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INTRODUCTION

This is the first annual report on U.5.G.S. Contract 14-08-0001~
10848 and covers the period March 1, 1967 through April 30, 1968, This
represents the first phase of a study documenting the potentials and pro~
blems of thematic land use mapping from remote sensor imagery, especially
radar imagery, obtained from aircraft and spacecraft.

Since three papers partially supported by the U.S. Gontréet were
issued during the year and four 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 including new objectives to be added during the second
year of the study: second, to list the published and in-press documents
generated on the project; third, to summarize the invesﬂgations at field
study sites and work with the IDECS system; fourth, to give some prelim-
inary observations on questions such as resolution and complementary and
supplementary roles of multiple sensors in thematic mapping which will
be e'xplored further in the coming‘ylear; and, finally, to give succinct

~accounts of several portions of the work which are not yet far enough

along to be in publishable form but for which some interesting results are '
at hand.

1. GENERAL OBJECTIVES OF STUDY

Before considering the general objectives of this study, it is
appropriate first to discuss briefly the meaning intended by thematic land |
use mapping. As used here thematic land use mapping has an obvious or
primary use involving the preparatibn of such clear cut land use maps és
those showing plowed versus uncultivated lahd, ‘cleared versus uncleared,
urban versus rural, transportation nets, and so on. However, it is infeasi-
ble 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
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-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 ar'eas, coastal landform types such as plains and terraces,

(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 the adequate 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 environments
in the U.S.A. and Puerto Rico, the various ways in which
spacecraft and aircraft-borne radar imagery, color a'nd false
color photography, and high resolution tel'evision, complement
and supplement one another for the potential production of the-
" matic 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 capability yequires all-weather
- abilities 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 c¢olor combining and image enhancement
techniques as means of handling multiple images, This por-
tion of the study is based primarily on the use of the IDECS
'.Y(Tmage Discrimination Enhancement Combination and Sampling)

. system at the University of Kansasr '

4, To evaluate the potential of spacecraft high resolution sensors

‘ as research tools in land use studies, as separate from data -
athermg. ‘ '



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

New Objectives to be Added During the Second Year of the Study

During the first phase of this contract, while engaged in detailed
research studies at Garden City, Kansas; Law_rence, Kansas; Horsefly
| vMountain,i Oregon; and Puerto Rican sites, it became obvious that a
number of practical matters also needed attehtion. In particular,[e
thorough analysis needs to be made of the current uses of thematic maps-
of the various scales which may be made from spacecraft data. At the
same time, a systems analysis should be made of the problems and -

potentials of developing thematic maps from spacecraft data, _Consequent'ly,‘

~among the principal new objectives of the second year of the study will be
to 1) Determine the types of eXisting and new ,ythematic‘maps capable of
being' constructed v'vvith spececraft data, 2) Determine the uses of the
preseﬁt equivalentsjof' such maps, and 3) Prepare estimates of the opera-
tional and institutional u'ﬁlity'. A gignificant portien of this study will be '
a systems analys1s of thé problems and potentlals of obtaining a variety

of thematic maps from spacecraft Careful attention will be given to
evaluating the ut111ty of various formé ef change-detection and updating
between censuse_s, and also to evaluate the utility of space-derived data
in terms of itAs’u'niformity or lackpf uniformity as.a data-base.

' 2. STUDIES PUBLISHED AND SUBMITTED FOR PUBLICATION
" . BY MARCH 31, 1968 ’

. Three papers have been pubhshed Wthh were. partlally supported ,
by the u. S G.S. Contract. They are:




press:

S L

l. Simonett, D, 8., J. R. Eaglemann, A. D, Erhart D. C. Rhodes,

and D. E. Schwarz (1967) "The Potential of Radar as a
Remote Sensor in Agriculture: A Study of K-Band Imagery
in Western Kansas"”, CRES Report 61-21, 13 pp.

