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INTRODUCTION

This is the second annual report on U,S.G.S. Contract 14-08-0001~
10848 and covers the period May 1, 1968, through May 31, 1969. This
represents the second phase of a study documenting the potentials and
problems of thematic land use mapping from remote sensor imagery, espe-
cially photography and radar imagery, obtained from aircraft and spacecraft.

Séven papers fully or partially supported by this U,S.G.S. Contract
were published during the year and two others are in press. The annual
report does not attempt to cover the areas given in detail in these papers.
Rather, the treatment adopted has been first, to outline the general objec-
tives of the study; second, to succinctly note the research during the
period May 1, 1968, to May 31, 1969, and to note new research objectives
for the third year of the study; third, to list the published and in-press
documents generated on the project; fourth, to su‘r'nmarize the investigations
at field study sites and work with the IDECS system; and, finally, to
attach as appendices several studies, some which are not yet far enough
along to be in publishable form but for which some interésting results are
at hand, and others which are close to being in publishable form.

1. GENERAL OBJECTIVES OF STUDY

Before considering the general objectives of this study, it is appro-
priate first to briefly discuss the meaning intended by thematic land us‘e
mapping. As used here thematic land use mapping has an obvious or pri-
mary use involving the preparation of such clear cut land use maps as
those showing plowed versus uncultivated land, cleared versus uncleared,
urban versus rural, transportation nets, and so on. It is feasible, however,
to study land use out of the context of the physical environment and
we also examine certain secondary land use related maps which aid in the
interpretation of land use, hence are supportive in a balanced program of
land use mapping. Such secondary land use related maps would include
slope maps, maps of major structural linears (of importance because of
their relation to mineral ore emplacement) distribution of sink holes in
limestone areas, coastal landform types such as plains and terraces,



2

(which may be of ultimate significance in‘land use) and so on. In addi-
tion to considering these static elements of the landscape in the form of
land forms, it is also to be understood that the dynamic element of change
in man's use of the land and theradequate detection of change constitutes
part of this concept of thematic land use mapping.

The five principal objectives of this study as outlined in the original

proposal are given below:

1. To evaluate for a number of different climatic environmenfs
in the U,S.A. and Puerto Rico, the various ways in which
spacecraft and aircraft-borne radar imagery, color and false
color photography, and high resolution television, complement
and supplement one another for the potential production of

thematic land use maps.

2. To evaluate the capability of multi-frequency, poly-polarization
radars as devices for obtaining on-demand data for the construc-
tion of thematic land use maps. This objective is based on the
consideration that an on-demand system requires all-weather
capabilities coupled with high resolution. Only synthetic
aperture radar can satisfy this need from spacecraft if data are
needed within very narrow time constraints.

3. To evaluate various colbr combining and image enhancement
techniques as means of handling multiple ﬁﬁages. This portion
of the study is based primarily on the use of the IDECS (Image
Discrimination Enhancement Combination and Sampling) system
at the University of Kansas.

4, To evaluate the potential of spacecraft high resolution sensors
as research tools in land use studies.

5. To develop general recommendations on the ways of using these
various space-borne imaging devices for preparing thematic
maps in different climatic environments.



2. RESEARCH PROGRESS

Research During the Period May 1, 1968 - May 31, 1969

During the first year of this contract it became obvious that a
number of practical matters on thematic land use mapping required atten-
tion. In particular, an analysis was needed of the character and uses of
existing thematic land use maps of various scales, and of the potential
uses of those to be made from spacecraft data. Also, a preliminary anal-
ysis was necessary of the problems and potentials of developing thematic
maps from spacecraft data. Consequently among the objectives of the
second study phase which concluded May 31, 1969 -were: 1) to examine the
types of conventional and new thematic maps capable of being constructed
with spacecraft data, 2) to determine the uses of the present equivalents of
such maps, 3) to prepare estimates of their operational and institutional
utility, 4) to analyze the problems and potentials of obtaining a variety of
thematic maps from spacecraft;

Attention was also given to 1) evaluating the utility of various
forms of change-detection, up-dating between censuséé, 2) estimating
the utility of space derived data in terms of its uniformity or lack of uni-
formity as a data-base, and 3) determining the information available as a
function of resolution in land use mapping, especially those resolutions
lying between 50 feet and 250 feet which have both been proposed for
spacecraft missions.

Color (spectral) separation was used on Gemini and Apollo space
photographs, particularly that obtained of the Dallas-Fort Worth area,
and of the Alice Spfings area, Central Australia. Manipulations using
false color combinations, level slicing, and signature selection were
employed with the expanded IDECS capability on Phase II of this contract,
using in particular multiband imagery of Horsefly Mountéin, Oregon, and
Alice Springs Gemini photography. '

Detailed work was continued at the following sites: Horsefly
Mountain, Oregon; Garden City, Kansas; and Lawrence, Kansas. Ground
data was collected in support of NASA aircraft-missions at the latter two.
Unfortunately the processing of scatterometer data of thesé_ sites has
been plagued with difficulties and the comparative study of radar and
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photographic returns has been delayed. No work was possible in Puerto
Rico because no NASA flights were scheduled. However, work in Puerto
Rico will begin in June, 1969, to coincide with a NASA flight. Work was
also commenced on the Dallas-fort Worth area, employing an Apollo space
photograph. Field and laboratory studies were also commenced on the
evaluation of Gemini IV Alice Springs, Australia space photography in
land-type mapping. _

A study of the meteorological-climatic problems of obtaining data
with visible-light sensors and imaging radar systems was made to evaluate
the effects of cloud cover and rain and to some degree, haze and smog in
preparing thematic maps of the U,S.A., and of other areas.

Research to be Undertaken May 1, 1969 -~ August 31, 1970

During the present research period a number of additional consider-
ations in the use of space photography have arisen which will be investigated
during the next phase of the research,> June 1, 1969 - May 31, 1970. These
include: 1) Tests of the consistency with which area-extensive and point.
and line land use categories may be delineated on space photography of
the same area, but of different dates, sun angle, film type, etc. The
areas in which these studies will be carried out include Central Texas
(Dallas-Fort Worth, Midland-Odessa) and Central Australia (Alice Springs).
2)Tests of the consistency with which area-extensive and point and line
land use categories may be delineated on photography of differing resolu-
tion (involving steps at 10, 30, 100, and 300 foot resolution). 3) Tests
of the information versus noise level in 120 color separated Gemini and
Apollo bhotographs. The red, green, and blue channels will simulate the
range of possible variations in different environments of a multi-channel
TV type system. These will be studied for the intelligence they provide
on land use mapping employing @ minimum of eight elements or categories,
namely: settlement, cultivated, pasture, trees, brush, bare, water, snow
and ice. More complex categories will also be studied.

In addition to these studies, Task 1 of the present contract year
will be continued, namely a systems analysis of the potentials and problems
of developing thematic maps under various subject matter and space 'con-

straints. Emphasis will also be given to 4) Thematic mapping studies in
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Puerto Rico, 5) Quantitative studies with existing color photography and
RB-57 high a_ltitude color and false color in land use category mapping in
the Douglas County, Kansas test site, and at Dallas-Fort Worth, and
6) Comparisons to be made of space photography, radar imaging, and

simulated vidicon imagery.

3. STUDIES PUBLISHED, SUBMITTED FOR PUBLICATION AND
IN PREPARATION JUNE, 1969 -

Published

The following seven papers have been published or have been
issued as Interagency Reports. Items 1, 2, 3, and 4 were wholly supported
by the U.S.G.S. Contract. The remainder were partially supported by this
contract.

1. Schwarz, D. E. and F. Caspall (1968) "The Use of Radar in the Dis-
crimination and Identification of Agricultural Land Use,"

Proceedings, Fifth Symposium on Remote Sensing of Environ-
ment, University of Michigan, "233-248,

2. Simonett, D. S. (1968) "Potential of Radar Remote Sensors as Tools
in Reconnaissance Geomorphic, Vegetation, and Soil Mapping,"
Transactions, 9th International Congress of Soil Science,
IV: 271-280.

3. Simonett, D. S. (1968) "Land Evaluation Studies with Remote Sensors
in the Infrared and Radar Regions," A Chapter in Land Evalua-
tion, (ed. G. A. Stewart) MacMillan (Australia), pp. 349-366.

4, Cochrane, G. R., (1968) "False Color Film Fails in Practice," Photo- -
grammetric Engineering, vol. XXXIV, 11:1142-1146.

5. Simonett, D. S., et al., (1968) "The Utility of Radar and Other Remote
' Sensors in Thematic Land Use Mapping from Spacecraft, "
Interagency Report NASA-140.

6. Lewis, A. J. (1968) "Evaluation of Multiple Polarized Radar Imagery
for the Detection of Selected Cultural Features," Interagency
Report NASA-130.

7. Walters, R. L. (1968) "Radar Bibliography for Geoscientists," CRES
Report 61-30, Center for Research m Engineering Science,
The University of Kansas.
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Submitted for Publication

The following three papers or contributions partially supported by
the U.S.G.S. Contract, have been submitted for publication:

1. Peterson, R. M., G. R. Cochrane, S. A. Morain, and D. S, Simonett,
(1969) "A Multi-Sensor Study of Plant Community Densities
and Boundaries at Horsefly Mountain, Oregon," A Chapter in
Remote Sensing in Biology, (ed P. L. Johnson) University of
Georgla Press.

2. Haralick, R. M., F. Caspall, and D. S. Simonett, (1969) "A Conditional
Probability and Statistical Study of Crop Discrimination Using
Radar Images," Submitted to Remote Sensing of Environment.

3. Simonett, D. S., Contribution to Multispectral Sensing of Agricultural
Resources, (J. R. Shay and M. R. Holter, eds.) National
Academy of Sciences, National Research Council, in press.

Reports in Preparation

The foliowing five studies, wholly supported by the U,S.G.S.
Contract, are attached to this report as appendices. They are in various

sta ges of completion.

1. Schwarz, D. E., D. S. 'Simonett, G. F. Jenks, ang J. Ratzlaff, "The
Construction of Thematic Land Use Maps with Spacecraft
Photography."

2. Simonett, D. S., G. R. Cochréne D. E. Egbert, and S. A. Morain,
"Environment Mapping with Spacecraft Photography: A Central
Australian Example."

3. Simonett, D. S. and F. M. Henderson, "On the Use of Space Photo-
graphy for Identifying Transportation Routes: A Summary of
Problems."

4. Simonett, D. S., J. R. Eagleman, J. Marshall, and S. A. Morain,
"A Comparison of Cloudiness and Other Weather Effects on
Photographic and Radar Imaging."

5. Simonett, D. S. and W. G. Brooner, "Crop-Type Discrimination with
Color Infrared Photography: Preliminary Results in Douglas
County, Kansas."



