rivers and some of the lakes 

in the Buncombe County area from surrounding land uses. 

B. Transparencies with a Microscope: On SKYLAB Rolls 07 and 

08 water is seen as a fairly sharp-edged, dense cluster of black 

dots. Because of the partial cloud cover care must be exercised 

to avoid misinterpreting cloud shadows for water. The location of 

clouds on Rolls 11 or 12 aids in separating shadol~ from water 

bodies. Also topographic shadows sometimes confuse the picture 

(Photographs I~ere made at 0930 EST). Hater is not particularly 

well shown on Roll 10, Frame 267. Shallow lakes are lighter toned 

than undeveloped land in many cases, and on Roll 07, Frame 268 

the water is black. 
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C. SKYLAB Transparencies in the Vie,'ler: At the standard setting 

for the SKYLAB imagery in the color additive viewer Lake Ashnoca 

in Buncombe County appears red. This coloration can be compared 

,~ith the Beech Tree Reservoir which ShO,'lS less red and "lith the 

Asheville Reservoir, which is dark blue. The red is thought to 

record sediment in the lakes. Both red lakes lie near areas of 

high-to medium-density residential developments. 

By manipulating the color additive vie,~er, one may separate 

cloud shadot,s and lakes. For example, starting from the standard 

setting in the viewer, the interpreter can turn do,offi all the lights 

except the light behind Roll 08, leaVing the scene from Roll 08 

with a green filter. 

be identified. Then 

From this arrangement all the dar!' spots may 

the light behind Roll 12 may be turned up 

with a red filter in the system. The clouds t,ill shot~ in red, 

and the shadows t;ill remain dark. The relative position of the 

cloud shadow to the cloud will indicate which dark area is actually 

water and which is cloud shadow. 

6.2.5 Use of S190A Data for Quarry Honitoring 

SKYLAB SIgDA 70 mm imagery t,as evaluated as a tool for 

monitoring quarry operations, specifically t~10 of the Becker 

Sand and Gravel operations near Lillington, North Carolina. Of 

particular interest was potential use of the S190A transparencies 

to distinguish: 

1. Quarry size, shape, and contrast "lith surrounding vegetation. 

2. Location and relative size of t'later bodies in and around 

the quarries and the effect of the operation on the Cape 

Fear River. 

3. Types of vegetation ~li thin and bordering the quarr.ies. 

4. l,orkings ~lithin the pi:.s. 

5. Resolution of the smallest measurable features. 

Three photographic bands t'lere used in this study: aer.ial 

color (0.4 - 0.7 ~ru), color infrared (0.5 - 0.88~m) anci black and 

white in the 0.6~m - 0.7\lm band. The SDC Hodel 66 Color Additive 
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Viewer was used to enhance certain features and to aid in mapping 

the quarries through its enlargement capabilities. Substantiation 

of the interpretations I-laS made by a site visit. Frame 110 of 

Rolls 43-47 was used as I~as Frame 118 of Roll 41 (0.5 - 0.6 !lm). 

All were talten in September 1973 (Table 1). 

The two quarries chosen for this invsstigation 1-lill hereafter 

be referred to as Quarry 1 and Quarry 2 (Fig. 4). Both offered 

excellent contrast with surrounding culture since the sand and 

gravel beds gave high reflectance in all three bands. AB the maps 

Bhow, both quarrieB are nearly the Bame Bi~e with Quarry 2 being 

only slightly larger. 

Both pits are bounded by heavily foreBted areae: Quarry 1 by 

a mixture of hardwoods end pineB and Quarry 2 almost entiroly by 

pines. At both sites the vegetation in the interior (reclaimed) 

portion of tha operation was pine-dominant since pinaB I~ere used 

extenBively in reseeding progrsms. These vegetational characteristicB 

are readily observed, particularly with the aid of the color 

additive viewer. The color infrarad band combined with the 0.6 -

0.7)lm band produces a striking difference between hardwoods snd 

pines. The hardwoods are expressed as bright red when Ilhite light 

is passed through the color infrared transparency and a red filter 

is placed between the 0.6 - 0.7 )lm band transparency and the vielling 

screen. The pines are expresBed as a deep purple color. As 

mixtureB of the two grade into hard~100d-dominant foreBtD. 

shows a change from reddish hues to roddish-purple hues. 

the imagery 

No 
attempt 1~!lS made, hOl1ever, to obtain exact percentages of tree 

types either by ground obBervations or from photographic inter­

pretation. The objective of the study ~as concernod primarily 

with general distribution snd zones or lines of contact batt/aen 

the two vegetative types and betl~een and vegetation and the quarries. 

Water bodies are easily distinguishable in all three bands. 

MeaBurements are beBt done on individual photographs since super­

pOBition of the throe transparencies in the color additive viel-lOr 

sYBtem tends to mask or blur the details of one band I-lith those 
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of another. However, in developing contrast between features or 

for extracting, in particular, water and vegetative cover, the 

color additive viewer proves to be an invaluable tool. For example, 

boundary distinction is not as sharp on the color infrared film 

as on the black and white, yet on color infrared pictures the 

bluish-purple color of ~~ater makes its distinction from surroul,ding 

terrain easier than with use of the black and white infrared 

bands alone. 

Shapes as well as relative depths of holding ponds can also 

be determined. The aerial color band portrays water in shades 

of greenish-blue, the lighter shades correspond to shallow ~7ater 

and the darker shades to deeper water. In many places, flooded 

workings and sediment-laden ponds are only two or three feet deep. 

Elsewhere, especially in the older excavations of Quarry 2, the 

water between piles of clay and sand overburden was estimated by 

a Becker employee to be 10 to 20 feet deep. 

Frame 118 from Roll 41 and Frame 110 from Roll 47 show bright 

reflectances in the Cape Fear River in the vicinity of the discharge 

stream from Quarry 1. This fact seems to indicate that sediment 

was entering the Cape Fear from the quarry aud/or nearby upstream 

tributaries at the time of the SKYLAB overflight. Obviously, this 

assumption could not be verified 18 months later, but it should be 

pointed out that laws regarding discharge of sediment from quarries 

have been strengthened since September 1973. 

~he approximate width of the stream is 100 feet (30.Sm), the 

actual width of the water probably being less. The size of the 

stream is such that its presence can be recognized, but accurate 

measurements cannot be made of it on the S190A imagery. Nonetheless, 

the sediment load entering the Cape Fear River from the stream can 

be detected on the color infrared film. 

It appears that imagery of the resolution of the SKYLAB S190A 

color infrared film could aid in monitoring sediment discharge 

from current or abandoned quarry operations and from exposed areas 

~~here the receiving Waters are about 200 feet (6lm) ~~ide. Timely 
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return of the data to potential users, such as enforcement 

agencies, ~lould be important requisite of the system. 

6.2.5.1 Hining Operations and Imagery Resolution: After the 

removal of a thin clay overburden (approximately 5 feet (1. 5m) 

thick) the dragging operation excavates sand and gravel beds 

to a depth of a fel~ tens of feet. Groundlmter and surface water 

must be continually pumped from the regions of active mining until 

the deposit is exhausted. Then as tho operation moves to other 

locations, I~ater fills the old \·Iorkings. The photographs clearly 

show the pattern of the \~orkings and the flooded parts of the 

excavations. 

Several measurements were made on the imagery Idth the Il & L 

Zoom 70 stereomicroscope and I~')re used in conjunction l'lith the 

scale furnished I~ith the imagery. l~ater bodies and other terrian 

featUres on the order of 200 ft (6lm) in vlidth could easily be 

resolved and measured, particularly in the blacl~ and vlhite 0.6jlm 

to 0.7jl~ band. Smaller water bodies, 140 to 150 feet (43m - 47m) 

across, could be recognized but not measured accurately. 

The Cape Fear River vIas measured at the quarries from the 

imagery and was found to have a width of 441 feet (135m); the 

width of the river w.as measured at the U. S. 401 bridge near 

Lillington also, and the width \Yas determined to be the same as 

at the quarries. The North Carolina Department of Transportation 

Engineering files shol~ that the river is 370 ft (113m) I"ide at 

this point. Work on scale and resolution described earlier (Fig. 2) 

indicates an interpretation accuracy of the order of 95 percent for 

a feature that is determined to be 440 ft (134m) 1'lide on the 

imagery. The reason for the discrepancy bet\Yeen the values for the 

river Iddth at Lillington remnin unknol-Tn. The most plausible 

explanation appears to be that the Department of Transportation 

figure··is based upon the main channel width, vlhereas the SKYLAB 

measurements were based upon the flood plain vlidth. 
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It appears possible to monitor quarry operations and reclamation 

efforts in sand and gravel quarries of the size described in this 

report. Repetitive coverage might be useful if made on a quarterly, 

semi-annual, or annual basis. The imagery could conceivably be 

useful for monitoring vegetational changes in and around the quarry 

site and for obtaining data on the size of standing Hater bodies 

associated l'lith the quarries. 

Interpretation can be done with relatively unsophisticated and 

inexpensive equipment. The results obtained ldth the color additive 

vie~ler are possible in almost any laboratory through use of relatively 

inexpensive projection equipment, provided one has access to the 

imagery. Tl~o or three slide projectors, a screen, binocular 

microscope, and suitable filters should enable one to reproduce 

any number of superimposed color combinations. Alignment of 

projected images l'lill in all likelihood be the major problem 

encountered. Regional land-use planning ;,nd monitoring could then 

be accomplished over a fairly large area at relatively 10\'1 cost by 

an interested group or individual. 

7.0 FORESTRY INVESTIGATION 

7.1 Introduction 

The kinds of information foresters require of remote senSing 

include: (1) overall viel~ of the forested areas: their extent, 

location and relationship to other land uses; (2) the density of 

the forest; (3) the kind of forest, i.e., coniferous, broadleaved, 

or mixed; (4) changes taking place such as harvesting, regeneration, 

encroachment by other land uses or change from forest to other 

use; (5) hazards to l~hich forests are exposed" particularly the 

signs of fire damage and the location of insect and disease 

attacks. In addition to the foregoing the remote-sensed imagery 

and photography is looked upon as (6) a source of important 

information about urban forest developments and changes. 
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SKYLAB photography holds an intermediate place bett'leen LANDSAT 

imagery and high altitude aircraft photography. The high altitude 

photographs (20,000 meters) provids a rather favorable and easily 

acceptable forma~ for remote sensing data. These photographs are 

as easily interpreted l'1ith mirror stereoscopes as are normal altitude 

photos, and, at the same time, they shm~ an mtpanse of tha earth's 

surface approaching a synoptic viet'le SKYLAB photographs are 

somel'1hae more difficult to interpret, do not shm'l as much detail 

as the high altitude photograFhs, but they provide a much larger 

field of viet·l. 

For synoptic viel'ls requir~ng considerable ground detail the 

SKYLAB photography is eltcellent. It can be easily us"d by forestry 

photo-interpreters using the commonly available interpretation 

equipment and methodology, in CO:ltrast to LANDSAT-l imagery I~hich 

requires special laboratory and interpratation techniques. 

The SKYLAB photo shm'7: (1) overall viel'ls, (2) vegetation 

densities, (3) kine! of forest only occasionally and inadequately, 

(4) changes l'lithin the forest to a limited extent, (5) hazards 

only ~ post facto and if the damaged area is large, (6) considerable 

detail on urban forest situations. 

7.2 Interpretative Studies 

Studies of stereopairs and singla frames of S190A and S190B 

SKYLAB photographs shm'l resu:!.ts Hhich are summarized in the follol·ling. 

7.2.1 Stereostudies "'ith the B & LZoom 70 S.tereomicrtlscope: 

High Resolution Coltlr 70 rom stereopair Roll 40, Frames 117 

and 118 (Table 1) from the S19·1A experiment I~ere used 

for this study. Urban forest cover densities can be easily seen 

and mapped into some gross density classp.o. Fm .... st clearings, 

blO-~7ay roads, and kinds of land use can be identified. Nel'lly 

bulldozed soil is a particularly noticeable feature on the 

photography. 
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The 4.5-inch frames 292 and 293 from Roll 86 (High Resolution 

Color Film) from the S190B camera permitted forest density classi-

fication to be carried out both in rural and urban areas. Forest 

tree seed orchards are clearly visi~le and distinguishable by 

different age classes on the basis of the amount of crmm closure. 

Species (forest type) claSSification could not be carried out 

·~ith any consistency - the interpretable differences (color and 

form) betHeen species and types ure only occasionally present on 

the photographs. 

7.2.2 Stereostlidies "ith the HUd Hitror Stereoscope at 3x 

Hagnification 

Nine-inch enlargements of the several frames from both S190A 

and S190B at scales of approximately 1:725,000 and 1:475,000, 

respectively, l'lere used. 

The High Resolution Color stereopair, Fram~s 110 and 111 

hem Roll 46 (S190A) provided a good example of the phenomenon of 

optical enhancement of photographic detail through stereovielVing. 

Trees, timber stands, vegetative cover type boundaries, and 

similar phenomena are more easily identified Hhen vie~led by 

stereoscopic means than ~1ithout it. 

Stereoviel~ing of SKYLAB photography of the Piedmont provides 

no clearly visible three-dimensional terrain detail. Clouds, 

however, do sho~1 in three dimensiolls, The main advantage of 

stereoviel~ing is, therefore, the optical enhancement described 

above. 

Conifers and broadleaved trees and stands could not be 

differentiated on the stereopair, Frames 117 and 118 from Roll 

40 (S190A). Nel'11y disturbed soil shm'ls in shades of brolm on 

these photographs. 

The best resolution of all stereopairs that l'lere studied 

11as found on Roll 86, Frame 2n and Frame 293 (S190B). Some faint 

differentiation of conifer and broadleaved stands 1'18S observsd. 

Nel'llydisturbed soil shoHed as a redd1sh-brmm area. 
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Color infrared photography proved better for differentiating 

tree species (forest types) than did the color photography. The 

graininess, however, interfered greatly with the delineation of 

forest type bou;::laries. Open earth areas sho~1 as I,hite patches. 

The stereopair Frames 117 and 118, Roll 39 (S190A) were used in 

this study. 

7.2.3 Single frame studies l'lith the B & L Zoom 70 microscope: 

This microscope is convertible to a stereoscope by replacing the 

objective lens with a rhomboid assembly. As a microscope useful 

for viewing single frames of SKYLAB photography the lens combin­

ations and magnifications given in Table 6 ~Iere used. 

Table 6 

Lens Combination and Magnifications - B & L Zoom 70 Microscope 

Eyepiece Objective Lens Magnification 

10 x 0.5 x 3.5 x to 15 x 
20 x P,5 x 7 x to 30 x 
10 x 2.0 x 14 x to 60 x 
20 J< 2.0 x 28 x to 120 x 

The 4.5-inch High Resolution Color film was studied at various 

magnifications with the above-described instrument. The nine-inch 

~hotographs were not adaptable to the small power pod of this 

instrument and were therefore used in the Zoom Transferscope 

(See below). 

Frame 15~Roll 88 (S190B) did not reveal any forestry 

informatiop not available from the ZTS studies. Relative densities 

of urban forest cover were easily seen. 

7.2.4 8i,lg1e frame analyses with the B & L Zoom transfers cope (ZTS) 

The ZTS has a zoom magnification of up to 14x. SKYLAB photo­

graphs Here studied at various magnifications as described earlier 

in the section entitled Scale and Resolution (6.2). 
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Relative densities of both rural and urban forest could be 

mapped on the transparencies of Frame 150, Roll 88 (High Resolution 

Co10~ S190B). The classes of forest cover density could be 

classified as complete, good, poor, and tree '; '"BS. (See 7.3.2) 

Further detail within these classes was also mappable. Tree 

species or classes (conifers, braodleaved, mixed) could not be 

seen on this photograph. Open soils could be distinguished on 

the basis of differences in color tones. Several different land 

uses could be mapped. 

7.2.5 Conclusion 

SKYLAB-type of photography can be a good source of forestry 

information. The fact that the program was a transitory, "one­

shot ," affair made it less intere'lting to practicing foresters 

than a continuing program would be. If the same scale and 

resolution could be made availaDle in recurring satellite imagery 

or photography, it would attract favorable attention and I~ould 

be used by many. A dependable source of good information would 

also provoke action to get equipment and personnel for its 

utilization. 

7.3 Greenspace Studies 

7.3.1 Introduction 

Greenspace is defined as land covered I~ith some form of 

vegetation: grass, shrubs,or trees. Urban planners are concerned 

with greenspace: how to protect and manage what a city now has 

and to get more where and when needed. 

Urban green space is often an amenity that is retrograding. 

City development tenas to engulf most of it with buildings and 

parking areas. The fel~ areas that escape the initial onslaught 

linger only long enough to get the attention of the developers of 

transportation and utilities. 
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One of the important uses of green space is for air pollution 

control. Other important uses are for recreation, esthetics, 

and water regime regulation. For all these purposes the critical 

attributes of green space are its size, orientation, distribution, 

location, and vegetational character but not necessarily in that 

order. 

The objective of the SKYLAB greenspace studies was to determine 

the Imys in which the orbital photography could be helpful to urban 

planners and managers. The test site I~as the City of Raleigh, 

North Carolina, for which several sets of SKYLAB photos were 

available. These photos were supplemented by a high altitude under­

flight, Flight 73-157, 15 September 1973. 

Greenspace research planning and management activities of the 

Raleigh area are using remote sensing information. However, 

conventional aerial photographs and the high altitude flight mentioned 

above are the primary data sources. LANDSAT-l imagery has been too 

small-scale to be attractive for most operationul uses, and SKYLAB 

photography has the discouraging characteristic of limited coverage 

in space and time, thus being useful to only a few users. 

7.3.2 Information available from SKYLAB photography 

The best SKYLAB photo was the nine-inch color transparency 

~tllargement of Frame 150, Roll 88 (S190B) with an approximate 

photoscale reciprocal (PSR) of 457,600. The best mapping scale 

was about PSR 61,800 (7.4x magnification on a B & L zoom transfer­

scope). The visible details related to greenspace on this 

photograph incl.uded: 

1. Recencly exposed soil 

2. Golf courses 

3. Urban-rural land boundaries 

4. Parking lots 

5. Industrial-commercial areas 

6. Wooded urban areaS by density of forest cover 

7. Recently developed vs. older residential areas 

8. Individual houses and the greens pace around them 
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The SKYLAB photography permits a photo-interpreter to observe 

the entire c.ity and its environs plus details dOHn to streets, 

individual houses, and parlt areas the size of city blocks. Land 

use, vegetative cover, and even the relative beauty and ugliness 

of the urban landscape can be seen or inferred from the photographs. 

The proximity and encroachment of commercial-industrial development 

into good quality residential areas, the tendency of many nel~ 

residential developments to become open, bulldozed biological 

deserts are examples of the environmental quality problems visible 

ib SKYLAB photography. 

Urban tree cover, an important veg~tation in greenspace, 

can be mapped from SKYLAB photography to provide an indication of 

the environmental quality of the neighborhood. A general 

classification useful for this purpose could have four classes: 

(1) complete, (2) good, (3) poo~ and (4) treeless. 

The complete tree cover indicates an area that has had only 

a minor amount of current developmental disturbance. Many of the 

land units in this class are abandoned farmlands nOI~ grown up in 

coniferous forest. The complete tree cover class usually occurs 

outside the urban area boundary but some patches are interspersed 

with other urban land useS. 

The good class of urban tree cover is often an indication of 

high quality older residential areas. In these areas much of the 

original forest was preserved by environmentally conscious builders 

and developers. The original tree cover has then been enhanced 

and thickened by additional planting, fertilizing and arboriculture. 

The good class of tree cover appears in some suburban areas of 

fairly recent vintage but is seldom seen in rural areas. In the 

latter the tree cover is usually complete, poo~ or treeless. 

The poor class is the most prevalent urban forest cover in 

the area of this study: Raleigh, North Carolina. The poor cover 

appears because devalopers and builders decimate the tree cover 

on both 101~-income and middle-income developments. Even the more 
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exclusive residential areas I~ill ShOH poor cover because of street 

construction, and carelessness in protecting the vegetation on 

residential lots. 

SKYLAB photography often sho~ls similar reflectivity for poor 

tree cover and nearby cropland. The difference I~ill be indicated 

for urban areaS by the existence of street patterns, I~hereas rural 

areas Hill shol~ no street construction. 

Treeless areas appear on the photography as bright, light­

gray spots. They are usually industrial-commercial, central 

business district, institutional, transportation (parking, 

airports, etc.) or rock quarries. 

An urban greenspace planner and manager can utilize SKYLAB 

photography in several ~mys: 

1. Identify Hith considerable precision the boundary 

betl'leen urban and rural land. 

2. Reconnoiter the urban and adjacent rural land for 

problem areas such as environment-destroying 

developments, conflicts in land uses/and possible 

needs for greenspace to balance its lack in commercial­

industrial or residential area~. 

3. Contemplate expected urban spra\~l, direction of 

development or intensification of land use, and 

the accompanying greenspace availabilities and 

needs. 

4. Give special attention to the effect of transportation 

and utilities construction on greenspace. Small 

patches and strips of urban greenspace are "lOlq cost" 

rights-cf-I.my possibilities. Therefore, they are 

particularly vulnerab'e to destruction, yet they 

are increasingly rare and socially valuable for 

greenspace uses. 

5. Observe the location and size of pOSSible greenspace 

acquisition and reservation; Le., to ansl'1er the 

question, "Are the possible areas suitably located 
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and large enough for ecosystem forests (for 

environmental protection. ,vater control. for 

example). for community parks, neighborhood parks. 

miniparks, streetside greenstrips, or other uses?" 

6. Relate the Sl<YLAB photographic studies of greenspace 

to existing urban planning Hhich may be based 

primarily on other data sources. The orbital photo­

graphy can ShOH gaps and problems in the greenspace 

plans, thus directing attention to plan revision 

and to ground studies. 

7. Utilize Sl<YLAB photography, usually in an enlarged 

format, to p:ovide public relations, intra- and 

intergovernmental communications and research 

materials. 

7.3.3 General Conclusions 

The SKYLAB orbital photography serves many. perhaps most, 

of the data-supply functions of aerial photography. Il has. in 

addition, many of the desirable synoptic qualities of LANDSAT 

imagery. For urban greenspace planning, management,and research, 

SKYLAB photos lack only some of the close-up detail, and, 

obviously, are available only once and only for limited areas 

of the State. 

8.0 GEOLOGIC APPLICATIONS 

In addition to the discussions which follo,~, there is a 

discussion of the geologic information contained on SKYLAB-2 

photographs in Section 10.4.1. 

8.1 Study of the Broad and Cata"lba River Basins. South Carolina 

8.1.1 Introduction 

A detailed study of the Broad and Cata"lba River region of 

South Carolina Has conducted to ascertain the capability of SKYLAB 
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imagery as a tool for Geologic mapplng in a heavily vegetated 

area of the Piedmont. Although "U'iGtly speaking it 1'laS outside 

the test area, it 1'las chosen becaus", of the cloud-free nature of 

the photography and because of the similarity of the geology to 

the geology of parts of the North Carollna Piedmont. Nearly all 

photographs of thls locality are of f.,tc:ellent quality and very 

little cloud cover Has present on either the S190A or S190B 

transparencies. Table 6 lists the materials used in the study, 

and Table 1 the parts of the spectrum covered by the several film 

r 'ls ~ 

This area Has chos",n for lnvestJ.gation beciluse (1) the Fall 

Line, the boundary betHeen the Piedmont and Coastal Plain provinces, 

passes through it; (2) there is a I·lide variety of metamorphic and 

igneous rocks in the Piedmont includ~ng numerous dikes near Rock 

Hill; (3) cloud cover Has absent: over most of the region; and 

(4) the topographic character, the sediment load, erosion patterns, 

and cultural significance of the nvers and lakes could be 

studied and compared with recent topographic and geologic maps of 

the area. 

Interpretation of the photograph" used both the 9-inch black 

and Hhite negative enlargements of the S19DA rolls in addition to 

the 9-inch color infrared and black and Hhil:e positives (approximate 

scale of enlargements = 1:800,000). Tha neg"tlves seemed to give 

better contrast betl'leen topographic features. 

TABLE 7 ----
Imagery Used in Study of Broad and CataHba Riv' ( Basins 

Sl90A 
Rolls Frames Date 
37-42 112-115 12 September 1973 
43-48 106-108 17 September 1973 

S190B 
86 288 12 Sept",mber 1973 
88 1 1,8 17 September 1973 
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8.1.2 Geologic Interpretation 

A total of four acetate overlays Here prepared from the S190A 

imagery by using the color additive vim'1er (4x enlargement) and 

the 9-inch enlargements as described belm-t: 

1. 9-inch black and Hhite negative enlargement of Roll 

41 (0.6-0.7~m), Frame 114. 

2. 4x enlargement in the color additive viel'1er, into I~hich 

had been placed the 70mm transparencies of Frame 114 

from Rolls 41 and 39. These frames are black and 

I~hite positives' of the 0.6 - O. 7~m portion of the 

spectrum and color infrared, respectively. This 

combination I~as chosen because it seene to emphasize 

the 0.6-0.7~m portion of the spectrum as recorded 

on the photographs. The additive enhancement 

of the color infrared photograph I~ith the black 

and Hhite infrared band through the color additive 

viewer made some of the lineaments more distinct 

than otherwise. 

3. 9-inch enlargement of Roll 39, Frame 114 (color infrared). 

4. A composite of the above three overlays. 

The final product (Overlay 114) 1-1as subsequently enlarged 

using an overhead projector until the scale of 1:250,000 I~as 

attained. This is the same scale as the Geologic Map of the 

Crystalline Rocks of South Carolina (Overstreet and Bell, 1965); 

hence, the overlay could be superimposed ~lith little error onto 

the map. 

8.1.2.1 Content of overlays: Preparation of the overlays Has 

based upon traces of lineaments and other natural trends, 

particularly those which shOHed high vegetative reflectance. 

Stream drainage patterns were like~1ise given careful attention, 

but every effort Has made to avoid tracing roads unless they 

follol~ed some natural feature. 
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8.1. 2. 2 Discussion: Study and compa):ison of the "lineament" 

mep with the Geologic Map of the Crystalline Roclts of South 

Carolina (Ove):street and Bell, 1965) leads to the follol-ling 

conclusions. SKYLAB imagery of densely forested a):eas is 

gene):ally an unreliable tool for geologic mepping. The completed 

lineament map I,as essentially one of the d):ainage pattern of the 

area. In only t>IO cases I,e):e geologic st):uctu):es 0): geologic 

contacts discovered which did not coincide I-lith a st):eam or river 

valley; hOI-Ieve):, one I-laS closely parall..:led by a road I,hich may 

I,ell have served to bias the interpretation. The othe): I,as noted 

at Lake Mu):ray, approximately 15 miles northwest of Columbia, South 

Carolina. 

Lush, leafy foliage gives very high reflectance in the color 

infrared band as bright red. Since this vegetation type exists in 

moist lDlv-lying regions of the humid cl'llate of the South -:arolina 

and No):th Carolina Piedmont, reddish hues appeared along all majo): 

streams. On the black and white photographs these same features 

appear as dark areas. Therefore, the photog):aph ):ecords vegetation 

coinciding with the topographic drainage netwo):k. 

