7-10128

®  APPLICATIONS OF SKYLAB 2/://7¢

gg, =
g & e .5
§gd-
2:f=. DATA TO LAND USE AND
SgEs. TO L
2358
SEEE OGICAL ANALYSIS
Ii:- CLIMATOLOGI
- 17)..,. - E «
s55s88 752705
E5°8 :
FeE8> y
F583 Robert H. Alexander
SIS John E. Lewis, Jr.
Harry F. Lins, Jr.
Carol B. Jenner
Som |. Outcalt
Robert W. Pease
U.S. Geological Survey 2
{E77-10143) BEFLICALTICNS CF SKYLAE LAlA TC N77-19556
LANLC USs ANL CLIMAICLCGICAL ANALYSIS Final
sepoLt (uecicgical Survey, Ekeston, Va.)
CSCL O0S5SE Unclas
00123

237 g HC A11,kF ACG1

G3/43

FINAL REPORT

SKYLAB/EREP INVESTIGATION NO. 469
URBAN AND REGIONAL ENVIRONMENTAL INFORMATION

SYSTEM DEVELOPMENT:

PART A, CENTRAL ATLANTIC REGIONAL ECOLOGICAL

Original photography may be purchased fromd
EROS Data vaniar

10th and Dakota Avenue

Sioux Falls, SD 57198

SRIGINAL COATAINS

\ COLOR ILLUSTRATIONS

TEST SITE EXPERIMENT

(Ci(’/ %’{:\(}‘

SPONSORED BY <
Johnson Space Center
Houston, Texas 77058
and

U.S. Geological Survey
Reston, Virginia 22092

1976




&2

APPLICATIONS OF SKYLAB DATA TO LAND USE AND CLIMATOLOGICAL ANALYSIS

By Robert H, Alexander, Carol B. Jenner, John E. Lewis, Jr., Harry F. Lins, Jr.,
Sam I, Outcalt, Robert W. Pease

‘z})

U.5. Geological Survey

February 1976

Final Report

Skylab/EREP lnvestigation No. 469

NASA-USGS Order No. T-5290B

Urban and Regional Envirommental Information System Development:
CARETS and Census Cities Experiments

Part A: CARETS Experiment '




BIBLIOGRAPHIEL DATA 1. Report No.

SHEET

2. 3, Recipient's Accession No.

Climatological Analysis

4. Title and Subtitle Applications of Skylab Data to Land Use and

5. Report Date
February 1976

6.

lins, Jr., S, I, Outcalt, R. W. Pease

7..Author(s) R, H, Alexander, G. B. Jemner, J., B, Lewls, Harry I,

8. Performing Organization Rept.
No.

9. Performing Organization Name and Address
U.S. Geological Survey
Geography Program
Mail Stop 710
Reston, VA 22092

10, Project/Task/Work Unit No.

11, Coatract/Grant No.
T-5290-B

12, Sponsaring Organization Name and Address
Rigdon E. Joosten
NASA Johnson Space Center
Houston, TX 77058

13, Type of Report & Period
Covered

Type III Final Report

14,

1%, Supplementary Notes Sponsored jointly by the National Aeronautics and Space
Administration and the U.S. Geological Survey

14. Absteacts

in an urbanized area.

many Level II and III land use categories.
capability that of the high~altitude aircraft photceraphy, but still falls short of
being able to supply many of the detailed information needs of local or county-level
lanning agencies. (Abstract continued on following page)

(1) Evaluation of photographic sensors

The Skylab investigation in the Central Atlantic Regional Ecological Test Site (CARETS)
encompassed two separate but related tasks:
§~190A and S-190B as sources of land use information required for planning and managing
the land resources in a major metropolitan region, and (2) evaluation of the multi-
spectral scanner $-192, when used in conjunction with associated data and analytical
techniques, as a source of information on urban climates and the surface energy balance

Photographs from the Skylab S-190B Earth Terrain Camera were of greatest interest in
the land use analysis task; they were of sufficiently high resolution to identify and map
Such photography approaches in discrimlnation

17. Key Words and Document Analysis. 17a. Deseriptors

Land use mapping

Climatology

Remote Sensing
Surface-temperature simulation

Urban studies
Skylab
Energy balance

17b, Identifiers/Open-Ended Terms

17¢. COSATI Field/Group

18, Availabiliey Statement

19.. Security Class (This 21. No. of Pages

R
T !
20, Sec ciey Class (This 22, Price

UNLLASSIFIED

J

B

b R TR E—————
FORM NTIZJ0 {REV. 10-73} ENDORSED BY ANS| AND UNESCO.

THIS FORM MAY BE REPRODUCED USCOMM-DC 8203-P74

—




Abstract, continued

After being corrected to allow for the effects of the atmosphere,
output from thermal and visible bands of the §-192 multispectral scanner
was employed in constructing computer map plots of albedo and surface
temperature,

A "predicted" temperature map produced by a surface climate
simulation model showed falr correlation with the "observed" map produced
from the $-192 data. Results indicate that, with improved methods of
manipulating and mapping spaceborne thermal scanner data, land use related
components of urban climates, such as the heat island effect, can be
measured and modeled more effectively. Skylab-type data systems can thus
aid urban land use planning by making information on the climatological
consequences of propoged land use patterns available as input to future
urban design.




Preface

This report is one product of a large and complex effort attempting
to bring space technology down to Earth-nliteraliy--by investlgating ways
in which information obtained from the Earth-viewing sensors carried aboard
Skylab can be used to increase our understanding of the land use and energy
transformations at the Earth's surface. The complexity of the effort has
dictated a team approach, with each member of the team bringing specialized
skills to the common effort. Not all of the members of the team are listed
as co-authors; some team members are indeed not even known by the authors,
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responsible for getting the sensing apparatus into space and safely back
to Earth agasin, and the data processing technicians who saw to it that we
received copiles of the data as necessary to perform our amalysis.
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duals without whose countributions this research would not have been
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USGS colleagues James R. Wray, Valerie Milazzo, and Daniel Gallagher, who
performed the companion Skylab Census Cities lnvestigation, and from whom
we derived much support and assistance throughout the entire adventure.
Thanks also are due to John Arnfield and John N. Rayner of the Ohio State
University, who examined early drafts of project results and provided a
critique of the project. Brian J. L. Berry of the University of Chicago
provided guldance on the sampling design for measuring the accuracy of

iland use maps, and also provided a critical reading of the entire manuscript




in its final stages. Karen S, Letke produced and/or coordinated the
production of all £inal graﬁhics. Responsibility for typing, assembling,
correcting and keeping in touch with all of the authors and others who
had to approve of the final results, fell to Katherine A. Cook, who was
assisted in these tasks by Cynthia L. Cunningham.
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NASA Johnson Space Center, who, ag Technical Monltor of the project,
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patience and understanding in the face of the many frustrating problems
we encountered along the way.

By way of explanation of how the many co-authors functioned to bring
this effort to f£ruition, it should first be noted that we were widely
dispersed, geographically, throughout the lifetime of this project. For
the tasks that required more than ‘one of the authors, this meant cumber-
some back-and~forth communication which would have been greatly facilitated
if we had had closed circuit television with ability to transmit and dis-
play graphics including intermediate computer output. This dispersion of
researchers is not recommended in general for the conduct of such projects,
but until some organization assembles people in one place with the re-
quisite skills to perform land use and climatological analysis based upon
the use of remote sensing data, it will have to suffice.