4. INVESTIGATIONS AT FIELD TEST SITES
AND WITH THE IDECS SYSTEM

Field Investigations

The field test sites where studies were carried out during the past
year include Garden City, Kansas; Horsefly Mountain, Oregon; Lawrence,
Kansas; Dallas-Fort Worth, Texas, and the Alice Springs area, Central
Australia.

Garden City, Kansas: The radar imagery obtained with the AN/APQ-~-97
multiple polarization K~band radar is being re-analyzed by Mssrs. F. Caspall
and D. Simonett. The material will be in publishable form in the fall of
1969.

Scatterometry data and photography was obtained by NASA/MSC
aircraft and field data was collected during June, August, and October,
1968. No analysis of this or earlier scatterometer data has proved feasible
during the contract year because of problems in debugging the scatterd—
meter output. At the close of the contract year most of these appeared to have
been resolved, and analysis will begin in the fall, 1969. Some 6f the photo-
graphy from June, 1968 flights were used in studies or predictions using
the IDECS and appears in Dalke and Estes (1968).

Horsefly Mountain, Oregon: Dr. Rex M. Peterson and Professor

' G. R.‘ Cochrane carried out field work at the Hors‘efly Mountain site in
May - June, 1968. The field study included evaluation of numerous IDECS
color combinations of radar or other images. A paper was read at the
Ecological Society of America meetings in June at Madison, Wisconsin,
and is in press (University of Georgia Press).

Lawrence, Kansas: The Lawrence and vicinity test site was flown
June 18, 1968 (Mission 74). Scatterometry has not been evaluated because

of the problems mentioned above. Analysis of some of the photography for
Mission 74, June 1968, appears in Dalke and Estes (1968). Analysis of
color infrared photography for Mission 54 has begun and is appended to
this report. ' '

Puerto Rico: Since no aircraft missions were carried out in Puerto
Rico, no field studies were made. Preparation was made er flights in
June, 1969, by the NASA/MSC P3A aircraft.
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' Dallas-Fort Worth, Texas: Portions of this area were flown by the
NASA Convair 240A in October, 1968, at the time of the Apollo 7 mission,
and in March, 1969, coincident with the Apollo 9 mission. Field work was
carried out during late March - early April, 1969, after the Apollo 9 photo-
graphy was inspected at MSC and cloud-free areas of overlap between
SO 65 and hand held photography were delineated.

'Alice Springs, Australia: Field studies and low altitude éerial
oblique photography were obtained by D. Simonett prior to attendence at
the 9th International Congress of Soil Science, August, 1968. Professor
G. R. Cochrane commenced 6 weeks field work on the Alice Springs area
in early May, 1969. Included in this study is evaluation of IDECS color

combinations of selected areas.

The Status of the IDECS System

The IDECS System developed at the Center for Research in Engineering
Science at the University of Kansas continues to undergo constant improve-
ments and modifications. Since May, 1968, however, the IDECS System -
has been kept in full operational capacity while further modifications are
carried out. In its third generation, the IDECS System now has the follow-
ing capabilities, which were discussed in detail and illustrated with
examples in Peterson et al. (1969) and Dalke and Estes (1968):

1. . Four image synchronous flying spot scanners are now opera-
tionally mounted in a cabinet along with their power supply. The
scanners are modified Tektronix oscilloscopes which scan each
"image by moving a dot of light across the images along each of
525 parallel lines. By measuring the variation of intensity of

the transmitted light at each instant, a signal is obtained in
which time variation corresponds to position on the image. The
IDECS System can simultaneously scan up to four images or photo-
optically transformed images.

2. Combination and Enhancement -- Consists of a 6 x 4 matrix
unit, level selection devices, and differentiation circuitry. Pro-
cessing capabilities include: straight color combinations of up to
four images; differences between four image pairs; edges enhanced
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in various colors; level selected portions of four images shown in
color; and category identification and display.

3. Signature Selector -~ consists of a series of pin-board
matrices. It can be used separately or in series with the color
matrix for greater flexibility. The signature selector identifies
selected categories in the image set.

4, The position framing and synchronization devices which con-
trol the location, timing, and registry of images.

5. Image flicker which alternately displays two images and allows
detection of (1) differences in tone and shape between images and
(2) non-registry between images.

6. General-purpose decision device which takes the output from
the four flying spot scanners and at each instant selects and
displays the most likely category for this output in a map-like |
color image.

7. Line selector, used to select a line across an image and to
give a "graphical"” representation of photographic density along
the line (i.e. the X axis gives location, the Y axis of the display
represents intensity).

8. Monitor display (3-D Line Scan Modﬁlation Display), shows
in isometric projection combinations of the horizontal and vertical
sweeps to the X and Y inputs of the CRT display, resulting in an
overall image density profile.

Within the next two months, several additional improvements will
be made on the IDECS. These include:

1. Linkage of a digital interface disk unit.

2. Signature selector modifications to supplement the pin-boards
with eight potentiometers. The IDECS will then be capable of
"freezing" a selected category by placing it on one of 24 channels
on the memory disk and then simultaneously displaying up to 24
categories on the color video display. '
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| 3. New image framing device with a joy-—stick control to move
a variable-sized frame to any part of the image. This will be
used as a gating signal for category selection. '

4, Automatic area integrator and area measuring device with
scale calibration.

During the present study phase (June, 1969 to May, 1970) the
IDECS System will be most fully employed in land use studies in the
Dallas-Fort Worth area using both spacecraft and high altitude aircraft
multiband photography.

REFERENCES
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INTRODUCTION

'The elements making up t.he earth's surface commonly are so dis-
tributed in both time and space as to affect the character of thematic maps
of such areas. In addition when we produce generalizations of areal
phenomena in thematic maps we may generalize and organize the data in
' a variety of ways: any phenomenon or combination of phenomena may be
included in a given thematic map. In short, thematic maps reflect the
peculiarities of their locales and the idiosyncracies of their compilers as
well as the diversity of their data sources. It is consequently rare to find
existing thematic'land use1 maps in a form appropriate for spacecraft
duplication: the systematic constraint of a single data source or the re-
striction exclusively to visible phenomena has never applied during their
compilation, nor has the necessity for developing a classification of
general rather than particular application, based upon remote sensors, been
faced. It should come as no surprise to the reader therefore to find in this
study on the potentials and problems of constructing thematic land use maps
with spacecraft photography, that virtually evéry aspect of the study has
proven to be a virgin area requiring definition and re-definition of problems,
approaches, data congruence and so on. Thus we have found that:

1. Very few existing land use maps could be duplicated using
spacecraft photography.

2. The problems of inconsistency in the meaning to be attached to
photographic tones in different locales maz"kedly constrains the
land use categories into very general entities.

3. A given resolution does not convey fhe same information in all
environments, i.e., information transfer is environmentally

modulated.

1In this study the definition of "land use" is not restricted to man's use
of land. Our view is that broader concept which includes natural phenomena
as well as human activities to be "land uses." For example, a forest is
a forest whether or not it is lumbered, and a land use map or a vegetation
map will have much in common. .
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A ground resolution of 100 feet or less will be necessary to
determine other than the most generalized land uses from space.
Most present land use classifications will not be proper when
considering space data sources.

The necessity for doing field work, i.,e., of obtaining "ground

- truth,’ will not be obviated by spacecraft sensing.

The human interpreter should be more efficient than scanning
devices or other automatic processors in the making of most

land use decisions, at least for some time to come.,

The evidence which forms the basis for these conclusions will be

reviewed at length in the following pages. It is appropriate now however
to touch brie_fly on some of the consequences for thematic mapping with

spacecraft photography if our assertions stand the test of closer analysis.

1.

Our lack of knowledge of the environments which we will be
sensing from space poses a severe problem for mapping from
such data. The types, intensities and intermixtures of land-
scape elements are so diverse that identification and regional
classification of land uses are difficult even from the ground.
The basic size and arrangement of landscape units is not stable
from environment to environment. The character of a physical
and cultural environment is partially expressed in simply spatial
terms. This implies not only that a system of a given resolu-
tion will not always provide a uniform level of land use infor-
mation, ‘but that the shape and frequency of landscape elements
themselves tend to be‘ indicators of regional types.

Spatial changeé occur at different rates. The characteristic
appearance of a particular land use on a space photograph may
or may not be the same for a similar land use a mile, ten miles
or a thousand miles away. This "distance-decay function" is
highly variable and must especially be considered in any under-
taking of automated image analysis. |

The land use assemblages which will be interpretable from space
will not be identical to those categories now corrimonly employed,
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A new understanding of the way -things are "put-together" on
the earth's surface should become apparent from space vantages.
Appropriate land use classifications must be devised, and the
meaning of new "land use regions" which appear on space
photography must be understood.
5. Considerable thought must be given to practical techniques
of interpretation and mapping from space data. The capability
for éutomatic scanning devices to make accurate land use
determinations does not seem entirely feasible at the present
when we consider the problems of environmental complexity
and the distance-decay functions which must be understood
before proper implementation of automatic interpretive devices
is possible. We must learn how best to train the human inter-
preter and to serve him with devices to make his job simpler
and more accurate,
Having made these assertions and touched lightly on their implica-
tions we may now turn respectively to documenting the evidence for the
former and probing the consequences of the latter more thoroughly.

DATA QUALITY AND UNIFORMITY

Neither the standard data collection techniques nor satellite sensing
are without shortcomings. A common problem is the non-uniformity of data,
though the type and degree of non-uniformity differ. Clawson (1965), Baker
(1968), and the International Geographical Union's Committee on a World
Land Use Map (Van Valkenburg, 1950) clearly indicate that most land use
maps of medium to small scales are presently pieced together from the best
available data. The non-uniformity may arise from not employing stand-
ardized techniques throughout the mapped area, improper or inadequate
sampling, combining data from several sourées, ignoring seasonal or greater
time disparaties, interpreter bias, accepting estimates, or other factors.
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Not all of these shortcomings are eliminated by using space data though
several advantages appear at first sight to inhere with its use, and these
may prove on close study to be real.

It has been said that orbital sensing will provide a more uniform
data base. To some extent this is true. Satellite data will be consistent
in that complete coverage may be obtained by a single instrument (or
instrument package) over a reasonably short period of time. Field data
collected over an extensive area will tend to show individual investigator
bias, will involve the employment of inconsistent techniques, or will
otherwise tend to produce data of an uneven quality. Aircraft-mounted
sensors tend to provide more uniform data, but their individual coverage
is limited, and near-simultaneous coverage of broad areas is impossible
or requires the utilization of several aircraft and the increasing probability
of error. In fact, aircraft sensing over broad areas tends to be incomplete,
unequal in quality, or compounded of several segments often collected
yéars apart and of non-uniform quality and scale.