In orde): fo): SKYLAB imagery in the visible and infrared bands 

to be a successful geologic mapping device the geology of the area 

in question must be expressed in some definite I,ay through 

vegetation patterns or topographic characters of the landscape. 

In the case of a lineament found in Lake Murray and adjacent areas 

a st):ing of islands and peninsulas extends across the central and 

no):thwestern shores of the lake. These islands are parallel to 

both the local foliation and the strike of argillite beds which 

comprise the country roclt. 

8.1.3 Isoluminous Investigation of Plutons 

Portions of Frame 114. Rolls 38, 41, and 42 Here enlarged 

and used in an isoluminous study of a circular outcrop of Permian(?) 

coarse-grained granite just north of Columbia, South Carolina. 

The isoluminous technique is one in Ivhich the original imagery is 
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photographically stretched and then masked so that subtle color 

differences may be brought out. The technique is adequately 

described in Wenderoth, Ynst, Kalia and Anderson (1974). A 

similar domal structure of granite t-1hich bordo.!red the coastal 

plain near Wateree Pond Has studied in all available ban-is, 

though I~ithout the isoluminous treatment. In both instances the 

imagery did not record the geology in a definitive manner. 

8.2 High Rock Lalee Area, North Carolina 

High Roele Lake is located in the Hestern Piedmont of North 

Carolina, betl~een Lexington and Salisbury (Fig. 1). Geologically 

the area is underlain by Ordovician metamorphic rocks Hhich have 

been folded, faulted, and intruded by Triassic diabase dikes. 

There is abundant rock cleavage and jointing, and all these 

structures, together Hith bedding planes, exert strong control 

over the topographic form in the region and the drainage patterns 

in the lake basin. A major s'lear zone exists betl~een the Gold 

Hill and Silver Hill faults, an area 1-1/2 miles (2.4 km) I~ide and 

several tens of miles long. 

The study was conducted using S190A data, Rolls 37-42, Frame 

115, Rolls 43-48, Frames 108 and 109. Interpretation of S190B 

data Has made On Frame 290, Roll 8G. 

8.2.1 Preparation of Maps 

The original 70mm S109A imagery (Roll 43, O.7-0.8~m, Frsme 

109) Has projected from the color additive vie<1er to an enlargement 

of approximate1}' 20x. Resolution Has good for the purposes of this 

investigation even at this magnification. Features on the order of 200 ft 

(Glm) acroas could be recognized, and one small island 600 ft x 

800 ft (183m x 244m) Ims clearly identifiable and could readily 

be traced. A lineament map, lOhich might best be described as an 

arrangment of "straight lines of best fit," 1'18S produced for both 

the lake and the region immediately surrounding it. Comparisons 

were subsequently made I~ith available topographic and geologic 
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maps (Stromquist, ~ al, 1971; Stromquist and Sundelius, 1974) 

of the lake area. Acetate transparencies originall.y ::raced t~ere 

projected and enlarged so as to coincide t·/ith the scale of these 

published maps. 

8.2.2 Discussion 

High Rock Lake is characterized by angular offsets of its 

extensions and tributaries. With onJ.y one or t~'o exceptions 

these topographic expressions could be accounted for by geologic 

structure shown on geologic maps of the Denton, Salisbury, Southmont, 

Rockwell, and Gold Hill quadrangles (Stromquist, et a1, 1971, 

Stromquist and Sundelius, 1974). 

Two lineament maps were prepared for the region. One was a 

lineament map of the straight line segments of the lake, and the 

second described lineaments of the area adjacent to the lake, 

particularly west of the lake. 

Sixty lin~~ments wh~ch extended in all directions from the 

lake were mapped. Using the availab1a maps and Roll 86, Frame 

290 of SKYLAB S190B for verification, the interpreter found the 

following breakdotm of the lineaments! 

a) 24 lineaments followed streams and major rivers closely. 

b) 29 followed a numb", of oth,.r cultural and vegetative 

features, such as tree J.i'lf..s, r,·ad segments, and fields. 

c) One lineament coincided with a rather steep cliff on 

the campus of Catawba CQllege near the floodplain of 

Grant • s Creek. 

d) Six lineaments t~ere obscured by clouds, but according 

to the maps they Were not significant indicators of 

either topography or geology. 

Vegetation patterns did not relate significantly to the 

geology. Only the lake and major streams with their prominent 

offsets could be positively and directly related to the geologic 

structure of their surroundings. Lineaments at~ay from the lake 

were randomly oriented and bore no observable relationship to the 

structures at the lake. 
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A field check of the High Rocl~ Lake area t-JaS performed on 

8-9 July 1975, beginning north of. 1-85 in the Grant's Creek area 

and extending southt~ard and eastt~ard. THenty-five of the lineaments 

were examined in the field. Many of the lineaments proved to be 

vegetative boundaries such as pine thickets ~1ithin hardl'100ds. 

Hot'1ever, six lineaments of the 25 ~1ere expressed topographically, 

being along floodplain boundaries and stream valleys. 

For another part of the study area topographic maps t'1ere 

examined. It Was found that 16 out of 60 lineaments (27%) followed 

topographic features of the landscape. This percentage is approximately 

the same as for the area in t'1hich the lineaments t'1ere field checked. 

Three of the 16 paralleled inferred faults found on the geologic map 

(Stromquist and Sundelius, 1974), and one follol'1ed a geologic 

contact. 

lVhen lineaments are mapped in heavily vegetated areas of the 

North Carolina Piedmont, probably between one-quarter to one-half 

of them will be found to fol10t~ geologic or geomorphologic features 

and the rest vegetation boundaries and other culture. If one is 

familiar with the geography of the area of study this ratio may 

be improved in favor of geologic implications. 

Roll 39 (Color Infrared), Frame 115 from SKYLAB-3 indicates 

a linear trend parallel to the Gold Hill Fault southwest of High 

Rock Lake. The several LANDSAT-l images covering this ares shot~ 

subtly the Gold Hill Fault Shear Zone. 

8.3 Coastal Inlet Study 

Three of the tidal inlets cutting the Outer Banks of cosstal 

North Carolina are recorded on pictures made in conjunction with 

the S190A experiment (Fig. 5). They are Oregon Inlet, H_tteras 

Inlet, and Ocracoke Inlet, and they tnay be viet'1ed on Frames 29 

and 31, Rolls 25 to 30. 

Questions arise in study of the SKYLAB material: liTo Hhat 

practical use may the imagery he placed in managing the inlets 

or in aiding ongoing studies of thetn? HOH could photography 
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from space or images from scanning devices on orbiting satellites 

improve on scientific studies of inlets similar to those through 

the Outer Banks? Can the ... lmitations of the relatively 101'1 

resolution of the SKYLAB photographs be overcome, or conversely 

can the synoptic vie"1 afforded by the imagery provide information 

which offsets the problems aC'sociated 1'lith lOt~ resolution?" In 

the final analysis th" basic question is, "HOt'1 can the imagery be 

utilized in studying and monitoring inlets through barrier islands?" 

Although the North Carolina inlets ;ire subject to ongoing 

detailed studies and SKYLAB imagery may be only a small part of 

the data base used in understanding them, interpretive techniques 

developed in this study may aid in studies of other, more remote 

inlets. Where financial backing for detailed studies is lacking, 

a reconnaissance view of the inlet and its surroundings may provide 

investigators I~ith insight into the system and aid in efficient 

use of limited funds to solve a particular problem. 

'£he ltey to praC'tical use of space-acquired imagery in managing 

inlets is the ability of the system to provide repetitive and 

timely data about the inlet. Interpretation of the SKYLAB imagery 

in a frame~lork of the fairly extensively studied inlets of North 

Carolina should then provide Some insight to the usefulness of the 

space-acquired imagery in this respect. The basic tech~:!gues can 

be applied repet.itive1y to images made successively to monitor 

significant inL~t changes. 

SKYLAB-3 crossed the Outer Banks on 9 August 1973 a~ 0847 EST 

(NASA-Lyndon t. Johnson Space Flight Center). At this time the 

wind was blowing gently from the northeast at a velocity of between 

6 and 10 knots as interpreted from the National Heather Service 

surface map for l200Z (0700 EST). Tide tables ShO~1 that the tide 

I~as ebbing, and at Oregon Inlet lOt~ tide ~las scheduled for 1013 

hours EST. 

8.3.1 Methods of Study 

The images have been studied using standard air-photo 

interpretation techniques. They have been studied in a color 
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additive vielqer and have been projected to various scales. Also, 

density slicing has been employed. No attempts heve been made to 

evaluate the resolution of the photographs as markers suitable for 

this type of determination are not available. HOI"ever, the bridge 

across Oreg. n Inlet is recorded on the imagery, and its ~,idth (31 ft; 

9.5m) gives one measure of the spatial resolution for this feature 

which is betlqeen t~IO and three miles (3.2-4.8 km) long. 

The study ~laS undertaken to determine Hhat features could be 

recognized and hOH the information could be used to understand the 

processes associated I,ith the formation and maintenance of the 

inlets, both natural and artificial. 

the imagery suggested that studies of 

Pre1im~nary elcamination of 

the ebb tide- and floodtide 

dominated channels could be done I;i th the imagery, that an inventory 

of the channels through the inlets and in the tidal deltas would 

be possible, and that from the inventory an "updating" of the 

navigational charts might be possible, although actual Iqater depth 

values could not be accurately assigned because of the absence of 

detailed, up-to-date groundtruth. Also, it Has felt that major 

sedimentary features such as large sand I,aves might be pinpointed. 

From their position and aspect a better understanding of sediment 

movement through the inlets and across the ebb and flood deltas 

could possibly be developed. The form of the spits and shallow 

submarine bars could also bE? studied and evaluated for changes 

that have occurred since the latest nautical charts >!ere prepared. 

Numerousair photographs of the inlets have been made at one time 

or another, and a fe,·, of th"se have been used in this study. 

8.3.2 Oregon Inlet 

The main channel through Oregon Inlet is oriented in a 

northeast-south"est direction. On the inside of the barrier island 

the tidal channel breaks into several smaller channelS. The 

northernlnos t channel is flood-dominated, and the maj or southern 

one (Davis Slough) is ebbtide- domil'ated (J. Singer, oral 

communication, June 1974). Current flOl' in these channels averages 
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between 2 and 3 knots. Charts of the area ind~cate that the southern 

channel is subject to continual change. Because of the orientation 

of the inlet northeasterly ~vinds accentuate the floodtide flo~v, 

and southwesterly ~vinds accentuate ebb tide flo~v. 

Comparison of an enlargement of Frame 31, Roll ~8 (approxi:.late 

scale = 1: 150,000) (Fig. 6) Hith the latest available nautical 

charts of the area (Fig. 7) reveals that the ebb channel is ~vider 

and longer than is indicated on the charts and that there are 

numerous smaller channels present in the flood delta which are 

not clearly recorded on the charts. This color phot:ograph was 

chosen for study because it sholVed the channel pattern details 

better than the color infrared photograph. The black and ~"hite 

(Roll 30) photograph (0.5-0.6)lm) ShOlvS similar detail. 

The flood delta is oriented in a lVest to south-south~vest 

direction. The main flood-dominated channel at its northern 

boundary ente~Pamlico Sound in a northHesterly direction and then 

turns ~vestlVard. being maintained in part along this stretch of its 

course by dredging. Study of the flood delta shoHS that the same 

arcuate pattern is present to one degree or another southHard 

from the flood channel. The axis of bending extends in an east-

southeast direction, and its projection intersects the barrier 

island about 4.2 mi (10 km) south of the inlet. The maximum 

lVestlVard extent of the delta is about 12 mi (19 km). 

The SKYLAB imagery of Oregon Inlet emphasizes the asymmetric 

form of the flood delta. The patterns of the smaller ch.,nne1s 

along lVith the sand bars and submerged spits imply that a greater 

portion of the sediment carried through the inlet is spread 

southlVestlVard than is spilled out of the flood channel in a 

northlVard direction. Even though a major portion of the lVater 

entering and leaving Oregon Inlet does so through the t~vo main 

channels, the SKYLAB pictures suggest from t:he t:extural patt:erns 

and patterns of ref1ectances that a significant amount of lVater 

spreads across the bars at current velocit:ies sufficient to 

transport the available sand. The pattern of bars and spits 
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implies that a greater portion of this material is spread t-Iestt-Iard 

and southtqes tt~ard. If this apparent relationship is true, then the 

implication exists that the water mass moves to a 

this direction also as well as through the tidal 

large extent in 

znnels. Hinter 

season winds are dominantly from the northeast (C. E. Knot-lIes, 

personal communication, 1974) and may play a major role in this 

sediment pattern. 

Dredging of the flood tide channel is required periodically 

along its westerly extremity (Old House Channel, Fig. 7). A 

broad apparently shallow channel extends northt~estward from near 

the middle of the ebb tide channel tOHard this location. 'J'he latter 

channel is not well known, and conceivably during flood tide it 

could be the path along which material is carried to the Hestern 

end or the flood channel (J. Singer, oral communication, June 1974). 

Unfortunately no flot~ data exist for this subsidiary channel; so 

its effectiveness as a contributor to the filling of the main flood 

channel is solely a matter for speculation. Ou the other hand, 

its presence was not recognized by people working on current 

movements in Oregon Inlet until the SKYLAB imagery ~1SS examined 

(J. Singer, personal communication, June 1974). If its pl:esence 

had been known, current meters might have been placed in it during 

an oceanographic investigation of Oregon Inlet in the summer of 

1973 (J. Singer, personal communication, June 1974). Thus it is 

possible that orbital photography can contribute to better 

maintenance of navigable channels. 

As seems to befit the period of relatively 10H wind velocity 

existing at the time of the satellite pass, the suspended load 

outside Oregon Inlet appears to be low. Recorded suspended matter 

is restricted to t;ithin about 4.5 mi (7.5 km) of the mouth of the 

inlet. Hairs (1970) and Helby (1974) have described Oregon Inlet 

plumes recorded from space. 
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8.3.2.1 Details of delta development: The chief sedimentation 

patterns in the Oregon Inlet flood tidal delta may be interpreted 

from (S190A) Frame 31 of Rolls 25, 26, 29, and 30 as ~1ell as Rolls 

27 and 28. Imagery hom Rolls 25 and 26 shot'1 only tt'10 faint areas 

of reflectance. These are located t"here sand bars protrude above 

the 'vater near the confluence of the tHO main channels. 

Eltamination of the material from Rolls 29 and 30 under a 40x 

magnification discloses a sediment pattern in the flood delta 

IVhich in turn suggests that \-Tater overstepping the northern, flood­

dominated channel is spreading a Have of sand southlVestt'lard across 

some of the older southIVestIVard-trending channels. These latter 

channels are believed to be older distributary channels from the 

flood-dominated channel (Fig. 7). 

On the south side of the ebb-dominated channel a major tributary 

to the ebb-dominated channel runs northlVard approximately parallel 

tc. the barrier island. \-lest of this channel a bulbous sand deposit 

is apparently Horking its Ivay southHestHard over earlier deposits 

and over small flood-dominated distributary channels IVhich trend 

southlVest,vard. The imagery suggests that flood-dominated sand IVaves 

too small to be recognized individually on the imagery may be 

present. 

During ebb tide lVater moves through Oregon Inlet in a 

northeasterly direction from the confluence of the tlVO main channels. 

Langfelder et a1 (1968) suggest a dominance of southlVard littoral 

drift from a point about three miles (2 km) north of the inlet 

southHard along the coast. HOlvever, study of the SI<.YLAB 

photographs indicates that another set of circumstances may obtain. 

The northern side of the inlet is being deflected ~1estl'Tard as a 

series of gently curved spits reflecting transport of sediment on 

the flood tide into the sound. On the south side of the inlet tIVO 

recurved spits I"hioh hook \-1estIVard and southlVestlVard can be seen. 

GrolVing northeastHard from the seaIVard side of the base of the 

recurved spit is a generally submerged spit-like feature ~1hose 

base extends across the northeastern-facing portion of the reourved 

spit. 
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Attached to the sem~ar:l side of the barrier bar north of Oregon 

Inlet, a generally sUbmerged triangular feature appears to be forming. 

Its base lies at the shore along the ~lidest part of the northern 

spit, and its apex lies at a small island t~hich barely protrudes 

above the t~ater of the near maximum ebb tide occurring at the time 

the picture t-18S taken. 

If the mouth of the inlet can be treated as an orifice, in 

a manner suggested by others (Bates, 1953; J. Machemehl, personal 

communication, January 1975), then the ebb flO~l is building up 

lateral bars on either side of the tidal channel through t-lhich 

water issues into the ocean. In support of the idea that the 

seaward end of Oregon Inlet can be considered an orifice, the 

nQrtheastern extremity of the bars on the south side of the inlet 

is hooking northt~est~18rd and appears to be closing toward the apex 

of the triangular shaped bar on the northside of the inlet. This 

curVR"ure suggests that a lunate bar typical of natural orifices is 

forming (Bates, 1953; Price, 1963) or has formed belot~ the depth 

to which reflectances could be returned to th" S190A camera system. 

Additionally, the pOSition of the bar is about four orifice 

diameters seaward of the mouth of the inlet, and this position is 

to be expected (Price, 1963) for tidal deltas. 

If the drift pattern sho~m by Langfelder ~ al (1968) 

represents the present current littoral drift, then the southt~ard­

flowing currents north of Oregon Inlet are deflected to a 

~onsiderable degree by the currents flot~ing from the Oregon Inlet 

orifice during ebb tide. They probably s~1ing seat1ard near the 

triangular shaped bar and may continue south~18rd around the bar 

attached to the southern side of Oregon Inlet. The form of the 

turbid zone offshore from Oregon Inlet can be interpreted as 

supporting this idea, for it bulges southeast~lard t-lith its ~lidest 

dimension being slightly south of the mouth of the inlet (Fig. 6). 
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8.3.3 Ocracoke Inlet 
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To evaluate the usefulness of the SKYLAB photography for 

study of channel changes in the inlets through the barrier islands, 

a comparison Ii'as made of an enlargement of the 9 August 1973 

imagery of Ocracoke Inlet (Rolls. 25 to 30, Frame 30) and the most 

recent navigational chart of the area (U.S. C&GS Chart 1232, 

December 1973 edition, scale of 1:80,000). Cloud cover restricted 

the area Which could be studied. 

The shoal areas and channels shmm on the SKYLAB pictures I-Iere 

traced onto transparent material from an enlargement (1:160,000) of 

Frame 30, Roll 28. A transparency made from the chart I-las also 

prepared by a direct copy process. Two overhead proj ectors Ii'ere 

aligned so that the two transparencies were projected onto a 

piece of frosted acetate at an approximate scale of 1:16,850 and 

registered on each other. Location of channels and major shoal 

areas as interpreted from the SKYLAB imagery I-Iere plotted on the 

acetate, and then the similar features were plotted on the acetate 

from the projection of the chart. 

8.3.3.1 Results: A number of minor differences are apparent in 

the position of small shoals, and these may be attributed to 

slight errors in the proj.cction process as I.ell as to actual 

pOSitional differences. HOI.ever, there are also some major 

differences, especially in the center of the inlet and in the 

area east of the dredged channel from Pamlico Sound to Ocracoke 

(Fig. 8). 

The navigational chart suggests the presence of a main 

channel extending from the center of the inlet approximately 

5.5 mi (9 km) into Pamlicl.l Sound. This channel has tl-1O major 

bifurcations. On the SKYLAB lmagery only 

recorded, and it makes a sharp easterly 

(4 km) in from the mouth of the inlet. 

a single channel seems 

bend about 2.5 mi 

About 1700 ft (500 m) 

farther into Pamlico Sound the channel turns northerly and 

eventually dead-ends against a horseshoe-shaped shoal. 
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The dredged channel leading to Ocracoke Harbor cuts through 

the I,estern end of a major shoal. On the navigational chart this 

shoal seems to be represented mostly by Hot,ard Reef and a shoal 

axis extending to the dredged channel in a t;esterly direction and 

eastl,ard tot'lard Cape Hatteras (Fig. 8). The sound side of the shoal 

is curvilinear, and the seat'lard side is more irregular. A finger 

of dredge spoil outlines the channel in the sound direction from 

the shoal. 

The east end of Portsmouth Island (Fig. 8) has a configuration 

somewhat different from that sho~m on the chart. The spit as 

represented on the chart is no longer free-standing. Sediment has 

filled behind it so that a lot, sandy area extends from the main 

part of Portsmouth Island to the spit as a more or less continuous 

feature. The bluish coloration on the color infrared picture implies 

a high moisture content, and a smalL pond appears to be present near 

the former base of the spit. 

A line of small shoals or inlets extends tot;ard the sound. 

The line is gently convex tot,ard the l'lest, and shallol' channels 

cut bet~leen shoals. In comparison, the naVigational chart ShO~lS 

a continuous spit extending sound~lard from the main part of 

Portsmouth Island (Fig. 8). 

A small ebb·tide delta appears to be building out from the 

western one-half of Ocracoke Inlet. It is attached to Portsmouth 

Island. Presence of such a feature is suggested by the bottom 

contours on the chart, although the config'>cation sholm by the 

SKYLAB imagery and that sholm on the chart differ in detail. 

Data on the currents flotdng through the channels as they 

existed in October 1962 have been supplied by the \vllmington 

District, U. S. Army Corps of Engineers. The main channel through 

the inlet lay in about the present position of the main channel. 

However, the shoal and channel pattern Has somet'lhat different 

inside the inlet from that shot,n on both the 1973 chart and the 

SKYLAB imagery. Maximum ebb flot,s are of the order of 3 knots, 

and maximum flood flol'lS are of the order of 2 knots • 
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Data analysis from current studies made in Ocracoke Inlet is 

presently undenlaY. It appears from t.hese studies (J. H. He1ch, 

personal communication, July 1975) that most of the flood flOl-l 

through the inlet is through Tea<:hee Hole Channel, the northernmost 

channel. l-nlether Hallace Channel (the southernmost channel) is 

ebb-10minated or not hat) not been established at this time. HOI-lever, 

the presence of the U-shaped sand bar at its mouth ~lhich is shOlm 

on the SKYLAB photographs is strongly suggestive that it is ebb­

tide-dominated. The southern arm of the bar appears to be linked 

with the northeastern edge of Portsmouth Island. 

8.3.4 Hatteras Inlet 

The purpose of this part of the investigation I-18S to evaluate 

the SKYLAB Sl9DA imagery for use in interpreting the channels and 

water depths of a coastal inlet. Hatteras Inlet was chosen for 

this particular study because it I<as relatively cloud-free at the 

time of the SKYLAB-3 pass and because subsequent to the SKYLAB 

overpass some depth determinations were made by students in the N.C.S.U. 

Department of Geosciences. Grcundtruth information I-las also taken 

from U. S, C&GS Chart 1229, De~ember 1973. Three identifiable 

channels trend 'lOrthward a.::rOSh the tidal delta on the sound side 

of the inlet. A channel is maintained by dredging betl<een Hatteras 

Island and Ocracoke Island (Figs. 6, 9) 

Initial study of the imagery shoHed that the several channels 

that traverse the inlet could be seen on most of the S190A 

photographs. Also the sha11ol< bars and shoals that lie beneath 

the water could be identified in a general I.ay. HOI-lever. the 

water depths over the shoals could not be determined, and it ~:as 

decided to use the density slicing technique to see if bottom 

depth contours could be established from the imagelY. A Spatial 

Data Model 703 Data Color System Has used. 

Because there Here no depth measurements actually made at the 

time of the SKYLAB overpass, it became necessary to correlate the 

density sHce information ~1ith the depths determined in July 1974 

and from the December 1913 chart. 
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The boundary between I'later and the land areas I'TaS determined 

from S190A Roll 26, Frame 31 (O.8-0.9~m). In general, the boundary 

coincided l-Tith the boundary dralm on the nautical chart. HOI'lever, 

on the seal~ard corner of the eas tern side of the inlet, there 

appears a wedge of material l'lhich has an infrared reflectance 

similar to that for many of the land areas on the Ocracolce (west) 

side of the inlet. This mass of sand has apparently bp~n added 

onto the Hatteras Island side of the inlet since the information 

sho~1n on the chart I'TaS compiled. 

Only one moderate-size island inside the inlet appeared on 

the density slice of Roll 26, Frame 31 (infrared); this iuland 

lies near the axis of the inlet and is fronted on the south side 

by a ferry channel (Fig. 9). The smaller island I'lhich lies east­

ward across the ferry channel did not appear on the density slice 

and is apparently not recorded on Roll 26. The implication is that 

the island was al~ash at the time of the SKYLAB pass. Similarly, 

the shallol~ bar extending seaward from the eas t side of Ocracoke. 

shown on other photographs, was not recorded either. None of the 

other features of the inlet found on the imagery and shown on the 

nautical chart was recorded on either Roll 25 or Roll 26. Most of 

the open sandy areas shOl~ 101~ reflectance in the infrared part of 

the spectrum. 

As far as could be determined the film recorded relatively 

little infrared reflectance from the water of the ocean and the 

sound, and there seems to have been lit:'le variation in the amount 

of infrared ref lectances from the Imter b:>dies as measured in this 

experiment. Low r .. flectances from the san"~' interior areas of 

Ocracoke Island and the shoreHard areas of Hatteras and Ocracoke are 

interpreted as being related to the presence cf moisture in the sand. 

Areas where vegetation is concentruted on the portions of the islands 

above sea level shOlv reflectances near the middle of the total density 

range of the photographs. 

Densi ty slices of 32 steps, or conto'trs, Here made of Frame 

31, Rolls 29 and 30 to invp.stigate the feasibility of using the 

imagery to characterize the channel pattern in Hatteras Inlet. 
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In addition, the same frame from Roll 30 l'las studied Hith 16 steps. 

In general, it can be said of the frame from Roll 31 that the 32-

step density slice gave more detail of areas adJacent to the 

channels than did the l6-step configuration. HOHever, both formats 

shol~ed the presence of the four major channels (Fig. 6, 9) and 

several smaller ones. For both Rolls 29 and 30 the deeper portions 

of the outer channels appear as lo"er reflectances, and can be 

recognized l~ithout optical enhan.cement. Hmlever, density slicing 

permitted the contouring of the edges of the channels, emphasizing 

the abruptness l'lith l~hich the bottom drops off into them. 

Some of the smaller channels l'lhich are not outlined on the 

chart appear in the photography and are emphasized by the density 

sliCing. One of these is the small channel system approximately 

N 20 W of the Lookout To"er at the south end of Hatteras Island 

(Fig. 9). 

Most of the sediment in the Hatteras Inlet a.rea falls into 

the mediu~to fine-sand size range and is composed dominantly 

of quartz and shell fragments (Puckett and Ingram, 1969). The 

principal investigator's experience "ith other sandy areas indicates 

that this material should give a relatively high reflectance in 

all bands. Within the inlet environment the thickness of the l~ater 

cover and turbidity of the "ater "ill affect the reflections off 

the bottom. Also, the nature of the bottom affects the albedo, and 

the less sandy, more muddy portions of the bottom c.an be expected 

to have a lm~er reflectivity than the more sandy portions of the 

bottom. 