Each section of the report was made the primary responsibility of
certain designated co-authors, but there were of course some bhenefits
obtained from critical reading of the entire manuscript by all of us.

Lins was primarily responsible for Chapter 2; Pease, for the portion of
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Chapter 3 dealing with the radiation-related maps produced from the Skylab
§-192 data, including the “gray-window”" calibration tc account for atmos-
pheric interference; Lewis, Outcalt, and Jenner for the portion of Chapter
3 dealing with the simulation experiment. Appendix A was written by Fease
and appendix B by Jenner and Lewis. Alexander was primarily responsible
for Chapters 1 and 4, and for administration and coordination of the
entire effort. As to project direction, you do not "direct" a project
like this, you merely try to keep up with all the various actors and

hope that they end their performance together.
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ABSTRACT

The Skylab investigation in the Central Atlantic Regional Ecological
Test Site {CARETS) encompassed twe separate but related tasks: (1) evaluation
of photographic sensors S-190A and 5~190B as sources of land use information
required for planning and managing the land resources in a major metropolitan
region, and (2) evaluation of the multispectral scanner 5-192, when used in
conjunction with associated data and analytical techniques, as a source of
information on urban climates and the surface energy balance in an urbanized
area.

Photographs from the Skylab $-190B Earth Terrain Camera were of greatest
interest in the land use analysis task; they were of sufficiently high
regolution to identify and map many Level II and III land use categories.

Such photography approaches in discrimination capability that of the high-
altitude aircraft photography, but still falls short of being able to supply
many of the detalled information needs of local or co;nty~level planning
agencies.

After being corrected to allow for the effects of the atmosphere,
cutput from thermal and visible bands of the 8-192 multispectral scanmner
wag employed in constructing computer map plots of albedo and surface
temperature.

A "predicted" temperature map produced by a surface climate
simulation model showed fair correlation with the "observed" map produced
from the $-192 data. Results indicate that, with improved methods of manip-
ulating and mapping spaceborne thermal scanner data, land use related components
of urban climates, such as the heat island effect, can be measured and modeled
more effectively. Skylab-type data systems can thus aid urban land use
planning by making information on the climatological consequences of proposed

land use patterns available as input to future urban design.




CHAPTER 1

INTRODUCTION

This report summarizes results of a series of experiments with data
provided by the National Aeronautics and Space Administration (NASA) under
the Skylab Earth Resources Expetiment Package (EREP). These experiments
involved the spplications of remote sensor data in analyzing patterns and pro-
cesses of land use on the surface of the Earth, as observable from above, with
special reference to the study of man-induced climatie changes in urban areas.

In addition to the gpecific foecus on data actually obtained by the Skylab
mission, the research activities reported on here represent a portion of a
broader program of close cooperation between two Federal agencies, NASA and the
U.S. Geological Survey (USGS) extending over the past 10 vears. This cooperation
involved a variety of research, coordination, and information exchange activities,
in which each agency contributed its specialized expertise toward a common
goal of improving the quality and usefulness of information needed to monitor
critical changes in Earth-surface environments, and to assist in the solving

of a variety of pressing environmental problems.

' DEVELOPMENT OF THE PROJECT AS PART OF AN INTEGRATED

GEOGRAPHIC RESEARCH PACKAGE
The research reported on here was conducted as part of an integrated
environmental experiment in the Central Atlantic Regional Ecological Test
Sice (CARETS), the purposes of which were to bring together several

diverse lines of investigative effort that had grown over the past few
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years-~to bring these together im the context of applications to the
solution of environmental problems growing out of practices of human use
of the land and water resources. Thus the effort i1s multidisciplinary,

a coordination and cooperation among investigators having quite different
specialized sclentific and techmleal skills. The investigation has many
of the strengths and weaknesses of such a team approach.

One of the research fields or discipline speclalty areas that is
brought together in this investigation is the one running through modern
geographic analysis, the application of the tools and techniques of
geography and spatial analysis to the study of spatial processes affec-
ting both the physical and socioeconomic environments of man. Those
whose knowledge of the science of geography is derived primarily from
times prior to the mid-1950's might gain brief insight into more recent
developments in the field by reference to some of the summary papers and
compendia. See, for example, Ackerman (1958), Berry and Marble (1968),
and Taaffe (1970).

Another line of research joined in this investigation is remote
sensing, which received impetus from military surveillance and intelli-
gence data-gathering requirements in the post Werld War IT period, and
which was further developed in the civilian economy by the considerable
body of research supported by the various MASA Earth observation programs
from orbiting satellites. A summary statecent of geographic research.
potential resulting from these developments is in National Academy of
Sciences (1966).

A third line of research has been the development of computerized

information systems applied to the handiing of map data, a development -
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that 1s essential to the utilization of the very large information—-
gathering capabilities of orbiting remote sensors. For a recent summary
of this field as it pertains to remote sensing syétems, see Steiner and
Salerno (1975).

A fourth research field or subdiscipline brought into this investi-
gation is that of energy and water balance climatology, as described or
summarized in such references as, for example, Miller (1965), Geiger (1965),
Sellers (1965), Hare (1973). |

Admittedly, the technology for monitoring changes in the environ-
ment has laggecd behind the techmnology for producing those changes,
through increases in population concentrations and massive construction
works associated with the building of a modern industrial society.
However, the kinds of experiments conducted under the auspices of the
Skylab program are a step in the right direction toward closing those
technological gaps.

The CARETS project was already in existence when Skylab experiments
were initiated. Funding other than Skylab was provided by the NASA
Earth Resources Aircraft Program, a major NASA ERTS (later renamed
Landsat) investigation, and by the EROS and Geography Programs of the
U.S. Geological Survey.

The underlying assumption of the CARETS model is that changes on
the Earth's surface that can be observed from remote sensors are related
to environmental consequences in ways that can be established through a
program of correlated observations. Although the experimentation in

the 1960's and early 1970's with a variety of remote sensors has proven
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that those sensors have a capability of obtaining a wide variety of
information on significant environmental parameters and processes,

the obtaining, processing, handling, and using of such data would be

a very expensive activity indeed for any significant portion of the
critical envirommental areas undergoing change within the area of the
United States. However, one data set that is readily extractible from
the remote sensors is one that has been called "land use,'" or more
properly "land use/iand cover,” i.e., the surface configuration of the
terrain,lboth land and water, which is directly or indirectly a con-
sequence of some particular use category invented by man.

Forest land may be observed sssentially in the natural state. 3But
the potential use of forest land as a source of forest products, or as
recreational area, or as a watershed protection area, can be defined in
terms of man's use or potential use. More obvious categories of use
are those showing the direct artifacts or consequences of human habita-
tlon—-houses, streets, factories, major transportation arteries, utllity
corridors, large built-up areas. These land use phenomena, according
to the CARETS model, are cobserved from the remote sensors, and then
related empirically (or calibrated) to envirommental consequences such
ag runoff, sedimentation, air pollution, and changes in the local or
regional climaﬁes (Alexander and others, 1975). The set of experiments
reported here deals with the combipation of observations of land use
categories and one of the envirommental consequences of those land use
patterns-—-namely changes in climate in and around cities. This effect

is sometimes called the urban heat island effect. Though documented for
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gsome time in the literature, e.g. Landsberg (1956) and Lowry (1967), only
recently has there been more widespread recognition that urban heat island
effects may be significant for energy expenditures for heating and cooling.
Thus a practical reason exists for pursuing research efforts that may yield
more information on this land use related phenomenon. The term "land use
climatology" is used here to encompass the study of thermal and micro-
climatological consequences of land use patterns and their changes.