Space data have no value judgments attached and errors made
necessary by piecing together data of wide disparity of collection date or
from several systems are minimized. Certainly the time required to amass
a body of data over a large area will be so diminished that seasonal varia-
tions within a single data set will be virtually eliminated. On the other
hand the repeated sensing of phenomena at discrete significant intervalé
allows the seasonal variations of phenomena to be compared for each data
set. Thus, changes through time become an added tool for discrimination
rather than "noise" and an interpretive liability. Monitoring of change on
all but a local scale is not possible by conventional means.

Though some of the constraints of time can be eliminated by satel-
ite sensing, data quality and uniformity are still notably influenced by
local and regional environmental variations. Local weather conditions
obviously have a pronounced effect on the collection of most remotely-
sensed data., Since satellites will provide repeated coverage at relatively
short intervals, acceptable imagery can be obtained for areas of non-
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permanent cloud cover especially if seasonal advantages are taken into
account. Areas which are perpetually cloud-shrouded or polar areas where
proper illumination for photographic sensing is not available for large
parts of the year will need to rely more on the longer wavelength sensors,
notably radar, to fill the data gaps (MacDonald and Lewis, 1969).

| The color photographs obtained during Gemini and Apollo missions
show that acceptable weather conditions for excellent photographic sensing
can be expected with a high probability only in the desert or semi-desert
regions of the earth at any given moment (Simonett et al., 1969). To ex-
tract necessary data from other regions will require the proper seasonal
and diurnal timing of the use of photographic sensors, the utilization of
sensors operating in spectral regions not affected to such a degree by
cldudlness or darkness, and the use of proper sampling techniques in
unavoidable cases of spotty coverage or to key the good bits of photography
to the other sensor data, |

Not only do local atmospheric variations influence the quality of
imagery but they may also cause the desired information to be inconsistent
in its spectral location, Preliminary work with spectral separations (red,
gi‘een, and blue regions) of Gemini photographs at the University of Kansas
indicates that these color layers contribute varying degrees of information
apparently dependent on local atmospheric conditions.

If problems of image distortion, non-uniform illumination and others
inherent in the photographic process are added, it can readily be seen that
raw satellite data will not truly be as uniform in quality as at first glance
we might suppose. Most of these problems, however, are common to both
satellite and aircraft based sensing and are therefore in part amenable to
corrections already devised for the latter, The major problems which remain
to be investigated concerning quality and uniformity of spéce data are the
limitations imposed by two factors: 1) diminished scale and resolution,
and 2) the effects of the atmospheric mass. The remainder of this report
will concentrate on the effect of diminished resolution, with special atten-
tion being given to 1) comparisons of conventionally-produced or existing
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thematic land use maps with those potentially constructed from space data,
2) information and mis-information as a function of resolution, and

3) problems of generalizing land use data. In a companion report (Simonett,
et al., 1969) the effects of the atmosphere will be examined further,

GENERALIZED TYPES OF THEMATIC LAND USE MAPS AND
THEIR RELATION TO SPACE DATA SOURCES

Spacecraft sensing will provide a more nearly uniform mapping and
data base for the construction of thematic land use maps than ever before.
However, it does not follow from this that our problems of uniformity are
solved, or that all maps will be constructed with equal ease. The capa-
bility for constructing a particular thematic map is directly related to the
phenomenon or phenomena displayed on that map, That is, the nature of
certain phenomena — their areal extent, their geometry, their contrast,
etc. — influences their detectability and identification. For example, a
map of gross landforms will require an imaging system which will reveal
the general shape of the earth's surface but will not require the detail of
resolution necessary to distinguish' crop types or soil types. Reconnais-
sance maps will be more readily obtained than maps of detailed phenomena.

Certain system requirements may be desirable or necessary to
accomplish special mapping tasks. Some phenomena, notably vegetation,
exhibit marked seasonal variations. If these variations are monitored
throughout the year, the time, rate and nature of the changes serve to allow
discriminations which otherwise will not be possible. In other instances,
notably in geologic or geomorphic mapping, a preferred illumination angle
or direction of imaging, especially in the case of side-looking radar, aids
in distinguishing critical slopes or other elements of the landform pattern
which are required for their identification. In still other instances, while
adequate mapping may not be possible .using only space data, a minimum
of ground truth or low altitude photography may key the interpretation and
make lgroad—scale mapping from the space data feasible.
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Table I gives our judgment at this time of the desirable data for
making a few selected types of thematic maps from space—dérived data.
Note that the critical resolution break has been made at 100 feet, for
reasons outlined later in this report. This is better ground resolution than
that of the space photography studied to date which normally falls in the
250 to 350 feet range. Further estimates of space capabilities outlined
in this report will assume spatial resolutions on the order of 100 feet,
which appears to be the best resolution immediately forthcoming in satel-
lite sensing of non-military nature (Gerlach, 1968).

Reconnaissance maps or maps Qf a generalized nature may normally
be constructed from satellite data with a resolution of about 100 feet.
Maps of a detailed nature, such as those showing intricate vegetation
patterns or crop type or detailed geologié mapping, can be expected to
require finer resolution systems. Table I indicates also the areas, primarily
vegetation, where seasonal monitoring is needed, and where multiple
look directions or preferred angles of illumination are most desirable, It .
is especially important to note that some ground truth information (especially
field work at the time of the photography rather than existing data) will
prove essential in most instances for keying the identification on the
broader scale. Our present level of understanding of environmental varia-
bility in the several sciences is such that unlike categories may be con-
fused in space photographs, and field work is essential for caliktration of
this variability.

CLASSIFICATION OF THEMATIC LAND USE MAPS

No systematic study of thematic land use maps has ever really
been attempted. The utility of existing maps is usually not clearly stated
nor is it apparent from the map itself. A rational classification of such
maps is also lacking and perhaps infeasible to produce. In our preliminary
study of fhematic maps we also found that no systematic relationship existed
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between either the scale or subject matter of maps and their complexity.
We struggled with alternative classifications and finally devised one based
on the generalized nature of the élements making up land use maps and
the ordering of such elements. This tentative classification at least
attempts to structure the relations between land use maps in such a way
as to aid in our assessment of the probléms they will pose for spécecraft
production.

The classification is as follows:

I. SINGLE ELEMENT MAPS
A. Absolute presence.or absence of one element. Example: Cultivated
land is mapped; the remaining area has only the certain character-
istic of not being cultivated land.
B. Percent presence of one elemment. Example: Areas with over 20
per cent of [a given unit] area cultivated are mapped; remaining
area has 20 per cent or less of its area in cultivated land.,

II. SINGLE MAJOR ELEMENT MAPS WITH MULTIPLE SUB-DIVISION

A. Qualitative sub-divisions. Example: Major element is forest with
sub-types such as rainforest, tropical deciduous, commercial, etc.

B. Quantitative sub-divisions. Example: Major element is cultivated
land broken down into 0-19 per cent of area cultivated, 20-39 per
cent cultivated, and 40 per cent or over cultivated.

C. Qualitative-quantitative sub-divisions. Example: Major element
is woodlands broken down into dense or open categories.

III. MULTI- ELEMENT MAPS
A. Simple multi-element maps. Example: Map showing areas of
grassland, forest, and cultivated land.
B. Complex multi-element maps.

1. Multiple major elements with sub-categories. Exanigle: Major -
categories as in example III A but each major category has sub-
categories 'such as individual crop types under cultivated-land.

2. Multiple elements in a single category. Example: Crop com-

bination regions, i.e., corn-soybean region, wheat- sorghum-
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-pasture-region, etc.
. 3. Combination of 1 and 2.

VI. CONCEPTUAL REGION MAPS
These do not simply involve the discrimination of discrete elements
nor simple combinations thereof; rather they indicate regions having
some conceptual homogeneity. They may integrate the total lahd-
scape elements to produce general regions but usually they abstract
from reality to produce specialized regions. Quantitative data and
techniques are often used as at least a partial basis for regionaliza-
tion. Examples: Economic regions, land capability classifications,
perception regions, or agricultural regions such as intensive sub-
. sistence, shifting cultivation, nomadic herding, etc.

V. MIXED MAP TYPES | _
Many maps will mix two or more of the above-described classes.
Example: A map with these categories — commerical-industrial,
residential, commercial agriculture with sub-types.of crops and
livestock, subsistence agriculture, and unproductive land.

A representative sample of twenty-three thematic land use maps
was taken from the University of Kénsas map library to determine how they
related to our classification and the problems of mapping from space data.
The makers of the maps, mostly government agencies, do not state the
reason for providing such a map in most instances, but the existence of
these and similar maps of these types would indicate that they are the
types most used in resource studies, regional planning, policy decisions
and other economic and governmental functions.

Table II places each of the maps, ordered by scale, into the cate-
gorization scheme we have erected. The great majority of maps fell into
the "mixed type" category and are therefore further defined by their dominant
tendency for one or more of the other classes. About all that can be said
of. this sampling is that "single element" maps are rare, as are maps that
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A TABLE II
SAMPLE MAPS CLASSIFIED AND ORDERED BY SCALE
Single
Major
Plomont| Element | U
with Sub- m
MAP IDENTIFICATION Divisions I
: Complex |5,
0 &
ko] ol O =]
o | >0 > nl0 o —| O
N | >|2>2 o2 = . |3|&
28=3 2igEal | gla s
Seleel 81583 o S5 9ot
1 . scal salta TIET S B E o gg|R
cale ’ 3| 333 e] Xe] o
Locatlon ype 2EGE &|86&| 8300 588
Isle of Thanet Land Use 1:25,000 V3 *1
Craighead Co.,

Arkansas Land Use 1:62,500 v v *
North Antrim Land Use 1:63,360 v Vi*
Dumbarton and :

Lammermuir Land Use 1:63,360 vI v *
Israel Landscape

Reglons 1:150,000 v *
Truro, -Nova Scotia Land Use 1:250,000 v *
Great Britain Land Use 1:625,000 v |*
Malaya Land Use 1:760,320 v *
Malaya Forest 1:760, 320 v v [*
Portugal Agriculture

& Veg. 1:1,000,000 v V|*
Kansas Agriculture 1:2,000,000 *
Northwest Africa Agriculture 1:3,800,000 *
Ecuador Forest 1:4,000,000 *
North Africa - Land Use 1:5,000,000 v *
Malaysia Vegetation 1:5,000,000 *
United States Agriculture