8.3.4.1 Results: Figure 10 is a picture of the density slice of Frame 

031, Roll 30 (0.5-0. 611m) • The orange pattern coincides l~i th depths 

10 feet or. greater "hereas the shoal areas are indicated by the 

yellm~ and cyan colors, the darker "yan indic'"ting l'/ater depths 

bet"een one and t"o feet. Yellow indicates sandy areas that are 

above l~ater and belo" water dm~n to depths of approximately one 

foot (0.3 m). 
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Figure 10 Hatteras Inlet 
32- step Density Slice of Roll 30, Fra." e 031 
(S190B), SKYLAB-3 
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The effect of bottom character on reflec~ance is shown on the 

west side of the inlet lqhere the charts show the lqater depth to be 

between one and two feet, or less. Here the magenta pattern, 

recording a 10lq reflectance, coincides, lq;!.th water depths of one to 

approximately five feet (0.3-1. 5m). The sediment here falls in the Narginal .. 
Lagoon facies of Puckett and Ingram (1969), and is characteristically 

fine-grained and dark-colored. Again the near-surface bars reflect 

in the yellow to cyan range, and the orange pattern records water 

depths in the five-to ten-foot (1.5-3m)range. The boundary between the 

magenta and the orange marks approximately, within the cartographic 

accuracy of the ground truth and the cartographic accuracy of the 

projection methods used, the five-foot (1.5m) water depth contour. Similar 

results were obtained from the density slice of Frame 31, Roll 29, 

although the general reflectivity was somewhat lower. However, the 

near-surface bars and shoals reflected in the upper end of the 

reflectivity range. 

Potential washover areas can be seen on the imagery of Ocracoke 

Island. These are seen in the black and white imagery as narrow 

fingers of low reflectivity (more dense areas on the film) 

betlqeen areas ,"f higher reflectivity. These may represent the 

location of former inlets through the barrier island system. 

8.3.5 Summary and Conclusions 

Attentioll has been given chiefly to the usefulness of SKYLAB 

imagery for the study of inlet changes. The major differences 

between the most up-to-date chart and the SKYLAB information has 

been described. Also the potential usefulness of the imagery for 

determining W'lter depths and monitoring channel shifts in inlets 

has been studied. Within the limits of the resolution of the 

SKYLAB Sl90A System Rolls 25 and 26 are good for determining 

land-water interface along the barrier islands (Out.r Banks) of 

North Carolina. Roll 29 and Roll 30 can be used t~ map channels 

through the tidal deltas and to make semiquantitative determinations 

of lqater depths if minimal depth ihformation is available as 
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gro~ndtruth. Because bottom conditions do play a role in the 

nature of the reflections off the shallm. bottoms, ltno~lledge of 

bottom conditions becomes an important input into the interpretative 

procedure. 

It appears that the channel patterns and the shifting of the 

shoals within the inlets could be monitored successfully from a 

space platform and that updating of charts using space-acquired 

data is feasible. High Resolution color, High Resolution Color 

Infrared, as well as multispectral photography such as used in the 

S190A experiment are all useful. The black and white multispectral 

photography is perhaps the m,'re versatile for determinir,g bottom 

contours, but channels and Larger sedimentary features are also 

shown on the color fih1<," The tecr,nique would be especially useful 

after the passage of a major storm or hurricane. Computerized 

interpretation might be econ~mically feasible for an ongoing 

monitoring and charting progrBl.:. 

Greater cartographic accuracy 110uld be required for an 

operational system than was achieved in this experiment; hm.ever, if 

distribution of space-acquired data to local agencies interested 

in monitoring channel configurations and water depths in the inlets 

were done on a systematic, routine basis, those most familiar with 

the area could make the proper interpretations and could lteep the 

information at hand for use, and procedures assuring the cartographic 

accuracy could be set up. 

If complete coverage of the coestal area had been made during 

the SKYLAB program, it seems probable that an inventory of potential 

washover areas along the Outer Banks could have been assembled. 

It is apparent that imagery taken at the approximate 1:2,900,000 

scale of the 70mm Sl90A is useful for monitoring changes in inlets 

such as those found along the barrier islands of North Carolina. 

A satellite 11ith the capability to image at the scale snd resolution 

the SKYLAB 70mm S190A materials could provide up-to-date, accurate 

maps of the inlets; if the maps were presented on a shaded relief 
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format with geographic grid and bottom contours overprinted, they 

would probably find considerable use among those t~ho use the inlet 

on a regula: basis. 

8.4 Cape Hatteras Plume 

The vagaries of the plume arising at Cape Hatteras have been 

d~scribed elsewhere (Welby, 1973; 1975). SKYLAB-3 passed over 

the area during a period of relatively calm t~ater, and the plume 

appears restricted to the Vicinity of the shoals off the Cape. 

Its internal structure suggests a t~ave-like mechanism or a 

"dripping" from the point. This relationship contrasts t·lith the 

38 to 40 mi (60 to 70 km) finger-like protrusion often sean 

extending to the northeast on LlINDSAT-l imagery (We1,by, 1975). 

8.5 Groundwater Occurrence 

The original proposal called for evaluation of the SKYLAB 

photography as an aid in ground<later exploration in the crystalline 

rocks of the North Carolina Piedmont. This part of the investigation 

was to relate lineament patterns to groundwater occurrence. IVhen 

it became evident that lineament mapping in the North Carolina 

Piedmont using the available SKYLAB imagery would be very difficult 

and that rock type differentiation was virtually impossible, 

efforts were suspended. 

From the prelimina~'y work done in this phase of the investigation 

it is judged that available space-acquired imagery should not be 

ignored when a groundwater exploration program is undertaken in 

areas of crystalline rocks. However, in relatively 

such as North Carolina, which have a thick soil and 

cover over most of the bedrock, use of the imagery 

groundwater exploration is probably not justified. 

humid areas, 

saprolite 

for routine 

On the other 

hand, when the problem addressed is of a region-wide concern, then 

space acquired photography and im,.gery may prove useful not only 
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in sholdng existence of linear features I'hich may control ground­

water movement, but also in showing cultural features and land-use 

patterns I,hich may suggest broad regional features of the ground­

I'" ter regime. 

9.0 HATER qUALITY 

It I,as hoped when the SKYLAB project I'TaS undertaken that the 

space photography would be useful in North Carolina for study of 

water quality problems. The Cho~lan River l'las of concern to a 

number of agencies, and for this reason it was chosen as a test 

site. Also, High Rock Lake I'TaS chosen as a test site because it 

I'as knOl<O from general knowledge that a considerable sediment load 

I,as entering it and that there might be other I,ater quality problems. 

Cloud cover restricted the applicability of the SKYLAB 

photography as well as that obtained from an aircraft underflight. 

Groundtruth was collected at the time of the 9 August 1973 pass 

across the Chowan River by personnel of the North Carolina Office 

of Environmental Management; however, these data did not shol' any 

trends that might be picked up on the SKYLAB imagery, and most of 

the sample points were located beneath clouds or in areas of cloud 

shadow. Usefulness of the data from the aircraft underflight is 

limited because of cloud cover. HOI'1ever, in the vicinity of 

Holiday Island there seem to have been some temperature differences 

imaged by the RS-14 Airborne Thermal Scanner. The meaning of 

these differences is not clear at this time, and the data 14111 be 

re-examined in the coming months in conjunction I'ith a University 

of North Carolina Water Resources Research Institute multispectral 

photography project. 

The multispectral photography and the color infrared photography 

aided in interpretation of the SKYLAB data I,here there l'1as no 

cloud cover along the northern edge of Albemarle Sound. 
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9.1 Evaluation of Imagery 

9.1.1 Raleigh area 

In connection t~ith forestry studies t'lith SKYLAB photography, 

some observations t~ere made on detection of t'later quality differences. 

The best photography for overall cbservations of t~ater 

resources appeared to be color infrared. Stereo studies of 9-inch 

enlargements of S190A color infrared frames were useful in detecting 

water bodies, whereas in color photographs the reflections from 

water and from green fields were often indistinguishable. Sediment 

loads in water bodies t'lere, hot~ever, visible in both color and color 

infrared photography. 

S190A stereopair Frames 117 and 118, Roll 40 (0.4-0.7~m) at 

a 3x magnification was found very useful for differentiation of 

various concentrations of sediment load in t~ater bodies in the 

Raleigh, North Carolina, vicinity. Good results t'lere also indicated 

by use of stereopair Frames 110 and Ill, Roll 46. The two stereo­

pairs t~ere 9-inch enlargements from the S190A photography. The 

4.5-inch color stereopair, Frames 292 and 293, Roll 86 (S190B), 

also showed the variable sediment contents of ponds. 

Non-stereo observaticns of sediment in t~ater bodies can be 
'" made on both the original 4.5-inch transparencies and the 9-inch 

enlargements of Frame ISO, Roll 88 (S190B). The gradations of 

t;ater quality from heavy sediment load to fairly clear t'later can be 

readily seen. No attempc was made to quantify these differences. 

9.1.2 Lake Murray, South Carolina 

A difference was noted bettveen S190A photographs of Lake 

Murray and the surrounding area on the ttvo different passes of 

SKYLAB. On the 12 September 1973 pass (Rolls 37-42, Frames 

112-114) black and t,hite, color, and color infrared photographs 

shot~ t~hat appears to be a heavy sediment load in the lake. The 

photographs from the 17 September (Rolls 43-48, Frames 105-107) 

pass do not shot, evidence of turbidity. In addition, the 
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12 September frames appear much darker in all Have lengths. It 

is suggested that this difference may have been caused by processing 

or handling differences rather than by natural phenonema. 

Climatological data from the National Oceanic and Atmospheric 

Administracion l;ere studied l;ith the follol;ing results. No 

precipitation was recorded for the Columbia station on either 

17 September or for three days prior to this date. Hm·lever, on 

9 September 1. 43 in (36mm) of rain fell; on 10 September a trace t-TaS 

recorded; and shortly after midnight on 12 September (10 hours 

before the pictures were taken) 0.39 in (10 mm) of rainfall t·,as 

reported. Precipitation in the amount of 0.5 in (12.5 mm) also 

fell at Newberry some 20 miles northt;est of Lalte Hurray on 

11 September. No other locality near the lalte reported rain on 

or about 12 Septembe~ and the climatological data disclose that 

during this time no rain fell in the vicinity of any other lake 

shotm on the SKYLAB photographs. No other major lakes in the entire 

state shot,ed the level of sediment clouding that is apparently 

present in Lalte Hurray. The distribution of sediment in the lake 

was strikingly revealed ~n all of the 12 September imagery with 

the exception of the infrared blacIt and whit" (Rolls 37 and 38). 

It appears that the rainfall pattern is refle~ted by the 
o 

sediment load in the laltes photographed by SKYLAB. The relation 

appears to suggest that SKY LAB-type photography jr imagery could 

be used to study relations between rainfall distribution and 

sediment runoff and could be used as ",ell as an agent to stu-:ly 

water pollution and response of a drainage basin to a specific 

amount of rainfall. 

9.1.2.1 Sun Angle effects; Another point is the effect of the 

relationship bett,een sun angle and camera viet'ling angle upon the 

interpretability of the space-acquired photographs. Rolls 39 

through 41, Frames 112-114 "ere taken ",hen Lake Hurray "laS ahead 

of the SKYLAB. nadir. The sun ",as near the local (34 0 Lat.) noon 

position (approximately a 56 0 angle ",ith the horizontal) ",hen 

-78-

• 

j 



Frame 112. ,ms taken. No photographic record of sediment in the 

lake Has obtained on Frame 112. In the tt'10 succeeding pictures 

made ae the spacecraft passed almost directly over the lake and 

beyond (Frames 113, 114) the sediment-derived turbidity of the 

lake was recorded photographically. In Frames 113 and 114 the 

lake ~1aS put in a position betl·men the sun and the spacecraft so 

that the camera came into the plane of the most direct incident 

and reflected rays. In the earlier frame the reflections from 

the lake Here not so dir'3ct, and the presence of the sediment load 

,~as not recorded. Consequently, when a rather heavy sediment 

load is present, it may go unnoticed unless a careful eltamination 

is made from as many camera angles as possible and Hith careful 

attention to the case in which the camera, the incident rays and the 

reflected rnys, and the object being studied lie in nearly the same plane. 

9.1. 3 High Roclo Lake 

A heavy sediment load is indicated in three general zones of 

High Rock Lake by all bands of SKYLAB-3 imagery except for the 

black and white infrared (Rolls 37, 38, 43, 44). The greatest 

influx is in (1) the northern reaches of the lake, near Interstate 

85. Lesser but significant amounts occur in (2) shallo~1, near­

shore inlets, and (3) belot~ the dam on thl' Yadldn River. The color 

of this suspended material is a light red-broton on all color 

imagery of S190A and S190B. 

Sediment load downstream from High Roclo Lake is discussed in 

conjunction with the description of the results of the S192 

investigation. No actual measurements of turbidity t~ere made, 

but observations made during a 10H-a1titude overflight on 

12 September 1973 confirm in genel"al the suspended sediment pattern. 

10.0 LAND USE 

From the time of ehe receipt of the first space-acquired 

photographS, it has been recognized that th<:. synoptic vie,'1S from 

space could be used to inventory land use. The LANDSAT and 
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SKYLAB-EREP programs exist in part as the result of the recognition 

of this 'act. Consequently, in the North Carolina program, 

considerable time and effort Here spent in s\:udying and evaluating 

the S190A and S190B photography as data bases for land-use studies. 

Hhere possible, an investigation Has undertaken to demonstrate hol'7 

the photographs might have been useful as input into the information 

required for the planning of a particular facility. In tl'70 cases, 

planning of the facilities is still going un and in one case an 

environmental impact statement is still in preparation. Also, 

studies Here made to evaluate the photographs as a data base for 

local and regional planning agencies. 

10.1 Transportation Routes 

The transportation facilities observed in SKYLAB photography 

include streets, secondary roads, high>lays, parlting lots, airports, 

railroads, and transmission lines. The detail t-lith >lhich these 

facilities can be seen depends on the kind of photography (color, 

color infrared blaclt and t-lhite) and on the quality of the 

individual transparency or stereopair, as >lell as on Hhether the 

photography is from the S190A or S190B experiment. 

Observations >lith the B & L Zoom stereomicroscope on the 

70 mm stereopair, Frames 117 and 118, of Roll 40 (0.4-0.7~m) 

indicated excellent detail of transportation facilities. Streets 

and roads, except narro>l roads under tree cover, are easily 

seen. Parldng lots can be differentiated from the buildings t1hich 

they serve. Airport rum-lays are distinct to the degree that 

measurements can be made of their t-lidth, length, and other features 

(Section 6.2.2; Table 3). The stereopair, Frames 292 and 293, 

Roll 86 (S190B) clearly shot.s both lanes of Interstate Hight-my 1-40. 

Further stereostudies ~lith a Hild mirror stereoscope shol'7ed 

quality variations bet>leen photographs. The color stereopair, 

Frames 110 and 111, Roll 46 (SI90A) had barely discernible street 

patterns, >lhereas Frames 117 and 118, Roll 40 (S190A) had veri 

clear street detail. On the other hand, the street details in color 
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infrared stereopairs from the S190A experiment, Frames 117 and 

118, Roll 39, and Frames 110 and Ill, Roll 45 Here relatively 

indistinct. The latter stereopair Has especially grainy, and 

street patterns 11ere not recognizable at 3x magnifJ.cation 

(approximate scale 1:242,000) from 9-inch transparencies 

(approximate scale 1:725,000) enlarged from the 70 mm originals. 

Various individual frames studied in the B & L Zoom transfer­

scope indicated greater detail in the color photography than in 

the color infrared. In color photo Frame 292, Roll 86 (S190B) 

street patterns I-,ere clearly visible; railroads could be recognized 

and mapped and pOl-1er transmission lines observed. The latter 

could be distinguished from railraods by the fact that they Here 

straighter and softer in tone. Color Frame 150, Roll 88 (S190B) 

clearly shOl~s both lanes of the Interstate Highl-laY, 1-40. S190A 

Frame 117, Roll 39 (color infrared) is not as clear as the color 

photographs. This relation "as expressed particularly as a lack 

of clarity in street patterns. 

10.1.1 Discussion 

If a little care is exercised in selecting the SKYLAB 

photography from the color transparencies, all common transportation 

facili ties can be observed in considerable detail. NarrOl-' roads 

or streets in fares ted areas may, however, be obscure. Color 

infrared photography in S190A is inferior to color or high 

resolution color photographs for transportation study purposes 

because of excessive graininess. It is suggested that city 

planners might profitably us~ S190B type of information for 

updating street maps in developing suburban areas. 

10.2 Raleigh-Durham Airport Expansion 

Land-use patterns around an airport are of immediate concern 

I;hen planning for an expansion of the faciH ty is undertat_en. In 

the case of the Raleigh-Durham Airport one proposed plan I-laS turnell 

down in 1968 ostensibly, at least, because it I-/ould have required 
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the tddng of a considerable portion of Umstead State Park. In 

subsequent years another plan. Plan B, has been proposed and is 

currently being revie\'led by citizens I groups and the FAA. Hhich 

has given its preliminary approval to it. This plan requires 

construction of a rumvay ~ 3ra1lel to 1-40 (Fig. 11) and at right 

angles to the present rumlay. and controversy has arisen over 

potential noise levels 1:hat might occur over Hest and northlvest 

Ral~igh and over the Research Triangle in the opposite direction. 

The several documents prepared for the Airport Authority 

(J. J. Greiner, Inc., 1974) consider the environmental effects 

only out to about 5 miles from the end of the proposed nel-l rummy. 

HOl'1ever, people living up to 10 miles alvay from the end of the 

proposed nel'l rumlay are concerned I·lith air traffic patterns and 

noise levels. 

One group of alternatives to Plan B for this report can be 

grouped under the term Plan C. In this plan, a ne>l rumvay \'Iould 

be constructed parallel to the present rum,ay and north of it. 

Arguments partially unrelated to this SKYLAB investigation made 

tha Airport Authority choose Plan B. HO>lever, there are those 

in the community of users who feel that Plan C is th .. better plan, 

partially because they think that feHer people Hill be affected 

by the noise generated by increased air traffic and larger jet 

aircraft. 

To test the possible usefulness of SKYLAB photography as a 

tool for those ultimately r .. sponsible for siting of the Raleigh­

Durham Airport expansion facilities, land-use maps Here prepared 

for strips extending 10 miles out from either end of the proposed 

Plan B rum~ay and 10 miles out from either end of the present 

rum~ay, Hhich would be paralleled by a net, runt"ay under Plan C. 

One question to be answered by an appropriate agency or 

agencies is that concerned loIith the potential number of people 

l'lho might be adversely affected by increased air traffic beyond 

the 5-mile distance used in the planning studies. Because of the 

sheer number of conventional aerial photographs that ,",ould be 

required to melp the lend uses in a strip 20 m" ,,4 m! (32 lr.m x 

6.4 l~m) Hide, sp'ace phot.ography provides an opport'Jnity to assess 
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the land-use patterns (JIang the propus8d L'Um-layS as a factor 1n 

making the final decision. 

Th" present study presents map5 made tram Sl90A and Sl90l! 

imagery and discu6sos the accuracy of :1.nterpretation and the time 

required to make the studies. No Judgement is made concerning 

the preferred r.um-IaY orientation. 

10.2.1 Plan B rum-laY configuratl.on 

In setting up this part of tlw study the investigators had 

in mind tl~O general purposes: (1) determinatl.on of the extent 

to ~lhich SKYLAll photogr(Jphy c,-,uld be used to compile> a portlon 

of an environmental impact S' atement for the proposed netl rummy 

at the Raleigh-Durham Airport :1.n the configuration given in Plan 

(J. J. Greiner , Ineo, 1974) and (2) determination of the time 

B 

required to complete a map and the accuracy Hith ,.,hioh interpretation 

of SKYLAB photography car. b", accompllshed by relatively untrained 

interpreters. 

Three land-use maps of the area involved, e strip four miles 

(6.4 l<m) ldde running approximately ten miles (16 km) betHeen 

Raleigh and Durham and parallel to 1-40, were made. Four broad 

land-use categories Here identified: (1) forest land, (2) residential. 

(3) agricultural, (4) commercial and/or industrial. The first map 

Has made from the Sl9DA photography. A 9-inc:h enlargement from 

a 70 rom positl"'" transp""ency (Roll 40, Ftam" 117) \~aS ptoJti!cLed 

l~ith a delineascope (Beseler) proj ec to.:. 

!Vhile using this technique rhG interpret"r must take care 

to see that the plane of the transparency in the projector is 

parallel to the plane of the prOJected imdr:,u. OtheI1vise, scale 

changes from one part at the project;ed image to another part of 

the image occur. This \-las .'lVoided 1Jv 1r.~a8uring the distances and 

angles betl~een l:lre8 idelltif1.ab]" puil,:', on a map. The resulting 

triangle ,.,as enlarg<ld to the seel", desired fOJ: the projected 

image. The projector '"<38 "dn1,,'Jlated untll the three points of 

the ~riangle lined up Hi th th" three puil1ts on the proj eo'ted lm"ge. 
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The projected image ,-/as rather grainy, and attempts ~Iere made 

at that time only to outline areas of obviously different land uses. 

No effort ~Ias made to interpret. Interpretation "laS lat.ar done 

by means of the Bausch & Lomb (B & L) Zoom 70 stereomicroscope. 

Each area "laS classified int':> one of the four land-use categories. 

A second m<lp "Ias cOLlstructed from the photography made during 

a U-2 underflight (Fig. 11). The c:Jlor infrared positive trans­

parencies (Flight #73-157, 15 September 1973, Frames 3719 and 

3720) "lere projected ,dth an overhead projector and aligned as for 

the first map. Outlining ~laS done l-1i~h the projected image, and 

interpretation "Ias done tvith the Old Delft scanning stereoscope. 

The underflight map because of its larger scale ~las theoretically 

more accurate than the maps made from the SKYLAB photography and 

'vas, therefore, used as the basis for ground truth activit:ies. 

A third map, Fig. 11, "Ias made from a S190B 4. 5-inch High 

Resolution Color transparency, Roll 86, Frame 293. This 

transparency ~Ias projected through a color additive vieHer and 

'vas interpreted by use of ·1:\e B & L Zoom stereomicroscope. 

The percentage of land in each of the four categot'ies for 

the three maps "las determined by using dot grids (100 dots per 

square inch). The results ~lere as follmvs: 

S190A §,190B U-2 

Residential 29% 31% 17% 

Agricultural 2 6 7 

Industrial 8 6 4 

Forested 61 57 72 

The U-2 photography 'vas considered \'.l give the most accurate 

map. The maps made from the S130A and S190B photography both 

sho"led a higher percentage of land in the residential and 

industrial classificati~n than the map made from the U-2 

photographs. The .ercentage of areas in the agticultural and 
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fores ted land classifications l~ere lOl-ler for both the S190A and 

the 8190B photography than the percentage of areas from the U-2 

photography. 

The differences in the percentages could probably be explained 

by the greater resolution of the U-2 photography. The better 

spatial resolution meant that the lines drmm betl-leen residential 

and forested areas l~ere probably drawn in closer to the housing 

areas. The distinction betvleen residential and forested areas was 

easier to mal~e on the U-2 photography. Smaller units of forested 

land could be differentiated from residential land than l~as possible 

on the S190A or S190B photography. 

Interpretation l-ms easier vlith the S190B photography than 

with the S190A photography because of the better spatial 

resolution. This relation w~s especially evident under 

magnification. When the S190A and S19DB photographs l-lere magnified by 

the same amount the S19DA appeared more grainy than the S19DB 

material. The High Resolution Color transparency from the S190B was 

more easily and more accurately interpreted than the infrared S19DA film. 

Some of' the differences betl~een the three maps l~ere probably 

due to the differences in the methods of projection. The least 

satisfactory projection method l~as that using a standard overhead 

projector for the U-2 photography. The best l~as that using the 

color additive viewer as a simple projector. The quality of the 

projector used probably had Some effect on the results. 

The total of hours spent on this proj ect l~as 118. This time 

was spent as follows: 

Reading and becoming familiar with equipment 12 

First draft of S19DA map 41 

First draft of U-2 map 19 

First draft of S19DB map 14 

Final maps and calculations 32 

Total 118 hours 
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As might be expected, the first map took the longest to 

prepare. This is attributable to the inexperience of the inter­

preters and to the varying quality of photography and to trials 

"lith methods of projection. The U-2 map took about one-half the 

time required for the S190A map in spite of the fact that it was 

made at a larger scale. The S190B map tool~ the ahortest amount 

of time, probably because of (1) the increased familiarity of the 

interpreters ,~ith the area, (2) the increased familiarity of the 

interpreters wit~ the equipment, and (3) the superiority of the 

photography and method of projection. The preparation of the fir.al 

maps and the calculations of areas, scales, and percentages took 

about 32 hours. 

10.2.2 Plan C rUnl~p.y configuration 

SKYLAB photography from both the S190A and S190B I~as used 

in this portion of the study. Roll 86, Frame 293 (S190B), Rolls 

37-42, Frame 118 (S190A), and Rolls 43-48, Frame 110 (S190A) form 

the basis for the interpretations. The swath chosen extended for 

10 miles (16 km) out from either end of the present runway; it is 

four miles (6.4,km) lVide, centered on the center line of the 

present rUnlvay. A relatively experienced photo-interpreter, who 

is knowledgeable about the area, did the interpretation. Both maps 

,,'ere prepared in 2.5 man-days, and approximately one-man day lVa.s 

spen t field-checking the interpretations. 

Six land-use categories were chosen for mapping purposes: 

(1) commercial and/or industrial 

(2) agricultu):'al and other cleared lan~. 

(3) 10l~ density residential 

(4) medium density residential 

(5) forests 

(6) water bodies 10 acres or larger. 

S190A color infrared and S190B aerial color frames lVere 

projected from a color e.dditive vieHer onto frosted acetate 

mounted on a clear glass viewing screen. The projection scale 
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was l:!n= 2 mi (1 cm = 1.3 l~m) corresponding to the map scale 

(1:126,520) of North Carolina Department of Transportation county 

road maps, Major roads W3re first traced to serve as references; 

then other cultural features and topographic information t~ere added, 

and boundaries bett'leen various land uses dratm in. Interpretation 

of the imagery t'laS then done with the aid of a binocular microscope 

t{ith up to 40x magnification. The two maps are presented in Fig. 12. 

Interpretation of the S190B photography t~as supplemented by 

use of the color infrared and the black and ~Ihite infrared photo­

graphs from the S190A experiment to pinpoint the t-78ter bodies. 

The presence or absence of t-78ter bodies as interpreted from the 

S190B photograph tms then checl~ed. 

Interpretations for the S190A map ~Iere made using all of the 

available photographs. The color infrared S190A photograph l'las the 

most useful for outlining areas of different reflectance, but the 

other photographs enhanced the interpretative capabilities of the 

investigator. 

The map prepared from the S190B imagery proved to be the more 

accurate of the two maps. The 10~l8r resolution and smaller scale 

of the S190A photographs forced the combining of t~10 or more 

categories of land use into one in a number of instances. Some 

cleared areas, for example, t~ere also residential areas as \'lel1 

as agricultural areas, but because of the scale and resolution 

limitations, no houses could be distinguished. The same problem 

exists, though to a lesser degree, t'lith the S190B imagery, 

The chief difficulties encountered on both sets of photographs 

were (1) the inability of the interpreter to separate cleared 

croplands from industrial zones having a similar reflectance, 

(2) the inability of the interpreter to separate forests from 

crops of similar reflectances or from areas of scrub tree grotvt ' .• 

and (3) the inability of the interpreter to distinguish betlveen 

low and medium density residential areas. A railroad Has initially 

mistal~en for a hight·my. 
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The field checl~ of nearly all the main and secondary roads 

within the area brought to light only four errors of interpretation. 