The combination of remote sensors carried aboard the Skylab EREP
proved to be valuable for gathering essential information hoth on studies of

land use and on studies of the climatological consequences of land use change.

THE GEOGRAPHY PROCGRAM CARETS AND

CENSUS CTITIES EXPERIMENTS

The development of this Skylab investigation grew out of NASA-USGS
negotiations beginning in 1971 to consider a program "package" of experiments
with Skylab data, all attuned to the needs of the USGS Geography Program
as it existed at that time. As a result of those negotiations, a large
package proposal entitled "Regional and Urban Environmental Information
System Experiment" was submitted, under the direction of the Geography
Program Chilef at that time, Dr. Arch C. Gerlach.

After review of all Skylab proposals, the USGS Geography Program package
wgs.reduced to two of its component experiments: the CARETS experiment
directed by Robert H. Alexander, and the Census Cities experiment

directed by James R. Wray. Thesc two experiments benefitted
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considersbly from being located in the same program office, but they
were, in fact, conducted as two separate research efforts, with each
principal investilgator responsible for his portion. This report there-
fore concerns only the CARETS portion of Skylab Investigation No. 469,

NASA Order T-5290 B.

CARETS COMPONENT OF INVESTIGATION 469: SUBJECT OF THLS REFORT

Broad Objectives

The overall objectives of this investigation were to test éhe
hypothesis that data from Skylab can be made an integral part of a
regional environmental information system, encompassing both inventory
of the resource base and monitoring of changes along with their effects
on the quality of the environment. Along with the Landsat demonstration
project in the CARETS region (Earth Resources Technology Satellite Investi-
gation SR-125), this Skylab project was to have been conducted
as a prototype of a new land use and geographic analysis function within
the USGS. The CARETS project was carried out in cooperation with Federal,
State, and local agencies having resource and environmental monitoring
interests in the test region.

The goals of the demonstration project, and the cperational programs
that are expected to grow out of it, are to make accurate and timely
environmental information available to those who make decisions affec-
ting the use of the land, water, and air resources, and thus to improve
the environmental complex that develops from those decisions. Imple-
mentation will be by means of an integrated three-pronged approach:

(1) The establishment of & land use data base and monitoring of its




change; (2) the assessment, monitoring, and modeling of changes in the
total environmental complex relating to the land use change; and (3) the
linking of (1) and (2) in a regional information service for the insti-
tutions that will be users of the information derived from Skylab sensor
systems, in conjunction with appropriate aircraft and ground observations,

The ultimate objective of the demonstration project is to develop
both an integrated multidisciplinary ecological outlook and & new kind
of information service for the Federal, State, reglonal,and local level
institutions with envirommental decisionmeking responsibilities in the
reglon. The ecological outlook will enable the declsionmakers to see
the likely envirommental effects of changes or proposed changes in
resource use patterns, such as ailr and water pollution resulting from
conversion of land from nonurban to urban uses, or such as changes in
the local microclimates resulting also from land use changes. The
information derived from remote sensing will be integrated with infor-
mation from other sources, such as the census of population, geological
maps, and metecroleogical data, as required for the problem-solving and
decisionmaking models that are to be used. The institutions that make
those decisions will participate in a demonstration and evaluation of
the remote sensing techniques as aids in solving environmental problems
resulting from the impact of increasing human use of the land, water,
and air resources of the region.

The test region for the CARETS project is defined to encompass a
major segment of the Central Atlantic coastal and estuarine physiographic
province plus ¢ heavily populated and closely interdependent hinterland,

which includes the national capital area and the other major urbanized




areas of Philadelphia, Baltimore, Richmond, and Norfolk. This test reglon
approximates the southern half of an area that has previously been studied
and defined as Megalopolis, one of the worl&'s major concentrations of
urban and industrial activitiles (Gottmann, 1961).

Just to the south of Megalopolis 1s an area, part of the CARETS
test reglon, which is already being subjected to megalopolitan land use
pressures and rapid change. This area may be spared some of the most
undesirable consequences of uncontrolled development only by the most
urgent regional planning and management efforts. The test zone thus
provides an excellent regional laboratory for monitoring the land use
and related environmental change and for demonstrating to the decision-
makers the values of obtaining rapid and timely envirommental informa-

tion from orbiting remote sensors.

Land Use Analysis

Within the broad framework of the larger objectives stated in the
previous section, two separate but interrelated portions of the investi-
gation were undertaken: land use analysis and land use climatology.

The objectives of the land use analysis portion were to test the ability
of the Skylab photographic sensors (S-190A and S-190B) to replicate land
use categories already developed for the region using the two-digit USGS
land use classification scheme, and further, to examine the adequacy of
the resulting land use information for the requirements of key users at
the State, county, and‘local levels within the region. The user evalua-
tion was to be accomplished through l-day workshops, during which

representatives of user institutions were invited to the USGS National
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Center for presentations on the data systems and examples of alrcraft,
Landsat, and Skylab data that were avallable in several formats for
inspection., In addition, follow~up interviews, usually at the offices

of the user institutions, were carried out after users had had an oppor-
tunity to examine samples of data that were distributed at the workshops.
The intention of the land use analysis component of the experiment was

to evaluate the Skylab results as the space component of a three—part,

space~air~-ground data system of land use analysis in a metropolitan area.

Land Use Climatology

A key portion of the envirommental problem-sclving strategy of the
CARETS model is the establishment of relationships between land use/land
cover as detected by the Skylab sensors and certain envirommental con-
sequences of those land use patterns, such as stream runoff, water
quality, erosion, and changes in the local climates of urbanized areas.
The land use c¢limatology portion of the investigation addresses the
latter type of environmental change, taking advantage of the ability
of the Skylab multispectral scanner gystem (S-192) to obtain informa-
tion in both visible and thermel portions of the electromagnetic spectrum.
Building upon prior NASA-funded experiments utilizing multispectral
scannersg carried aboard aircraft, this experiment had as cne of its
objectives to determine the extent to which Skylab data can be used to
assess energy exchange parameters crucial to the measurement of the
climatological impact of drastic land use changes such as urbanization
and land clearing. A convenlent vehicle for investigating this change

is the so-called heat island effect, experienced by those living in and




around urban areas and already well documented in the scientific litera-
ture. Specifically, the intent of the investigation was to combine
observed and simulated surface temperatures to develop procedures for
routinely using data from spaceborne platforms to obtain quantitative
information on the distribution of solar energy received at the surface.
Such information is fundamental to the establishment of local micro-
climates that have a bearing on human comfort, to the supply of energy
for such key processes as evaporation and photosynthesls, and possibly
in the future to the direct supply of solar energy for heating.