2, Moore, R. K. and D, S. Simonett k1967) YRadar Remote Sensing
in Biology", Bio-Science, Vol. 17, no. 6, pp. 384~ 390. '

3. Moore, Richard K. and David S. Simonett (1967) "Potential
Research and Earth Resource Studies with Orbiting Radars:
Results of Recent Studies", AIAA Paper, Reprint No. 67-767,
American Institute of Aeronautics and Astronautics Fourth
Annual Meeting and Technical Display, Anahelm Cahforma,
October 23-27, 1967 pp. 1-22., _ '

Five other papers fully or partly supported by this contract are in

4, Simonett, D, S. "Potential of Radar Remote Sensors as Tools
in Reconnaissance Geomorphic, Vegetation and Soil
Mapping", Ninth International Congress, International
Soil Science Society, Adelalde Australla August 1968,
(in press).

5. Simonett, D. S. "The Potential of Radar as a Remote Sensor

in Agriculture: Results of Some Preliminary Studies",
in "Mul tispectral Sensing of Agricultural Resources"”

J. Ralph Shay and Marvin Holter (Eds.), N.A.S. N R C.
Pubhcatlon, (in press)

6. Schwarz, D. E. and F. Caspall "The Use of Radar in the
Discrimination and Identification of Agricultural Land
Use", (in press), Fifth Symposium on Remote Sensing
-~ of Environment, University of Michigan.

7. Simonett, D. S. "Land Evaluation Studies with Remote Sensors

in the Infrared and Radar Regions", An invited paper -

to be read at the International Collogquium on Land Evalua-
tion, a joint CSIRO (Australia) -- UNESCO sponsored
colloquium, Canberra Australia, August 1968. MacMillan’
Press. :

8. Waltefa. R. L. "Radar Bibliography for Geoscientists," CRES
Report 61-30, 36 pp.-



One additional paper which will be partially supported by the
U.S.G.S. Contract is in preparation:

9. Haralick, R., F. Caspall, R. K. Moore;, and D. S. Simonett,
A Cond1t10na1 Probability and Statistical Study of Crop
Discrimination Using Radar Images," Paper presented at
IEEE International Convention, March 18-21, 1968, New
York. To be published in 1968 IEEE Convention Record.

Two related studies which were produéed on other contracts and.
received no fundiﬁg from the USG .S. Contract should be‘ mentioned
here for the contents of these papers bear on the theme of the U.S.G.S.
Contract: ' ' . | .

1. Morain, S. A. and D. 8. Simonett (1967) "K-Band Radar in
Vegetation Mapping,” Photogrammetric En _gmeermg,
‘vol, 33, no. 7, pp. 730-740.

2, McCoy, R. M. (1967) "An Evaluation of Radar Imagery as a .
Tool for Drainage Basin Analysis," CRES Techmcal Report
61~ 31, pp. 1-102,
iA good deal of the matenal in Mr. McCoy's thesis has direct relevance
to mappmg of landforms with radar imagery and it is drawn upon in part in.
the preparation of this annual report. '

3. INVESTIGATIONS AT FIELD TEST SITES

The field test sites where studies have been carried out during the
. past year mclude Garden Clty, Kansas; Horseﬂy Mountain, Oregon; '
Lawrence, Kansas; and Puerto RlCO.

Garden_ ‘City,' Kanéas: All the radar imagery obtained with the AN/APQ-
97 multiple polarization K-band radar have now been analy_zed and are incor-
porated in a revision of Simonett, et. al, (1967) being prepared for publication,
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and Schwarz and Caspall {1968), and in a ‘manuscript prepared by Haralick,

‘Caspall, Moore and Simonett intended for submission for REMOTE SENSING

OF ENVIRONMENT: An Interdisciplinary Journal. One, additional report
which will conclude the analysis of the imaging radar data will be completed

during the summer of 1968, At that time, scatterometry data obtained over
Garden City and color photography obtained at the same time will be looked
at systematically for their separate information content, One set of scat-
terometry and color photography data was obtained before this project was
initiated, and a second set has been obtained during the time of the
contract. Several additional fllghts with both sets of data are planned for
the summer of 1968, i

Horsefly Mountain, Oregon: Dr. Rex M . Peterson and David Berger .

carried out field work at the Horsefly Mountain site in c'onjunction with a
NASA overflight which obtained color photography, scatterometry, and

- other sensor data, The scatterometry data has just arrived (mid- March)

and will be worked on in April and May, along with the color photography.