& Veg. 1:5,000,000 Vv *
Australia Land Use 1:6,000,000 v V[*
Australia Vegetation 1:6,000,000 *
Australia Forest 1:6,000,000 *
Southern Peru Land Use 1:6,000,000 v V|*
Sa¥ Paulo Land Use 1:6,000,000 vi*
China Agriculture 1:7,500,000 *
U.S.S.R. Land Use 1:50,000,000 *

lCategory into which the listed map properly falls. ,
2A "mixed type" map but having characteristics most like this (these) category.
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TABLE III
SAMPLE MAPS CLASSIFIED AND ORDERED BY NUMBER OF CATEGORIES
Single
Single |Major Multi~-
Element|Element Element
with Sub-
MAP IDENTIFICATION Divisions 0
. Complex |9
o
co] ot © o Ko
o) o (>lo > (%) (o] [} —|
N ol 2 [325 o = . |35
LIRS B (8GR | B2 2B
Number SEI8Sl 518528 SEo eec
. o) ) - | Q= 210 o ] 0l0|Q
Location Type of w 2 8 CRECR E_éugm-u g%
Categories |2 &0 &| & |6[66|ald 0P SOB=
China . Agriculture 2 *
U.S.S.R. Land Use 3 *
Craighead Co.,
Arkansas Land Use 3 v v *
Northwest Africa Agriculture S *
North Antrim Land Use 6 v *
North Africa Land Use 6 v *
Southern Peru Land Use 6 v *
Great Britain Land Use 7 v *
Australia Forest 7 v *
Malaya Land Use 8 v *
Malaya Forest 8 v v [*
Portugal Agriculture
& Veg. 9 v v (*
Ecuador Forest 9 *
Kansas Agriculture 11 *
United States Agriculture
' & Veg. 12 v [V|*
Sad Paulo Land Use 12 v vi*
Australia Land Use 13 v Vv |*
Dumbarton and
Lammermuir Land Use 14 v v *
Truro, N.S. Land Use 16 v *
Malaysia Vegetation 18 *
Australia Vegetation 35 *
Isle of Thanet Land Use 37 v *
Israel Landscape
Regions 38 *

1Category into which the listed map properly falls,
2A "mixed typ2" map but having characteristics most like this (these) category.
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fall clearly into other than the "mixed" category. No meaningful relation-
ships can be drawn between map scale or map type (phenomena mapped)
and the classification of the map.

If the maps are ordered by the number of map categories (only
areally extensive categories were considered), as in Table III, a slightly
more apparent pattern develops. Maps of few categories (in this sample,
five or less) tend to be of a pure type and, of course, tend to be rather
simple. Maps of more than five categories are usually not purely of one
type; that is, they blend several of our classes and therefore fall into the
"mixed" category. Maps of up to about ten categories tend to be " éimple,
multi-element" types. Maps with an increased number of categories have
usually begun to include sub-categories. "Conceptual region" maps
appear to be mostly in the medium-number-of-category range — in our
sample, from six to thirteen categoriesl. _

Though in this sample the two maps with fewest categories are
also the smallest scale maps, there is no consistent and meaningful rela-.
tionship of map scale with the number of mapped categories or the type of
map.

PRESENTLY USED THEMATIC LAND USE MAP CATEGORIES AND
THE CAPABILITY TO DUPLICATE THEM FROM SPACE

The sample of existing land use maps was broken down into each
areal category and these were individually evaluated in terms of the capa-
bility to produce similar map categories from space data and to determine
the factors which most constrain their reproduction. Qur evaluation is
subjective but is based on considerable interpreter experience with both
photographic and radar imagery. There is no other procedure available
at this time. No quantitative studies on which we could lean are in print,
As mentioned earlier, the critical resolution used in the evaluation is 100
feet. That is, we have assumed that good quality imagery of such resolu-

26



14

tion is available for the given area. If it was judged that a finer resolu-
tion would be necessary to identify a particular category, then resolution
became a major constraining fact'or. In several cases the precise definition
of a category was not clear; in others the nature of the categories was

such that it is highly unlikely that they would appear as distinct entities
as seen from space. In most cases the evaluation of space potential is
conservative, that is, where there is doubt as to feasibility we ruled that
it could not be done with space data. The examples in the following tables
follow this format:

Column one: Land use category. Taken directly from the map.

Column two: Capability for mapping. The capability of mapping the given

categbry using good quality photographic and radar sensors
and assuming a resolution of 100 feet.
1 - Readily done with few and slight errors.
2 - Can be done with moderate but normally "acceptable"
error, —
3 - Can be done with large, but possibly "acceptable" error.
4 - Unreliable: Can be done only with great difficulty;
errors are rarely acceptable. '
5 - Cannot be done.
Column three through five: Factors constraining the mapping of the category
using space data. R

Column three: Inadequate Resolution: requires a replution finer —
than 100 feet.
Column four: Abstract (Including Statistical) Category: The cate-

gory is defined in conceptual terms or as a statistical abstrac-
tion. The areas have regional identities in conceptual or
statistical terms, though they may not appear as distinct units
judging from their physical appearance. The category may
also derive from an economic evaluation of the area which in
fact is representative of only a small fraction of the surface.
Examples: Unproductive land, cattle breeding, mining land.
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Column five: Synthetic or Residual Category: The category .does
not truly describe a region, not even in conceptual terms.

It is either arbitrarily defined with no true regard to natural
regions or is a category which has no identity other than
being a residual or "catch all" category. Examples: Forest
reserve, no significant use.

Tables IV through XIII serve to illustrate certain of the things
learned from the analysis of the map sample. The remaining evaluations
are included in Appendix A. These evaluations should not be interpreted
in a strictly quantitative manner for they are judgments open to modifica-
tion depending on the frame of reference. In short they rest on experience
and intuition as do all such evaluations at this time. However, since they
force us to confront squarely the disabilities as well as the advantages of
spacecraft imaging with 100 foot resolution, the tables are salutary.

The Truro, Nova Scotia land use map (Table IV) illustrates that it
is often the intensity of a given major phenomena which is distinguishable,
not specification of qualitative sub-categories. Note that a single grass-
land category and woodland categories such as dense, open, scrub, and
cut-over or burnt-over seem moderately feasible for space mapping with
100 foot resolution. Compare these woodland sub-types to those in Tables V
and VI, the Malaysia and Australia vegetation maps, where the woodland
sub-types are not of an intensity or quantitative nature, but are instead
dependent on the identification of species which are often in fact very
similar and indistinguishable from satellite altitudes at the given resolu-
tion. In such cases quite detailed field work may be required to make
distinctions.

Another manner of grouping the land use elements in terms of things
which are visually.distinct from other categories is illustrated in the land
use map of Great Britain (Table VII). This classification of the major land-
scape elements contains both quite feasible and moderately feasible items
using space data. The Dumbarton and Lammermuir map (Table VIII) uses
essentially the same major breakdown but adds sub-categories and the
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TABLE 1V

AREA MAPPED: TRURO, NOVA SCOTIA

SCALE:

1:250,000

Canadian Land Use Series, 1961, No. 11E, Surveys and Mapping
Branch, Department of Mines and Technical Surveys, Ottawa_

Capability

Constrairlx\%ng Factfors
to Map ature o
Map Categorles From Inadequate Abgt?;?:?:orlegynthetic
Space Resolution gtr;ﬁlsl?ii:agl) Res?éual

Industrial and Commercial 2-3 X
Residential 2-3 X
Associated Urban Areas

(Non-Agricultural) 2-3 X
Hay 51 X
Grain 5 X N
Orchards 3-4 X
Horticulture 5 X
Improved Pasture 4 X
Open Grassland and

Scrub Grassland 2-3 X
Blueberries 5 X
Dense Woodland 2-3 X
Open Woodland 2-3 X
Scrub Woodland 2-3 X
Cut-Over and Burnt-Over

Areas 2-3
Swamps and Marshes 2-3
Unproductive Land 4 X

1Hay will not be readily distinguished from grain but together they may
be more readily separated from the remaining categories.
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TABLE V
AREA MAPPED: MALAYSIA
SCALE: 1:5,000,000

Vegetation Map of Malaysia, 1958
UNESCQO Humid Tropics Research Project

Capability Constraining Factors
to Map e
Map Categorigs From Inadequate| Abstract Synthetic
space [Reselution) e ) )| Re stdual

Rainforest 2-4 X
Dipterocarpaceous Rainforest| 4-5 X
Agathis Rainforest - 4-5 X
Borneo Ironwood Rainforest 4-5 X
Casuarina Forest 4-5 X _
Pinus Forest 1 3-5 X
Freshwater swamp and

Peat Forest 3=-4 X
Sago Swamp Forest 2-4 X
Mangrove Forest (Bakau,

Mangle) . 2-4 X
Secondary Forest 4-5 X
Savannahs 2-3 X
Grassland 2-3 X
Alpine Grassland 2-3 X
Monsoon (or seasonal)

Forest 2-4 X
Teak Forest . 3-4 X
Wet Rice-Fields 3-4 X
Dry Fields ' 3-4 X.
Plantations 3-41 X

1Depends on size, type of crop and regularity of pattern, and also whether
the crop is grown in second or lower level of a forest.
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TABLE VI

AREA MAPPED: AUSTRALIA (VEGETATION)

SCALE:
Vegetation Regions, 1957,

1:6,000,000
Atlas of Australian Resources

Department of National Development, Canberra

Capability| Constraining Factors
‘ Nature of
to Map
. Categories
Map Categories From Inadequate I?bstract Synthetic
Resolution | (Including or
Space Statistical)|{Residual
Grasslands 2-4
* Sclerophyll Hummock
Grassland 4-5 X
Semi-arid Tussock :
Grassland 4-5 X
Tropical Tussock
Grassland 4-5 X
Temperate Tussock -
Grassland 4-5 X
.Savannahs 3-4
Sclerophyll Shrub
Savannah 4=5 X
Semi-Arid Shrub
Savannah 4-5 X
Sclerophyll Low Tree
Savannah ' 4-5 X
Semi-Arid Low Tree
Savannah 4-5 X
Tropical Tall Shrub
Savannah 4-5 X
Tropical Tree Savannah 4-5 X
Temperate Tree Savannah 4-5 X
Shrub Communities 2-3
Shrub Steppe 3-5 X
Arid Scrub 3-5 X
Semi-Arid Mallee 3-5 X
Heath 3-5 X
Sclerophyll Mallee 3-5 X.
Layered Scrub 3-5 X

(Continued on Following Page)
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TABLE VI CONTINUED
AREA MAPPED: AUSTRALIA (VEGETATION)

Capability Constraining Factors
. Nature of
) to Map Categories
Map Categories From Inadequate Abstrac% Synthetic
' Resolution | (Including or
Space Statistical)|Residual
Woodlands 2-3
Low Arid Woodland 4 X
Low Shrub Woodland 4 X
Tropical Deciduous
Woodland 4 X
Tropical Woodland
(Mixed) 4 X
Tropical Layered
Woodland 4 X
Temperate Woodland
(Mixed) 4 X
Mixed Coastal Woodland 4 X
Forests 1-2
Dry Sclerophyll Forest 2-3 X
Wet Sclerophyll Forest 2-3 X
Temperate Rain Forest 2-3 X
Tropical Layered Forest 2-3 X
Sub~-Tropical Rain Forest 2-3 X
Tropical Rain Forest 2-3 X
Miscellaneous ' 2-3
Sandhill Desert 2-3 X
Sandplain Desert 2-3 X
Stony Desert 2-3 X
Littoral Complex 2-3 X
Alpine Complex 2-3 X
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TABLE VII
AREA MAPPED: GREAT BRITAIN
SCALE: 1:625,000