The land_use climatology experiment approach involved two major
tasks. First, investigators used- Skylab S-192 data with simultaneously
collected ground data and pertinent meteorological data for developing
calibration procedures to account for the attenuation of the signal
caused by properties of the intervening atmosphere. Second, we combined
the new calibratlon procedures wilth an effort to apply a surface clima-
tological simulation model to the same area as that observed by the
Skylab sensor. The use of the simulation modeling technique in con-
junction with observations from remote sensors was expected to greatly
enhance and improve the utility of remote sensor data, which cannot
necessarily be collected often enough or at specific times in the diurnal
or annual cycle for extrapolation to true energy balance values. Thus,
the simulation technique enables extrapolation of results of remote
sensing measurements at a specific instant to other times of the day or
year, with variations in the astronomical, meteoroiogical, or surface

terrain factors supplied by changing input parameters to the simulation

procedure.
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Organization of the Report

Chapter 1 has presented introductory and background material setting
the experiment in the context of related work and program objectives.
Chapter 2 presents the results of the land use analysis portion of the
experiment, based upon evaluation of the photographic sensor experiments,
S-190A and 5-190B. In addition, Chapter 2 contains a discussion of the
user response to this material, an evaluation of Skylab photographic data
for meeting information needs of the USGS Geography Program, and a comment
on the USGS land use clagsification scheme and its applicability with data
such as those supplied by the Skylab and related sensor systems. Chapter
3 contains the summary results of the land use climatology portion of the
experiment. The first portion of the chapter deals with the development
of radiation-related maps from the 5-192 data, as built upon experiments
conducted prior to the Skylab mission, and as corrected by the Pease gray-
window model for atmospheric calibration of the signal received from the
thermal channel of the §-192 scanner. The second portion of Chapter 3 pre-
sents the results of the simulation experiment and the simulated surface
temperature data sets and map produced by that effort. Chapter 4 contains
summary, conclusions, and recommendations. Two techmical appendices are
also included to provide more detail on certain aspects of the land use
c¢limatology experiment. 'Appendix'A contains the results of the Baltimore
aircraft mission flown in 1972 by the NASA aireraft program utilizing the
Environmental Research Institute of Michigan's ailrcraft and multispectral
scanner. Appendix B contains the technical detalls of the simulation model.
A list of other reports sponsored by our NASA Skylab investigation and
by pre-Skylab NASA funding of energy balance studies in the USGS Geography

Program constitutes appendix C.
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CHAPTER 2

ASSESSMENT OF DATA VALUE FOR LAND USE INVENTORY AND ANALYSIS

This chapter contains the summary results of examination of the Skylab
photographic sensors (S-190A, multispectral camera system, and 5-190B,
Earth Terrain Camera) for their applicatlons to the inventory and analysis
of land use in the Central Atlantic region.

The analysgis contained herein is based upon data received from the
Skylab 3 pass over the CARETS area on August 5, 1973. Other passes over
the test region did not produce data suitable for the analyéis. The ground
trace of the Skylab 3 "footprint” over the CARETS region for the photo-
graphic sensors 1s shown in figures 2.1 and 2.2.

In the early plamning stages for this experiment, before the Skylab
launch, it was hoped that complete photographic coverage for the region
could be obtained, Such coverage could have been the data source for land
use mapping and uniform evaluation throughout the test region, as well as
an update of the land use data base for 1970, which had been prepared from
high-altitude aircraft data as part of the CARETS-Landsat experiment. When
it was learned that only a portion of the CARETS test region could be
covered by Skylab photography a different strategy was devised, namely, to
map only a selected sample area, to make detailed quantitative study of the
accuracy of the resulting map, and to examine other portions of the test
site coverage for suitability of data as applied to identification and
mapping of varlous land use classes and levels of detail.

The Skylab photographic data of most interest to the investigalors
and the users of CARETS land use informtion were photographs taken by the

5-190B Earth Terrain Camera experiment. This photography was of sufficient
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CENTRAL ATLANTIC REGIONAL
ECOLOGICAL TEST SITE

PHOTOGRAPHIC INDEX
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Figure 2.1--Index map showing location of ground trace, 5-190A camera
aystem, Skylab 3 pass over CARETS, August 5, 1973.
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Figure 2,2--Index map showing location of ground trace, S-190B camera

system, Skylab 3 pass over CARETS, August 5, 1973,
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spatial resolution to allow identification of most of the Level II cate-
gories, and many Level III categories. It even approached in capability

the resolution of the high-altitude aerial photography. The 5-190B photo-
graphy was found to provide relatively high resolution data, which can be a
valuable source of information for land uge maps and inventories, in urban
as well as nonurban areas. These results indicate that photography of the
caliber of 5-190B could be of considerable value in the work of planning
agencies at State or regional levels. It is not quite of sufficient resolu;
tion, however, to be used for many local and urban land use data require-
ments or for many envivonmental impact applications.

Because of this greater interest in the S-190B photography, as compared
to the S-190A photography, the major portion of the effort in this analysis
1s devated to the $-190B., That 1§, the greater spatial resolution was
considered to be of more interest, for purposes of this experiment, than
the multispectral capability of the 5-190A. In any operational system,
the best combination of the two systems would be employed to take advantage
of both spatial resolution and spectral discrimination and enhancement, as
dictated by the objectives of the operation.

The examples of land use applications cited in this study were taken
from a single frame of S-léOB photography, number 83-166 taken on the
Skylab 3 pass over the CARETS test site on August 5, 1973. Figure 2.3
contains an index map of this frame of photography, marked to show loca-
tion of sites selected for detailed analysis.

After discussing the methodology for analyzing the detailed land use
map of Fairfax, Virginia, the chapter deals with specific land use categories
and their suitability for extraction from the 8-190A and 5-190B photography.

Following that is a series of comparisons with aircraft and Landsat data,
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Figure 2.3--Index map to S-190B frame 83-166, Skylab 3 pass over CARETS,
August 5, 1973; F = Fairfax, Va.; W = Washington, D.C.; B =
Baltimore, Md.; a through m = locations of land use illustrations
contained in figures 2.10a through 2.10m.
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followed by the results of the user evaluation, and a discussion of an
evaluation of Skylab data in terms of future USGS Geography Program opera-
tional needs and requirements. Finally, as requested by the NASA project
seientific monitor, the chapter concludes with an evaluation of the USGS
Circular 671 lénd use classification scheme for deriving land use infor-

mation from remotely sensed data.
METHODOLOGY FOR CONDUCTING THE ANALYSIS

Investigators used manual photointerpretation techniques to compile
land use data from the Skylab photography. The high quality of the 5-190B
photos facilitated photointerpretation and required only a minimum amount
of interpretation time for the interpreter to become familiar with the
appearance of different types of land use on the photography. A summary
of data sources is given in table 2.1.

Familiarization was enhanced by the use of U-2 underflight photography
and selected field checking. In an automobile traverse investigators
found that one could locate his position directly on a seven-times (7x)
enlargement of the S-190B Earth Terrain Camera (ETC) photograph. Prior
knowledge of the region under study was also employad by the investigators;
such a situation is realistic for the actual use that would be made of
the data by planning agencies.