Three of the errors arose because of a similarity of reflectances 

betm~en tt'o juxtaposed, but different j land uses. 

If the interpreter is fall'iliar t01ith the area being mapped, he 

can mir.imize the errors. It was sholom that t01hen used by an 

el.,.perienced interpreter who knolo18 the particular area the S190B 

photography can permit a high degree of accuracy in land-use 

studies. It is also sholom by this particular study that the S190A 

photography gives a somewhat less accurate result in the hands of 

the same interpreter. On the other hand, the multispectral aspect 

of the S190A data can enhance the interpretation of the S190B 

photography. Use of the tl;O types of data to solve a particular 

land-use inventory problem can increase efficiency. 

In the problem presented here, errors of interpretation were 

made in borderline cases or in details t01hich cannot be seen on the 

photogn\phy. In this particular case errors t01ere mostly associated 

with non-residential land uses, and as a consequence, would probably 

be of little importance in ultimate decisions concerning runway 

configurations. This statement is particularly true ~1here the 

errors are farther than 5 miles from the end of a rum1ay. 

10.2.3 Discussion 

It appears from these two experiments in land-use interpretation 

that SKYLAB imagery, in the hands of even a relatively inexperienced 

interpreter, can be useful in the early stages of airport run~1ay 

location. Among the various factors that should be considered 

are population densities at locations some distance beyond the 

beg;.nning of the average commercial jet aircraft glide path and 

the distribution of other land uses l-lithin certain distances of 

the airport rum;ay. Particularly important I,ould seem to be the 

distribution of forests and ,"ooded areas, for they can seemingly 

play an important role in determining the positions of Noise 

Exposure Factor (NEF) contours. 
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Obviously, accurate estimates of the number of people I-7ho 

may be affected by noise from the landing and take-off activities 

at an airport can only be determined by methods other than inter­

pretation of SKYLAB photographs. On the other hand, it ",ould seem 

wise on the part of planners to conSider, in a reconnaissance fashion 

at least, areas of concentrated population beyond the minimal 

distances required by agencies such as the FAA. Because of its 

synoptic viel'l and because it is possible to interpret from it 

patterns of population density, SKYLAB-type data, if available, 

should prove useful to planners and engineers concerned \'lith 

airport development. It is conceivable that if SKYLAB-type 

information had been available and used in evaluating the various 

runway alternatives, some of the present controversy over Plan B 

might have been avoided. Also, use of the data might have 

eliminated the possibility of further delays in the construction 

of a much-needed facility. 

The acreage aSSigned to the several land uses, as determi. sd 

from the SKYLAB imagery in this part of the investigations, could 

have been determined in one of several ,·Iays. This information 

could then serve as an input into an environmental impact 

statement or into consideration of the orientation of the runway 

in terms of its overall effect on people, industry, agricultural 

use and park use of the land in this part of the Raleigh-Durham 

area. That the actual computation of the areas of the several 

land uses was not done in this investigation only means that it 

did not seem that it was a necessary undertaking in demonstrating 

the usefulness of the SKYLAB imagery. HOI'lever, if the imagery 

were to be used in the design of an airport or a Similar large 

transportation facility, or perhaps in planning transportation 

routes and the effect of the routes on the surrounding countryside, 

then one of several simple methods of acreage determination could 

be used. 
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10.3 An Evaluation of SKYLAB-EREP Photographs for Land-Use Happing 

of Urban and Rural Areas in the North Carolina Piedmont 

Land-use planning being done in many areas of North Carolina 

today requires that information on current land use be obtained 

on county-sized areas os rapidly as possible. Land-use mapping 

from aerial photographs is one of the most rapid methods of 

gathering such data. HOHever, the s"lall area covered by each 

unit of conventional photography makes mapping of large areas a 

time-consuming project, albeit still a much faster one than 

conducting a ground survey. Orbital photographs such as those 

taken during the SKYLAB missions offer the possibility of covering 

large areas ~'1ith sufficient resolution to allo"l construction of 

moderately detailed land-use maps in a much shorter period of 

time than could be done Hith conventional aerial photographs. 

The purpose of the study ~'1aS to evaluate the various types 

of imagery obtained from the SKYLAB Earth Resources Experimental 

Package (EREP) for land-use mapping in North Carolina. Land-use 

maps on a. scale of 1:126,520 Here prepared from this imagery that 

included both urban and rural land-use patterns. These maps ~'lere 

then compared to a ground truth map prepared from information from 

a high altitude (65,000 ft.) color infrared photograph Chat ~'las 

augmented by field checldng. The EREP maps were evaluated for 

accuracy of interpretation, accuracy in determining boundaries 

between different land uses, and for the amount of detail that 

could be obtained from the satellite imagery. In addition, the 

amount of time needed to prepare the maps "laS recorded for comparison 

with other mapping procedures. The general location of the area 

is shown in Fig. 1, and the map of Fig. 13 shows the area in 

relationship to Raleigh, North Carolina. 

10.3.1 Materials and Hethods 

It was felt that the techniques used in preparing the land-use 

maps should be similar to those available to personnel preparing 

such maps on a county-wide basis. For this reason, composite 
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images such as those that could be prepared using a color additive 

viel,er I,ere not used in the study. It ~laS felt that rear-screen 

projection of single transparencies could be accomplished by any 

organization 1'lith a minimum investment in nel'l equipment. 

Three types of EREP imagery I'mre evaluated: the 4.5-inch 

color transparencies made by the S190l! el(perimenell Earth Terrain 

Camera (Roll 86, Frame 293), and the 70 mm color and color-infrared 

transparencies made by the S190A experiment's multispectral camera 

(Rolls 39, 40, Frame 118). These transparencies ,'mre enlarged to 

a scale of 1:126,520 (1 in = 2 mi ) by projecting them onto a 

rear-viewing screen using a Spectral Data Hodel 66 multispectral 

projector/viewer. The photography was taken on 12 September 1973 

during a SKYLAB-3 pass. 

The area selected for study is in Hake ":ounty, North Carolina, 

(Fig. 1; Fig. 13) and tvithin its boundaries are a variety of urban 

and rural features: industrial and commercial zones, land in the 

process of development, old and neIV urban residential areas, 

apartment complexes, farmland, and ~10odlands. Such a land-use 

mix provides a reasonable test of the imagery as a land-use 

mapping tool. Haze over the area at the time the EREP photographs 

IVere taken decreased the sharpness of the photography and made 

interpretation of some features difficult. 

The fo11mdng land-use categories IVere used in this study 

(Anderson, g a1, 1971): 

(1) Forested land 

(2) Agricultural land 

(3) Commercial and service areas 

(4) Cleared land in the process of development 

(5) High density residential areas 

(6) Lml density residential areas 

(7) Open land in urban are,,-

(8) Lakes, rivers, and ponds 

(9) Utility rights-of-~lay. 
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Happing ~ms done on frosted acetate sheets, and the resulting 

maps are given in Figs. 13, 14, and 15. 

To obtain an evaluation of the accuracy Hith \;hich the land-use 

maps \'lere prepared, a grid sampling method ~1Ss used to compare 

the groundtruth map ~'Iith those made hom the EREP imagery. A 

0.25-inch (6.25mm) square grid (1 square c 0.25 sq mi; 0.64 sq km) 

t;as placed beneath ':he groundtruth transparency, and then an EREP 

map ~'Ias placed over the t~'10. Since the grid t'las visible through 

both maps, the accuracy of the EREP map for a particular area 

could easily be checked. The contents of each square on the grid 

was then checl<ed for accuracy. Hinor differences in placement of 

boundaries separating land-use types due to errors in mapping 

were not considered as errors. Omission of a land-use type Hithin 

a square on an EREP map \'Ihen it Has shOlm on the ground truth map 

caused the entire square to be rated as an error (omission). 

Similarly, inclusion of a land-use type Hithin a square when the 

groundtruth map shoHed that there ~;aB no such type caused the 

square to be rated as an error (commission). The results of this 

evaluation are given in Table 8. 

Table 8 

Accuracy of EREP Maps Compared to Groundtruth Haps, l~ake County 

Film Type 

S190B Color 

S190A Color 

S190A Color 

Percent of squares having given error type 
_____ ---"(A:::v"-e:;,r:;,;a"'g"'e=-=of tt;o samples) 

Omission Commission Both Types T,.tal 

8.15 1.25 0.31 9.71 

7.69 1.57 0.47 9.73 

IR 10.68 4.71 0.47 15.86 

It Has felt that this system for evaluating the accuracy of the 

mapping took into account large errors in placing land-use 

boundaries as \;ell as the misinterpretation of accurately mapped 

areas. In r.lral areas it was found that groups of several houses 
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strung out along country roads could not be distinguished from 

open areas. (See also Section 10.2.2.) The clasS1lication of 

agricultural land \·13S accepted for these areas when scoring the 

EREP maps. 

In addition to the quantitative evaluation of the EREP maps, 

a brief description of how each of the land-use categories appeared 

on the different types of imagery is given in Section 10.3.3. 

Estimates of the amount of time needed to prepare each of the 

maps I~ere also made and are shOlm in Table 9. 

10.3.2 Discussion 

Maps prepared from color transparencies talten ~lith the Sl90B 

camera and the multispectral camera (Sl90A) I·/ere found to have 

almost the same accuracy I~hen assessed I"ith the square grid 

sampling method, even though the color transparencies from the 

Sl9DB had greater resolution than those from the S19DA color film. 

The more precise mapping that the S190B film should theoretically 

have allol'1Bd did not result, possibly because of the scale at 

which the mapping ~1aS done. 

Errors that occurred on both maps made from color transparencies 

were mainly omissions of land-use types sho~m to be present by the 

U-2 photography and/or by field checking. Most of the omissions 

occurred in the urban area and resulted from failure to map small 

commercial or wooded areas. Also, differences in placement of 

boundaries between low-and high-density residential areas 

contributed to these errors. Rural areas mare mapped much mCl~e 

accurately than urban areas, as might be expected because of the 

simpler land-use patterns. Small clusters of houses and farm 

buildings in rural areas are difficult to detect. 

Boundaries between land-use types on maps made from color 

film were accurate when compared to the groundtruth map made from 

the high altitude photography and augmented by field studies. This 

fact is also indicated by the small number of commission errors 
~ 

for maps prepared from color film. If boundaries had been 
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TABLE 9 

Time Required to Prepare EREP and Ground truth Haps 

Time required to complete each activity 

Activity U-2 Sl90B Sl90A 
(Ground Color Color 

truth) 

Setting up 
projector 0.5 1.0 1.0 

Drawing land-
use boundaries 6.0 5.0 5.0 

Interpretation 
and coloring 
land-use areas 8.0 7.0 6.0 

Ground check 6.0 0 0 

Final checlt 8.0 5.0 5.0 

• Total dme 28.5 18.0 17.0 
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inaccurately placed, some land-use types "ould have appeared in 

squares where they did not occur on the groundtruth map. A similar 

situation would have resulted from misinterpretation of accurately 

mapped areas. 

The map prepared from the S190A color infrared film (Fig 14) 

was less accurate than those prepared from the color films (Fig. 15). 

Resolution of this film ~'1as poorer than either of the color films 

and made accurate placements of boundaries bet~'7een land-use types 

much more difficult. Agricultural land ~1as consistently mapped 

much larger than it appeared on the groundtruth map, resulting in 

commission-type errors in rural areas. Poor resolution alao 

resulted in misplaced boundaries in the urban areas, and more 

omissions of commercial areas and ~'10oded areas than for the color 

films. 

The color infrared film is superior to color film in 

identifying ~'1Bter features, although this superiority is not 

reflected in Table 8 since omissions of ~1Bter features ~"ere not 

scored on any of the maps. A map made by using color infrared 

film to locate ~"ater features and color film to determine land­

use categories should be more accurate than one made from color 

film only (Section 10.2.2). 

The area mapped in this study was approximately 115 sq mi 

(294 sq ltm). As can be seen in Table 9, the time required to map 

the area varied ;;ith film resolution and the resultant amount of 

detail the map contained. At the rate of 115 sq mi/18 man-hours 

(294 sq km/lB man hr) it ;;ould require approximately 135 man-hours 

to map an area the size of Wake County, North Carolina, using 

color film, at the resolution and scale provided by the S190B 

experiment (Fig. 15). Detailed familiarity ~1ith an area should 

reduce considerably the time per square mile required for this 

particular problem. As a judgement based upon the Principal 

Investigator's subjective evaluation of the imagery and techniques 

used, it might be anticipated that an area in Piedmont North 

Carolina the size of Wake County could be mapped by one man using 

S190B type photography in about 3 ;;eeks time. 
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In short, mapping of areas the size of Hake County 

(approximately 864 sq mi; 1382 sq km) using high-resolution 

satellite photographs can be accomplished I·,ith an accuracy of 

greater than 90% using the categories chosen in this report. 

Areas having a higher proportion of urban areas I·,ith complex 

land-use patterns I~ill probably result in less accurate meps at 

the scale used in this stud}. 

10.3.3 Description of the appearance of the land-use categories on 

the EREP transparencies for a typical area in the North 

Carolina Piedmont 

1. S190A Color Infrared Film 

Forested land - Forested land appeared as dark, solid red 

areas with no speckling. Some differences in color between pine 

and mixed hardl<ood stands were detectable, but due to the irregular 

shapes of such stands, the poor resolution of the film, and the 

haze over the area, no mappable distinctions were possible. 

Agricultural land - Agricultural land varied in appearance 

because of differences in cover types. Open, harvested fields 

appeared as light-colored (high reflectance) areas, while fields 

and pastures with vegetation on them ranged in color from bright 

red to pink and grey. 

Commercial areas and land cleared for development - The h.tgh 

reflectance of cleared land, large roofs, and parking lots give 

areas in these categories a light bluish or I~hite color. In most 

cases the location of these areas (as well as the regular shapes 

of the buildings), serves to distinguish them from bare agricultural 

fields. Land cleared for development could be distinguished from 

existing commercial areas on the high altitude color infrared 

photos but no such distinction could be made on the EREP color 

infrared photographs. 

Residential areas - Residential areas around Raleigh have a 

bluish or grayish cast presumably due to 

(high reflections) and trees and grass. 
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areas differed from 101'I-density residential areas in that this 

bluish cast Has less intense in the 10~ler density areas. The 

decision to place a given area in the high-density or 101'I-density 

category Has in some cases very difficult and did not all-lays 

agree with ground truth. HOHever, there Has enough agreement so 

that separation of high- and lm'l-density residential areas Has 

fel t to be (·lorthI1hile. 

Laltes and Ponds - Lakes and ponds appeared as light-to dark­

blue areas, and most larger lakes could be identified. Small 

ponds tl10 to three acres in size could not be identified because 

of the resolution constraints of the film. 

Open areas in urban areas - Most of these areas Here golf 

courses and 11ere pink in color. Their location in urban areas 

distinguished them from agricultural land. 

2. Sl90A Color Film 

Forested areas - Forested areas t'lere solid dark green. 

No differences between mixed hardwoods/pine and pine could be 

distinguished. 

Agricultural lands - Bare fields appeared I-Ihitish, and fields 

and pastures with cover crops ranged from light green to broloffi. 

Commercial areas and land cleared for development - These two 

types were very light colored on the Sl90A color photographs with 

differences betl.een rooftops and parking lots less apparent than 

they were on the color infrared photographs, Existing commercial 

areas and cl' .ared land could not be separated, 

Residential areas - Because of the high resolution of the 

color film, streets could be distinguished in many residential 

areas, and no further characteristics t-lere needed to identify 

these areas. The spacing of the streets and the amount of high 

reflectance areas (rooftops and drivel'lays) adjacent to them t.ere 

taken as indicators of the density of housing in the area, The 

boundaries between high-density and lON-density residential areas 

did not alt1ays agree with those on the ground truth map but since 

distinct boundaries bett-leen these tl10 types do not exist in actual 

fact, some discrepancy may be expected. 
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Lakes and Ponds - Lakes and ponds could not be separated from 

agricultural and forested areas on color photos. 

Open land in ur,'lan areas - Except for their location these 

areas were indistinguishable from agricultural areas. 

3. S190B Color Photographs 

~'ore~t:ed land - Forested land appeared as described for 70mm 

color film. 

Agricultural land - Agricultural land appeared as described 

for 70mm color film. 

Commercial land and areas cleared for development - In some 

cases, land cleared for development appeared as reddish areas due 

to the reflectance from reddish clay subsoil that had been exposed 

and thus could be distingUished from commercial areas ~lhich were 

t~hite in color. Such cleared areas ~lere distinguishable from open 

but partially vegetated fields, none of Hhich had a rsddish color. 

Residential areas - The S190B color film had greater resolution 

than the S190A color film, and in some instances individual houses 

as t~ell as streets could be seen. Boundaries betHeen lot~- and high­

density urban areas corresponded more closely t~ith the groundtruth 

~ap than did those of the map made from 70mm color film. 

Lakes and Ponds - As t~ith the 70mm color film no lakes or ponds 

could be distinguished on the 4.5-inch color film. 

Open land in urban areas - These areas appeared as described 

for the 70mm color film. 

10.4 Winston-Salem/Greensboro Area 

A state park has been proposed for an area south of 1-40, 

betHeen Winston-Salem and Greensboro, North Carolina. In an 

attempt to evaluate SKYLAB imagery for developing information 

about the land-use patterns in the area, S190A imagery t,as 

studied and attempts t,mrs made to prepare maps ShOt'ling land use 

around the proposed park site. Frame 116 of Rolls 37, 38, 39, 

40, 41, and 42 t~as used. 
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100401 Interpretation 

Examination of the 70mm transparencies of the color S190A 

pictures of the Hinston-Salem/Greensboro are sho,'led them to be 

of limited usefulnesso Areas of open land and sites of development 

activity can be recognized on the imagery, but the general even 

blue-green tones on these particular photographs do not permit 

adequate interpretation for a general land-use map. 

On the 70mm transparencies and the enlargements to a 9-inch 

format the developed areas are relatively "lel1 defined, and the 

forest can be differentiated into dominantly deciduous and mixed 

(about 50% each coniferous and hard,'100d) 0 It is more difficult 

for an inexperienced interpreter to separate the mixed forests 

from pure pine stands, although an experienced interpreter 

knowledgeable about the region could probably do so with an accuracy 

of approximately 90%. Fields "lith crops in them show as the 

brightest red on the imagery, and the larger ones can be mapped 

in part on the color infrared film on the basis of both color and 

shape. 

~'hen the color and color infrared pictures "lere projected up 

to a mapping scale of 1 in c 2 mi (1:126,520 scale), many of the 

distinctions seen clearly on the 70mm color infrared transparencies 

,~ere lost, presumably because of light diffusion in the projection 

process and because of film grain characteristics. The haze 

existing over the area at the time of the photography alao 

contributed to difficulties of interpretation by reducing the 

sharpness of the photographs. 

The black and "hite photographs from the S190A e:tperiment were 

examineu individually and in combination by projection to various 

scales through a Spectral Data Corporation Model 66 color additive 

viewer 0 In general the four black and "hite images from the S190A 

appeared to minimize any haze effects, although the frame from 

Roll 42 (0.5 - 006~m) appeared to be affected by haze. 

The best combination of Frame 116 for use in the interpretation 

at the 1 in = 2 mi scale ,ms that using Roll 38 (008 - 009\lm) and 
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Roll 40, (0.6 - 0.7\lm). The negatives of Rolls 41 (0.6 - O.7\lm) 

and 42 (0.5 - 0.6\lm) can be used effectively to outline the road 

patterns, and water bodies shol~ bElst on Rolls 37 (0.7 - 0.8I1m) 

and 38 (0.8 - O.9I1m). 

Hith the combination of images used and the colors used in 

the viel'ler to study them it appeared difficult to separate with 

any degree of surety areas of large flat buildings, large paved 

areas, and open fields. However, a person lmol~ledgeable about 

the detailed geography of the area could probably make appropriate 

distinctions, but an interpreter without this lmol~ledge must 

conservatively lump them together. In general, the ~reas of high­

density structures give moderate to high reflectances in the visible 

bands and somewhat lower reflectances in the infrared. Thus, in 

the color additive viewer these areas appear in intermediate color 

combinations when images from Rolls 41 and 38 are compared. Areas 

of moderate residential density exhibit somewhat lOl·mr reflectances 

than the first two, and the total reflectances are such that in the 

color additive viewer the colors appear as about an equal balance 

of the two colors being used. 

Agricultural land and 10l~-density residential look much alike 

in the imagery and can be separated only l·1ithin their geographic 

context. Finally, forested areas and residential areas within 

an area of abundant forest cover appear as relatively low reflective 

areas except that in the infrared bands forested areas dominated 

by deciduous trees may show greater reflectances than those with 

a significant amount of pine trees. The images of forested areas 

made on Roll 41 are dominantly dark in the pOSitive format. 

Figure 16 shows the land··use map of the IVins ton-Salem area 

made using Frame 116, Rolls 38 and 41 in a color additive viewer. 

The site of the proposed urban area parlt lies to the east of the 

area mapped. Groundtruth consisted of general knol'lledge of the 

land use along the I-40 corridor and central Hinston-Salem. No 

attempt l·ms made to determine the accuracy of the interpretation, 

but a generalized evaluation made from driving along 1-40 and 
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through \'linston-Salem indicates an accuracy comparable to that 

generally reported for other test sites used in this investigation. 

Huch of the interpretative Hork done on this particular aspect 

of the investigation I~as d.'me by a person I-1ho l-1as unfamiliar l-1ith 

airphoto interpretation .and 1'lho had only a limited lmol'lledge of the 

geography of the Hinston-Salem area. He Has given a minimal amount 

of instruction and a minimal amount of supervision intentionally. 

The investigation then had a second purpose, namely to see hou 

uell an interested, but: uninitiated person could use the imagery. 

From this part of the overall experiment it is concluded that it 

takes only a short time for an interested person to malte effective 

use of the imagery, no matter I'1hat his previous training in its 

use, might be. 

10.5 Buncombe County and Asheville 

It seemed that a comparison of LANDSAT imagery and SKYLAB 

photography uould be useful in this study. The first SKYLAB data 

available l,ere those from the Buncombe County area, coming from 

SKYLAB-2 (Fig. 1). They 1'lere collected one 10 June 1973. Huch 

of the investigation centered on comparison of the tl'10 types of 

remote sensing data for geological purposes. However, land-use 

maps "ere prepared from both types of data (Fig. 17, Fig. 18). 

SKYLAB photography and LANDSAT imagery of Buncombe County, 

North Carolina, IVere e~tamined for four types of information 

pertaining to land-use planning and the effe~tiveness of the 

orbital data at shol'1ing this information v/as evaluated. The 

information sought v7aS the present use of the land, the 

geomorphology, the geology, and vegetation of the area. Soil 

type \Vas not considered and mapping of vBgetative types \Vas 

limited. 

Buncombe County is in the Blue Ridge Hountains of I,estern 

North Carolina. A 101" arB a of rolling hills called the Asheville 

Basin lies in the northwest,north-central portions of the area 

and extends in a narrol'1 band along the French Broad River to 
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the south. The louland is often farmed. Closer to Asheville it 

is used predominantly for housing and industry. Mountainous 

areas are either left in·the natural state, used for forestry or 

are sparsely populated. The highest elevation, north of Graybeard 

Mountain, is about 5000 ft (1500m) and the louest, along the 

river, is about 2000 ft (600m). 

LANDSAT imagery and SKYLAB photographs examined for their 

effectiveness at shouing the various types of information ~'1ere 

from the SKYLAB-2 S190A experiment. Rolls 07, 08, II, 12, Frame 

251, Roll 09, Frame 267 (color infrared), and Roll 10, Frame 267 

together uith (color). LANDSAT-l images 1137-15380, 1299-15380- and 

154-15331, Bands 4, 5, 6 and 7 I'Tere used. 

The imagery was examined in several I·Tays. Seventy millimeter 

transparencies uere studied Ivith no aid, Ivith a microscope and with 

a color additive viewer Ivith the internal projection mode. Positive 

and negative transparencies at the scale of 1:1,000,000 (LANDSAT) 

and approximately 1:800,000 (SKYLAB) were examined with no aid, 

Ivith binocular microscope, and in a color additive viel1er lvith 

both the· internal and external projection moaes. Also transparencies 

Ivere projected ~y means of an overhead projector and by means of 

a 35mm projector. The best method found Ivas that of projecting 

part of a 1:800,000 scale enlargement of a~olor SKYLAB trans­

parency with a 35mm slide projector. The ne:tt best method ~TaS 

found to be that of using 70mm-size pieces of 1:800,000 scale 

enlarged imagery in the color additive vielver and projecting 

~he image onto the viewer screen. 

For determining present land use SKYLAB photography was 

found to be easier to interpret by visual means than LANDSAT 

imagery. Individual houses, or at least blocks, can often be 

seen on the SKYLAB photographs (S190A and S190B). On LANDSAT-l 

imagery they show up as a fine-grained texture, but individual 

blocks cannot be seen. Large cleared areas, such as industrial 

complexes, appear on SKYLAB transparencies as ligh~gray, clear 

areas recording a relatively high reflectance. Nearby residential 
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areas are recorded in darker gray tones and with a speckled 

appearance because the houses (light-gray tones; high reflectance) 

are surrounded by lawns or woods (dark-gray tones; 101~ reflectance). 

LANDSAT imagery generally shol-ls less contrast between the large 

cleared areas and the residential areas. Industrial sites are 

sometimes difficult to distinguish from medium- to high-density 

residential areas on the LANDSAT imagery. Residential areas are 

often difficult to distinguish from undeveloped areas on LANDSAT 

imagery. 

The shapes of fields 0.25 mile (0.4km) wide, I'lith crops can 

asually be relatively easily determined on color SKYLAB photographs. 

and the shapes of bare fields are almost always determinable. On 

LANDSAT imagery, however, the fields with standing crops could not 

be identified by shape, and the gray tones associated with the 

fields are often close to those shmm by surrounding forested 

areas, Bare fields appeared blurred and of 10~7 contrast. 

Hajor roads are clearly seen in the color SKYLAB photographs., 

Hajcr roads showed distinctly on Band 5 of LANDSAT. but they are, 

poorly displayed on Bands 6 and 7. For shOl~ing I'later, hot~ever. 

LANDSAT bands 6 and 7 were as good as SKYLAB data and sometimes 

better. 

Planners and managers working with LANDSAT and SKYLAB data 

need to enlarge them to various scales. Thus the two types of 

imagery for the Asheville area were compared by projection 

through the optical system of a SDC Model 66 color additive 

viewer. The maximum enlarged scales used in this project were 

1:32,000 for SKYLAB data and 1:40,000 for LANDSAT imagery. This 

enlargement was accomplished by projecting the imagery onto an 

exterior screen with the color additive viet~er. 

31aclc and white SKYLAB photography en1arg<;!d to a scale of . ". 