-Lehmd Utilization Survey of Britain, 1944

Director General, Ordnance Survey

‘ Capability Constraining Factors
to Map Nature of
rom Inadequate| Abstract Synthetic
Space [Resolution|(Including or
statistical)| Residual
Forest and Woodland - 1-2 X
Arable Land (Including '
Fallow, Rotation
Grass and Market o
Gardens) 2 X
Meadowland and .
Permanent Grass ' 2-4 X
Heathland, Moorland -
‘ and Rough Pasture 2-4 X
Pasture 3-4 X
Chief Urban Areas o 1 X
Orchards and Nursery
Gardens 3-4 X
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-TABLE VIII

DUMBARTON AND LAMMERMUIR
1263 ] 360

Land Utilization Survey of Britain, 1944
Director General, Ordnance Survey

Capability Constraining Factors
Nature of
Map Categories fo Map - Categories
From Inadequate|Abstract Synthetic
Resolution | (Including or
Space Statistical)| Residual
Forest and Woodland
Deciduous 2 X
Conliferous 2 X
Mixed 3-4 X
New Plantations 3-4 X
Arable Land . 2 X
Meadowland and Permanent
Grass 2-4 X
Heath and Moorland 2-4
Heath, Moorland, Com-
mons and rough
pasture 2-4 X
Rough Marsh Pasture 2-4 X
Gardens, etc.
"Houses with Gardens'’
sufficiently large to
be productive of
flowers, veg., etc. 5 X
New Housing Areas
and Allotments 4-5 X
Orchards 3-4 X
Nursery Gardens 3-4 X
Land Agriculturally
Unproductive
Closely Covered with ‘
Houses, etc, 1-2
Yards, Cemeteries,
Pits, Quarries, etc. -4 X X
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necessity to 1dentify units too small to be defined within the imposed reso-
lution restrictions.

The next example, the Australian land use map (Table IX), illustrates
categories for which the imprint across the tbtal landscape is not distinct
enough to allow them to be identified. Certainly, the type of animal will
not be identified, and the buildings associated with each activity will not
be distinct nor dominant enough to betray the land.use as given. The
actual land surface cover, such as grassland, brush, and the like, could
be more readily identified. Some inferences as to man's activities might
be drawn from the vegetation, inferred climate, land surface form and other
relative location factors, but they would be highly speculative and impre-
cise. Another way of viewing this is to consider whether, with the statis-
tical sources in hand, the land use map might be improved with spacecraft
photography. There is no doubt that the details of some boundaries might
be altered. However, for others it is doubtful whether the statistics could
act as a useful calibration device. The problem is that there is implied a
clear link between the method of farm management and its impress on the
landscape. Such an expectation is naive,

The identification of specific crops will remain difficult as shown
in Table X, Sa® Paulo, Brazil land use. Crop identification will depend
on the naturé of the crop, the size and regularity of the individual fields,
and the collection of data at critical points during the growing season.
For example: plantation agriculture will be more apparent than subsistence
agriculture; fields of the size of those in the U. S. Great Plains will be
more readily seen than those in southeast Asia; and flooded rice fields
will be more readily detected than they will while dry.

Marschner's map of Land Use in the United States (Table XI) is not
of a type which could be directly adapted to space data usage. The cate-
gories are statistical or mental abstractions of what really exists on the
surface and may not represent similar regions as seen from a space van-
tage. However, similar maps based on visually discrete phenomena could

be constructed.
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'TABLE IX
AREA MAPPED: AUSTRALIA (LAND USE)
SCALE: 1:6,000,000

. Dominant Land Use, 1957, Atlas of Australian Resources
Department of National Development, Canberra

| Capability Constraining Factors
, Nature of
Map Categories fo Map Categories
From Inadequate{ Abstract Synthetic
Space Resolution| (Including or
P Statistical)|Residual
Beef Cattle 4-5
Breeding 4--51 X X
Breeding and Fattening 4-51 X X
Intensive Breeding and a1
Fattening 4-5 X X
Fattening 4—51 X - X
Sheep and Cereals 3-4
Wool 3-5 X X
Wheat or Other Cereals '
with Wool and Fat 1
Lambs 3-5 X X
Wool and Fat Lambs - 3-.'51 X X
Dairy Cattle 3-51 X X
Sugar Cane’ 2-3 X
Fruits, Vines, Vegetables,
Rice, Tobacco, Cotton,
etc, ‘ 2-4 X
Timber 1-2 X
No Significant Use 3-4 X X
Built-Up Areas 1-2 X

1Some inferences could be made about the particular livestocking activities
depending largely on identification of feed lots, dairy barns, etc., but
this is an abstract expression of the area not indicative of its physical
nature. ) !
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TABLE X
AREA MAPPED: SAD PAULO, BRAZIL
SCALE: 1:6,000,000
Land Use, Latin America, P. E. James, 1942, p. 482
Capability Constrainilgg Facto;s
to Map- ature o
Map Categories From Inadequate Abs?rggiﬂrjg;nthetic
' Space Resolution| (Including or
Statistical){Residual

Livestock Ranching without

Forage Crops 4 X X
Forest Products 4 X
Sedentary Subsistence

Agriculture 3-5 X X
Shifting Cultivation 3-35 X X
Coffee 4-5 X
Cotton 3-4 X
Sugar 2—41 X
Oranges 2-_-4l X
Bananas 2—41 X
Vineyards 2-4 X
Truck Crops 4-5 X
Mixed Crops of Parana

Colonies 4-5 X

1

If these are regular-patterned commercial enterprises, they should be

fairly well identified; if grown haphazardly they may be even more

difficult to identify.
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_. TABLE XI
AREA MAPPED: UNITED STATES
SCALE: 1:5,000,000

Major Land Uses in the United States, 1950
F. J. Marschner, Ag. Handbook 153, USDA

Capability Constraining Factors
Nature of
Map Categories to Map ' Categories
From Inadequate |Abstract Synthetic
Space Resolution {(Including or
p : . Statistical)| Residual

Cropland and Pastureland 2-31 X X
Cropland, Woodland, and

Grazing Land 2-3 X X
Irrigated Land - 2-4 X
Forest and Woodland Grazed| 4-5 X ' X
Forest and Woodland

. Mostly Ungrazed 4-5 X X

Sub-Humid Grassland of
) Semi-Arid Grazing Land 4-5 X X
Open Woodland Grazed 4-5 X X
Desert Shrubland Grazed 4-5 X X
Desert Mostly Ungrazed 3-4 X X
Alpine Meadows and Mount.

Peaks above Timberline 2 X
Swamp : 3-4 X
Marshland ' 3-4 X

1The natural vegetation types, as listed, should be fairly distinct, but

to determine whether or not they are grazed would not often be possible,
The major categories are generalized from statistical sources.
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Table XII is based on Jenks' map of the Geographic Pattern of
Kansas Agriculture, 1961. With photographs obtained at two or three
critical times during the growing season, wheat, pasture, irrigated areas
and the valiey bottom intensive categories should be acceptably distin-
guished. As seen in the footnote to the table there will be some. confusion
between grain sorghums and corn in areas of overlapping distributions.
Photography and radar late in.the growing .season may make discrimination
between these categories acceptable.

A map with such simple, generalized, and visually distinct cate-
gories as the land use map of the U.S.S.R. (Table XIII) should be quite
readily done from space photography of 100 foot resolution.

Table XIV summarizes the information in the sample selection of
maps, especially in that it indicates the mean capability value for mapping
categories similar to those listed on each map using space data. Several
summary statements can be made. First, there is no direct relationship
between the type of map or the scale of the map and the capability to
recreate similar maps using space data sources. Map makers do not
always, as one might expect, relate scale and the level of generalization
of the mapped phenomena. Both large and small scale maps are often
highly generalized; either of them may also exhibit rather sophisticated
renderings of phenomena distributions. Areal generalization is the com-
pensating factor. Of course the very small scale maps demand a degreé of
generalization of phenomena, and in the case of the two smallest scale
maps in our sample the phenomena categories are extremely simple. How-
ever, one map of very large scale consisted of similar very simple categories.

The number of map categories is the factor which tends to correlate
best with the ability to recreate the map using satellite data. A limited
number of categories tends to correspond with high space data mapping
potential while numerous categories tend to belie such potential, This
is probably due to the fact, as earlier mentioned, that maps of few cate-
gories tend to separate major blocks of very different kinds of things such
as forest, grassland, cultivated land, and settlement. Once these major
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TABLE XII
AREA MAPPED: KANGSAS

1:2,000,000

The Geographic Pattern of Kansas Agriculture
Kansas Ind. Dev. Comm. and G. F. ]_enks, 1961

Constraining Factors

. |Capability
to Map Nature of
- Map Categories From i Categories
' Inadequate |Abstract | Synthetic
Space |Resolution | (Including or
. statistical)| Residual

Major Wheat 2 X X
Major Wheat and

Minor Pasture X X
Minor Wheat X X
Minor Wheat and .

Minor Pasture 2 X X
Major Pasture 2 X X
Irrigated X
Grain Sorghums and 1

Wheat 2-3 X X
Kaw Valley Intensive 1-2 X X
Major Corn 2—41 X X -
Minor Corn 2-41 X X
Minor Corn and 1

Minor Pasture 2-4 _ X X

1

Because they have very similar growth and time cycles grain sorghums

and corn will be very difficult to discriminate between in areas of

overlapping distributions.
capability.