The starting point for the land use analysis performed in this study
was the two-level classification system presented in USGS Circular 671
(Anderson and others, 1972). This classification scheme has been widely
reviewed since its publication, and a revision has been published as USGS’

Professional Papef 964, The categories and definitions used in the
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Table 2.l-—Summary of data from remote semsors used in this study

SKYLAB S5-190A

SKYLAB 5-190B

HIGH-ALTITUDE
ATRCRAFT (U-2)

Image Type CIR Photos#
Im-ge Acquisition Format 70 mm
Acquisition Scale 1:3,000,000
Altitude 435 km
Ground Resolution 55 m
Image Date 05 Aug. 73
Image Time (GMT) 15h Q3@ 548

Color Photography
114.3 mm
1:970,000
435 km
10m
05 Aug. 73

150 03 545

Color Infrared Photography
228.6 mm
1:130,000
21 km
3.5 m
27 Oct. 73

18" 12 37°

®*Color Infrared Photos




Professional Paper are employed here, with the addition of third-level
categories where applicable to the analysis of the ETIC data (table 2.2).
Using the appropriate levels of this three-level classification
system to derive a variety of data sets and descriptions from the Skylab

photography, investigators developed measures and comparisons along
three independent approaches: (1) Systematic aligned sample; (2) area
measurement comparison of classification elements (S-190B only); and
(3) visual assessment of photo characteristics (S-190A and S-190B).
High-altitude aircraft data were useé for comparison. Each method was
emploved in different circumstances for measuring the accuracy of a
land use map covering an urban test site in Falrfax, Virginia, a part
of the Washington, D.C, metropolitan area.

The analysis began with the compilation of three land use maps of
the same area, using the USGS land use classification system: one from
Skylab 5-190A color-infrared photography, one from Skylab 5-190B color
photography, and one from high-altitude aircraft (U-2) color-infrared
photography. For mapping bases and photointerpretation, photographic
enlargements at a scale of 1:24,000 covering the city of Fairfax, Virginia,
were made from NASA-supplied Kodak Aerochrome Infrared (50-127) S-1904,
Kodak Aerial color (50-242) 5-190B, and Kodak Aerochrome Infrared (2443)
RC-10, camera high—-altitude aircraft photographs. The Skylab photos
were taken on August 5, 1973, and the U~2 photo on October 27, 1973.
Figures 2.4, 2.5, and 2.6 contain prints made from the aircraft and
Skylab photographs.

The land use map produced from aerial photography +'us field checked

and corrected so that, for comparative purposes in this research, it was




Table 2.2-=-Version of the Anderson multilevel land use classification
system for use with remote sensor data, usced in this study.

LEVEL 1 LEVEL II LEVEL 111

1 Urban and Built-Up
" 11 Residential
111 Single Family
112 Multi-Family
12 Commercial and Services
121 Wholesale trade
122 Retail trade

123 Business, Professional and
personal services

124 Cultural, entertainment and
recreational activities

125 Educational facilities
127 Religious facilities

129 Government, administration,
and services

13 TIndustrial
136 Non-classified industrial

14 Transportation, Communication
and Utjilities

141 Highways, auto parking, bus
terminals, motor freipght and
other facilities.

146 Electric, water, gas, sewage
disposal, solid waste, and
other facilities.

15 Industrial and Commercial Complexes
16 Mixed
17 Other
171 TImproved Open space
172 Unimproved Open space
2 Agricultural Land
21 Cropland and Pasture

22 Orchards, groves, vineyards,
nurseries and ornamental horticul tural
areas

23 Combined feeding operations
24  Other




Table 2.2--Continued

LEVEL 1 LEVEL 11 LEVEL III.
4 Forest Land
41 Deciduous
411 Afforesting deciduous
41?2 Light crown deciduous
42 Evergreen
43 Mixed
431 Afforesting mixed
5 Water
51 S8treams and Canals
52 Lakes
53 Reservoirs
54 DBays and Estuaries
55 Other
6 Wetland
61 TIorested
62 Non-iorested
7 Barren Land
71  8alt Flats
72 Beaches and Mudflats
73 Sandy areas other than beaches
74 Bare Exposed Rock
75 Strip Mines, Quarries and Gravel Pits
76 Transitional Areas
77 Mixed
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grint of S-190A photograph, Fairfax, Virginia.

2=11




0
|
I
0

Kilomeires

} n

PAGE)\&:;’;:?:?C::n.-..'..v BLANK

e

o 19
RECEDING F’éikﬁnﬂﬁx 1107 FILMED
P . -

Figure 2.5--Enlarged print of S-190B photograph, Fairfax, Virginia,
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considered error free. This correction process facilitated the comparison
of the map produced from Skylab photography to the map produced from
aerial photography for accuracy determination., Tigures 2.7 and 2.8

depict two of the land use maps, those made from S-190B and aircraft

photography, respectively.

Systematic Aligned Sample

One method of comparison applied a systematic aligned sample strat-
egy, which compared two spatial data sets by using a corresponding point
sample drawn from each (Berry and Baker, 1968). For example, consider
two polygon maps, A and B, which cover exactly the same geographical
area and use the same units of classification. Map A results from the
interpretation of sensor X data and map B from analysis of sensor Y
data. By observing polnts on one and then the other, one can determine
which points, 1f any, have clagsification &ifferences. If one assumes
further that map A, because of certain.characteristics in sensor X,
combined with more detailed information from additional sources (other
maps, £ield work, etc.), iz accurate, and 1f the two maps are temporally
similar, then any point on map B whose interpretation differs from that
of its corresponding point orn map A, can be considered a misinterpretation.
The quotient of the number of polnts found to be the same on both maps
divided by the total number of points examined can thus be considered a
measure of accuracy.

Misinterpretations, however, are considered at a single level of
clagsification or gemeralization. No credit is given-to an incorrect

Interpretation that is correct at a higher level of aggregation.
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terminals, motor freight
and other facilities

LESEND
111 Singie family residential 146 Electric, water, gas, i
112 Hulti-family residential sewage disposal, solid waste '
122  Retail trade and other factlities :
123  Business, professional and 150  Industrial and commercial i
personal services complexes
125 Educatienal facilities 171 Improved open space
127  Reliaious facilities 172 Unimproved opem space
129  Government, administration A1 Afforesting deciduous forest ;
and services 760 Transitional areas 1
136 lon-classified industrial [
141  Highways, avto parking, bus 1|

SKYLAB, LEVEL 11, LAND USE MAP

Figure 2.7--Level III land use map, based on interpretation of Skylab S-~190B
photography, Fairfax, Virginia.
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m Single family resfdential 140 Transportation, comtunica-
12 Mylti-family restdential tion and utilities
12 Commercial and services 121 Highways, auto parking, bus
121 Wholesale trade terminals, motor freight,
122 Retail trade and other facilities
123 Business, professional and 150 Industrizl and commercial
persenal services conplexes :
124 Culteral, entertainment and mn Improved open space
recreational activities 172 Untmproved cpes Space
125 Lducatfonal facilities 411 Afforesting deciduous forest
127 feligious facilities 412 Light crown deciduous forest
129 Government, administration 43 Afforesting mixed furest
and services 760 Transitional areas

136 Non-classified industrial

. ATRCRAFT, LEVEL 111, LAND USE MAP

Figure 2,8--Level III land use map, based on interpretation of high-altitude
aircraft photography, Fairfax, Virginia.