L'250,000 was compared with LANDSAT imagery enlarged to the same 

30a1,e, Enlargements were made on EK 2420 aerial duplicating film. 

~e BKYLAB photographs were slightly blurred, and the LANDSAT 

\. image, had a grainy texture which reduced detail. 

ORIGINAU PAGE 18 
OF POOR QUALITY! 
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10,5.1 Geologic Aspects 

For determination of the geomorphology of the Buncombe County 

area LANDSAT imagery proved generally more useful than the SKYLAB 

photography, This fact can be attributed in part to the clouds 

and haze recorded in the available SKYLAB photographs, These 

low clouds obscure the crests of high ridges and some of the 

detail in topographically lower areas, Also, LANDSAT imagery 

is available from different seasons of the year. This availability 

is an advantage because snow, frost or particular, sea$on­

dependent vegetational reflections can enhance some features, 

The SKYLAB color infrared material proved useful for measuring 

stream segments and slope orientation, but LANDSAT imagery seemed 

to show features more distinctly and in greater detail, The 

infrared bands of the LANDSAT imagery "Jere ),ert:i.cI!lar1y useful in 

interpreting geomorphologic features. 

The black and white SKYLAB infr.nred photN'.!~aplw (0,7 - O. 811m; 

0.8 - 0.9I1m) are the most useful of ~he bledt m,-d '·Ihite mater1,als 

for geomorpho1!,ic interpretations. Contrast in the 0.5 - 0,611m 

and 0,6 - O.711m _ .tervals (SKYLAB 8190,," pnotogrcphic stations 

5 and 6) was too l,w for effective geologic int12rorete.tions, The 

color SKYLAB photog) aphs show geomorphologic fe"ture~l poorly, 

Drainage patte' IS are clearly visible on LANDSAT imagery 

(Bands 6 and 7), col_r infrared, and SKYLAB black and white in the 

near infrared bands. Direct drainage into the French Broad River 

is visible on some LANDSAT imager}' but is not shown as well on 

the SKYLAB materials. Streams smaller than one stream order less 

than that of the French Broad River generally cannot be recognized, 

but valleys in which there are likely to be streams can be seen. 

Geologic mapping deals with rock type, strl!ctm:e, and othel­

effects of: def:ol:lnation such as fS1.!Uinr;, fra(\tt'.ring, -jointingl are,d 

foliation" Neither SKYLAB nor L~~DSAT imagery is SUitable for 

detailed mapping of rock t.ype "n lJtl!lcomhe Calm.ty" The image::y 

sh{)l~s thet the rock is crystalline (:LgneocI" or rnl2temo;.'phic) end. 

!!eneral1y ma.ssi ve. Hm-Iever,:tn this I're11 the dj <:Yc?r,nt :ctlck r.ypcs 

t 
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cannot be distinguished on conventional aerial photography. In 

areas such as the Valley and Ridge Province 1'lhcre different rock 

types can be separated on aerial photography, they also can be 

differentiated on LANDSAT and SKYLAB imagery • 

The structure and folds noted on Hadley's geologic map of 

the Knoxville Quadrangle (Hadley, 1971) generally do not sh01-1 

on the map or the imagery. Stril~e, dip or foliation cannot be 

seen. 

Lineaments, including joints, fractures, and faults can be 

seen excellently on LANDSAT imagery of Buncombe County. 

Identification of them as joints, fractures, or faults has not 

been possible, since the different rock types cannot be recognized. 

Some of the lineaments can be seen better at one season of the 

year than at another lvhich is an advantage of the LANDSAT material. 

Color infrared and black and ~lhite SKYLAB photographs sho1"1ed 

lineaments well in clear areas, but the color SKYLAB material 

show~d lineaments poorly. 

10.5.2 Land-use aspects 

Farm vegetation could be distinguished better on the SKYLAB 

transparencies than on LANDSAT images. In general, color infrared 

SKYLAB was the best format, follol·md by color, and the black and 

Ivhite. Different tones of blue-green could be seen in the planted 

fields in the color SICYLAB photography. Bare fields appear in 

whitish tones. These areas could probably be mapped in detail, 

field checked, and an interpretative guide made for use in crop 

identification. It was not possible to separate the pine stands 

from the hardlvoocl.s on SKYLAB. It might be possible to separate 

them on LANDSAT imagery by using imagery from different times of 

the year. The land-use maps prepared in this portion of the study 

, are given as Fig. 17 and Fig. 1B for comparison. 

An examination of density slices of LANDSAT and SKY LAB 

imagery of Buncombe County did not find them to be of great value 

for land-use mapping. Slight: differences in te:,ture are important 
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in land-use interpretation and mapping, and the density slices did 

not ShOli them. Some gene:.:al trends Here much more obvious than on 

the original imagery, but it i8 not presently thought that this 

technique li11l be useful fo:.: land-use inte:.:pretation in the 

Asheville area. 

10.5.3 Discussion 

It has been found that for Buncombe County, North Carolina, 

present land-use patterns are most easily seen on color SKYLAB 

photography, l~h11e LANDSAT imagery is less useful. Hater is 

sholrn about equally well by near-infrared LANDSAT and SKYLAB 

material. Topog:.:aphy and drainage are displayed 1'lell on LANDSAT 

imagery because of its clearness and lack of clouds. Rock type 

is not displayed Hell on either type of orbital imagery. Little 

structure can be recognized, but LANDSAT imagery sho~ls lineaments 

excellently and over a large area. The usefulness of SKYLAB 

photography is limited by the presence of clouds and the fact that 

there was only one pass, in June. 

It should be possible to make an interpretative crop key for 

SKYLAB imagery, but this exercise Has not undertaken because of the 

limited amount of data available due to the l'leather and SKYLAB 

mission constraints. It should also be possible to mal,e a crop 

key for the LANDSAT imagery by use of special color effects in 

the color additive viewer l~ith imagery from different seasons. 

The most efficient mapping method l'as that of projecting 

1:800,000 scale color SKYLAB photography in a 35mm slide projector 

and tracing areas of similar reflectance characteristics as 

recorded by the film. These areas l.ere then identified by examining 

the 70mm transparencies under a microscope (Fig. 17, 18). 

10.6 Asheville Land Use 

The objective of this study was determination of the extent 

to which SKYLAB-2 photography of 10 June 1973 could be used in 

constructing a land-use map of Asheville, North Carolina by an 
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experienced photo-interpreter. Another purpose Ivas to compare 

the land-use map IVith an earlier interpretation (Section 10.5; 

Fig. 18), and lOlver altitude aerial photography over Asheville, 

North Carolina. Also, this study IVas aimed in part at quantifying 

the interpretative accuracy in contrast to the earlier study IVhich 

IVas qualitative in nature. Additionally, a more concentrated 

effort IVas made to separate forest types than \>las done in the 

earlier study. 

The study location is the city of Asheville, located in Buncombe 

County, North Carolina, IVithin the Blue Ridge Mountains. The area 

mapped is encompassed by the U.S.G.S. 7.5-minute l.sheville Quadrangle. 

Elevations vary from 1950 to 3500 ft (600 to 1100m), and the area 

consists of 33,780 acres (53.61 sq mi; 137 sq km), including 

Asheville and surrounding areas. 

Asheville is a large tourist and recreational center located 

near the Great Smoky Mountains National Park and the Blue Ridge 

ParkIVay and is the seventh largest city in the state. Like all 

recreational areas it is undergoing grolVth, and the investigation 

tests the ability of space-acquired imagery at SKYLAB scales to 

provide meaningful land-use information about the mountain province 

of North Carolina. 

10.6.1 Methods 

SKYLAB-2 photography made on 10 June 1973 was used as the 

data base for a land-use map of Asheville. Developed and 

undeveloped areas surrounding the city were outlined together 

with their associated patterns. SKYLAB S190A imagery (Rolls 09 

and 10, Frame 267) proved to be the most useful format for this 

phase of the study. 

Field studies were first conducted at eighteen training sites 

to correlate land-use categories with their photographic response 

(Fig. 19). These sites were chosen because collectively they 

represented the range of reflectance characteristics observed on 

the transparencies of the study area. 
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After the sites ~lere rmalyzed from the photography, a land­

use map was prepared for the area using the follOl·1ing techniques. 

A scaled drawing was reduced to a nominal scale of 1:36,500 from 

a U.S.G.S. 7.s-minute Asheville Quadrangle map. Maximum resolution 

was attained at a scale of approximately 1:62,500, but part of the 

experiment was to find the largest scale at l'lhich mapping could be 

done using a color additive viel~er. The area of the quadrangle map 

(53.6 sq mi; 137 sq km) liTaS outlined on the S190A color and color 

infrared positive transparencies. The color photography of S190A 

(Roll 10, Frame 267) and the color infL~red photography of S190A 

(Roll 09, Frame 267) l'7ere used to inventory the basic land-use 

categories. The photography from the S190B camera (Roll 81) could 

not be used because the study site was not included ~Iithin the 

area covered by the Asheville area photography from this camera. 

Further detailed mapping was done using different combinations of 

the multispectral stations (S190A, Rolls 08-12, Frames 267 and 251) 

as viewed through a Spectral Data Model 66 Color Additive Vie'ler. 

Two major land-use categories of developed and undeveloped 

areas formed the larger divisions of the classification. Developed 

areas Were further subdivided into five classes l'lhich consisted of 

commercial, industrial, reSidential, agricultural and semipublic. 

The commercial division consisted of shopping centers, publh' 

service and business activities. Industrial areas were manufacturing, 

railroad facilities and processing plants. Residential acreage 

was divided into high-, medium- and 10l~-density concentrations of 

housing. Agricultural areas were separated into old field (bare 

or pasture) and cultivated fields (annual crops). Finally, the 

semipublic subdivisions consisted of parks, golf courses, cemeteries, 

schools, or historic locations. 

Undeveloped area, the second major land-use grouping, \·Ias 

further SUbdivided into forest, floodplain and 'tater categories. 

The forest category was further separated into pine (loblolly, 

shortleaf, white pine but included also hemlocl~), hardwood (oak, 

hickory, maple, beech and birch) and mixed (oak, loblolly and 
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shortleaf). The floodplain category consists of a flat tract of 

land bordering the French Broad River Hhich contains alluvium 

deposited by the river. The water category includes the French 

Broad River, reservoirs and lakes. 

Seventy millimeter squares were cut from 9-inch enlargements 

(approximate scale 1:800,000) of S190A multispectral camera 

transparencies and were projected onto the 

color additive viewer at a 4x enlargement. 

viel1ing 

Slides 

screen of the 

of the different 

multispectral combinations 11ere made and compared using tl-10 slide 

projectors. Also, the imagery Has projected onto a vertical, clear 

glass panel I-lith frosted acetate mounted on it through the external 

projection mode of the viSl~er. SKYLAB S190A imagery I-laS also 

studied with a binocular microscope. 

Accuracy of the photographic interpretation Has determined 

l(tith the aid of color infrared photography obtained from a U-2 

flight (NASA/MSC 128-A) made in May 1970, with the aid of black 

and white aerial photographs made for the North Carolina 

Department of Natural and Economic Resources in April 1975 (1 in = 

400 ft; 1 cm = 48 m), and by random ground site evaluation. The 

land-use map constructed from the SKYLAB S190A multispectral imagery 

Has compared to the U-2 aerial photography by means of an Old 

Delft scanning stereoscope. 

Within the 53.6 sq mi (137 sq km) mapping area five sites, 

each one square mile (2.5 sq l~m) in area, l(tere chosen for the random 

site analysis. A five place random number table combined l(tith 

a square-inch grid system 1199 used to determine the rml and column 

for each site position. Within each square of the grid system 

are 25 randomly placed dots. T" e locations of the random sites 

are illustrated On Fig. 20. Each pair of numbers in the random 

number set I-las used to define the position of the test site. If 

any point of the site overlapped or fell outside the quadrangle, 

another random number set l(tas chosen. 

Field checl~s l(tere made of each random test site, and errors 

of interpretation determined. On the imagery the acreage of each 
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I 
category found l~ithin the test sites l'laS determined by use of a 

100 dots/square inch grid. The error found on field checking 

was expressed as a number of dots and l'laS then subtracted from 

the total number of dots (100) ~lithin the square mile test area. 

The resulting number, converted to a percentage, gives the accuracy 

of the identification. 

10.6.2 Discussion 

The major drawback to the SKYLAB-2 photography of the Blue 

Ridge area is the cloud cover. Only about 50 percent of Frames 

267 and 251 could be used for interpretative purposes. Cloud 

cover over the Asheville area was less than one percent. 

The Blue Ridge region of North Carolina is characterized by 

the most complex deciduous forest in the southern Appalachians 

(Oosting,1956). Precipitation decreases in all directions except 

north from the deciduous forest center, and a drought-resistant 

oak-hickory association dominates. Abandoned land throughout 

this region results in an old field succession of '",b<!limax pine 

stands. Buncombe Country is approximately 83% oak-hickory, 10% 

lob1011y-shortleaf pine, 6% oak-pine and 1% map1e-beech-birch 

(Cost, 1975). 

Field studies were conducted at eighteen locations (3 to 5 

acres each) to familiarize the interpreter lqith plant communities, 

associations and reflectances from the several land-use types 

(Fig. 19). The color tones and patterns provide the interpreter 

with an idea of the category that should be located in particular 

sites. Color tone variations on the photographs proved to be the 

key to determining the land-use categories. It is recognized that 

a different interpreter might see the different land uses as 

slightlY different colors and that film processing exerts a 

control on the product used for interpretation. HOl'lever, 

description of 1'lhat one interpreter sees is useful for teaching 

others to use the SKYLAB data. 
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10.6.2.1 Category signature 1'li th color and color infrared 

transparencies: This part of the investigation 

was conducted using color and color infrared SICYLAB-2 photography 

taken 10 June 1973. It I~as studied in combination through use 

of a color additive viewer. The colors described be10H are chiefly 

those found on the S19DA color infrared transparency. The developed 

areas contained commercial, industrial, residential, agricultural 

and semipublic sites. Commercial sites usually appeared b1uish­

white, and the color is attributed to the highly disturbed surface 

conditions and pavement I~hich produce a high reflectance in the 

visible part of the spectrum in contrast to the infrared part. 

Industrial sites had the sams general reflectance as 

commercial sites and could only be separated by their association 

,~ith transportation facilities (roadvlaY, railroad and river). In 

Some cases the reflectance appeared whiter than that of a commercial 

site. The more highly disturbed surface conditions associated Hith 

the industrial sites appear to be the cause for the reflectance 

differences. 

The three different ~esidentia1 densities were high-density 

(bluish-purple), medium-density (purp1ish-vlhite) and lOI'I-density 

(reddish-purple). It appears from field checking that the 

differences in photographic response can be attributed to different 

concentrations of vegetation. Different balances betHeen the 

visible reflections and the near infrared are probable causes for 

the differences in appearance. 

Both agricultural sites are easily distinguishable by their 

geometric pattern with old fields appearing blue to v!hite and 

cultivated fields being bluish-red. The blue and 1'lhite of bare 

fields and pasture is apparently related to a greater reflectance 

from the soil, and the mixed pattern of bluish-red on the color 

infrared transparencies indicates an annual crop (usually corn in 

the Asheville area). 

Semipublic sites Here determined by a combination of associations 

and reflectance characteristics. Hany of these sites I·lere in the 

-121-



l 
city limits and had blue tones associated I-lith a pinl~ color. The 

pink color was attributed to 181m grass and blue I-lith adjacent 

facilities. 

The undeveloped areas contained the forest, floodplain and 

water categories. Pines appear on the infrared imagery in darl~ 

purplish tones, and hardt,oods are a bright red. Reflectances from 

the mixed forest vary in color to.:e betl-men the two end member 

types. The French Broad River floodplain contains alluvial deposits 

of high reflectance. Some of the floodplain is used for annual 

crops and for industrial or commercial sites. A bluish-l'lhite 

reflectance seems characteristic of the alluvial deposits and 

was recorded as a background reflectance even though the fields 

had immature crops of corn growing on them. 

The reflectance from the French Broad River and lal~es I'TaS 

recorded on the film mostly as a darl~ blue to black hue; hOl,ever, 

some highly turbid farm ponds shot, as a medium bluish tone on the 

infrared transparencies. 

10.6.2.2 Multispe ral photography: The six station multispectral 

photography was analyzed using a color additive viel'ler (Spectral 

Data Model 66). SKYLAB imagery data can be found on Table 10. 

Black and white photography from stations 1, 2, 5, and 6 ~las 

compared with the color photography from stations 3 and 4 in terms 

of the quality of the ocular interpretation of the study area. 

This comparison can be seen in Figs. 21 and 22. The four multi­

spectral bands of blacl~ and white photography l,hen combined into 

a color composite in the color additive viel,er had better spectral 

resolution characteristics and thus could be used more effecti,ely 

for detailed mapping than the color films. HOl'lever, under the 

conditions of the experiment there could be no meaningful 

determination of the relative spatial characteristics. A stereo­

microscope could be used to malte measurements on the color and 

color infrared transparencies but measurements of similar precision 

could not be made on the screen of the color additive Viet'ler. 
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Fi gur e 21 . False Color Composite of Asheville, North Carolina 
Area Made from Stations 1, 2, 5, and 6; S190A, 
Rolls , 7, 8, 11, 12, Frame 267 

Fi gure 22. Combination of Color and Color Infrared, Ststions 
3, 4; S190A, Rolls 9, 10. Asheville, North Carolina 
Area. 
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Advantages of the t~10 color films are that more color saturations 

are present, more roadways can be defined, and vegetation, especially 

in the agricultural category, can be separated. The main reason 

for the better resolution evident in the black and I,hite stations 

I;as due to the film characteristics noted in Table 10. 

The next step in the analysis l'laS to compare the four multi­

spectral black and l'lhite photographs I,ith different combinations 

of the color and black and ~lhite photographs. This comparison can 

be seen in Fig. 22 and Fig. 23. Little difference l'laS evident 

betl;een the many combinations tried. The only distinction bet~leen 

the tl,O color film formats and the various combinations l·ms that 

combinations enhanced different categories making them more easily 

recognizable than when color alone or pure blac1t and l'lhite 

combinations were u~ed. Accuracy of interpretation could be 

increased from one format to another, depending on the land-use 

category chosen for analysis. 

10.6.2.3 Random ground sites: Five ground sites each one sq mi (2.5 sq km) 

in area I·tere chosen at random to determine accuracy (Fig. 20) of 

interpretation. The detailed classification of land uses on each 

site is shown in Table 11. 

Site 1 I,as located north of West Asheville, just north of 

Route 63. In some instances separation of high residential from 

commercial sites proved difficult. Also separation of some pine 

from mixed forests sites was difficult. Errors made in the inter­

pretative pr0cess led to an accuracy of 93%. The high reflectance 

and similar saturation patterns of high residential and commercial 

areas sometimes made a distinction impossible. Difficulty in 

interpreting Whether a particular forested area consisted of mixed 

or conifer stands accounted for approximately one-half of the error. 

Random Site 2 lies in the dOlmtOlm Asheville area. A 3.5% 

error resulted from interpretation of floodplain as a high 

residential site. Central city photo-interpretation is very 

difficult with the spatial resolution of SK'lLAB S190A imagery. 
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TABLE 10 

Multispectral Camera Data 

-~ 
Station Filtered Band Film Estimated Roll Frame 

(\lm) Ground Resolution 

1 .7 - .8 B & W infrared EK-2424 73-79 meters 7 251 

2 .8 - .9 B & H infrared EK-2424 73-79 meters 8 251 

3 .5 - .88 Color I. R. EK-2443 73-79 meters 9 267 

4 .4 - .7 Color SO-356 40-46 meters 10 267 

5 .6 - .7 B & H Pan-X 50-022 30-38 meters 11 251 1 

'" '" 6 .5 - .6 B & H Pan-X 50-022 40-46 meters 12 251 ,..,J 
1 

Source: S~YLAB Earth Resources Data Catalog, 1974 
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Figure 23. False Color Combination of Asheville Area Made from 
S190A Photography 

Color - blue; Rnll 7 (0.7 - 0.8~m) - red; 
Roll 11 (0.6 - 0.7,m) - green; Color 
Infrared - white ; Fr~me 267 
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TABLE 11 

Land Uses on Random Ground Sites 

(Classifications are in percent)* 

Site Commercial Industrial Residential Density Annual Pasture Forest Water Flood Percent 
No. High Med. Low Crop Pine Mixed Hard"1Oods Plain Error 

1 6 2 47 2 6 11 4 18 7 

2 9 10 42 21 9 9 3.5 

3 14 49 3 8 17 15 7 0 

4 12 9 34 11 22 8 4 0 I .... 
N 

5 12 16 8 42 19 3 0 
..... 
I 

"'Figures do not add to 100% because of rounding. 
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There is still some difficulty even l'7hen the original scale is 

1:20,000 because of the close spacing of the buildings. In many 

cases the photo-interpreter has' to malte a judgement decision as 

to the land-use category found on a certain site such as this one. 

Random Site 3 ~7af' located betlqeen Route 81 and Route 70 in 

the Kenillqorth area of Asheville. Lake Kenillqorth, representing 

the water category, lqaS determined to occupy 7% of the area. 

Groundtruth from field checks and aerial photographic interpretation 

showed the interpretation from the SKYLAB S190A photography to be 

completely accurate. 

Random S:'.te 4 lqaS located just south of the intersection of 

l'.terstate 26 and NC 191, southwest of Asheville. Water is 4% of 

the area, being represented by Westerly Lake. Accuracy was 

determined to be 100% because no errors \qere encountered during 

ground checks. Random Site 5 lies to the east of Random Site 4 

and borders the French Broad River. 

Interpretation accuracy for all random ground sites varied 

from 93% to 100%. The largest problem encountered lies in the 

differentiation of land-uses within the city limits. Some categories 

have very similar reflectances and are easily mistaken for one 

another. The greatest error arises from attempts to differentiate 

industrial from commercial, and commercial from high residential 

sites. Much of this type of interpretation is a matter of judgment 

because of the resolution limits imposed by the SKYLAB S190A 

imagery. Errors can also be made in separating pine from mixed 

forest stands. Care must be taken not to overlook any surrounding 

water body that could make a mixed stand appear to have reflectance 

characteristics of pine stands, although the infrared bands of 

the black and white imagery assist in any interpretation. 

In addition to the French Broad River several lakes and 

ponds were studied. Color photography of SKYLAB S190A could not 

be used to define the exact boundaries of many of the lakes. 

Color infrared photography could be used to recognize lakes as 

small as approximately 600 ft (185m) in one dimension, but here 
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Figure 2", Land Use ~~p of Ashe~i11e Area, 
S190 Photography 
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again the shorelines were not sharply defined. Figure 24 is the 

land-use map derived from the study. 

10.6.2.4 Comparison with other sources: The complete land-use 

map of the Asheville area could only be indirectly compared 

with three other data sources because of the time that had elapsed 

since the flights Here conducted or because categorie!" did not 

include the same elements. These three sources ~lere U-2 color 

infrared photography flight (NASA/MSC 128-A) made in May 1970, 

black and Hhite aerial photography made for the North Carolina 

Department of Natural and Economic Resources in April 1975, and 

another interpreter's analysis of the same area using SKYLAB data. 

Good correlation Has found betHeen the U-2 photographs of 

May 1970 and the SKYLAB land-use map. Coniferous and mixed forests 

Here much easier to define ~lith this higher resolution imagery. 

Small isolated pine stands Here missed in the SKYLAB analysis. 

Color infrared U-2 photography vie!;ed in stereo also verified 

that hard!;oods are found along the !;estern slopes of mountains 

Hhile pine tends to be located on drier slopes than hard!<oods. 

Urban development had changed somel-,hat from the time the 

U-2 photography Has flolm. There appeared to be an increase in 

commercial and high residential development. Recent census data 

ShOH a decrease in the urban population and an increbos in the 

suburban sections of Asheville (C. Tessner, personal communication, 

July 1975). 

The comparison with the Department of Natural and Economic 

Resources photography pointed to many small misinterpretations of 

land use from the SKYLAB imagery I;ithin the Asheville city limits. 

With the scale of 1 in = 400 ft used by the Department of Natural 

and Economic Resources industrial, commercial and residential sites 

can be separated more easily than 1-7ith SKYLAB imagery. The Biltmore 

Forest area located south of ASheville has medium- to lOH-density 

residential nl;ellings as indicated from the large-scale photography 

and ground checks. The majority of land I,as interpreted as mixed 
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forest and pine forest for the SKYLAB land-use map. The residential 

areas lie in mixed and pine forests, but few of the actual dwellings 

can be seen on even the large-scale black and I~hite photography. 

SKYLAB imagery indicated simply different forest types. Overall 

correlation with the high resolution photography Shot'led a high 

degree of accuracy when the SKYLAB spatial resolution is taken 

into account. 

The final comparison I~as with a land-use map constructed by 

T. C. Hindisch (1974) using SKYLAB imagery (Fig. 18). A few 

problems and differences were encountered while reviewing the 

two land-use maps. There I~as not as much detail in the earlier 

land-use maps, and in many areas the categories were more generalized 

than in the present study. Separation of residential, commercial, 

and industrial land-uses is difficult on the imagery at best, 

and there are some differences of interpretation between the two 

studies (Compare Fig. 18 and Fig. 24). However, the overall 

results indicate that the two interpreters (Hindisch and Holman) 

were able to construct land-use maps which agreed except in a 

few details and in the area south of Asheville. For this area 

the interpretation of residential and agricultural categories 

differed. (See also Section 6.2.4.) 

10.6.2.5 Conclusion: The land-use m~p drawn in 1974 (T. C. 

Hindisch) shOl.ed light residential areas that were forest and 

agricultural areas on the 1975 (R. Holman) version. Both land­

use categories were correct, depending on the specific vie~lpoint 

about the land use that wae. chosen. If the interpr_ tation was 

made for natural resource evaluation, most areas would probably 

be interpreted as dominated by a forest or agricultural category; 

on the other hand, an interpretation from an urban planner's 

probable viel<point would show the area as one of low-density 

residential. Also, for the same reasons, there \Oere differences 

in the assigning of densities within residential sites. This 

difference was found mainly ~lithin the Asheville city limits • 

-131-

I 

)1 

J 



I 
i 
I 
I 

I 

The only significant error encountered in the 1974 land-use 

map was with the interpretation of some floodplain sites as 

industrial. These sites could be easily mistaken for industrial 

land-use by an interpreter unfamiliar ~~ith details of the area 

and with little groundtruth available to him. Both reflectances 

were sim.ilar and the surrounding land-use Was the only clue to 

proper identification of the site. Host sites in the Biltmore 

Estate were actually corn fields ~~ith the highlY reflective 

sediments evident be~'leen rows of the young crop. Hultispectral 

combinations in a color additive viewer (Spectral Data Hodel 66) 

of color (Stations 3, 4) and black and ~vhite (Stations 1, 2, 5, 6) 

gave the most detail and greatest interpretation accuracy when 

compared ~vith use of black and >lhite stations alone. 

A land-use map of Asheville, North Carolina, derived from 

SKYLA1 photography seems to have a high degree of indirect 

correlation from other sources. Two photo-interpreters analyzing 

the Same study area came up with very similhr land-use maps. 

Random sample sites used in one study (Table 11) reveal an overall 

interpretation accuracy of better than ~3%. 