This accounts for the reduction in
If a category coarse-grains were erected the capability

would increase substantially.
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TABLE XIII

AREA MAPPED: U.S.S.R.
SCALE: 1:50,000,000
General Survey of the U.S.S.R., Land Use Sub-Map

CIA (No Date)

Capability -Constraining Factors
Nature of
to Map
Categories
MAP CATEGORIES From Inadequate|Abstract Synthetic
Space Resolution| (Including or
p Statistical)|Residual
Forested or Wooded Area 1 X
Principal Cultivated Area 1 X
Other (Tundra, Swamps,
Arid Areas, Mountains) 1 X X
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TABLE X1V

SUMMARY OF CAPABILITY TO DUPLICATE SAMPLED MAPS

USING SPACE DATA

Mean
' Capability Map Number
Map Location to do Type of .|Map Scale
'From Space Categories
French North Africa 1.00 Land Use 6 1: 5,000,000
China ' 1.00 Agriculture 2 1: 7,500,000
U.S.S.R. 1.00 Land Use 3 1:50,000,000
Craighead Co., Ark. 2.00 Land Use 3 l: 62,500
Australia 2.13 Forest 7 1: 6,000,000
Kansas 2.27 Agriculture 11 1; 2,000,000
Ecuador 2.44 Forest 9 1: 4,000,000
Great Britain 2.50 Land Use 7 1: 625,000
Southern Peru 2.83 Land Use 6 1l: 6,000,000
Northwest Africa 2.90 Agriculture 5 1: 3,800,000
Portugal 2.94 Agriculture & 9 1: 1,000,000
‘ : Vegetation :
Israel 3.08 Landscape 38 © 1:150,000
Regions
Dumbarton & Lammermuir 3.13 Land Use 14 1: 63,360
North Antrim 3.25 Land Use 6 1:63,360
Truro, Nova Scotia 3.38 Land Use 16 1:250,000
Malaysia 3.53 Vegetation 18 1: 5,000,000
United States 3.58 Agriculture & 12 1. 5,000,000
Vegetation
Australia 3.60 Land Use 13 1l: 6,000,000
Australia 3.63 Vegetation 35 1: 6,000,000
Isle of Thanet 3.64 Land Use 37 1:25,000
Malaya 3.69 Forest 8 1:760,320
Malaya 3.75 Land Use 8 1:760,320
Sao Paulo 3.75 Land Use - 12 1: 6,000,000
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groupings are assigned, any additional categories are required to separate
" more alike phenomena and, in fact, are usually sub-categories of the
| major phenomena.

Very few existing land use maps at ény scale could be exactly
duplicated from spacecraft data. This arises because practically every
map we have inspected mixes some categories which could be observable
using space data with others which are non-observable. The non-observable
categories may require a) too fine a spatial resolution, b) information which
is not obtainable from space, being obtained from statistical sources or
inferences, or c) it represents a synthesis of material often from statisti-
cal sources. '

But this evaluation has been based on traditional types of land use
maps and the kinds of categories they have always employed. It is further
apparent that no consistent and rational theme of land use categories runs
through the maps we have studied. Many of the maps are composed of
illogical and inconsistent categorization schemes. Most are biased by
the particular area mapped, giving emphasis to land uses which would be
of little importance considering the world scale. It seems reasonable to
assume that, if the concept of regions and regional identities is correct,
then certain patterns of land use which have heretofore been overlooked
should be apparent from a space vantage.

It will be unrealistic to expect that traditional land use categories
with all their peculiarities may be mapped from space, and especially not
detailed categories. Improved resolutions and modified land use schemes
are both required for practical land use mapping from space. Both the
role of resolution and testing of various classifications needs much addi-
tional study. A preliminary indication of the complexity of the classifica-
tion problem has been given above. We may now pursue the relations
between information and resolution for different environments.
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THE QUESTION OF RESOLUTION IN THEMATIC LAND USE MAPPING

Both nature and man mix land use entities such as cropland and

* trees in a variety of ways in different environments. Parcels of different
sizes and shapes are mixed in quite dissimilar patterns. In the face of
such diversity each environment yields a different level of information as
a function of a given resolution. This is somewhat contrary to our pre-
liminary estimates of a year ago (Simonett, 1968) and to the statements of
Frey (1967). We cannot set rigid resolution requirements indicating that
a given type or level of land use information will be equally available for
all environments at that resolution. The size, shape, and arrangement

of the landscape elements in each environment will affect the optimum
resolution/decision cell size for a particular level of land use information
in that area.

To illustrate that the level of land use information is environmentally
modulated, selected areas exhibiting various types of natural and cultural
landscapes have been sampled. These include eastern Kansas, western
Kansas, eastern Virginia, Costa Rica, Puerto Rico, South Vietnam, Tan-
zanla, and Panama. A sample of the photography used in each area is
shown in Figures la and 1b. All are shown at a common scale. Only the
Houma, Louisiana area is not included among the tabulations in this report.
It and other regions representative of many world environments are included
in more extensive studies now underway.

The sampling procedure consisted of overlaying large scale aerial
photographs with grids representing 1000, 400, 200, 100, and 50 foot
resolution/decision cells. These resolution/decision cells are intended
to represent the area over which generalizations may have to be made
depending on the quality andlground resolufion of space data employed in
land use studies. It is therefore important to determine the type and
degree of integration of land uses which may occur in a cell of each size
for diverse environments. The number of different land use categories
contained in each cell was tabulated for an entire 9 x 9 inch aerial photo-
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A

SITE 3 ORIGINAL SCALE
1. Garden City, Finney County, Kansas 1:15,000
2, Lawrence, Douglas County, Kansas 1:15,000
3. Gordonsville, Orange County, Virginia 1:20,000
4, Caguas, Agua Buenas, Puerto Rico 1:20,000
5. Venecia, Alajuela Prov.,, Costa Rica 1:43,000
6. La Palma, Darien Prov., Panama 1:35,000

Figure la. The above aerial photographs, brought to a common scale of

1:25,000, illustrate the variations in the size, shape, and arrangement of
. spatial elements which occur in differing world environments. These sample

areas were included in those used in the tabulation of Tables XV through XX.
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SITE ORIGINAL SCALE
7. Houma, Terrebonne Co,., Louisiana 1:20,000
8. Bena Bena Area, New Guinea I 1:35,000
9. Bena Bena Area, New Guinea II 1:39,000
10, Thuan Dinh Prov,, S. Viet Nam 1:10,000
11, Musensi, S. Highlands Prov., Tanzania IV 1:31,400
12, Igamba, S. Highlands Prov., Tanzania III 1:28,000

Figure 1b. The above aerial photographs, brought to a common scale of

1:25,000, illustrate the variations in the size, shape and arrangement of

spatial elements which occur in differing world environments. These sample
. areas were included in those used in the tabulation of Tables XV through XX.
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- TABLE XV

DECISION/RESOLUTION CELL SAMPLE SIZE

(Continued on following page)

47

Site Cell Size | # Samples % Photo Sampled
Costa Rica 1,000 826 - 100
400' 900 16 -
----200' -900 4
100' 900 1
New Guinea (I) 1,000 500 80
400" 500 13
200" 500 -3
100' 500 1
New Guinea (II) 1,000' 600 90
© 400 600 14
200 600 3
, 100" 600 1
Tanzania IV 1,000 400 100
400" 900 36
200' 900 9
100° 900 2
Tanzania III 1,000' 380 100
400' 900 38
200' 900 10
100’ 900 2
Orange Co. Va. 1,000 196 100
400' 400 32
200" 400 8
100° © 400 2
50' 400 1
Panama 1,000' 291 27
400' 923 24
200' 3600 23
100 900 1
Garden City, Ks.| 1,000’ 116 100
, 400' 554 74
200" 2149 72
100' 7736 64




TABLE XV CONTINUED
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DECISION/ RESOLUTION CELL SAMPLE SIZE

Cell Size

# Sarﬁples

% Photo Sampled

Site

Lawrence, Ks. 1,000 119 100
400' 576 76

200" 2182 172

100' 7774 64

Puerto Rico 1 1,000 209 100
400 1021 85

200" 3738 78

100’ 1916 10

S. Viet Nam 1,000' 56 100
400' 324 93

200" 891 64

29

100°

1603
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.graph _or a sample of at least.400. cells in each resolution class for each
sampled area. Table XV gives the sample sizes and percent of area sam-
'pled for each selected photograph. The main land use categories found
were woodland, grassland, agricultural fields, shrubs and brush, roads,
streams, and settlements. These major categories were additionally
broken down where applicable, as will be detailed later.

The areas are grouped according to dominant form of agriculture and
presented in Tables XVI, XVII, and XVIII. Table XIX presents results of a
natural landscape. These tables indicate that there tends to be a critical
resolution size for each environment at which, and for finer resolutions,

a high level of detection of a homogenous entity becomes possible. The
term, homogenous entity, is relative; it does not mean that only one kind
of crop or plant is discriminated. Some generalization is necessary. It
implies distinctions between fields, rather than distinctions within a field
exhibiting variances of crop growth and vigor or patches of weeds, and
distinctions between clumps of trees rather than between different tree
species, ' |

If it is desired to obtain photography at which 65-70 per cent of the
resolution cells contain only one such category, the resolutions required for
the three areas in Table XVI would be 200 feet for irrigation agriculture in

)/(festern Kansas, 100 feet for a mixed farming area in eastern Kansas and
50 feet for a mixed farming area in eastern Virginia. In two areas with a
mixture of commercial and subsistence agriculture, Costa Rica and Puerto
Rico (Table XVII), a resolution of finer than 100 feet would be required in
order to detect single categories unambiguously. In South Vietnam (Table
XVII) a resolution of less than 50 feet, perhaps as fine as 15 or 20 feet,
would be reduired.

Areas of true subsistence agriculture in New Guinea and Tanzania
(Table XVIII), yielded percentage results at the 100 foot resolution size
similar to the mixed commercial-subsistence agricultural areas of Costa
Rica and Puerto Rico, despite the smaller field sizes in the two former
areas., This may be explained by the scattering of fields in New Guinea
and Tanzania and the relative homogeneity of the léndscape between fields.
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TABLE -XVI

COMMERCIAL AGRICULTURE

SITE Resolution | Per Cent of Decision/Resolution Cells
Type of Cell/Grid | Containing Specified Number of
Agriculture Size Categories

1 2 3 4 or More
Western Kansas ‘1,000 13.8 [37.9 |33.6 | 14.7

Irrigated 400" 52.0 [36.5 |11.2 0.4

Area 200! 71.5 |23.7 4.8 -

(Garden City) 100 83.8 |14.7 1.4 --
Eastern Kansas 1,000' 10.1 [31.9 |39.5 18.5

Mixed 400" 35.9 [37.8 |21.7 4,5

Farming 200" 57.9 |34.0 7.7 0.4

(Lawrence) 100" 84.0 [15.5 | 0.5 --
Eastern Virginia 1,000° 6.1 | 9.2 | 3.0 | 81.6

Mixed farming 400 10.7 {15.6 [17.7 56.0

200’ 29,0 |31.0 |25.0 15.0

(Orange County) 100’ 64.7 |20.8 |11.0 3.5

| 50" 77.5 |17.5 | 4.5 | 0.5
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| “TABLE XVII
MIXED COMMERCIAL — SUBSISTENCE AGRICULTURE

SITE Resolution Per Cent of Decision/Resolution Cells
: Cell/Grid Containing Specified Number of
Size Categories
' 1 2 3 4 or More
Costa Rica 1,000 3.0 | 17.2 | 32.9 46.9
400" 10.0 | 42.2 | 34.1 13.7
200’ 21.4 | 68.5 | 10.1 -
100’ 63.7 | 35.4 0.9 -
Puerto Rico 1,000" . -= | 2.9 | 4.8 92.3
(Aguas Buenas) 400' . 4,7 | 18.5 | 17.5 59.3
200" 12.7 | 22.6 | 16.7 48.0
100' 47.0 | 39.9 | 11.4 1.6
*South Vietnam 1,000' ' -- - -— - 100.0
Intensive 400' - 0.6 2.2 97.2
200" 6.2 | 21.8 | 37.4 34.7
100' 15.0 | §5.0 | 22.0 8.0
50! 36.0 45.0 [ 11.0 8.0
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-TABLE XVIII
SUBSISTENCE AGRICULTURE