Primary source: U-2 flight 73-181, RC-10 color infrared photograph, frame
5296, 27 October 1973,

Supplementary source: U.S. Geological Survey, 7s-minute topographic
map of Fairfax, Virginia, 1971 photorevised edition.
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The systematic aligned or grid sample was employed in this example
since the mapped data did not appear to contaln any regularly repeated
pattern or spatial perlodicity. In the absence of spatial periodicity
in the mapped data, the grid sample has been found to be the simplest
and most efficient type. The geographical area analyzed was overlain by
a grid of equal-sized cells, the center points of each serving as the
observation points (firure 2.9). The cell size was arbiirarily estab-
lished based on the scale of the interpreted data. In this example
69 points were examined for anm area of 1,600 ha at a scale of 1:24,000.

Table 2.3 indlcates relatively good performance by the interpreter
in working with S-190A photography in ildentifying residential land use;
fair performevnce in identifying commercial and services, and deciduous
forest land uses; and poor performance in recognizing the other land
uses in this urban setting. Most errors were a function of the lower
resolution of the §-190A compared to the high-altitude aircraft photo-
graphy. For example; a tank farm containing large circular tanks for
storage of petroleum products was misclassified as commercial (12)
based on the brightness of the reflected signal and its location along
a transportation artery. On the aircraft photography (and, even on the
£-190B photography) the outlines of the individual tanks could be seen
clearly, permitting the correct clé;sification as industrial (13).

Land-use classification data comparisons between 5-190B and high—
altitude aircraft sources are illustrated in table 2.4, which shows
that of 69 points examined, 57 were found to be alike on both maps.
Based on the stratified aligned sampling method, the acecuracy of the

5-190B land use maps using Level III categories is 83 pezcent. Of the
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Figure 2.9--Location of points for comparing Skylab and aircraft-derived
land use data, Fairfax, Virginia.
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Land Use Catégories as Determined

from Alrcraft Phetography

Table 2.3--Matrix listing the number of occurrences of land use
categories interpreted from S5~190A photography versus
land use categories interpreted and field checked from
alrcraft photography for the city of Failrfax, Virginia,.
Dlagonal is the axis of correct 5~190A interpretationms.

Land Use Categories as Determined from Skylab $5~190A Photography

Categariles 11 12 13 14 15 17 41 43 76
Residential 11 {\K

Commerclel and Services 12{ 2 7

Industrial 13 X\ 1
Transportation, Commun~ \\

ication & Utilities 14 1

Industrial & Commercial \ \

Complexes 15 1 \\

Open Space 17| 2 1 \2\
Deciduous Forest 411 2 1 1 6

Mixed Forest 43 x\
Transitional Areas 76 \\

AN

Land-use categories correctly identified on Skylab S-190A, 74 percent

2-22



Table 2.4~-Matrix listing the number of occurrences of land use
categories interpreted from 5~190B photography versus
land use categories interpreted and field checked
from aircraft photography for the city of Fairfax,
Virginia. Diagonal is the axis of correct 5-190B
interpretations.

Land-Use Categories as Determined from Skylab S-190B Photography

111 112 122 125 136 15 171 172 411 412 76
1114 34 1 1 2
o 112
:
122
3 2
b
a & 125
W o
o g 136
g &
T 15
¥
% 9 171
© g
o 172
n g
=2 0
sy 411
g
. 412
76

Land-use categories correctly identified on Skylab 5-190B, 83 percent

111 Single=family residential 171 Improved open space

112 Multi-family resldential 172 Uanimproved open space

122 Retall trade 411 Afforesting deciduous forest
125 Educational facilities 412 Light crown decilducus forest
136 Non-classified industrial 76 Transitlonal areas

15 Industrial and commercial complexes
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12 points in disagreement, 5 occurred in cases where the 5-190B data

were misclassified as unimproved open space. This misclassification
appeared to be attributable to the spectral characteristics of the color
film (S0-242) and the spatial resolution of the camera (5-190B). The color-
imetry was such that suitable vegetation differences were imperceptible,

and the lack of detail in the data inhibited the observation of certain
residential and commercial structures. Positivg identification of these

features was difficult.

Area Measurement Comparison

A second technique employed was a comparison of the area measurement
of land use types. As an example, consider a classification system con-
sisting of n land use categories. For any given map using this classifi-
cation, the sum of the areas of each category used will equal 100 percent
of the total area of the map. Consider further the case of three maps,
E, F, and G, of the same geographical area, which are prcduced using the
same classification system. Map E is derived from source R, map F from
source §, and map G from source T. TIf map E, because of the superior
source information, is considered correct, then by comparing the percentage
of area in each land use category in maps F and G to the percentage of
their corresponding areas in map E, the relative accuracy of maps F and
G by each land use category can be determined. Suppose that a land
clagsification with categories 1, 2, and 3 is employed and a hypothetical
ground truth map is produced with 20 percent of its area in category
1, 30 percent in category 2, and 50 percent in category 3. Another map
has constituents of 21 percent im 1, 31 percent in 2, and 48 percent in
3. Empirically the two are very similar. 1If, on the other hand, sizable

discrepancies occur in the percentages, then a comprehensive look into
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the reasons for such differences would be in order. The actuail physical
determination of area was accomplished in this case by using a dot plan~
imeter (Yuill, 1970).

Table 2.5 presents the Level III tabulations of area measurements
of the land use categories derived from Skylab S-190B data, compared
with those derived from aircraft data. The table indicates a sizable
discrepancy in residential land area. Interpretation of Skylab photo-
graphy resulted in the delipeation of approximately 120 ha iess of
residential land than did the analysis of aircraft photography. Both
data sets were made by the same photointerpreter, Nearly all of the
difference occurred in single-~family residential areas, many of which
are located in wooded or semiwooded areas. In this situation, the
spatial resolution of the Earth Terrain Camera (5-190B) is not high
enough to allow the detection of houses or other residential "keys" such
as street patterns and sldewalks that are partially obscured by vegeta-
tive cover.

Areas of commercial and services land use, especially retail trade
areas, were readily detectable from Skylab photography, apparently because
of the distinctive spectral and spatial characteristics of shopping areas.
Two main types of commercialized areas are usually found: suburban
shopping centers and urban commercial strips along major thoroughfares.
That less industrial zrea waé interpreted from the Skylab data than
from the aerial data appears mainly to be the result of interpreter
inablility, in some cases, to dgtect differences between the industrial
category and the commercial and services category using Earth Terrain

Camera (5~190B) photography.
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Table 2.5--Comparison of area measurements of Level III land use
categories derived from aircraft and Skylab S-~190B data
gsources, Fairfax, Virginia, in hectares and percent of

total area mapped.