" ‘A report is being prepared on this mater}al to ba read by Dr, Peterson at

' the Ecological Society of America Meetings in June at Madison, Wisconsin,

Lawrence, Kansas: The Lawrence and vicinity test site was flown

twice during the contract year. The color and other photography' has now
arrived and in addition to studies to be begun by Mrs, Florence .Peterson,v
some unfunded, no-cost-to-contract studies will be made with this data by'
the State Geological Survey of Kansas in the areas'adjace.nt to the buill:_up
area of Lawrence. . For both of these areas a variety of radar ima'gevry is avail~-
able and it is intended that a careful cross comparison »of 'the information be

" carried out. This will be additional to the prel1minary account given by

Mrs. Peterson in one of the attached supplementary reports.

Puerto Rico:  In the summer of 1967 David Schwarz and Major Roland
D. Mower carried out three weeks of field work in Puerto Rico concerned




" with land form, cultural, and land use types observed on synthetic aper-
 ture radar imagery; Major Mower incurred no salary cost on the project,
’ just the field expenses for his share of the field work The imagery was
obtamed in February 1964, The flrst phase of the Puerto Rico analys1s,
dealmg with the use of radar imagery for mtegrated landform analysis
‘_1s glven in the attached appendix.

4, STATUS OF THE IDECS SYSTEM

| The IDECS System (Image Discrimination, Enhancement, Combina-
tion, and Samphng) developed at the Center for Research in Engineerlng
Sc1ence at the. Umversity of Kansas has been undergoing extensive improve-
Vments .since May 1967, and it will not be fully operational in its new, im-
proved'mode until May 1968, The modifications have been funded by two '
Department of Defense and one NASA contract._‘ The changes nearing
- completion include the followmg ' .
1. Addltron of three new scanmng channels so that up to six '
‘ 1mages may be scanned at a time,
| 2, _Replacement of all the previous cathode ray tubes so that
improved resolutlon is obtained.
3. .-_Development of- an effectlve control panel so that geographers
o and geologlsts may make and quantitatively repeat measurements,
4, Development of an adaptlve learning system.
5. Development of set-theoretlc loglc c:rcultry to find natural '
’clusters which the data on up to 6 images tend to generate,
6. Improved ability todevelop probability and spectral density
functions from images. Add1tlona1 possibilities under consi-
deration include a texture—detection element



" It is planned that the IDECS system will be thoroughly investi-
gated for Horsefly Mountain in the first instance and then will
later be used on the Garden City and Lawrence data,

5. QUESTIONS ON THEMATIC MAPPING:
SOME PRELIMINARY OBSERVATIONS

T_he Question of Resolution in Thematic Mapping

In spacecraft and alrcraft imaging systems the resolutlon needed
to produce thematic land use maps involves consideration of the spatial

.- dimensions of the object to be sensed, its spectljal qualities, and the

level of information desired on the final thematic map. For example, if it

is desifed; ﬁnambiguously to'map all the fields of one acre or more in size’ -
ina glven area, and to obtain acreage estimates in error by no more than .
30% for the very smallest (one acre) fields and 5% for 10-~acre flelds the

. poorest resolutlon we may reasonably use is 50 feet Thls however

o 1mp11es that the spectral separatlon between crops in adjacent fields is

s_uch that delineation of each field is feasible. This may not be true with
‘ ‘color. photography, let alone radar. At certain times of the year the dif-.