SITE Resolution Per Cent of Decision/Resolution Cells
Cell/Grid Containing Specified Number of
Size Categories
1 2 3 4 or More
New Guinea II 1,000’ - 19.3 |58.2 22,5
400’ 22.2 54.2 |23.3 0.3
200’ 27.9 64.7 7.4 -
100* 45.3 49.7 5.0 -
Tanzania IV 1,000’ - 10.5 |28.3 61.2
400' 11.8 35.0 | 42.6 10.6
200" 40.3 | 57.3 | 2.3 --
100’ 59.4 40.6 - --
New Guinea I 1,000' 5.4 8.2 |59.0 29.4
400’ 11.4 66.2 |22.4 -~
200" 17.2 68.2 |14.6 -
100" 40.4 59.2 0.4 -
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“TABLE XiIX
TROPICAL RAIN FOREST

Resolution

SITE Per Cent of Decision/Resolution Cells
Cell/Grid Containing Specified Number of
Size Categories
1 2 13 4 or More
Panama 1,000' 79.7 11.7 6.5 2.1
Darien Province 400’ 92.4 7.4 0.2 --
200 97.2 2.8 - -
100* 97.7 2.2 - -
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The reductidn of the cell size from 400 to 100 feet in a rainforest
_environment in Panama (Table XIX) yielded little improvement with respect
to the percentage of cells containing only the one "lumped" category,
rainforest. Miller (1960) indicated that "most tropical forests are so mixed
that it is not possible to describe or identify them on the basis of one or
even a few species". A resolution size of 400 feet, therefore, appears to
be quite acceptable for very generalized land use mapping in this area.

Some further implications of this technique may now be explored
via the generalization of categories used in Orange Co., Virginia, as
shown in Table XX, and the categories used in Tanzania and shown in
Table XXI. The groupings under the headings A and B in Orange County are
two criteria by which the number of categories in the resolution cells were
tallied. Percentages of the cells containing one, two, three, and four or
more categories for the two levels of generalization are given, The greatest
variance between the two is found in the percentages of cells which con-
tained four or more categories, There is a tendency for the differences
between the two levels of generalization to become less as the resolution
cell size decreases and for these percentage differences to become nearly
uniform at the smaller cell size.

Similarly, we may consider the generalization of categories in
Tanzania (Table XXI). The entities under A and B are again the criteria by
which categories were grouped or discriminated and counted. The percentages
given in Table XXI show wide variations at the 1,000 foot resolution cell
size and substantial_differences at the 400 foot cell size, The percentages
of A and B at a resolution cell of 100 feet are nearly the same. The im-
plication is again clear that the finer resolutions are the more desi;able, ‘
regardless of the level of generalization. However, it is also clear that
much thought must be given to the establishment of meaningful land use
categories and to systematic rules for tallying data. Further work in this
area will rest on systematic procedures worke_d out through trial and error
in this study.

In concluding this section we may re-affirm our earlier conclusions
that when a given resolution is used the information obtained with this
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TABLE XX
COMMERCIAL AGRICULTURE

SITE Resolution Percent of Decision/Resolution Cells
Type of Cell/Grid Containing Specified Number of
Agriculture Size Categories

- 1 2 | 3 4_or More
Eastern Virginia 1,000' 6.1 9.2 3.0 | 81.6
| A(ungeneralized)’ 400" 10.7 |15.6 [17.7 | 56.0
200' 29,0 |31.0 [25.0 | 15.0
100' 64.7 |20.8 11.0 3.5
50° 77.5 |17.5 | 4.5 | 0.5
B(Generalized)® 1,000 7.1 | 9.2 | 6.6 77.1
400" 13.7 [119.3 [24.0 | 43.0
200’ 32.5 |40.2 |[23.5 3.8
100' 69.2 |24.5 6.3 | ----

_Levels of Categorization Employed

1

A (Ungeneralized Level of Categorization)

1) woodland
2) grassland

4) individual cultivated fields

3) brush

5) water bodies
6) roads

7) farmsteads
8) settlement

1f several separate clusters of each
appeared in a single cell, each cluster
was counted as a separate land use entity.

zB (Generalized Level of Categorization)

1) All woodland in a cell as a single category.
2) All grassland in a cell as a single category.
3) All brush in a cell as a single category.

4) All cultivated fields. '

5) Water bodies.

6) Settlement (including roads and farmsteads).
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TABLE XXI
SUBSISTENCE AGRICULTURE
Resoultion Pércent of Decision/Resolution Cells
SITE Cell/Grid | Containing Specified Number of
Size - Categories .
| .1 2 3 4 or More
Tanzania III 1,000 | -- 7.6 22.4 | 70.0
A (Ungeneralized)* 200" | 12.0f 39.2| 40.1 8.7
200" ' 34,4 | 58.7 6.9 --
100° | 67.7 | 29.2 3.1 --
Tanzania III 1,000° | 3.3| 24.3| 61.5 | 10.9
B (Generalized)® 400" 15.0| s58.0] 25.3 1.7
200' 42.0] S1.1 6.9 -
100" 69.7 | 28.7 1.6 --

Levels of Categorization Employed

1A (Ungeneralized Level of Categorization)
Each cluster of a category is treated as a separate entity

1) Woodland - dense clumps of trees, sometimes with minor amounts of
scrub or brush. '

2) Grassland - clearings, grassy areas, sometimes with isolated,
_scattered trees:; non-continuous trees or scrubs in a grassy
matrix.,

3) Brushland - predominately intermediate size vegetatlon when
differentiated from trees.

4) Stream courses (including bank vegetatxon sand bars, stream bed and
stream) .

5) Individual agricultural fields (perhaps with some grouping of contiguous
fields with the same gray tone.

.6) Settlement and roads- (paths) when comprising 10% of a cell.

2B (Generalized Level of Categorization)
Each category is totaled for a given cell (one entity)

1) All woodland in a cell as a single category.

2) All grassland in a cell as a single category .

3) All brushland in a cell as a single category.
4) All cultivated fields.
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resolution will not be.con,si_stent from environment to environment and that
a resolution of no poorer than 100 feet will be needed for "acceptable"
'results in most environments., It remains to be seen whether these incon-
sistencies will be tolerable using space photography with 100 foot resolu-
tion for a general land use mapping program.

ENVIRONMENTAL COMPLEXITY AND THE
DISTANCE-DECAY FUNCTION

That there tends to be a particular spatial frequency of land use
elements in each type of environment suggests that a particular resolution
or decision cell size is adequate for each, but this does not further imply
that the use of that cell size will completely solve the ambiguity problems
and render each decision cell ready for precise, rapid, automated land use
determination. Land use categories, as they are normally conceived,
consist of a specialized aspect of the environment, such as the indication
of vegetation type, usually with no regard to the remainder of the environ-
mental milieu. To segregrate special characteristics of each environment
becomes an especially difficult problem if we consider that our data source
will be spacecraft photography or other remotely sensed information. Such
data integrate the total environment at each earth location and provide
simply a particular photographic tone, color, or texture or combination of
these influenced by all elements at that location, The field observer making
land use determinations may ignore changes in soil color while concentrating
on the mapping of vegetation., On space photography the effects of soil and
vegetation will be mixed making it virtually impossible to extract the mean-
ing of one without considering the ‘other. Two major points are relevant:

1. When doing land use mapping from space it will be necessary

to restructure our land use categorization schemes. Land uses
seen from space will not be nece'ssarily coincident with those
mapped from the ground. The view from space will tend to yield
groupings oi phenomena different from our traditionally-conceived
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land use categories, but they. should be equally valid categories
and perhaps even more accurate pictures of reality at the more
gerieralized levels of land use.

2. TFleld work will always be desirable and probably absolutely

necessary for the production of good quality land use maps
even when using space photography as the primary data source.
A ground observer is bound by his narrow field of view which
greatly inhibits his ability to integrate land use over broad
areas, but he is capable of making point by point determinations
with great accuracy. Space sensing will provide the opposite
but complementary perspective which integrates the various
elements into land use complexes allowing us to "see the
forest", while the field worker provides identification keys by
"seeing the trees". No incompatability is seen in combining
the advantages of using the strengths of each techniques,

We have noted that the frequency of land use elements varies from
environment to environment, but.-we need also to learn more about the nature
of environmental change from region to region. The world is not neatly
composed of discrete environmental units exhibiting internal homogeneity
B&t with sharp delineations from one unit to the next., There is rather a
complex interdigitation of these environmental units and the nature of change
and its rate and direction is infinitely variable. This is an especially
significant factor if we expect ultimately to do automated land use mapping,
for if the automated device is "trained" to identify a particular land use in
one environment, its ability to predict a similar land use in another area
will be profoundly influenced by the eﬁvironinental similarities or differences
between the' two areas. It is valid to assume that proximity of the two
areas will influence the accuracy of automated predictions but preliminary
indications are that automated training and prediction techniques are
sometimes not suitably accurate at a distance of only a few miles. Fu et al.
(1969), for example, found in the Purdue area that training on one flight
line and predicting for an adjacent line 1 1/2 miles away, gave prediction
accqracies as follows: oats, 80%; soybeans, 58%; corm, 58%; and wheat,
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87%. The data were . obtained June 28, 1966 and included twelve spectral
channels from .400 to 1,000 nanometers. Similar results are being ob-
tained in our studies near Lawrence, Kansas (Simonett and Brooner, 1969).
There are many indications thét mid- summer is not the most desirable
time for optimum discrimination. Nevertheless, these results give us
pause in the search to automatically predict land uses. All rates of
change of these "distance-decay functions" will occur and they will

also vary with direction of the "predicted area" with respect to the
';training area". These distance-decays must be closely analyzed and
careful allowance must be made for them before accurate automated inter-
pretation of land use is feasible.