Land-use categories ~vere usually determined by association 

with adjacent sites and color tones produced by their particular 

reflectances. Problems were encountered in differentiating 

residential, commercial and industrial sites within the city limits 

of Asheville because of the spatial resolution limitations of 

the imagery. 

It was found during interpretation that time must be taken 

to weight carefully several relationships (color tone, adjacent 

sites, water) before assigning a particular land-use category. 

Familiarity of the interpreter tvith the area and the interpreter's 

level of photo-interpretative experience >lith the type of imagery 

used and his acquired sldlls in its use are tl'10 of the major factors 

in precise visual analysis of photographs or images from spacecraft. 
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Benefit - Cost Evaluation 

A land-use map can probably be dra~m for a 50 to 100 sq mi 

(128 to 256 sq km) area similar in its characteristics to the 

Buncombe County area ,~ithin a two-day period after sufficient 

ground data are provided for the particular area. 

Local and regional governmental agencies "lere compiling land­

use data on Buncombe County and Asheville during the period covered 

by chis investigation. Attempts were made to acquire from them 

information on which a cost/benefit analysis of the use of SKYLAB 

data could be based. HO"lever, the data were not available, and so 

it is not possible to give more than the general statements provided 

in this section. 

One major benefit believed demonstrated by this study is that the 

North Carolina Division of Forestry, the Agricultural Extension 

Service, and State Planning Office could use space-acquired imagery 

in information compilation for their various purposes. 

Resolution of the SKYLAB imagery limits the use it might have 

with urban planning. Most of this type of planning is very detailed 

(scale 1 in = 400 ft; 1 em - 48 m), and SKYLAB imagery falls far 

short of their needs. 

10.7 Eno River Study 

The objective of this particular study ,~as to examine the 

extent to which SKYLAB-3 photography of 12 Sept:ember 1973 could 

be used to evaluate some environmental parameters of an area 

'~here proper land use is a matter of controversy. Another purpose 

was to develop an acceptable and accurate technique for interpreting 

the imagery of an area in the North Carolina Piedmont. 

The study location is the site of the proposed Eno River State 

Park, located in the central Piedmont region of ~,,:. th Carol ba 

within Orange and Durham Counties (Fig. 1). The proposed park 

follo<,s the Eno River, which £1O"lS east from Hillsborough, south 

toward Interstate 85 and then northeast,mrd on the no.th side of 

Durham. Consisting of 8,750 acrcs, the proposed parlt area includes 
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a large tract east of Hillsborough extending 50uthHard from the 

river to Interstate 85. Figure 25 shoHs the location of the 

proposed pari, (Allen Eakes, personal communication, July 1975) 

and boundaries as initially proposed. 

The Eno River has played an historic role in the commerce and 

recreation activities of the local residents because of its 

natural beauty and location. In recent yeats the Eno Basin has 

been heavily used for hiking, fishing, m-limming, canoeing, and 

rafting. There are urban pressures on the site ariSing mostly 

from the northern Durham area (Huenscher an.d Starrett, 1973). An 

environmental evaluation of this area from a Hatershed approach 

would help determine the impact that present and future development 

may have on the proposed park. Questions concerning the location 

of the recreational facilities '-lithin the park arise because of the 

, 

l 

infringing urban development. Toe ans,.ers are important to succ.essfu1 planning. . 
The North Carolina State Park System considers that one of 

the purposes of a state parlt is to preserve and protect natural 

areas of unique or exceptional scenic value (Principles for the 

Establishment of State Parks, 1974). Natural areas usually depend 

heaVily an the vegetation faund \-lithin the prapased park site. An 

analysis of vegetation, tagether '-lith a study of patterns af 

encroaching deve1apment, therefare, are impartant contributians 

that might be made through interpretation of SKYLAB photagraphy. 

10.7.1 Methods 

SKYLAB-3 photography ,-/as used as an environmental mapping 

tool for the proposed state park site. Developed and undeve10pad 

areas surrounding the park 'vere outlined togethar '-lith their 

association, and impact on tha park site analyzed. SKYLAB S190A 

imagery (Roll 39 and 40, Frame 117) proved to be the most useful 

format for this particular study. 

Field studies Ivere first conducted at fifteen sites (training 

sites) to correlate land-use categories '-lith their photographic 

response (Fig. 25). After these sites Here analyzed from the 
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photography, a land-use map !,as prepared for the whole area using 

the following techniques. A scale drat-ling I-ms prepared from tl-IO 

U.S.G.S. topographic quadrangle maps at a nominal scale of 1:62,500. 

The park boundaries were dratm in from a map provided by the North 

Carolina Division of State Parks· A Bausch and Lomb zoom transfers cope 

,-TaS used. An area of 38,400 acres (60 sq mil 154 sq km) was outlined 

on the S190A color and color infrared positive transparencies. 

The color photography of S190A (Roll 40, Frame 117), color infrared 

photography of S190A (Roll 39, Frame 117) and S190B (Roll 86, 

Frame 292) !'ere used to inventory th~ several land-use categories. 

Tl-lo major land-use categories, developed and undeveloped, 

form the larger divisions of the classification. Developed areas 

were further subdivided into three classes '-Ihich consist of 

commercial, residential, and agricultural. The commercial division 

consisted of public service, business, and golf course facilities. 

Residential areas were private d'-Iellings that ~Iere completed or 

under construction. 

consisted of pasture, 

Finally, the agricultural subdivisions 
1 old field~and annual crops. Roll 40, 

Frame 117, and Roll 86, Frame 292, I{ere used for mapping developed 

areas. 

Undeveloped area, the second major land-use grouping, ~TaS 

further subdivided into forest and \{ater categories. The forest 

category was further separated into pine (loblolly, short leaf , 

and Virginia), hard,qood (oak, maple, sycamore, elm, poplar, and 

sweetgum) and mixed (oak, pc~lar, maple, and loblolly). The 

water category includes the Eno River and many scattered lakes. 

The S190A color infrared photography proved most useful for this 

mapping (Roll 39, Frame 117). 

1 This division could have been further separated into individual 
crops but !'as llOt necessary in this study. 
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Seventy millimeter squares were cut from 9-inch enlargements 

(approximate scale 1:800.000) of S190A 70mm color transparencies 

and ,~ere projected onto the viet.ing screen of a color additive 

vietver at 4x enlargement. Also. the imagery was projected onto a 

vertical. clear glass panel with frosted acetate mounted on it 

through the external projection mode of the vie~ler. SKYLAB S190A 

and S190B imagery were also studied Hith a binocular microscope 

and Beseler projector. 

Accuracy of the photographic interpretation 'vas determined 

~lith the aid of color infrared photography obtained from a U-2 

underflight (Flight 73-157) made on 15 September 1973 and by 

random ground site evaluation. The land-use map constructed from 

the SJ<YLAB S190A and S190B imagery was compared to the U-2 

underflight using an Old Delft stereoscope for land-use categories. 

Hithin the 60 sq mi (154 sq km) mapping area six sites. each one sq mi 

(2.56 sq km) in area, tvere chosen for the random site analysis. A 

five~place random number table combined ,.ith a square-inch grid 

system was used to determine the rOH and column for each site position. 

Located ,~ithin each square of the grid system are 25 randomly placed 

dots. The location of the random sites is illustrated on Fig. 26. 

Each pair of numbers in the random number set ,.as used to define 

the position of the test site. If any point of the site overlapped 

or fell outside the 60 sq mi area. another random number set ~7aS chosen. 

Field checks Ivere made of each random test site, and errors 

of interpretation determined. The acreage of each catego~~ found 

within the test sites was determined by use of a 100 dots/ 

square-inch grid applied to the imagery. The error found on field 

checking was expressed as a number of dots and was subtracted from 

the total number of dots (100) ,.ithin the square mile test area. 

The resulting figure, converted to a percentage, gives the accuracy 

of the identification. 
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10.7.2 Discussion 

The major drawback to the Piedmont imagery is the cloud 

cover l~hich was present in the central North Carolina region 

at the time of the SKYLAB~3 pass lu Septem~~r 1973. Only about 

60% of Frame 117 could be used fqr interpretation purposes. 

Cloud cover over the Eno River.arca l'laS less than one percent. 

The northern Piedmont region of North Carolina is characterized 

by an oak-hickory climax foresi', (Oos tillg ,1942) • Soils are l~ell-
.:: '. 

drained with a firm subsoil. Durnam County soils are derived 

from metavolcanic slate, and many of the soils of adjacent Orange 

County are developed on granitic:materia,l, (;Iqo,'\lnsc'uer and. Starrett, 
1973). ' .' , " • "'''1 ":'" .~ . . 

The Eno River Basin has many forest communities related to 

topographic control. Upland communities are dominated by 

different species of oak l~hile 101~land communities a'!'(1 mixed 

species of hardl~ood and pine. The forest communities are listed 

in Table 12. Hithin the boundaries of the proposed state park 

the forest communities occupy over 92% of the acreag'e. 
: ; I " . 

• 
, •• .f ; . 

TABLE 12 
iii'" I 

' ...... -."; ....... .,t : 

Fores t Communities Located in the Eno Basirt (Ivuenscher and 
Starrett, 1973) 

Upland 

1. vT,lite, blackJ,and red oak 
2. :eost and l~hite oak 
3, Blackjack and post oak 

Lowland 

1. Birch and sycamore 
2. Sweetgum, yellol~ poplar, l~inged elm, ash, and red maple 
3. Beech, maple, white and red oak 
4. Loblolly, shortlea~and Virginia pine 

Field studies were conducted at fifteen locations to 

familiarize the interpreter with plant communitie~associationsl 

and reflectances from the several land-use types (Fig. 25). 
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The color patterns provide the interpreter with an idea of the 

category that s~ould be located in particular sites. Color tone 

vati,ations proved to be the key to determining the land-use 

categories. 

The ground resolution of the photography was determined by 

using ocular and graphical techniques and compared closely with 

the exper:l.ence of otl,ers. Klemas ~ al (1975) est:l.mated 

S190A ground resolut:l.on t"ith high contrast to be between 20, and 40 

meters and S190B between 10, and 20 meters. Experience in this 

investigation supports these conclusions in general. However, for 

the undeveloped categories, the color infrared photography did not 

always permit recognition of vegetational boundaries with this 

precision. (See also Section 6.2.) 

10.7.2.1 Category Signatures with color infrared transparencies: 

This part of the investigation was conducted using color infrared 

S190A SKYLAB-3 photogrcphy taken 12 September 1973. The developed 

areas contained commercial, reSidential, and agricultural sites. 

Commercial sites usually appear bluish-white with the exception of 

golf courses t"hich appear pink. The bluish-white color is 

attributed to the highly disturbed surface conditions and pavement 

which produce a high reflectance in the visible region. The 

pink. hue is attributed to the infrared reflection characteristics 

of lawn grasses. 

Both completed and uncompleted residential sites were studied. 

The reflectance from completed dwellings was gray-white, and 

reflectance from those under construction gives a some>1hat >1hiter 

appearance on the photographs. Agricultural sites were the easiest 

to distinguish because of their geometric patterns. Colors recorded 

for these sites varied from green to various shades of red. The 

diff,erent tones are probably related to the different crop types 

and/or percentage of area of exposed soil. 

\ 

The undeveloped areas contained the forest and water categories. 

Pines appear on the imagery in dark purplish tones, and hard>1oods 
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are a medium red. The reflectance from the mixed forests is 

betl~een the two end types and is recorded on the film chiefly 

as dark red. 

The reflectances from the Eno ~iver and the many lakes were 

recorded on the film mostly as a dark-blue to black hue; hOI~ever, 

some highly turbid lakes show as medium- to light-blue tones. 

10.7.2.2 Proposed park site: The park site included 8,750 acres 

of rolling hills varying in elevation from 310 ft to 780 ft 

(103 m to 260 m). More than 92% of the area is forest-covered. 

The undeveloped area Within the proposed park consists of 35% 

hardwoods, 51% mixed, 7% pine, and 1.5% water. Of the mixed 

forest category more than 50% consists of hardl~oods. The mixed 

hardwoods together with the Eno River give the area a scenic 

character highly valued by some, and knowledge of the tree distribution 

is important in the design of the park. 

Urban development comprises 4%; agricultural, 1%; commercial 

and residential,0.5% of the area. Most of the agricultural sites 

are abandoned fields or pasturelands. 

The major disturbance within the proposed park boundaries is 

the commercial activity associated with the presence of an 

electric power substation. Four major power lines cross the site, 

leaving a scar along their route; these may be seen on the 

photography. For so~e people the esthetic value of the area is 

reduced by the presence of the pOI~er lines. 

Residential development within the site was minor at the time 

of the SKYLAB pass, but intense residential development is 

encroaching on the eastern edge of the site. 

10.7.2.3 Area surrounding the park: A belt extending approximately 

one-mile out from the park bnundary was used to define the land -use 

of the surrounding area. This surrounding area covered 2~650 acres. 

Residential and commercial development accounted for 40.5% of the 

land- use. Commercial sites were only 4%, and they are mainly 
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located within the Durham city limits. Some expansion I~as found 

along Interstate 85, west from Durham. Residential sites represented 

the largest percentage (20.5%), and this type of development is 

situated along the eastern park boundary. The greatest concentratio,\ 

of residential construction is located on the northern bank of the 

Eno River. This supports th: findings of Wuenscher and Starrett 

(1973) about the direction of, elcpanding . development from Durham. 

Agriculture represents 16% of the land ·use and is concentrated 

in the northweste~n region of the study area. Pastureland and 

annual crops ar~ ~he most. Common agricultural use of the land. 

Figure 27 illl1sti:at~a, thEf- develope,Sl. ·portion. of the land-use map • 
. ,'. r~~ ~ •.. 

Undeveloped acreag'e"accoun1;"s'Eor 58.5% of, the total land use 

adjacent to the park 

(80% of all species) 

(80% of all species) 

the character of the 

SKYLAB imagery. 

sj. te. Other inventory items are hardlqood 

12%, mixed (50% hardwood) 40.5%, pine 

6%Jand water 1%. The map of Fig 28 illustrates 

undeveloped areas as determined lrom the 

10.7.2.4 Random groutlci"s-ites:·. 'Six ground sites (each, one sq mi; 

2.56 sq km in are~) were chosen at random to determine the degree 

of accuracy (Fig. 26). 

The detailed classification of land uses on each site is 

sh01m in Table 13. " :. 

Site 1 is located north of Durham on Guess Road, and the 

percentage of ear', category was determined using a 100 dots/square 

inch grid overlay. Cloud cover prevented interpretation of 2% 

of Site 1. Groundtruth determinations showed the interpretation 

to be completely accurate. 

Random Site 2 lies northl~est of Durham and adjacent to Site 1. 

The I~ater body is a lake and is easily recognized because of the 

highly turbid conditions present within the water mass. 

In some instances separation of residential from agricultural 

land proved difficult, and errors made in the interpretation 

process reduced the accuracy to 94%. Interpretation is difficult 
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TABLE 13 

Land Uses on Random Ground Sites 

Eno River State Park Vic;nity 

:il', "c Classifica tions are in percent) * 
I.-

., ,' .. 
• 1 

Forest Hater Cloud Cover Site Commercial 
!lo. 

Residential/ ',Agriculture 
Pine Hixed Hard.,ood 

1 39 2 !54 5 2 
. ' 

I 
" •• k 

2 43 7 47 1 2 

,,7 " ' 10 3 31 4 4 
" ' 3 

4 19 - ,0' 5 35 31 8 2 
l ' T ' 

I': 
~ 16 11 24 42 " 3 5 

6 6 18 14 8 47 5 2 

,~ , 
*Figures do not add to 100% because of rounding. 

l 

Percent 
Error 

0 

6 

7 I 

'" ... 
8 I' 

5 

0 

• 
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lqhen areas representing the two categories are adjacent to each 

other and the area of residential property is relatively 1arg~. 

Random Site 3 lies northlqest of Durham betl,een Interstate 85 

and Guess Road. Hater is 4% of the area, being represented mainly 

by the Eno River. A 5% error resulted from interpretation of 

agr~cu1tura1 sites as residential areas because of their close proximity 

to each other and general similarity in appearance on the photography. 

Pine lqaS misinterpreted as mixed forest in 2% of the site beca'Jse 

of small scattered clusters of pine stands l'lhich are too small to 

be outlined accurately on the SICYLAB S190A imagery. Overall 

accuracy for Site 3 l,as 93%. 

Random Site 4 was located at the jun~tion of Interstate 85 

and U. S. 70 be~een Hillsborough and Durham. Misinterpretation 

of residential areas for commercial sites arose because a trailer 

court within the test site gave a reflectance similar to that for 

a commercial site. Accuracy lqaS 92% at this test site. 

The locat:Lon of Random Site 5 lqaS to the east of county road 

1561 and north of U. S. 70. Errors were fOU,ld in the interpretation 

of some residential and agricultural sites. Accuracy was determined 

to be 95% for Site 5. Random Site 6 was located south"est of 

Hillsborough, bordering Interstat2 85. There Here no errors 

encountered in the ;.nterpretation of this site. 

Interpretation accuracy for all random ground sites varied 

from 92 to 100%. This level of accuracy can in general be 

attributed to the interpreter's familiarity with the area. The 

largest problem encountered lay in the 1ifferentiation of 

agricultural from residential sites when they "Iere adjacent to 

each other. Some large re~identia1 plots can be easily mistaken 

for an agricultural field, especially "hen they are abandoned 

fields. Errors can also be made in separating some commercial 

sites from residential sites. The level of construction activity 

seems to influence the reflectances, with trailer courts and 

subdivisions having a high reflectance "Ihich is easily mistal~en 

for reflectance from some commercial sites. Incorrect interpretation 

-146-

1 
I 



t 
. 1 

of forested areae was minor except within small isolated patches 

dominated by pines. The ~mter category contained mainly the course 

of the Eno River. The tree canopy bloclting the reflectance of the 

river prevented tracing the ,~hole course of the river. This change 

of river reflectance also caused problems in separating on the 

photographs dominant pine stands from mixed stands. Most of the 

lm,land area associated ~lith the river is predominantly mixed 

forest (50% hardwood) that should have a dark red reflectance, but 

with the combined tree canopy and river reflectance sometimes it 

appears purple an is easily mistaken for pine. 

11any laltes are found ',ithin the study area. Color photography 

of SKYLAB S190A and S190B could not be used Co define boundaries 

of most of the lakes. Color infrared photography could be used to 

recognize lakes as small as approximately 600 ft (135m) in one 

djmension. However, some highly turbid lakes in the area could be 

outlined even though they are less than 600 ft (135m) in maximum 

dimension. 

Figure 29 shm'lS the land-use map derived from this study. 

10.7.2.5 Multispectral photography: The six station multispectral 

photography was analyzed using a color additive vie'-Ier (Spectral 

Data Model 66). Table 10 gives the pertinent ,iata on the multi­

spectral photographs. Black and ',hite photography from Stations 

1, 2, 5, and 6 was compared ,~ith color photography from Stations 

3 and 4 in terms of the quality of the ocular interpretation of 

tu~ study area. Development was vie'-led best '~hen the 0.5 to O.6jlm 

band 'ms in the green mode and the 0.6 to O. 711m band imagery in the 

red mode. This pair of images and colors ,~aS combined ~Iith the 

color photography in the vie,~er. A better separation of the 

categories in the color photography occurred because of an increased 

number of hues and saturations over those found \-Ihen a composite 

of 0.7 - 0.811m, 0.8 - O.91lm, 0.6 - 0.711m, and 0.5 - 0.61lm imagery 

alone ''las used. Hhen three stations (t\-IO black and \-lhite, cne 

color) were superimposed, more detail became apparent, and there 
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was a better definition of the several categories than 1'lhen the 

color photography l·laS vielved alone. 

Undeveloped areas I,ere recognized bes t 1'li th 0.7 - O. 8].1m in 

the green mode and 0.8 - O.9um in the red mode. This arrangement was 

compared with the color infrared photography, and better separation 

of the categories resulted 1'lith the use of the color infrared 

photography alone. The ~lider range of hues and saturation levels 

in the color infrared photqgraphy made it the better tool for 

interpretation. lilien all three stations, 0.7 - O.S].Im, C.S - 0.9lJm 

and color infrared,l,e~e superimposed, a better category separation 

became evident than 1'lith the color .infrared.' alone;' ac~ua:1: 

percentage diff~r.ences lVere not comp'uted 'becaus~' of the small scale 

at which the interpretation Has being done. 

10.7.2.6 Comparison lVith other sources: The complete land-use 

map of the proposed state park site (Fig. 29) l'laS compared to 

part of a case study of the Eno River basin (Huenscher and Starrett, 

1973) and a regional development guide (Research Triangle Regional 

Planning Commission, 1969). These land-use mafs could not be 

statistically compared because of the time elapsed since the tlVO 

studies Ivere completed. An indirect approach ~las taken by 

comparing representative locations occupied by various land-use 

types. 

The land-use map of Huenscher and Starrett (1973) lvas broken 

down into pine, hardwoods, mixed forests, agricultural, and 

intensive development. These categories Here sufficient for 

comparison except that the intensive development category includes 

several of the subdivisions of the "Developed" category of this 

study. A land-use map compiled by the Research Triangle Regional 

Planning Commission (1969) l·laS used because intensive development 

lVas further separated into residential and commercial sites. 

Color infrared photography taken during a U-2 underflight, 

Flight (73-157) on 15 September 1973 provided a direct means 

for checking the SICYLAB interpretation. The same interpretation 
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problems previously encountered in the random sample sites I~ere 

verified through a comparison 1'lith the aerial photography. Good 

correlation bet~leen the land-use map and the U··2 imagery exists, 

Huenscher used 1966 Agriculture Stabilization and Conservation 

Service photographs of a scale 1:20,000 1'lhile the SKYLAB S190A 

photography original scale was approximately 1:2,900,000. 

Results of the current study ShO~1 a high degree of correlation 

between the locations of the general categories on all three land­

use maps. Some of the small isolated pine stands 1'lere not present 

,in the land-use map derived from SKYLAB d'.lta because of the scale 

and resolution levels. Isolated residential dl·leJ.linr,s could not 

be identified on the S!{YLAB photography in general and 1'16re mapped 

I~ith the dominant land-use. 

The greatest change over the seven year interval I~as the 

increase in residential development accompanied by a decline in 

the agricultural and forest acreage. Residential development has 

progressed from the south banlt of the Eno River to the north bank 

in northwestern Durham (approximate estimated change 440 acres). 

The infringement along both sides of the river in this area is 

significant and developmer.t relatively intense. The westlmrd 

extension from Durham of commercial and residential development 

along Interstate 85 can be determined by comparing the S!{YLAB 

data with the older maps (approximate total of 270 acres), 

10.7.3 Summary and Conclusion 

Color and color infrared photography from SKYLAB-3 appeared 

to be the best of the multispectral stations for environmental 

land-use mapping ~lhen only optical photointerpretation techniques 

can be utilized. When color or color infrared photography I~as 

superimposed I~ith three of the black and white bands, more detail 

could be seen than when either the black and white photography 

by itself was interpreted using a color additive vieHer or 1'lhen 

color photography alone I~as interpreted. Use of a combination 

of black and white multispectral imagery in conjunction 1'lith color 
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and color infrared photography appeared to improve the accuracy 

of interpretation. 

A land-use map of the proposed Eno River State Park in 

central North Carolina derived from SKYLAB photography seems 

to have a high degree of correlation I-lith earlier maps prepared 

from other sources as I~ell as I~ith information gathered from 

interpretation of high altitude U-2 photography. Random sample 

sites revealed an overall interpretation accuracy of more than 9l~;. 

Land-use categories I~ere usually determined by association 

with adjacent sites and color tones produced by their particular 

reflectance. Problems were encountered in differentiating some 

large residential plots from agricultural land, usually abandoned 

fields, because of the small scale involved. 

It was found that time must be taken to weigh carefully 

several relationships (color tone, adjacent sites, I-later) before 

assigning a particular land-use category to a given site. The 

best photo-interpretation analysis is accomplished I-,hen the 

interpreter is familiar with the area. 

Most of the Eno River water course through the proposed park 

sHe is covered by a canopy of lowland hardlVoods and pines. This 

fact made identification of the Eno River impossible in most 

sections, even with high altitude U-2 photography. 

The most important characteristic for identification of small 

water bodies in this region Iqas found to be related to the amount 

of suspended sediment in the I~ater. Field studies shot-led that 

most of the lakes contained one amount or another of tannish- to 

reddish-colored suspended sediment. The lakes are juxtaposed to 

residential areas and agricultural areas, both good sources of 

sediment. The more turbid the I~ater mass the smaller the size 

of the lake that could be recognized. 

The proposed Eno River State Park site is composed of 92% 

mixed hardlVood-pine forest I~ith hardHoods comprising over 50% of 

the total forest. Hardlqoods are considered a stable type of 

forest cover and are considered by many to possess a high esthetic 

-151-



value in terms of park development and use. Intense developments 

along the eastern boundaries of the parle pose many problems £.'r the 

North Carolina Division of State Parks. The SKYLAB photography 

gives a good perspective to the relationships, and similar data 

could be useful in rapidly outlining similar potential park sites. 

It was observed during the course of the Eno River study and 

in conjunction l~ith the Asheville study that as the interpreter 

worked on an area whose mix of land uses t'TaS chiefly agricu1tural­

forest-residential the errors of identification t'lere less than 

when he worked with more intensely urbanized areas. The ref1ectances 

coming from the various land uses t'lithin the more urbanized area 

were apparently close enough in character so that the interpreter 

could confuse the land-use types more easily than in areas of 

medium- to low-density urban-type of development. In many cases 

a commercial or industrial complex in a suburban setting can be 

identified by a combination of its reflectance characteristics, 

geometry, and geographic setting. Within sn urban complex the 

geometry and reflectance characteristics recorded on the film are 

not necessarily unique. On the other hand,for some industrial 

and commercial complexes the position t'lith relation to transportation 

networks can provide clues to the type of land use. 

10.7.4 Benefit-Cost Evaluation 

Environmental assessment of an area similar to the Eno River 

site can probably be accomplished t'lithin a ttvo-day pedod after 

sufficient ground data are provided for the particular area. 

There is no way to compare the costs of previous studies of the 

area with the present one. Hot'lever, it appears that ttvO or three 

man-days would be required to prepare from SKYLAB data land-use 

maps equivalent to those given in t~uenscher and Starrett (1973). 

Information about the time element in Wuenscher and Starrett's 

work was not available, but it presumably took longer than three 

days to prepare. 
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One major benefit demonstrated by this study is that the 

North Carolina Division of State Parks could use space·~cquired 

imagery in the evaluetion of future park sites. This method would 

produce a quick and lo\q cost land-use map from one image. It 

appears that sufficient detail could be produced from this one 

source to satisfy most of the needs for general evaluation of a 

park site. 

State and local planners could also benefit. Land-use maps 

made from LANDSAT-l data collected in 1972 could be quickly 

produced and superimposed on an up-to-date map from SKYLAB or 

later LANDSAT imagery to follow development trends. Cost and 

time would be reduced considerably ~lith a more accurate map 

produced from the up-to-date source. 