Land use type code

ATRCRAFT
Hectares Percent

SKYLAB S-1908
Hectares Percent

Single family residential 111

Multi~family residentisal
Commerclal & Services
Wholesale trade

Retall trade

Business, professional,
& personal services

Cultural, entertainment,
& recreational
activities

Educational facilities
Religious facilities

Government, administration,

& Services

112
120
121
122

123

124

125
127

129

Hon~classified Industrial 136

Highwsys, auto parking,
bus terminals, motor
freight, & other
facilities

Electric, water, gas,
sewage disposal,
solid waste & other
facilities

Industrial & Commerclal
Complexes ’

Improved Open Space
Unimproved Open Space

Afforesting Deciduous
Forest

Light Crown Deciduous
Forest

Afforesting Mixed Forest
Transitional Areas

141

146

150
171
172

411

412
431
760

780.4 [ 50.22
32.2 / 2.07
7.4/ 0.48
3.4 / 0.22
166.3 / 10.70

3.6 / 0.23

0.8 / 0.05

60.7 / 3.91
2.8/ 0.18

5.1/ 0.33
32.1/ 2.07

6.9 / 0.44

_—f -

12.1 / 0.78
54.4 [ 3.50
128.2 / 8.25

215.2 / 13.85

5.6 / 0.36
16.2 [ 1.04
20.6 / 1.33

657.3 / 42.30
26.4 / 1.70
- ] ==
-
166.4 / 10.71

1.4/ 0.09

— ] -

99.8 / 6.42
1.9/ 0.12

1.1/ 0.07
23.7 / 1.53

7.2 [ 0.46

4.8 / 0.31

4.5 / 0.29
39.6 / 2.55
152.9 / 9.84

339.5 / 21.85

—f
— ]
27.5 / 1.77

1,554.0 /100.0
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The two systems showed a marked similarity in discriminating the
improved and unimproved open space categories. Although their spatial
discriminations differed, thelr spectral responses to open ground were,
in wmany respects, similar.

Forest land interpretation, on the other hand, was less accurate
with Skylab. The map generated from the Skylab photo had 58 percent
more area in forest then did the map generated from the aircraft photo.
This result was meinly attributable to the aforementioned tree-covered
residential area where 120 ha of residential land were.misinterpreted

as forest land from the Skylab data,

Visual Assessment of Photo Characteristics

§~190A Photography

Since the investigators did not have access to speclalized equipment
and facilities for analysis of multispectral photography, they used only
the $~190A photography taken with the color-infrared film. Because color-
infrared £ilm has slightly lower spatial resolution capabllities than
the black-and-white films used in the other cameras of the mulﬁispectral
photographic system, slightly improved detection of some features might
result from analysis using the entire multispectral capability of the
5-190A system. However, these advantages are probably not offset by
the convenilence, ease of manual photointerpretation, and lower cost
attained in the use of the coler-infrared presentation that had become
familiar to and favored by the investigators in this project.

Urban and Built—-up Land.—--Suburban single-family residential develop-

ments at least 0.75 km? in area, with 2 density of about 500 houses per
kmz, generally are distinguishable. On color-infrared fiim, such develop~

ments appear granular and pink as a result of the red signature of laums
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speckled with blue emanating from a combination of houses and street-
sidewalks. Suburbanmulti-family residential areas appear similar to
guburban commercial and services (building [roof] area and parking lots).

Multi-family regidential areas surrounding and radiating out from
the CBD (Central Business District) can be delimited, but with some
difficulty. They can be differentiated from the CBD primarily by their
finer texture. Theilr color is blue, although in neighborhoods with
trees, speckles of red are visible.

Strip-type commercial and service areas are recognizable primarily
because of thelr linear pattern and bluish color. The commercial areas
within cities are more difficult to delineate, especially in fringe
areas where commercial and residential mixes occur. They are bluish,
similar to residential areas within cities, but they generally have a
lighter tone. In most cases commerclal areas are interspersed with
bright white spots. Differentiating commercial from industrial areas
is difficult. 1Industrial areas seem to have more large white spots,
probably representing elther tops of large buildings, or areas around
buildings lacking landscaping.

Tranaportation, communication and utilities categories are also
difficult to interpret, with the exception of the major freeways.
Primary, hard surface roads as defined on USGS 1:250,000-scale topo-
graphic maps, nmark the threshold for detection.

Industrial and commercial complexes are difficult to identify by
spectral signature alone and are sometimes confused with transitional
land. The large indugtrial-commercial complexes often exhibit a white
return, frequently mixed with blue. A further clue is the locational

context, often in a suburban setting, usually along major thoroughfares.
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Other urban and built-up land as a collective category is identifi-
able. Land uses such as golf courses, driving ranges, zoos, drive-in
theaters, parks, ski areas, cemeteries, waste dumps, and sanitary land
fills, however, are not generally identifiable.

Agricultural Land.--This general category 1s delimitable. The subcategory

cropland and pasture is likewise delimitable. Other uses, such as
orchards, vineyards, bush fruit, and horticultural areas as well as
feeding operations, are less easily defined. Signatures are similar
enough so that they are usually interpreted as cropland and pasture.
Moreover, these more discrete occurrences of land use are typically
underestimated since aconscious decision is required to classify an
area in such a.category rather than to leave it in a "background"
category.

Forest lLand.~-The signature produced by forest land on the S~190A photo-
graphy is similar to that produced on Landsat imagery. As with the
Landsat data, delimitation of deciduous, evergreen, and mixed Level II
categories is difficult, if not impossible. The spectral discrimination
seems adequate for differentiating these categories, but the spatial
regsolution is marginal., Winter and summer coverage would improve the
interpreter’'s ability to distinguish deciduous and evergreen forest
categories.

Water,--Delineation of water bodies and shorelines is attainable with
5-190A color-infrared data. Further discrimination of the Level IL
categorles, streams and waterways, lakes, reservoirs, and bays and
estuarles, is also possible, providing a good example of a case where
spectral resolution is more important than spatial resolution in the

determination of a land cover category.
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Wetlund.--Nonforested wetlands, as with forest land, produced a signature
resembling that of Landsat imagery. Delineation of this category is
possible. Interpretation could, however, be difficult if a wetland area
had undergone a "dry" period. This condition could result in a signature
easily mistaken for cropland and pasture. The delimitation of forested
wetlands, on the other hand, was not possible in the test area examined.
Barren Land.--The mapping of barren land faces several problems. This
category, on small-scale photography and imagery, usually produced a
bright or near-white signature. Accurate interpretation is hampered by
the similar spectral return of freshly plowed fields (part of the crop-
land and pasture category) and many industrial sites. Subcategories,
such as beaches, and sand other than beaches, may be interpretable with
little difficulty, with the ald of locational clues, Transitional land,
depending on its area, is generally identifiablie. Smaller tracts of
transitional land are easily confused with large plowed fields.

5-190B Photography

To an investigator who had examined photographic data from space,
including the Mercury, Gemini, Apollo, and Landsat spacecraft experi-
ments, the 5-190B Earth Terrain Camera photography was instantly perceived
to be an exciting culmination in terms of beauty of the photography and
amount of spatial detail discernible. This photography is the most
detailed photographic rendition of the surface of the Earth obtained from
orbiting spacecraft that has yet been obtained by NASA, ZEven from the
limited amount of coverage that was available from the Central Atlantic
test site, it was apparent that the Earth Terrain Camera has an outstanding

potential for the detailed imaging of the Earth's surface and gathering
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of important land use and environmental information. The resolution is,
in fact, so good and so nearly approaching that of the high-altitude
photography that the temptation is great to recommend lengthening

the focal length of future spaceborne photographic sensors beyond the
18 in. (457 mm) of the S$-190B camera system.

Urban and Built-up land.~-Residential land is readily identifiable and

delimitable in most cases, except where houses lie under a very heavy
forest cover. The data permit the making of some housing quality or
age statements or both. For example, older single-family residential
(SFR) developments as well as newer, more expensive developments are
distinguished by areas with substantial tree cover. Individual houses
may appear as dots or as part of residential road patterns. The latter,
however, are often difficult to define. Some houses appearing as dots
are as small as 150 m2. Such structures are visible mainly because of
the high contrast ratio between them and their forest "background."
Differentiation between the older homes and the newer, larger homes is
very difficult.