' ference in color between'adjacent crops, particularly at the height of the

'~ active growing season, is sufficiently small that a three color photograph

‘has- only very slight differences -in shades of-green, Consequently. the

. feasibility_of detecting and mapping the smallest fields is substantially

_reduced. In mapping small fields, therefore, the question of timing to
insure the maximum spectral separation in gray scale or color response is
important. Timing, however, is different for each plant community, crop, or
' aetivity of man, and a systematic ar_xalysis of the patterns of these events
is necessary. We will examine this in the contract year beginning May 1.
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‘The question also arises as to whether it may be possible to detect
the presence of __fields of one acre or smaller in size when using a resolution
of poorer than 50 feet, Theoretically this is feasible if multiple imagery

" is obtained thro‘ughout the course of a growing season and if adjacent fields

depart quite widely in their crop spectral response at selected times- of the
year. For example, corn-is juxtaposed to sorghum, winter wheat, and sugar.
beets at the GCarden City test site in western Kansas, hence it may be fe'a_sible
to infer the presence of these crops by time-sequential sensing. However, '
infer.ences on the presence of different crops would be difficult to quantify

- in terms of their percentage contribution and realistically the best solution

to detect the small fields may turn out to be improved epatial resolution.
We will study this problem in the coming year.

1t follows also from this consideration that the mappmg of excesswely-
small fields 0.1 - 0 3 acres, such as in the Or1ent,w1ll constitute a serlous o
problem for 1dent1flcat1on and mappmg. It may in truth prove quite 1nfea51ble ;
to prepare detailed thematlo land use maps of such areas, for they are

_ characterized not only by excesswely small fields but also by multlculture

and interculture which w1ll make the spectral separation of fields and-crops
exceedingly difficult. v o E '
From these considerations it follows that the_re will not be a single

uniform level of information obtained from a given single resolution. The
natural variances provided by man's different sizes and styles of‘cultivat'ion,'

" road construction, housing and so on will in effect have a clipping or filter. .

functlon exerted on them by the resolution used..
Thus, in identifying varlous classes of obJects there are cut ~off

_spatial resolutions for each class’ of:objects. These cut-off resolutions
~.work both ways, For example, with a resolution of 50 feet it is not feasible

to de11m1t individual species w1th1n a forest except under qulte rare circum-

' stances, Such a resolution becomes more useful for deltmltmg the broad
R dis_tributmn of plant communities and plant structures. Actually the same
" type of information is also available at 100~-foot or 200~foot resolution. It
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follows that if a small scale map needs to be consiructed of a broad areé
showing the distribution of gross features,. it may be most efficient to use
the pooreét resolution which will' do the job, An example in the other direc-
tion is given in the Aero Service Corporation report (1960) on small scale
aerial photography. Certain building assém‘blages in industrial establish-

ments can be identified on photographs at scales of 1:318,000 and 12400,000.

Increasing the scale in steps to 1:75,000, with accompanying improvements
in resolution, in a number of instances gave no additional information which
would improve the identification although it made it somewhat easier to

" obtain. It is obvious therefore that within the urban environment a given

resolution will act as a spatial filter.and will be able to. segrégate classes
of structufeé effectively, This is a topi¢ which requires further investiga-
tion by geographers mterested in various urban aggregates.

‘As the resolution degrades, the kind of information available varies.
The 'tabul_atm_n given on tne following pages presents the information avail-
able from sensors with resolutions in the range of 10 feet to 400 feet and

- represents a compllatlon and modlflcatlon of material.obtained from publi-

cations by Jennings, et al (1963) Prey (1967), Aero Service Corporation
(1960)», and by unpublished studles at the Center for Research in Engineering

, _'Science at the University of Kansas. 'Urban. and forestry uses appear to be
" lost first, followed in turn by identification of field patterns, natural vege-

tation, geomorphic, and then major geologic features.
Studies on the identification of cultural targets in aerlal photography

‘ have clearly shown that it is not feasible to have a single resolution value

with whlch certain targets will be detected, for the time of day the photo-

' graphy' is obtaihed', the nature of the surrounding objects, and the contrast

ratio between the object being detected and surrounding material play

a major role in identification. In addition the training and intellectual ‘
qualities of interpreters are important. The results of tests on the identifica-
tion of objects by numerous observers have shown that there is a discfimina—-

, tion transfer function (§§£i_£1_‘§_l_¥c an information transfer function) comparable
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to that of the modulation’ transfer function in photography. Thus there is no

single cut~off resolution which can be recommended with the assurance that
the objects being sought will be positively identified by all photo interpre~
ters or pattern-recognition devices, unless one chooses to make unrealistic
requests for very good resolution.,

We have not yet had an opportunity to systematlcally evaluate this
discrimination transfer function, but will attempt to do so in the following
year, It is common knoWledge that detection and identification are notably

~ easier with a high contrast ratio between the object being sought and its
- background than with a low contrast ratio. . Furthermore there are distinct

differences between observers. It is these two facts which serve to give
the d1scriminatlon transfer function its form.