10.8 Vegetational Analysis in Coastal North Carolina 

The overall objective of this particular study was to 

determine the extent to lqhich SKYLAB-3 imagery could be used in 

interpreting vegetational classes located in northeast~rn North 

Carolina. Additionally, a demonstration of the limits of usefulness 

of the imagery to a semiskilled photointerpreter in maldng a 

vegetational map was another objective, and Perquimans County, 

North Carolina, was used as the test site for this part of the 

study. This particular investigation has demonstrated that it 

is possible to recognize and map at an acceptable level of 

accuracy the several species chosen for study. 

Past investigators have found color infrared photography 

to be superior to standard color for vegetational analysis. 

Wood (1953) al'plied this then new film technique to an aerial 

forest survey and obtained better results than l'lith color film. 

Studies of marshland by Anderson (1968) indicated that color 

infrared photography was superior for differentiation of vegetati,re 

types within an estuary. Thamon and Sanger (1971) used many 

remote senSing techniques in analyzing agricultural crops. Their 

results indicated that color infrared photography l·ms the best 
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sensing means for identifying crops. Hany other unci ted studies 

also record the usefulness of color infrared ph~tography for 

vegetational analysis. 

The present investigation l'72S conducted in the northeastern 

portion of North Carolina because of the presence of diverse 

coastal environments and because of the n'lture of the crops grmm 

in this region. Population is relatively 10l" in this reg:fon, and 

few botanical studies have been made. In 5ddition, various types 

of vegetation and crops occur in relatively large acreage un1.~s 

so that the need to recognize small plots is minimal. 

10.S.1 Method 
, .-

Three coastal vegetation classes in terms of species 

composition and distribution in northeastern North Carolina l1ere 

chosen for study. Color infrared photography, Roll 27, Frames 029-

031, SKYLAB-3 imagery pr.o\·ed to be the most useful format f.or 

this study. Figure 30 is a map of the northeastern region of 

North Carolina. Three sites (1,3,5) ~'ere designated as control 
~"_'L -__. , 

sites, and their vegE)ca'l:ion,al composition t1aS determined by on-site 
.; __ • fl, (J '.. I 

inspections. Thr~¢\othei experiment.al sites (2,4,6) l1ere chosen, 
". 0. , : 

and the SKYLAB photng:.'tlphs interpreted .:m the basis of the results 

fro~ the control sites. All sites nad an area of about One sq~~re 

mile (2.56 sq km). 

Field studies were made of the three control sites to 

correlate vegetation with its photographic response. The SKYLAB 

photography of three experimental sites believed to possess the 

same vegetation class as the control areas Here examined under 

a binocular microscope. After the experimental locations had 

been analyzed from the photography, grounl examinations were 

per.formed to verify the interpretation and the degree of accuracy. 

Accuracy of the photographic interpr<ltation l1as determined 

by the follm1ing steps. A scaled draHing ~'as first constructed 

from an enlargement of a U.S.G.S. topographic map. Next, the 

percentage of each category determined from the photographic 
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interpretation I~as determined using tl~O methods. The grid over.lay 

method involved the use of a dot grid consisting of one hundred 

dots per square inch on a transparency. Each category Iqas deter­

mined by counting the number of dots found I~ithin its boundaries, 

and this number was then divided by the total number of dots in 

the 11hole area to obtain a percentage. 

The second method was the weight-apportioning method. The 

areas of the different categories were outlined on a scale dral~ing 

made on paper of unif~rm thickness and specific gravity. Each 

category was then weighed on a balance sensitive to 0.00001 mg and 

divided by the total I~eight of the area in question to determine 

the appropriate percentage. It was found that both methods 

obtained similar results but with less time and greater accuracy 

prevailing Ivhen the weight-apportioning method was used on large 

areas. 

From the field studies conducted in the experimental areas 

to check the photographic interpretation, corrections were made 

on the scaled dra\~ings. The misinterpreted areas were subtracted 

from the total area, and the remainder was divided by the total area 

to derive the percentage of accuracy. 

Six test sites were divided among three vegetation cla8ges: 

.:lgricu1tural, maritime forest, and salt marsh. A fel~ dominant 

species occupied each of these classes, making interpretation 

easier. Agricultural sites (Fig. 30) consisted of corn (Zea mays) 

and soybean (Glycine max). 

(Fig. 30), was occupied by 

The second class, maritime forest 

live oak (Quercus virginiana) loblolly 

pine (Pinus taeda), lau,.l oak (Quercus laurifolia), red maple 

(Acer rub rum) , sl~eetgum (Liquidambar s tyraci£lua) and pignut 

hickory (Carra glabra). Finally, marsh sites (Fig. 30) consisted 

of black needlerush (Juncus roemerianus), giant cordgrass (Spar tina 

cynosuroides) and common cattail (Typha lati£olia). Seventeen 

sites were originally observed to gain a better understanding of 

the vegetational types present in the study area. Sites 1, 3, and 

5 (Fig. 30) were chosen as control sites. 
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The second part of the investigation concentrated on 

preparation of a vegetation map of Perquimans County and comparison 

of the map l1ith other published information. Heavy cloud cover 

over most of the region at the time of the SKYLAB overpass limited 

the choice of the test site. Perquimans Countv lies near the 

center of the cloud-free area north 

030, Roll 27. (See also Fig. 30). 

of Albemar~e Sound, on Frame 

The test site was mapped using 

the follol1ing broad land-use categories: agricultural, non­

agricult'lral, and forest. These categories ~lere then further 

divided into types. Agricultural types chosen were corn, soybean, 

cleared (plol1ed), and pasture or old field. Non-agricultural types 

were residential or commercial and cleared areas. The third category, 

forest, was divided into conifers, hardwood, and mixed. 

The mapping teChnique consisted of selecting the area of 

interest on 9-inch color and color infrared transparencies enlarged 

from 70mm S190A positive transparencies (approximate scale 1:800,000). 

The color photography (Roll 028, Frames 029-031) was used specifically 

for ground reference points such as roads and buildings. This 

film had better resolution than the color infrared film. Welch 

(1974) using a microdensitometer edge trace ~lith graphical and 

digital techniques estimated resolution on the color to be 85 

meters arid color infrared film to be 145 meters for the S190A 

experiment. (See also Section 6.2.2.) 

The imagery l1as studied utilizing 70mm squares cut from the 

enlarged S190A tr,.,..ilparencies which were projected onto the 

viel1ing screen of a Spectral Date Model 66 color additive vie~ler. 

Also the imagery was projected through the external projection mode 

of the viel1er onto a vertical, clear glass panel ~1ith frosted 

acetate mounted on it. Additional interpretation was made 

by study of the imagery l1ith a binocular microscope. 

Ground verification was made at twelve sites \1ithin Perquimans 

County. The sites are shown on Figure 31. Simple spot checlcs 

were made at seven sites. These l1ere small areas for l1hich the 

interpreter questioned the idf;ntification from the imagery. The 
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five other sites, each having an area of about one square mile 

(2.56 sq km), \~ere analyzed in detail. The five test sites \'lere 

chosen by using a five-place random number table combined with 

a grid overlay of the county at an appropriate scale. Each pair 

of numbers in the random number set ~las used to define the position 

of the test site. The first pair of digits ,~as used to determine 

the row and the second th" columns within the grid system. Fi<!ld 

checks were made of the test sites and errors of interpretation 

determined. In addition to the field checks, U-2 photography 

(Flight Mission 73-185) tal~en t\-lO months after the S!<YLAB mission, 

was used to e~)late the :'iI~cllfac:t of 
.I .~) \"- ;, '. . .. ,~.. '1 

h '. i l t e vegetKt)m maP'>, 
:,::':-';, 

\ 

10.8.2 Discussion 

The major dra"back in this study of the coastal vegetation 

was the extensive cloud cover over northeastern North Carolina. 

Only about 25 percent of this region could be used for inter­

pretation purposes. Dare and Perquimans Counties (Fig. 30) had 

the least amount of cloud cover. The vegetat~on '1',.Bp "as ronstructed 

for Perquimans County because only 1a:~)perceJt cl~ud cov~r existed 
,. '\ \ 

over the entire county. 

The SKYLAB-3 photography Has compared tQ'LANDSAT-l imagery of 

the northeastern region. Figure 32 ShO\-IS LANDSAT-l imagery and 

can be compared \~ith Figure 33, the SKYLAB photography. Resolution 

appears to be better in the SKYLAB photogFaphy, a fact most easily 

explained on the basis of the difference ill the method of data 

acquisition (SKYLAB photography ~ LANDSAT-l electronic scanning). 

An interpreter can recognize vegetational differences easily on the 

SKYLAB film. Even .lhen the LANDSAT-l imagery Has observed ,~ith 

"he aid of a color additive Viet-ler, the vegetational differences 

did not appear to be as well defined as on the SKYLAB imagery. 

Separation of vegetational components in this area is also discussed 

in Section 11.1. 

Ground studies ,~ere·cpnducted at the three control sites 

(1,3,5) to familiarize the interpreter ~lith zonation patterns 
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Figure 32. LANDSAT-1 Image of Northeastern North Carolina 
(Image 1403-15134-5 , 30 August 1973) 
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Figure 33 . SKYLAB-3 Photograph of Northeastern North Carolina. 
S190A Color Infrared, Roll 27, Frame 030 . 
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and color tones transmitted by the species existing there. The 

zonation patterns established from the ground studies were useful 

in providing the interpreter with an idea of what species should 

and should nnt be present in similar sites. Color tone varied 

ldthin vegetation classes and usually was the key to species 

identification. 

The interpretations were made under a binocular microscope 

at 20x magnification. At greater magnifications color tones 

could not be interpreted adequately because the grain of the film 

scattered the light and made identification of a specific color 

difficult. Welch (1974) evaluated the SKYLAB photography and 

concluded that resolution estimates were 20 percent below expected 

values for color infrared images. He estimated that ground 

resolution should be 145 meters. Resolution targets, wooded strips 

in the forest category, had the best contrast and were determined 

to be 58-70 meters by ocular and graphical techniques with further 

magnification resulting in problems with the film grain. (See also 

Section 6.2.2.) 

10.8.2.1 Plant signature with color infrared: SKYLAB-3 photography 

talcen on 9 August 1973 formed the basis for the interpretations. 

The agricultural class mainly consisted of t~10 crops, corn (~ 

mays) and soybean (Glycine max). Both crops transmitted quite 

distinct colors. Zea sp. transmitted a bright red lqhile the color 

tone from G1,ycine sp. IqaS a scattered pattern of blue, red, and 

IQhite. Forest vegetation could only be recognized as conifers and 

hardwoods. Conifers appear as violet to dark purple, and hardwoods 

are a dark red color on the photographs (See also Section 11.1.) 

Finally, two dominant marsh species were identified. These were 

black needlerush (Juncus roemerianus), transmitting a medium~blue 

color and giant cord grass (Spar tina cynosuroides) appearing medium 

red. Juncus sp. could be differentiated from water because the 

medium blue of the former contrasted >lith dark blue to black of 

the water. A summary of the species encountered in the sites is 

given in Table 14. 
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TABLE 14 

Species List of Dominant and Minor Vegetation 

Identified in the Ground Study Sites 

Hajor 

Pinus taeda - loblolly pine 

Quercus virginiana - live oak 

Taxodium distichum - bald cypress 

Juncus roemerianus - black need1erush 

Spartina cynosuroides - giant cordgrass 

Zea mays - corn 

Glycine ~ - soybean 

Hinor 

Quercus 1aurifo1ia - laurel oak 

Acer rub rum - red maple 

Liquidambar styraciflua - sweetgum 

Carya glabra - pignut hickory 

Pinus serotina - pond pine 

Chamaecyparis thyoides - Atlantic l~hite cedar 

Ilex opaca - American holly 

Comus florida - flowering dogl~ood 

Fagus grandifo1ia - American beech 

Nyssa aquatica - tupelo gum 

Nyssa sylvatica - swamp tupelo 

Arundinaria gigantea - giant cane 

Typha latifo1ia - common cattail 

Phragmites communis - marsh reed 

Iva frutescens - marsh elder 

Baccharis halimifolia - groundsel tree 
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10.8.2.2 Major vegetation sites: The agricultural sites were 

located around Elizabeth City in Pasquotank County, which borders 

Perquimans County on the east. Figure 34 is a copy of a color 

infrared image of the experimental site selected for interpretation 

from SKYLAB photographs (Site 2 in Fig. 30). One problem existed 

in obtaining ground studies of this vegetation class. Each year 

the crops are harvested and replanted with a different species. 

Fortunately, most of the rotation was beoleen Zea mays and Glycine 

~. Experimental Site 2 was estimated to be 37% Zea sp., 51% 

Glycine sp., and 13% old field. 

Interpretation of the old fields presented some difficulties. 

The recorded color tone ~vas very 'similar to that of Glycine sp., 

being a scattered pattern of blue, red~and white. There was no 

difficulty in separating Zea sp. from Glycine sp. 

Accuracy of identification ~vas conCluded to be 87% based on 

comparison with the ground truth information. A review of the 

interpretation revealed a slight signature difference between the 

old field and GlyCine sp. types, but a difference that is difficult 

to recognize. The mixture of the three colors ~las mos tly red and 

white with small amounts of blue present in the old field zone; in 

contrast, the mixture for Glycine sp. was mostly red and blue with 

less white. (See also Section 11.1.) 

Maritime forests, Sites 3 and 4 on Fig. 3D, are located in 

Dare county near Kitty Ha~vk. Figure 35 shows a SKYLAB color photo­

graph of experimental Site 4. Specific species could not be 

determined. Only differences between dominant stands of hardwoods 

and conifers were established. Experimental Site 4 was determined 

to be 85% hardwoods and 15% conifers by weight-apportioning and 

grid overlay methods. Loblolly pine (Pinus taeda) was the main 

conifer, and live oal~ (Quercus virginiana) was the main hardwood. 

Hos t of the other species encountered were hard~voods. Accuracy 

was considered to be 100% because the main type was easily 

established. 
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Fi gure 34. ASll~ultural Site 2, Northeastern North Carolina. 
SKYLAB-3 (S190A), Roll 27 , Frame 030, 9 August 1973 

---~j. ) 
Figure 35. Maritime Forest Site 4, Northeastern North Carolina. 

SKYLAB-3 (S190A), Roll 27, Frame 030, 9 August 1973 
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Figure 36 . Marsh Site 6, Northeastern North Carolina. 
SKYLAB-3 (S190A), Roll 27, Frame 030, 9 August 1973 
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Marsh test sites \~ere located in Dare County around Roanoke 

Island. Figure 36 shows a SKYLAB color infrared photograph of the 

experimental Site 6. Irregularly flooded salt marshes typify 

this area (Wilson, 1962). Salt marsh is an ideal vegetation class 

because few species survive in this harsh environment. The 

experimental site was determined to be 75% needlerush (Juncus 

roemerianus), 21% giant cordgrass (Spartina cynosuroides), and 4% 

common cattail (Typha latifolie). Tt'10 other minor species I~ere 

identified as marsh shrubs. 

Problems were encountered Idth the interpretation of Typha sp. 

Color tone of the reflectance is the same as for Spartina sJl. 

Both species show a medium-red color. There was no difficulty in 

separating Juncus sp. from Spartina sp. because of the greater 

albedo which probably results from the more horizontal leaf angle 

and greater height of 

96% because Typha sp. 

10.8.3 Vegetation map 

Spar tina sp. 

could not be 

Accuracy was concluded to be 

separated from Spartina sp. 

A vegetation map was constructed from color and color infrared 

photographs of Perquimans County, North Carolina. Color (Roll 28, 

Frame 030) and color infrared (Roll 27, Frame 030) photographs of 

this area may be compared in Fig. 37 and Fig. 38. Infrared imagery 

was found to be ideal for this type of interpretation, and color 

imagery was used mainly for estab11shing cultural ground reference 

points. Cloud cover of 18.5% prevented mapping of the entire 

county. Fig. 39 is the completed vegetation map of Perquim~ns 

County. 

One problem encountered during the mapping I~as in differentiating 

between soybean (Glycina max) and old field and pastures in some 

areas. Interpretation accuracy was evaluated through t~10 apr:"oaches. 

Color infrared photography taken during a U-2 flight in 

November 1973 (Flight 73-185) prOVided general data for checking 

the SKYLAB imagery. At this time of the year most of the 

agricultural crops had been harvested and fields plowed, although 
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Fi gure 37 . Color Photograph of Perquimans County. North 
Carolina. SKYLAB-3 (S190A), Roll 28, Frame 030, 
9 August 1973 
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Fi gure 38. Color Infrared Photograph of Perquim~ns County, 
North Carolina. SKYLAB -3 (SI90A), Roll 27, 
Frame 030, 9 August 1973 
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some crops still per&isted; fields and forest vegetation could be 

readily verified. There was a good correlation between 

the vegetation map and the U-2 imagery. 

Ground verification at the five randomly chosen sites provided 

specific data for checking the SKYLAB photography. Location of, 

these sites is noted on Figure 31, and each site has an area of 

approximately one square mile (2.56 S,! km). 

Random ground site 1 is located six miles due south of 

Hertford, the approximate center of Perquimans County. This site 

was determined to be 6.3% conifer and 43.9% mixed of the forest 

category. Agricultural elements I-lere 35.4% cnrn, 4% soybean, 

6.1% old fieldl and 4.3% pasture. An error reduced the interpretation 

accuracy to 89.6% because old field and !'as:ure cou~d not be separated 

clearly fro,n soybeans on the SKYLAB photognphy. 

The location of random ground site 2 is 6 miles southeast of 

Hertford. Forests consisted of 27.2% mixed. 'the agzicultural 

division was 38.4% corn and 34.4% soybean. Cloud cover obscured 

about 7% of the site. Interpretation accuracy of the cloud-free 

areas was 100%. 

Random ground Site 3 is located 8 miles southeast of Hertford. 

The forest category I<as 18.1% conifer and 36% mixed. Agricultural 

division consisted of 22% corn and 24% ~oybean. Corn could not be 

distinguished from a young pine plantation. Th~ reason for the 

difficulties of interpretation was that giant cane (Arundinaria 

gigantea), whose 

the young pines. 

signature resembled the corn, ~las grOl<ing between 

The signature of the pines .las therefore modified, 

and the modified signature resembled that received by the camera 

from a similar-size area of corn. The same height of pine and 

cane (8 f~2.4m) combined with the similar leaf angle of cane 

and corn made it impossible to distinguish corn from the young 

pine plantation. The interpretation accuracy for this site 

was £4.5%. 

Random ground site 4 is located 3 miles northwest of Hertford. 

This site was made up of 12% hardl<ood and 54% mixed forest. The 
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agricultural category Has 30% corn and 4% soybean. A minor error 

attributed to cloud cover made the interpretation accuracy 92.4%. 

Random ground site 5 is loc~ted 7 miles southeast of Hertford. 

Forests consisted of 34.7% conifer and 29.6% mixed. THO elements 

Ivere found in the agricultural category. These Ivere 5.5% cleared 

and 5% soybean. Problems Ivere encountered in interpreting l'looded 

swamps. These regions produced a dark reflectance similar to 

conifers and are easily mis tal~en for conifer stands 1'7hen a mixed 

stand of hard<voods (Nyssa aquatica and Nyssa sy1"atica and conifer 

(Taxodium distichum) actually exist. For the imagery used the 

explanation lies in part at least in the presence of the trees. 

The Hater reduces the reflectance. Accuracy of interpretation 

for this test site was 94.6%. 

Interpretation accuracy for all the random ground sites varied 

be~veen 84.5 and 100%. The two largest errors were caused by 

cloud cover and by the presence of giant cane between trees on a 

young pine plantation. 

A comparison of SKYLAB interpretive results with statistics 

obtained from tlle ,~orth Carolina Department of Agriculture was 
made. Vegetational types were mainly defined in the SKYLAB 

photography by color tone association. Areas Ivith the same color 

tone I,ere combined to obtain a percentage for particular vegetation 

type. Acreage totals Here compiled by the North Carolina Department 

of Agriculture from Farm Census Supervisors and Township Listers. 

A summary of the information obtained from both sources is given 

in Table 15. The maj or dral,back in comparison of the tlvO sources 

was that different components were included and omitted in the 

same major categories. 

A review of the for~st category revealed thnt both estimates 

Ivere similar (36%). No further division of this category Ivas 

made by the State Agriculture Department. 

The non-agl'icuZtU1'a"l. category shol'led the largest ,:ifferences 

betlveen the two data sources. Residential. and Clommel'aiaZ, areas 

(3.8%) Ivere placed in this category in the interpretation made 
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A. 

B. 

C. 

D. 

I 
TABLE lS 

A Comparison of Crop Statistics of SKYLAB and 
North Carolina Department of Agriculture 

Categor~ Agriculture Dept. 
(harves ted) 

Agricultural 36.0% 

1. soybean 20.2% 

2. corn 11.9% 

3. peanuts 2.2% 

4. pasture 2.0% 

5. other grains 1. 7% 

Non-agricultural 26.0% 
(no agricultural production) 

1. residential or 
commerical 

2. cleared 

Forest 36.0% 

1. conifsrs 

2. hardwoods 

3. mixed 

Cloud Cover '/: 

Total 100% 

SKYLAB 
(total fqrm land) 

42.2% 

11.6% 

27.5% 

__ oJ~ 

2.1% 

--~'¢ 

3.8% 

2.2% 

1.6% 

35.4% 

12.4% 

6.8% 

16.2% 

18.5% 

100% 

t, 18.5% of the county ~~as covered by clouds over area where peanuts 
and "other grains" were concentrat.ed. 
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from SKYLAB photography. On the other hand, all areas of no significant 

agricultural production (26%) were lumped together for the compilation made 

by the State Department of Agriculture. The 22.2% difference can be almost 

any other type of land use except agpiauZtupaZ land use in the 

figure compiled by the State Department of Agriculture. 

The interpretation of the SKYLAB photographs gave a higher 

percentage (42.2%) of land devoted to agriculture than did the 

Department of Agriculture figures (36%). This difference is 

attributed to the fact that the state estimates t~ere for harvested 

crops while SKYLAB figures were on standing crops. The percentage 

of the pastupe category mapped from the SKYLAB data agreed in 

general with the state's estimate (2%). Peanuts and gpain cpops 

were not included in the SKYLAB figures becauFe the northwestern 

part of the county in which these crops are concentrated was cloaked 

with cloud cover. The areas hidden below the clouds were later 

interpreted by U-2 photography to be around 25% forest and 75% 

agricultural, indicating the standing crop should be larger than 

the figures given in Table 15. 

Soybean and aoPn percentages from the SKYLAB imagery and from 

the Department of Agriculture data do not agree. SKYLAB percentages 

for aoPn are 27.5% and 11.6% respectively; the corresponding figures 

from state data are 11.9 and 20.2 percent. These differences may 

be due to the error arising from misidentification of young pine 

plantations. However, another possibility is that the State 

Department of Agriculture survey might fail to include all fields 

away from accessible road sites. The ground verification of SKYLAB 

interpretations t~hich separated COPn from soybeans sho'~ed the 

:!.nterpretation to have an accuracy of 100%. It is possible that 

SKYLAB-type imagery can be used to obtain more accurate acreage 

values for these two crops in North Carolina than is possible by 

present methods. 
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10.8.4 Summary and Conclusions 

Color infrared photography from SICYLAB-3 appeared to be 

superior to LANDSAT-l imagery in a vegetational study of north­

eastern North Carolina. An accuracy of 87% l'7aS achieved in 

delimiting species composition and zonation patterns of three 

coastal vegetation classes with SKYLAB photographs. A vegetation 

map of Perquimans County, North Carolina, seemed to have a high 

degree of correlation with information provided by high altitude 

U-2 photography. Random verification sites revealed an overall 

interpretation accuracy above 84%. 

Comparison of maps dra~m utilizing SKYLAB photography with 

North Carolina Department of Agriculture estimates of crop 

acreage revealed some marked discrepancies. The chief difference 

lies in the non-agricultural category in which there is a 30% 

difference. There appears to be a difference betl~een the definition 

of non-agricultural land uses used in this investigation and that 

used by the State Department of Agriculture. Another interesting 

difference is that found in the differences betl'7een acreage figures 

for various crops given by the State Department of Agriculture and 

the interpretation from SKYLAB photography. It ~7aS not possibl,~ to 

resolve the reasons for these differences, but it should be noted 

that the SKYLAB photography provides a permanent record of the 

crops and the various land uses. 

Two difficulties were encountered in using SKYLAB photography. 

Cloud cover limited the area available for study, and a number of 

possible study sites were either eliminated or restricted in area 

by the cloud cover. Ocular and graphical techniques revealed a 

resolution of 58 to 70 meters. Resolution was poorer in this 

study than other uncited studies because of difficulties encountered 

in estimating the actual extent of the vegetation zone because of 

film characteristics. 

10.8.5 Benefit-cost evaluation 

Vegetational analysis can be accomplished ~7ithin a l~eek IS 

time after sufficient ground data are pro~ided for a coastal 
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county the size of Perquimans. The rate at "lhich the 1'1Orlt can be 

done depends on the familiarity of the interpreter I'lith the area 

in question, and it can be reasonably assumed that if repetitive 

imagery I~ere available to a person fa~iliar I'lith an area the 

information could be extracted in only a day or so. 

Perquimans County has a rather 101~ population density, and 

changes in the agricultural category 1'1Ould probably be the most 

significant in terms of numbers and area than in any other category. 

These changes ~Iould represent crop rotation chiefly. Future 

expansion will probably be made in the croplands as forested areas 

are cleare,' and converted to seasonal crops. It can also be expected 

that there I~ill be population increases in the future, but they 

will be at a much slol'ler rate than the agricultural expansion and 

changes. 

One major benefit demonstrated by this study is that the State 

Agricultural Department could keep more up-to-date and accurate 

records of crop yield, crop expansion, and potential problem areas 

through the use of space-acquired imagery. As the investigators 

have no way of assessing the man-hours required to gather and 

tabulate the acreage figures for the various crops, they cannot 

provide an accurate benefit-cos t evaluation. HOl-lever, for ar, 

area such as Perquimans County the abilHy to gather needed ~'rop 

statistics on the part of an Agircultural Department employee in a 

matter of a day or so could be an important benefit in administering 

various agricultural programs. Space-acquired imagery could save 

many of the man-hours involved in mailing out questionnaires, 

tabulating the ansl'lers, and in bringing the data and its 

interpretation to a central location for later disbursement. On 

the other hand, the time betl'men data acquisition and receipt of 

them by the user determines the ultimate usefulness of the orbital 

imagery. In crop inventory acqUisition procedures a short time 

interval is n~eded. 

A m~asure of the benefits, of course, is the importance 

attached by the various agencies to crop inventories and the 
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, speed with which the data need to be processed. If a requirement 

exists for essentially ldth.!.n season crop inventories from north­

eastern North Carolina, space-acquired imagery at a scale comparable 

to that of SKYLAB on a repetitive basis should prove of considerable 

economic benefit. If knol-Iledge of patterns of crop rotation is of 

economic importance, space-acquired imagery may be the least 

expensive, most accurate \~ay to accumulate this information over 

a period of years. The images and pictures are a permanent record 

of what exists. 

In either case a single county in northeastern North Carolina 

could probably be studied and mapped at a cost of tHO or three 

man-days with a light table, a binocular microscop~and some suitable 

means of measuring areas, such as a projected scale micrometer. 