Newer SFR subdivisions and moderate income SFR housing are easily
distinguishable by their street patterns. The actual signature on
S-190B data is a combination of pgenerally brighter reflected signals
from the streets and roofs, as contrasted with that from surrounding
trees and lawns. Iadividual houses are rarely visible, except where
spacing between houses combines with contrast between roof and sur-
roundings to provide a separate image spot representing a detached
dwelling unit. The width of these street-house-lawn complexes varies

among subdivisions but generally appears to be in the 50- to 90-m range.
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Individual multi-family dwelling units become identiflable as discrete
structures when their area exceeds approximately 1,000 m? and when they
have trees or shrubbery between the bulldings. Trailer parks are distin-
guiéhable in low-density urban or rural areas but are very difficult te
identify in high-density urban areas, unless they are large. Evidence
of internal structure within the trailer parks exists, but individual
trailers are indistinguishable. In a few cases the roads within the
court (approximately 5 m in width) appear to be visible. This particular
signature could be the entire area between the mobile homes including
both the roads and the lawns.

Areas occupied by commercial and service activities are quite
evident in strip development along roads and in complgxeso However,
delineaticn of these areas within cities is difficult unless the struc-
ture is large enough to differentiate from its surroundings. Although
experience and intuition usually permit the mapping of these areas,
positive identification of specific commercial activities is nearly
impossible for all but a few high schools and colleges with adjacent
open ground. Individual structures become sharp enough to outline
accurately at about the 1,000 m? size when contrast conditions permit.

Industrial land uses are extremely difficult to differentiate from
large commercial buildings. The one type of industrial use that is
apparent on the S-190B data is tank farms associated with petroleum
refining and storage. Individual tanks with diameters of 40 to 50 m,
spaced only 10 m apart, are ldentifiable.

Transportation, communication and utility uses, because of their

linearity, are usually easy to identify. The network of transportation
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routes shows up well. In some cases, where the comtrast ratio is high,
the paths followed by light-duty improved roads of 10-m width are
visible. Generally speaking, streets within subdivisions are not
vigible, but theilr patterns are clearly visible because of the combin-
ation of house and street albedos. These streets basically range from
8 to 12 m wide. The threshold size, above which streets themselves
are visible, appears to be between 35 and 45 m. Large alrports are
easy to identify and map. The smaller ajirports, on the other hand,
especially those with asphalt single runways less than 1,200 m in
length, are usually difficult to delineate.

Power line rights-of-way, 50 to 60 m in width, are distinctive
where they cut through forest tracts. In residential areas and
especially in agricultural regions they are far more obscure and
usually dmperceptible.

The industrial and commercial complex category is, in general, one
that is capable of being mapped. Such a complex has a bright spectral
response, and the buildings comprising 1t are usually large enough to
be seen individually. In some cases industrizl and commercial complexes
can be mistaken for apartment complexes., The threshold value for posi-
tive identification of an individual structure, as such, is approximately
1,000 m2.

The category of other urban and built-uP land consists of such uses
as golf courses, driving ranges, zoos, drive~in theéters, some parks,
ski areas, cemeteries, waste dumps, sanitary land fills, and undeveloped
land within an urban setting. With the possible exception of golf

courses and some undeveloped land, deciding what activity within this
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category 1s occurring is difficult. Nevertheless, the open land category
is identifiable primarily becsuse, by definition, it appears within urban
areas. It can, however, be confused with small plots of agricultural
land.

Nonurban Land,--Categories of land use other than "urban and built~-up"

are significant in urban area analysis when they indicate the regional
distribution of phenomena that interact with the city. TForx example,
nonurban land uses in zones of possible urban expansion are significant.

Agricultural Land,--Cropland and pasture are relatively easy to

map from the Skylab data. Except for context (away from bullt-up areas),
agricultural land is sometimes difficult to distinguish from the urban-
open category.

Forest Land.--In most cases, using the S~190B color photography,
interpreters mapped fcrests as deciduous. The color f£ilm did not
provide enough spectral differentiation to determine variationms in
forest type. Here again, as with cropland and pasture, color-infrared
film will probably provide more spectral differences and thereby permit
a more deta_led breakdown. In a number of instances, the contrast
between forest and open land was so low that accurate delineation of
the two was difficult. Even so, the data did permit mapping of
forest tracts dowm to the minimum mapping level of 2 x 2 mm (50 x 50 m
on the ground).

Water.--Because of the nature of the color film, especially at
orbital altitudes, the shoraline delineation of bays and estuaries
and identification of lakes and reservoirs, 1s often difficult. All of

these features are within the regolution capability of the semsor and,
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with the use of color-infrared film, could be mapped with near perfect
aceuracy.

Wetland.--Nonforested wetland areas are generally identifiable.
In some areas the actual border between wetland and water or wetland
and agricultural land 1s diffi~ult to demarcate. This difficulty, too,
could be eliminated with the use of color-infrared film. Forested
wetlunds are virtually impossible to identify with the Skylab data.

Barren Land.—-Strip mines, quarries, and gravel pits are visible
on 5-190B data but are almost impossible to cateporize correctly with-
out supplemental dats such as topographic maps. Transitional areas,
however, are identifiable hecause of a distinctive reddish hue they

exhibit.

Comparisons with Aircraft and lLandsat Data

Figures 2.10a through 2.10m display examples of selected land use
types in the Washington, D.C. metropolitan area, as imaged from high-
altitude aircraft, Skylab S-190B, and Landsat. Locations of the example
sites are indicated by the symbols "a" through "m" in the index map to
the Skylab S-190B frame in which all are located (figure 2.3).

Careful study of these illustrations reveals that at each of the
three levels of rescluticn, there is useful land use informati;n.that
can be obtained in some categories, though such information may be only
at a Level I detail for the coarse resolution Landsat, When enlarged,
as in figure 2.10a through 2.10m, the Landsat image appears blurred in
comparison to either the aireraft or Skylab photography. ﬁut Landsat

imagery appears sharper when displayed at a smaller scale. It is
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Figures 2.10a through 2,10m:

Tllustrations of selected land use types in the CARETS
area as imaged by high-altitude aircraft, Skylab S-1i90B, and

Landsat-1.

Locations of each illustration are indicated by letters

"a'" through "m" in Index Map, figure 2.3.

Bach illustration is identified in the caption by an EDC
number, Coples of the original color are available £or purchase
from the EROS Data Center, Sioux Falls, South Dakota 57198,

using the EDC number. Prices are available on request.




High-altitude aircraft
Mission 73-181, Frame 5271
October 27, 1973
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2.10a--Single-family residential. EDC-010123. (Areas shown on the
three images are not exactly equivalent.)
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High-altitude aircraft
Mission 73-18l, Frame 5273
October 27, 1973
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Skylab 3, S-190B
Photo 83-166,
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2.10b--Multi-family residential. EDC-010124. (Areas shown on the three
images are not exactly equivalent.) PpAGE INTENTICII"LLY BLANK
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High-altitude aircraft
Mission 73-181, Frame 5293
October 27, 1973
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2.10c--Industrial. EDC-010125. (Areas shown on the three images
are not exactly equivalent.)
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High-altitude aircraft
Mission 73-181, Frame 5293
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