In the next section of this report we explore some practical land
use mapping problems which relate to interpretation and cartographic
classification and generalizing procedures, as well as to the respective
roles of man and machine in mapping. |

SOME PROBLEMS OF INTERPRETATION AND CARTOGRAPHIC
GENERALIZATION IN LAND USE MAPPING

In the discussion of the number of categories contained in re-
solution cells of different sizes it was seen (Table XVI) that with 100
foot resolution some 84 per cent of all cells in the Lawrence (Eastem Kansags)
sample contained but a single category and that of the remaining 16 per
cent almost all contained two categories. Since it appeared that a 100
foot resolution was suitable for this area, we next examined for the area
close to Lawrence — where immediate field checks were feasible — some
new problems of interpretation and cartographic generalization,

A simple land use mapping exercise was carried out to study these
problems of mterpretation and generalization., A portion of eastern Kansas
encompassing all of four counties and portions of seven others (Figure 2)
was mapped according to an eight category land use scheme at an initial -
scale of 1:250,000. Standard 1:20,000 panchromatic aerial photography
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GENERALIZED LAND USE MAPS
OF EASTERN KANSAS

PHOTOGRAPHICALLY | STATISTICALLY
GENERALIZED
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Figure 2, Photographic and statistical generalizations of the eastern Kansas land
use map are compared above. Photographic generalization is superior
at the larger scales, but the clutter of detail and problems of reproduction
may tend to make the use of statistical generalizations more practical at
small scales. Note: In preparing this illustration for page-size black and
white reproduction, the scales have been altered and much detail has been
lost, The scales are approximately 58% of that indicated (the 1:1,000,000
map should be 4 inches on a side at the proper scale). The color legend
becomes ambiguous in black and white form; however, the three major
categories, comprising nearly 96% of the total area are distinguishable:
settlement is dark gray, cultivated is medium gray, and grass is very
light gray. :
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.was. used as the data base. Certain of the problems encountered using
imagery even of this scale and resolution were notable and are relevant
to the interpretation and mapping from space data sources.

. The mapping done in this exercise was restricted to very simple,
broad categories, The ideal categorization scheme would be so-ordered
that, first, it encompasses at a major level all conceivable land use types
which might be encountered the world over to insure parallel emphasis in
varying environments, and second, that it groups these uses into units
which are both visually discrete and "meaningful" in land use terms.

Only the most major categorization was attempted in this study
because to do a detailed breakdown we would need to know, first, what
land use elements exist in the world, second, which of these could be
determined with acceptable error using space, and third, what types
of land use maps might usefully employ these elements.

In devising our classification therefore we bore in mind these
qﬁestions of worldwide distributions of phenomena and visual discrete-

. ness of image categories, in a classification which attempts a generalized
rendition of a hierarchical categorization of phenomena which is appropriate
to all scales of mapping. The categories we have used are in a classi-
ficatory sense essentially indivisible: more detailed classifications
would employ sub-divisions within the categories we have delineated.

The categories are. as follows:

Settlements and associated non-agricultural land
Cropland

-Grassland

Trees
Brush
Water
Naturally bare (bare rock, sand, etc,)

W N O s W DN
L]

Snow and Ice

At the most geheralized land use lexiel, any segment of the earth's
surface can be characterized as falling into one of the eight categories.
Each is representative of an extensive portion of the earth's surface or is

61



49

of such importance that relative areal coverage is immaterial, as in the
case of "settlement".

The eight major categories are also similar to those proposed by
the International Geographical Union commission on a world land use sur-
vey (Van Valkenburg, 1950). The major IGU categories are: 1) Settlements
and associated non-agricultural lands, 2) Horticulture, 3) Tree and other
perennial crops, 4) Cropland, 5) Improved pasture, 6) -Unimproved grazing
land, 7) Woodlands, 8) Swamps and marshes, and 9) Unproductive land.
Such a classification is along traditional lines and assumes the intimacy
of field work rather than the detachment of remote sensing. Our categories
should be distinct enough to be visually separable using space-derived |
data. The distinctions between "cropland"” and "grassland" or “"trees" and
"brush" involve both careful definition of what belongs in each category
and interpreter training, and even with these there will be pertinent pro-
blems of identification. However, despite these problems our categories
will tend to have less ambiguity for interpretation than distinguishing
between "cropland" and "improved pasture" and between "woodlands" and
"tree and perennial crops," and between grazing land and non-grazed land
as given in the IGU classification, Either classification is appropriate for

Z broad scale thematic land use mapping, but each supposes a different
method of data collection. In our judgment the problem of devising classi-
fications suitable for spacecraft mapping is serious and has yet to be faced
in the earth resource disciplines.

There are several ways to go about making land use mapping deci-
sions. An interpreter may draw bold lines around photographic areas which
he considers to be distinct because of differences in tone, color, texture
or pattern. Point by point decisions may also be made based upon the
dominant category observed for each predetermined unit area of the photo-
graph. Again the decisions are based on the appearance of the photography,
but this time cell by cell., We have chosen to do interpretations using the
point by point technique with 40 acres as our basic decision cell size.
This method was chosen to most nearly simulate the process which a
mechanized system would have to follow. Automatic scanning devices
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cannot make the kind of textural integrations and intuitive decisions which
the human interpreter does in the drawing of his boundaries. By using the
point by point technique we can make better decisions on the kinds of

- maps and mapping problems involved in automatic mapping, and we can

also make more direct comparisons between human and machine interpreters.

Decisions must be made at some areal level. Land use determina-
tions for infinitely small portions of land are impractical. The data source
§nd the final map productlargely determine which level of areal generaliza-
tion is appropriate. Though we used largé scale photography which had the
potential for providing much detail, we used it for purposes of expediency
and were otherwise trying to simulate problems of mapping from space data.
The final maps which we envisioned were to be, at best, of medium scale
(1:250,000) and would range to 1:64,000,000 in scale. Even at the more
detailed scale of 1:250,000,. the smallest area which can practically be
plotted will be on the order of 40 acres. This is a cell of 1320 feet on a
side, Systems of 100 feet ground resolutions should allow land use deter-
minations on this order. However, even the extremely simple land use
classification which we set up seemed to require finer decision cells for
selected environments as documented earlier for Virginia, Puerto Rico,
Tanzania and other locations, ‘ _

To see in practice what the difference would be for the 10 acre and
the 40 acre decision cell in Eastern Kansas, a portion of the area was also
mapped using a 10 acre decision cell, which corresponds to areas 660 feet
on a side. The land use information in this map (Figure 3) proved to be
quite similar to that provided by the 40 acre generalization, particularly
in regard to major boundaries between predominantly cultivated and pre-
dominantly grassland areas,

The same decisions had to be made for the 10 acre cells as were
necessary when generalizing over 40 acres. The same prbblems of identi-
fying phenomena were apparent, for 10 acre cells tend to encompass thé
same mixtures of trees, grass, cultivated fields or other categories as do
the larger cells, A slightly finer-grained pattern was obtained using 10
acres as a base but the gain in the overall map pattern does not appear
significant enough to warrant the greatly increased work bufden. Thus
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LAND USE MAP
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The above maps are of a 32 square mile sub-portion of the eastern

Kansas land use map. The six on the right were each done by a
different interpreter. The two on the left compare the results using
10 acre versus 40 acre decision cells., Although the details show
some variation, the overall patterns are so similar that interpreter
error appears to a minimal problem, and the increased time and work
load needed for finer generalizations are not sufficiently beneficial
to make its use practical. ' :
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’ the grosser ge_neralization was adequate for our purposes at this time
considering the map scale and level of category generalization. Further
studies are underway on this problem.

Another facet of the areal generalization problem occurs whenever
more than one land use category appears in a cell, Once the various land
use elements in the cell have been distinguished the entire cell must be
generalized and conceded to a single category. For our purposes the |
“following rules were formulated: |

1. The category occupying the most area within the cell determines

the use of that cell.

2, If two or more categories occupy-an equal area within the cell,

the one representing the higher order of use determines the
use of the cell, (The ordering was predetermined and is that
order in which the land use categories were earlier listed).

Our eight category land use map based on forty acre decision cells
is shown in Figure 4. The map was constructed at an original scale of
1:250,000. It is shown here at a scale of 1:1,000,000, in black and white

. thus obscuring some of the color detail. However, the méjor land uses are
apparent: very dark gray is settlement; medium gray is cropland; and the
very light gray areas are grassland. At the scale of 1:250,000 each forty
acre cell is one-sixteenth inch square on the map.2 One sixteenth of an
inch is considered a reasonable minimum reporducible area on a finished .

-color map requiring screening and careful registration. This simple map
even at the 1:1,000,000 scale shows significant settlement and agricultural
patterns. From the major city of Topeka to the very small hamlets, the
pattern of agglomerated settlement is seen and the influence of the rivers
is clear. Though only the Kansas River is wide enough to actually appear
in the water category on the map, the courses of others are betrayed, es-
pecially in western portion, by the fingering of the medium gray tones
of the intensively cropped floodplains into the grassy (very light gray)

2Actually, the map was constructed at 1:125,000 for convenience in plotting

the data so that 1/8 inch cells could be colored rather than 1/16 as was
‘ required at 1:250,000.
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Land use of a 4096 square mile area
of eastern Kansas. This map was
prepared to simulate the problems
and specify the potentials of
generalized land use mapping using
space data. The map was designed
for an original scale of 1:250,000,
but is shown here reduced to 1:1
million which still retains much de-
tail, This black and white reproduc-
tion of the color map does not suffi-
ciently distinguish all eight categories.,
But the three major land uses (nearly
96% of the total area) are: Very dark
gray is settlement, medium gray is
cropland, and very light gray is
grassland. Note how the cropped
floodplains contrast with the grassy
uplands in the left portion, and note
also that even the small hamlets are
distinct.
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upland,s. The pattern of dominantly crop agriculture with scattered wood-
land remnants in the east is seen to give way to the grazing lands of the
Flint Hills toward the weét. Even this elementary map thus has useful
application in resource management. Data for a similar map using space
photographs may be within the capabilities of current remote sensors.
Tests .of this will be carried out in the Dallas-Fort Worth area using reso-
lutions between 10 feet and 300 feet with aircraft and space color photo-
gra.phy during the summer and fall of 1969. .
. Interpreter error became obvious during the compilation of the data.
Most of the categories were readily distinguished based on pre-determined
definitions. No "snow and ice" was observed but that category should be
readﬂy‘ distinguished where it does occur for, with stereoscopy from space,
clouds will be separable from snow. A few cells were classed as "bare,"
These must, by our definition, be naturally occuring barren land such as
bare rock, sand dunes, gravel beds and the like. In our area such occur-
rences large enough to dominate a forty acre cell are usually limited to
sandy bars associated with the major streams. Water areas are readily
distinguishable as are areas of settlement which were defined, fbr our
purposes, to include all areas evidencing alteration by man, other than
crop or pasture land. Thus settlement includes transportation facilities
including airports, recreation areas such as parks and golf courses, mines,
and so forth, (Obviously with spacecraft resolutions golf courses and parks
on the edges of cities will tend to be lumped with grass or cultivation,
not settlement.)

The major difficulties of phenomena identification were the grassland-
cropland distinction and the tree-brush distinction. Enclosed grassy pas-
tures were classed as grassland for our purposes. It is doubtful that they
could be so identified using space data siné:e such definition is not always
clear even on the 1:20,000 scale photography used here. Such areas should
properly be included with cropland in future studies leaving the grassland
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