" The questlon of ‘what is meant by identification also needs careful
evaluatlon in the context of thematic mapping. To discriminate between a-
road and a railroad is one thing. To determine the nature of the road surface
is another, 'There are some types of roads where inference may lead to a
correct identification of the surface with a very high degree of accuracy
whereas for other roads and enviromn'ents inferenCe cannot be used,

. The mgniﬁcance of this discussion is of course that any recommended -

~_resolut10ns for the productlon of thematic maps from spacecraft must contam
- . both. compromzse and some respectable error, It remains to quantify the

maghitude of the errors that one will obtam in different environments, For

,example, to delineate major arterial road systems in a well developed

countx_‘y such as the United S_tates a resolution of 50 feet may be adequate

- for all primary, secondary, -and even tertiary roads, However, in under-
' developed areas where roads may represent little more than tracks, 20 feet

or even 10 feet resolution may be needed for firm identification,

~ The resolutions 'listed in the following pages are compiled from
various sources but still contain a substantial measure of personal judge~
ment. The resolutions are listed with the coarsest first and at each level
are given the objects for which that resolution appears to be critical with
commonly encountered object-context-contrast ratios, The table is based
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on photographic resolution and does not apply to radar for whi¢h a separate
evaluation is necessary. Itis stressed that these evaluations are Qreliminagy

only and have not been subjected to crmcal evaluation.

P}eliminary'Estimates of Photographic Resolution
for Thematic Mapping

1. Atresolutions of 400 ieet the following may be interpreted with
sufficient accuracy to produce acceptahle thematic maps of scales of
1:750, 000 and smaller: timberline, waterline, snowline, desert line,

.grassland—-brushland mterface, brushland—timberline interface, grassland-
timberland interface. Bare soil versus vegetated area:, and individual

fields, 80 acres or more in si7e, dams and large ponds at least 100-acres
in size, all third and higher order streams and some second order streams

‘as would be delineated on 1:24,000 topographic maps. Broad land use
categories at the agricultural region level, major landforms, and major

geologic structures mcluding faults, large folds, and major lithologic units
(it is important to note that at this resolutlon a number of significant . quite

‘substantial geologic structures are not seen, For example, major hogbacks
~along the front range of the Rockies are not detectable on gross resolution

- radar izhagery and comparable._situetions are found with Gemini photography

in the same resolution range). Consiqerable ambiguity still prevails over
- the ability to detect all large _urban aggregates, and many small urban

aggregates }nay not be detected.
2, Ata resolution of 200 feet one can interpret the following with

' vsufﬁcient' accuracy to prepare thematic maps at a scale of 1:500,000.

All those items in the preceding list, plus occasional major arterial roads
and almost all larce airfields, Straight to linear field patterns can be
detected but it may not be feasible to discriminate between fields bordered
by roads and those that are not, All the items in the preceding section (400

. foot) may be resolved with greater assurance by decreasing the resolution

to 200 feet, However, it is worth emphasizing that there is no vast new
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array of additional possibilities available at this resolution,

3. Ata resolutionof 100 feet we can interpret all the preceeding
and the following items with sufficient accuracy to construct thematic
maps at a scale of 1:250,000: Cultural objects, including small villages,
rural land uses, categories within urban areas such as newer and older
residential areas, shopping centers, light versus heavy industrial establish-
ments, major marshalling yards, iron and steel plants, substantial power
plants, etc., It will be noticed that all of these items are either aggregates,
(e.g. phenomena such as suburbia) or constitute very large individual . -
industrial units in.which the spatialvdistribution within the unit conveys
the information. Agricultural fields between 5 and 10 acrés may be dis-
tinguished depending on the contrast ratio and the nature of the surface
can be inferred. However, smaller roads may not be detectable and the
nature of the surface frequently cannot be determined even at this scale.
All major geologic structures are shown, lineaments are well expressed
at this resolution other than very short lineaments of less than 1/3 of a
mile in length,