Skill of the interpreter would control the accuracy of the 

determinations, but " skilled interpreter Itnol-Iledgeable about the 

area could probably achieve a 90-95% or better accuracy. For some 

crop studies the rapid inventorying could be of considerable 

advantage. 

11.0 MULTISPECTRAL SCANNER (S192) INVESTIGATION 

11.1 Coastal Investigation 

When SKYLAL-2 passed over the North Carolina coast on 

9 August 1973 the area was partly cloud covered and only parts 

of the test site could be studied. Multispectral scanner data 

I-Iere investigated for three areas: Cape Hatteras and portions 

of the Outer Banks, Perquimans County on the northern shore of 

Albemarle Sound, and the Chol~an River. The method of study \-19S 

to examine the black and white transparencies of the multispectral 

scanner (S192) l{ith simple magnification by a hand lens and/or 

a binocular microscope. The imagery l·las density sliced on a 

Spatial Data Model 703, 32 step Image Analyzer. 

Because of the cloud cover the underflight aerial photography 

was of limited use in this study, and also the aerial photography 
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did not cover parts of the study area. The Cho~lan River Ivas 

almost completely cloud covered except in the area of Holiday 

Island. Cape Hatteras Has chosen as a test site simply to evaluate 

the imagery in terms of the vegetational characteristics, 

recognition of man-made objects, and the effects of ref1ectances 

from the sand. A general Imolv1edge of the Cape Hatteras area 

aided in interpretation of the ref1ectances in these terms 1'7ithout 

the specific identification of the man-made objects, such as 

parking lots and buildings. Density slicing of the Perquimans 

County area Ivas compared Hith the information gathered during the 

vegetational study described in Section 10.8 of this report. 

Table 16 gives the nominal characteristics of the 13 bands. 

11.1.1 Cape Hatteras 

All of the bands studied by density slicing, Bands 5, 6, 7, 

11, 12, and 13, sholved a sharp boundary betl-men the I-later 

surrounding the barrier islands and the islands themselves. On 

the Band 5 imagery the areas that stand topographically higher 

on the barrier islands have a someHhat greater reflectance than 

those that stand 10lver, nearer to sea level. Because most of the 

sand areas are rather narrm., there is an edge effect from the 

density slicer, and it is difficult to see any range of ref1ectances 

between the narrow thread that represents the island and the Hater 

body adjacent to it. In Band 6 broad vegetational patterns at 

Cape Hatteras are sholVn in the mid-range of 32 steps. Band 7 

Showed more detail of the vegetational pattern at Cape 

Hatteras than either Band 5 or Baed 6, and also most of the man­

made features are expressed by a high reflectance. Hhere the 

sand bodies are relatively Ivide, the beach sands ShOlv a high 

reflectance. The beach areas in general have a reflectance 

approximately 4 steps (0.60D) less than the reflectance in the 

vegetation. The reflectivity ir. Bands 5, 6, and 7 of the Ivater 

on either side of the barrier islands is approximately equal. 

Band 10 can be used to separate the sandy areas and marshes in 
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TABLE 16 

S192 Hu1tispectra1 Scanner Parameters 

Band Bandlddth Atmospheric Noise equivalent 
no. (\1m) transmission, reflectivity, percent 

percent (a) 

1 .41 to .46 45 1.2 

2 .46 to .51 45 .9 

3 .52 to .56 55 .8 

4 .56 to .61 55 1.1 

5 .62 to .67 60 1.9 

6 .68 to .76 65 1.5 

7 .78 to .88 70 1.4 

8 .98 to 1.08 80 1.2 

9 1.09 to 1.19 50 .9 

10 1.20 to 1.30 80 2.0 

11 1.55 to 1. 75 70 1.6 

12 2.10 to 2.35 70 2.0 

13 10.2 to 12.5 90 b1.25° K 

aScene reflectance, 20 percent (diffuse); angle of incidence, 45°. 

bB1ackbody source, 300° K. 

Source: EREP Investigators' Handbook 
NASA - S~YLAB Program 
HSC - 07874 

-179-

"l 

1 



the water. The definition of all three of these types of surfaces 

is very sharp, and t~ithin the vegetation there may be some 

separation of the various types of vegetation. Hot'lever, detailed 

vegetational maps t~ere not availablel and the possibilities of 

separation of coas tal vegetation t'las not pursued. 

The very bright reflectances from the sandy areas come only 

from the topographically higher areas; the 10t'ler areas t'lhich 

presumably are t'letter seem to reflect in the middle range of the 

32 steps. Band 11 did not shot~ any significant reflectance 

differences that appear to be usefUL in an area such as Cape Hatteras. 

Band 12 seems to have differentiated the 10\'1 marshy areas on the 

south side of the barrier iSlands from the more highly reflective 

sand. As for other bands the higher dune areas seem to exhibit 

a greater reflectivity than the topographically 101'ler ones. Band 

13 differentiates betl~een the water and land areas and seems to 

indicate that on Cape Hatteras at the time of the SKYLAB-2 pass 

(OS47 EST) the dune sands all ~ad much the same temperature. The 

reflectivity from the sand seems to have been the same on Cape 

Hatteras a .. 1 well as on the islands to the north and south of it. 

11.1.2 Chowan River 

With the exception of Band 11 the reflectivity from the Chol·mn 

River seems to have been essentially constant. There are some 

reflectance differences just south of Holiday Island ~Ihich suggest 

perhaps a current structure in the river. HOI'7ever, it is 

difficult to separate the possible effects of clouds from the 

possible current or water body effects. On Band 11 the reflectances 

from the land areas adjacent to the river and the reflectance from 

the water are very close as measured by the density slicing, but 

the water-land boundaries can be distinguished. 

11.1.3 Perguimans County 

A discussion of the interpretation of this area using SI90A 

photography is given in Section 10.S. 
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The lower bands, Bands 1 through 4, do not seem to provide 

much information about the land-use patterns in the Perquimans 

County area. Band 4, for example, separates the ~1Ster and land 

areas, but little other information seems to come through. 

-T--~ 

The other bands appear to be useful in distinguishing vegetative 

cover, open areas of land, and betlo1een crops in some cases. Band 

6 distinguishes between mixed forest cover and crops. It also 

appears to be useful for separating large fields of soybeans from 

those containing corn in June 1973 (See also Section 10.8.) The 

soybean fields appear to be lighter than the bulk of the forests 

and darker than the corn. Because of the lmo1 resolution of the 

scanner, it is probable that there is some overlap in the reflectances 

as they are seen in the image that has been studied, but for the 

larger fields that are clear and distinct these separations can 

be made. 

On Band 7 conifers are barely separable from the mixed forests. 

Also, corn and soybeans apparently have a similar reflectance and 

have a slightly higher reflectance than that sho~m by the forest. 

The difference in the reflectances betlo1een the forests and the crops 

is approximately three steps of the total of 32. On Band 8 the 

mixed forest areas have reflectances very close to those of pure 

pine stands. Soybeans seem to have reflectances similar to mixed 

f,,;,ests and similar to low areas along some of the streams. Corn, 

on the other hand, has a relatively high reflectance, one that is 

at the upper part of the density range on the transparency. The 

land-water boundaries are sharp. 

Band 9 seems to be a useful band for separating crops 

(soybeans and corn) in this area from forests and lo1oods. Corn, 

in some cases, has a lower reflectance than soybeans, and in other 

cases its reflectance is about the same. Forests tend to be darker 

than the crops. The Band 10 imagery 

such that in only approximately half 

is he able to separate the corn and 

display unit of the density slicer. 
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are planted in these t,~o crop" lie "1ithin areas of mixed forests, 

and the crop areas appear to blend into the forested areas because 

of the small scale associated ,dth the scanner. It is difficult 

to separate conifers from mixed forests on this band of the imagery. 

Band 11 imagery suggests that topography is a control on the 

reflectances, or conversely that the ~eflectances are related to 

the topographic position of the particular vegetative type. There 

is no discernible relationship bet"men the crops, "100ds, and the 

density as found on this particular image. The darker areas may 

be topographically 10.1er; the pattern seems to be modified by crops 

and forests. On the Band 12 imagery crops t-1!;re separated from the 

forested areas and land and 1-18ter. Hany fields lie within forested 

areas, but these fields are too small to be resolved irom ths 

forested areas. So they are recorded,of course, as forests. 

Band 13 imagery does not provide any information about the 

vegstation or the differences bet"1een the Hater and land in 

Perquimans County as far as can be told from this study of the 

imagery. 

11.1.4 Conclusion 

The multispectral scanner, based on the density "10rk done 

in this study, seems to be a useful tool fOl Jifferentiating 

various types of crops. The capability of the scanner to separate 

the infrared part of the spectrum into fairly small band "1idths 

seems to be a useful technique. It might be useful in separating 

young pin~ plantations from corn (Section 10.8.3', although no 

studies were conducted along this line. In an area such as Cape 

Hatteras, "1hich is underlain by sand and bordered by \'1ater and 

coastal vegetation, the multispectral scanner probably is ~f 

limited usefulness. On the other hand, "1here broad lund-use 

maps are necessary and are not available, this type of information 

could be useful. In North Carolina it is not, largely because 

of the fact that the space-acquired image~y is of such small 

scale. 
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Cloud cover over the Chowan River area prevented any 

significant work being done on this area, although at th~ time 

of the SKY LAB pass it was considered a prime test area. Shortly 

after the pass of SKYLAB in August 1973 there were several signifi­

cant algal blooms in the river. It t.ould have been interesting 

to have investigated the capability of the multispectral scanner 

to assay these algal blooms. It is believed that the relatively 

narrow band widths of several of the bands would have been helpful 

in mapping the e~tent of the blooms and the concentrations of the 

blooms within the Chowan River. 

The multispectral scanner imagery tvould probably be useful 

to crop inventory in North Carolina if the resolution were improved. 

This is particularly true of coastal North Carolina where each 

county has, because of soil and climate conditions, a relatively 

limited number of crop~ and these are planted in relatively large 

acreage units. Density slicing of larger scale multispectral 

scanner imagery either optically or by computer, would probably 

help agricultural interests to monitor the crop acreage as well 

as possibly to study on larger plots potential disease and 

moisture stress. 

11.2 Piedmont Area 

Multispectral scanner imagery taken on 17 September 1973 

was studied in three ways. All 13 channels were examined under 

a binocular microscope and evaluated for various levels of gray 

and for those features that could be readily recognized in this 

manner. Combinations of the bands were inserted into a color 

additive viewer and studied, and ttvO or three bands tvere compared 

with one another. The third method involved the u~e of densit§ 

slicing. 

In general, broad land-use patterns could be separated from 

one another. For example, areas of mixed hardwoods and pines 

could be separated from cropped areas and areas of open bare 

fields. No particular band seemed to be especially useful in 
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making these ciistinctions, and combinations of the bands as seen 

in the color additive vie\~"lI: I~ere at times useful. HOlVever, one 

part of the investigation did indicate that cropping practices 

and types of crops could be distinguished even in mid-September. 

Cloud cover prevented any attempt at making an extensive evaluation 

of these observations in other parts of the Piedmont of North 

Carolina. Nonetheless, it is believed that it is possible to 

distinguish crops and cropping patterns on the imagery as it was 

received, It appears that three bands (Section 11.2,1) are 

particularly useful in this conjunction. 

11.2.1 Results 

Bands 5, 6, 7, and 8 \~ere studied in the color additive 

vie\~er, and it \~as found that there are differences in reflectances 

between Bands 6 and 7 I~hich enabled the interpreter to distinguish 

betlVeen the t~IO crops, soybeans and corn. A combination of Bands 

5, 6, and 8 placed in the color additive viel~er 8ho\~ed three areas 

of field as one color. One of these field areas lies in an oxbolV 

or bend on Rocky River, \~hich is a tributa1.,. to the Pee Dee River 

in Stanly County (Fig. 40). It had soybeans in it on 17 September 

1973 (B. D. Creech, letter 7 August 1975). The other area of tlVO 

or more fields lies on the north side of the Pee Dee River where 

this river forms a boundary betlVeen Richmond and Anson Counties 

(Fig. 40). The areas along the Pee Dee River consist ch~efly of 

cornfields with intermixed areas of fallow grass- and weed-covered 

fields. (D. E. Stegall, letter, 21 August 1975). Interspersed 

among the trees to the north of these fields are open fields. 

The larger ones appear as very bright reflections (lVhitish) mixed 

within the tree-covered areas. The corn Ims brOlmish in September 

having reached maturity in contrast to the soybeans \~hich lVere 

nearly mature but still green. 

Combination Bands 5, 7. and 8 enabled the interpreter to 

distinguish bet\~een the tI~o crop areas. In the caSe of the Rocky 

River field the refle(ltances lVere somewhat brighter when these 
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Figure 40. Multispectral Scanner, S192, Test. Sites, Richmond and-Stanly 

. Counties, North Carolina 
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three bands were used than I,era the reflect!mces from the two 

fields on the ~orth side of the Pee Dee River to the south. In the 

latter case the color sholvn on the color additive viewer for 

these tlvO fields l,as that I-lhich had been inserted into the color 

additive viewer for Band 5. The color for the field in the Rocky 

River bend was that I,hich formed as a result of a combination 

of the colors put into Bands 5 and 8 with some influence from 

Band 7. Thus when Bands 5, 7, and 8 IVere in the color additive 

viewer with a red filter for Band 5, a blue filter for Ba~d 7, 

and a green filter for Band 8, the Rock;, River field showed as 

ye1101-1ish and the fields on the north side of the Pee Dee River 

sholVod red (Fig. 41 and Fig. 42). Areas of high infrared reflectance 

as shoIVn on the color infrared photographs of the S190A experiment 

shOI-led in this combination as cyan or turquoise. The apparent 

ability of Band 7 to separate soybeans from corn and grain in 

September contras ts Ivi th 

County (Section 11.1.3). 

its failure to do so in June in Perquimans 

This fact emphasizes the importance of 

crop stage on making the distinctions. In June both crops I,ere 

actively growing; in September they IVere at different stages of 

their growth cycles. In the case of the Band 5, 6, and 8 

combination the same l,ooded areas or high reflectance areas showed 

a dominance of reflectances from Bands 6 and 8. This 1-18S true 

both in areas adjacent to the Rocky River fields and to those 

areas adjacent to the fields on the north side of the Pe.; Dee 

River. 

Density slicing of the four bands disclosed that the fields 

on the north side of the Pee Dee River in general had 10l,sr 

reflectances than the field found in the bend of the Rocky River. 

For Band 6 there seemed to be a lower reflectivity recorded from 

the Rocl~y Creek field than from the field on the Mrth side of 

the Pee Dee River. The difference was perhaps more marked in 

Band 6 than it was in Bend 7. 

Microscopic examination of the imagery of the field areas 

confirmed the fact (noted in the density slicing experiment) that 
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Fi gure 41 . RockY River Test Site, S192, Multispectral Scsnner; 
Bands 5, 7, and 8. SKYLAB-3 

Figure 42 . Pee Dee River T st Site , S192 , Multispectral Scsnner; 
Bands 5, 7, nd 8. SKYLAB- 3 
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the Rocky River area seemed to have a somewhat higher level of 

photographically recorded reflectivity than the fields found on 

the north side of the Pee Dee River. Some of the dark areas 

within the field on the Rocky River are approximately the same 

level of gray as that found on the fields on the north side of 

the Pee Dee River; therefore, there seems to be a mix of 

reflectivities in the Rocky River area, but the overall effect is 

to make the Rocky River field have a somewhat higher level of 

reflectivity. 

Combinations of other bands did not emphasize apparent crop 

or land-use differences quite so sharply as did Bands 5, 6, 7, 

and 8. However, areas that are apparently open fields within 

wooded areas were brought out by ::c1.or additive combinations of 

one type or another. There seemed to be no particular distinctive 

pattern to these relationships. 

The study of the combination of Bands 10, 11, and 12 in the 

color additive VielQer points out that there is a better sepat'tion 

of the agricultural-related land uses when the three bands are used 

than if single bands or just pairs of Bands 10, 11, or 12 are 

used. When only two bands are used, the broad outlines of the 

major land uses may be discerned on the viewing screen of the 

color additive viewer, and it is possible to divide land uses in 

general into crops, open fields, and forested areas, but the 

addition of the third band emphasizes differences within these 

broad groupings, or emphasizes small acreage uses, or slight 

variations of the uses within the broad groups. 

Based on the color additive viewer interpretation, when 

Bands 10, 11, and 12 are used in conjunction, the open fields 

show as high reflective areas. But when Bands 11 and 12 alone 

are used, it appears that the open fields have reflectances that 

are approximately equal in each band. Hhen Bands 11 and 12 

together are used, the three fields studied in conjunction with 

the Rocky River and Pee Dee River test site appear as bright 

colored areas. When green and red are used in the color additive 
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viewer, yellol~ or yellol~ish tints are the predominating color • 

The mixed wood8 in between the fields and adjacent to the fields 

are chiefly brown. The areas that have a particularly high level 

of brightness on the color infrared S190A imagery appeared green. 

This is especially true of the 1'lOoded area adjacent to the Rocky 

River test site. 

The capability of the multispectral scanner to detect suspected 

sediment 11as brought out in the study of the Pee Dee River area. 

Frame 109, Roll 45 of the S190A experiment ahol'ls lighter blue 

colors in High Rock Lake and in the upper reaches of Lake Tillery 

(Fig. 40). The multispectral scanner recorded only the upper 

reaches of Lake Tillery. Badin Lake lying upstream from Lake 

Tillery, was mostly obscured by cloud cover. Suspended sediment 

coming into the upper reaches of Lake Tillery shows best on Band 5. 

When Band 5 is compared with Bands 7 and 8, the color seen on the 

screen of the color additive viewer is that of Band S. When Band 3 

is compared with Band 7 on the color additive viel1er, the color 

picked to represent Band 3 appears only in the 10~ler part of the 

sediment plume. Upstream the I~ater in Lake Tillery appears dark, 

and the sediment in the river is not uniquely distinguished. It 

appears then that Bands 3, 4, and 5, ~lhen used and compared 11ith 

one of the infrared bands, Band 7 or above, enable an interpreter 

to depict and possibly quantify the amount and distribution of the 

suspended sediment. There was no ground truth obtained for this 

particular part of the investigation, and thus it is impossible 

to say anything about the actual concentrations of the suspended 

sediment in the lal,e waters. 

Within the area covered by the multispectral scanner data 

there were several small tOlms and cities. Examination of the 

imagery under the microscope, in the color additive viel1er, and 

on the density slicer did not indicate any unique signatures or 

combinations of signatures that could be used in interpreting 

urban1zed areas. On the. other han~Bands 10,11, and 12 did 

record many of the agricultural areas and open field areas of 
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the uppel: Coastal Plain uith considerable degree of cladty. 

Band 11 seems to be the best band for these particular phenomena. 

Bands 7 through 12 i1el:e particularly effective in penetrating 

the cloud cover along the Pee Dee River near junction i~ith Rocky 

Rivel: in Stanly County. 

Bands 1, 2, allu to a certain !:mtent Band 3, did not give any 

particularly useful information i'lhen viewed in the colol: additive 

viei,el: in combination \,i th other bands. The one exception to this 

statement is the fact that Band 3 did provide information about 

the suspended sediment load in Lake Tillery. Band 13 was completely 

useless for any sort of interpretive i·lOrl<. 

11.2.2 Conclusions 

It is evident from the investigation that Bands 5, 6, ~ and 

8 are useful for distinguishing betl,een various crop types and 

possibly between some forest types. Although no detailed work 

was done on distinguishing between forest types, i100dlands, and 

mixed land uses in areas of combination forest and crop lands, 

it appears from a general observation of the imagery that Bands 

9, 10, and 11 and 12 could be put to effective uSe undel: certain 

circumstances. On the other han~ Bands 1, 2, and to a certain 

extent 3, appear to have limited usefulness in identifying land-use 

patterns and crops in the Piedmont of North Carolina. 

One of the effective techniques of using the multispectral 

BCannel: and the types of data that can come from it, assuming 

better resolution, is that of color additive Viel-ling. By putting 

two or more of the bands into the color additive vieHer and studying 

the imagery with'various colors and intensities of colors, it is 

possible to bring out information that is not othert-lise easily 

obtained. The advantage of the color additive viei-ler in a study 

such as this is that it is a relatively simple i-18Y to get at the 

information desirsd. It is one that does not require a high 

degree of competence in a very technical field, and a person I-lho 

is trained in its use can extract a lal:ce atllOunt of useful 
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information from viel,ing the multispectral scanner imagery, The 

viewer can also be used to ratio density slices of various bands. 

The breaking of the near-infrared portion of the spectrum 

into a series of relatively narrOlq bands appears to be a very 

useful approach to acquisition of earth resource information. 

Particularly is this statement true for an area such as the 

Piedmont of North Carolina. It appears that the separation of 

soybeans, corn, perhaps milo, even in small fields, given an 

adequate resolution, could be obtained by this technique. The 

question of benefit-cost arises in the evaluation of the usefUlness 

of the multispectral scanner, and it then becomes a question of 

whether the knowledge that can be obtained from this sort of 

instrumentation can be useful to the agricultural community. 

That question cannot be ansli'sred as a l;osult of this investigation. 

12.0 CONCLUSIONS 

Several studies lqhich l'lere a part of this project proved 

that SKYLAB photography and imagery can be effectively used in 

land-use mapping of both rural and urban areas, quarry monitoring, 

forest reconnaissance, urban greenspace analysis, and investigations 

of geological and coastal phenomena. 

Land-use planning, the object of great current interest in 

North Carolina and elsel'lhere, can receive much essential information 

from orbital photography. The results of this investigation show 

that natural resources and their el<isting and potential uses can 

be identified to a remarkable degree from SKYLAB photography. The 

resolution permits recognition of single family dlqellings in both 

urban and rural settings and water bodies dOlm to about 1.5 acres 

in size. Rural and urban land' use and vegetative cover could be 

readily mapped and identified through most of Level II (Anderson, 

~~, 1971). A genera1ize~ land-use map for an area of 50 to 100 

square miles (128 to 256 sq I,m) can be prepared l·,i th 3 to 4 

man-days of effort. Even an initially unskilled photointerpreter 

can acquire within a very short time adequate sl,ill to interpret 
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the photography with El ~andm:d t:echniques at accuracies approaching 

90 percent. A sl.illed interpreter 1'111:h knol-)ledge of the m:ea in 

North Carolina may be able to interpret the photography 

consistently Ivich accuracies of 90 to 95%. 

One phase of the investigation indicated some possibilities 

for using SKYLAll data for evaJ.uating the impact of airport e:tpansion 

on local residents. These data can be used in the analysis of 

alternative construction plans, preparation of environmental impact 

statements and discussions V1ith local politicians and disturbed 

citizenry. 

Agricultural crop monicoring can be done from SKYL ... \B photography 

and imagery better than I-lith eltis~ing techniques of ground surveys. 

The latter lack the 100% coverage of all fields that e:tists in the 

photography. One serious draHbaclt to this particular orbital 

imagery was its "one- t ime-only" occurrence. Because of legal and 

political time constraints 0. land-use invontory V1ill probably have 

been compiled before a suitable satellite is operational; therefore, 

for North Carolina purposes any tucure satellite should be planned 

for a minimal of SKYLAB S190B sCQle and appropriate orbital and 

time configuration. 

With the present status of North Carolina land-use planning 

the potential user groups do not accept SKYLAB photography because 

Of real or imagined unfavorable benefit/cost ratio. In seve~al 

instances also lacl~ of ltnovllcdge of the techniques of u8ing~he8e 

data and possibilities for their ap(llintltions to opsr&c1.onal 

problems deter acceptance. 1l0l-H:lVOr, if multispectral orbitel 

imagery at the S190B scale I-)oro to bscome 8'\1ailable on a regular 

basis, many agencies 1'70uld probably find it useful for change 

detection. 
In geological studies SKYLAB photography 1'7as enlarged to the 

same scale as local geologic maps (1:250,000) to permit: direct 

comparison beCI1een ehe orbital data and clll:eographic records. 

Isoluminous (Henderoth. Yost:, Kalin, and Anderson,1974, p 12-1) 

investigations of the photography aocompan~ed cOlwentional 
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instrumental and grounde;;uth I.ltudie8. bUl; tho heavy vegetation in 

North Carolina greatly rel.ltricced detection of surface and subsurface 

detail. Rock types could not be unequivocally separated, and in 

general soil groups could noC be separated, llm'lever areas of I'let 

lowland soil types, such as floodplains and sl'1ampy areas; could 

be differentiated. The chief geologic features recognizable are 

lineaments, most of ,'lhich have some geomorphic el:pressions, An 

inadequate data base prevented any study of fracture pac terns and 

ground water occurrence, 

Studies of coastal processes revealed information on the 

dynamics of currents, sands. and channols. Density slicing 

techniques I'lere used to interpret boch unuetl'7ater and shore 

topography. SKYLAB photography proved to be useful in revealing 

sediment in various water bodies, although no quantitative 

relationships bet~leen reflectances and Imeel: quality \'lere 

established. The effece of a period of precipitation upon sediment 

discharged into a major lal<e in South Cat'olina l'laO u,cognized, 

and use of orbital imagery for measuring relations betueen rainfall 

and sediment load in a drainage basin ~'1a9 shOI'ln to be possible. 

During the course of the studies various tests Hsre made of 

photographic scales and inte.~recacion techniques. The best 

interpretation 118S probably achieved by use of u 70nun High 

Resolution Color stereopair, In a color nddicive vieHcr the 

photography could be magnified to a scale of 1:30,000 and still 
• 
be clear enough for interpretation and mapping. USing the color 

additive vie~ler, an interpreter can combine the several bands of 

the multispectral camera (S190A) to extract useful illfol:\1'ation. 

One particularly promising technique is co conlbine the color 

infrared photograph 1'7ith one or more of the black and t'lhite 

multispectral photographs co ellhance land-use patterns. Fol:' 

instance, by combining the color infrared photograph 1'7ith the 

red band (0.6 - 0,7\1m), the intel:protcr can shatpen those 

dis tinguishing features \<Ihich oopc.rate hCll:'dl'10ods from mixed 

forests in the Soptember imagery. 
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In order to fac:l.licl.lI:e uoe of the SIt'lL..!"n t1\loto!)<:aphy by those 
unfamiliar 11ith pho~ointerpreCati,m toclmiques, a procedure and 

a.::companying materials for self-coaching uere assembled for 
Buncombe County. Additionally guiden to photointerpretation of 
Piedmont St<':lLAB photography Hero doveloped. Those pDrtiolls of the 

study demonstrated the feasibility of a rather simple approach for 

improving interpretation performance and thereby enlarging the 
potential user group. 

The SK'lLAB data source l~aB fouml to bo usoful fat' many 
resource management purpo~es. Tho Bcale, resolution, nnd image 
characteristics approached that o~ conventional eerial photography, 
and the photography mlG therefore oaoily uoed and understood by 

air-photo interpretere. The 5192 (HultiGpectral Scanner) expedment 
demonstrated a favorable potential for use in crop and vegetative 
mapping. The brealr.:!.t.g of the near-:I.nfraxed portion of the spec1:rum 
into relatively narrow bands should prove to be a useful teal in 
this connection once a larger scale and cartographic accuracy 
become available. 
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