4, With resolutions of 50 feet identification of the following
objects suitable for construction of thematic maps at a scale of 1:100,000
becomes feasible; |

Ali those in the preceding categories plus bridges across major
rivers (the nature of the construction material cannot be determined),
moderate size business establishments, multiple dwellings, dock facilities,
etc,, and agricultural fields of about one acre in size up to three acres
in size depending on the contrast ratio, estimates of some forms of vege~
tation density, soil mapping at the association level, topographic mapping
at the scale of 1:250,000, internal structure of small rural settlements,
detection of large farm buildings (this is feasible in some environments
only), estimates of population 4ensity from spacing and size of towns
and the distribution of farmsteads., The figure of 50 feet seems to be
rather a crucial one in the detection of the cultural objects within major
urban centers and represents a break between very useful resolutions,
which tend to be finer than this, and gross resolutions, which tend to have
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more academic rather than practical applications. Small private airfields
are detectable, dams are detectable, roads can be detected if improved or
paved, railroads can usually be discriminated on the basis of shape but
not in terms of resolving the material of the road-beéd or the lines themselves.,
5. Atresolutions of 25 feet:
All the preceding may be detected together with objects sufficient
for the construction of thematic maps of a detailed type within urban
environments suitable for publication at scales of 1:50,000 and 1:100,000,
All roéds and types of roads, small business establishments, individual
houses, bridges (including estimates of type of construction material).
At this time it does not seem reasonable to consider finer resolutions than
25 feet from spacédraft photography. .
It also follows that the resolution of orbiting sensors probably should
not be less than about 400 feet if even exceedingly gross thematic land use

.mapping is to be carried out, for with such a resolution the minimum detect-

able size of low-contrast objects tends to be 5 times this, i.e. 2,000 feet
across with photographic, radar or IR systems, There are few works of man

" for which this is an acceptable resolution, It is, of course, true that the

detectability of linear features of the landscape is much better than square
elements, Consequently, even poor resolution systems may be able to detect
linear transportation lines on the earth, It reméins, however, for a system-
atic study to be made with Gemin;{ and other photography on the errors .
introduced with different resolutions in detecting transportation and other
linear features. We will undertake such a Study. The information available
on photographs and radar images useful for constructing many types of
thematic maps, frequently exceeds that normally placed on maps at com-
parable scales, and comparable information mdy only be found on conventional
maps at about 6 times the scale of the original imagery, depending.on the

subject matter. To verify certain geologic features seen on radar imagery at

a scale of 1:160,000 it may be necessary to consult geologic maps at
scales at 1:24,000.



Complementary and Supplementary Roles for Imaging Radar
and Photography in Spaoe R

- A thorough analysis of various ways in which radar and photography
may usefully suppleinent and complement one another in the preparation
of thematic land use maps remains for the second and third years of the

_ project., At this time a few general observations are gi\}en to set the stage
for the studies directlj} ooncerned with this topic. _
Among the various ways in which remote sensors may support and
complement one another are the following:.
1. High spat1a1-resolut10n sensors with a narrow. swath width may
be embedded within the areas covered by a gross resolution,

wide-swath sensor image. _
2. A wide band width sensor may be used with a narrow band width
system, ' ’

3. Of two systems with comparable resolutions one may show -
distinct texture effects which convey information which the
other wiil lack. )
) ' 4, Images obtained with all-weather high resolution systems such
S . ) ~ as synthetic aperture radar will fill in the gaps caused by cloud
" and excessive haze in photographic and IR sensor systems.
uonversely the photographic systems will serve as a calibration’
‘of the radar for those areas where the photography is lacking. T /
Only short distance inferences are thus required, even if the
radar is not sensitive to exactly the same materials as in the .
photogrdphlc reglon. .
5. At orbital altltudes panoramic cameras with a 74 degree field of
view will overlap most of the side-scan radar images obtained
at the same time, a situation which does not occur at aircraft
. altitudes, where separate passes are usual,
6. The energy matter interactions are dissimilar in the visible, IR,"
and microwave regions. Hence information, which may be signi-

(ﬂ Av ficantly orthogonal is poss1b1y obtained in each area, to aid
' S ridentlflcatmn. ' '
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V Preliminary Observations on Thematic
Mapping from Spacecraft’

Most thematic maps with scales between 1:100,000 and 1: 2 000, 000,
are laboriously pieced together with data which vary markedly in quality,
quantity, and date of collectlon. It is rarely possible to obtain a single
eynoptic view with existing methods of data collection, except in single
countries at the time of their national censuses. However, for many parts
of the world, national censuses are infrequent and are of only modest ac-.
curacy. Por most underdeveloped nations, thematic maps which are .useful

~ for plannmg and for varlous levels of policy decisions are 1nadequate at _
best. S ‘ , _ - S |
Multi-sensSor space systems may well c_onstirute the best souroe" I
of COntemporaneous' data aeqaisition for construction of some types of
“existing thematlc maps and for the constructlon of new types of map - |
This study will test varlous ways in which radar imagery may supplement and
.complement other remote sensors which will be affecied by clouds and haze.
The bounds on extrapolation between various remote sensors in regard to
radar will be established. The degree to which sampling both with photo-
graphy and radar .can establish the basic distributions will also be- |
studied. . _ ‘
Reg10na1 coverage w1th1n the U.S. is not uniform either in scope,
depth or recentness. For example, several areas of the U S. have little
map coverage of any type other than small scales for which data have been =~
'grossly generahzed Jackson and Greer countles Oklahoma have surface
" and subsurface geology maps but the largest scale topographic coverage _
| is 1: 250 OOO and shows less. hydrologic deta11 than McCoy (1967) 1ndlcates
. "'ma_y be mapped from modest resolution radar imagery., A much greater
- information gap in the country is in vegetation mapping. Most of these

y ~_ 'mapsare very large scale and the intensive studies on which most are -
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based are few and w1de1y scattered, partlcularly west of the 100th meri-
dian, with substantial voids between. :

The need for updating and greater coverage of the U.S. in thematlc
mapping is indicated by the increasing use of maps in planning by govern-
ment and private enterprise for conservation', rapid transit, marketing, ag-
ricultural regulation and forecasting, defense and recreation, As our soc:1ety .
increases in complexity so does our demand for spat1a1 knowledge that is o
factually and con01sely presented cartographically. Not only are the
demands increasing for domestic detail but this is true also on ‘the world
scale, -Nearly half the world is mapped with anthuated data with little
range in thematic coverage, o _

Many people turn to thematic land use maps for information on such |
items as the distribution of major crops agricultural regions, time of
planting and so on., They mclude such groups as agricultural experiment

stations; umversmes and colleges, federal government agencies; producer
:} ' ~and commodlty groups concerned with programming, with insurance. relief
| -~ and famine operations; international organizations; agri—business including
suppliers, processors, and transport agenc1es, credlt and insurance firms;
commodity market managers; range managers; and 1rrlgation managers., It
is well know_n that wild life and recreatmn organizations make extens1ve use
of th'_ematic. maps. These include tourist bureaus, regional park and recrea-
- tion planners, urban‘consnlting firms, real estate developers, resource "
‘managers and transportation consultants, transportation engineers, shippers,
~ map ma‘kers, engineers, hydrol_ogists, regional planners, fish and game
managers,' transport and maintenance crews, university personnel, industrial
' laboratorles, government laboratories, civil defense agencies, the red cross,
industrles concerned with rehabilitation, ut1l1ty and transportation agencies,
public health services, and insurance organlzatlons. This partial listing
is given simply to indicate the wide diffusion of interest and de31re.1n
obtaining adequate thematic maps throughout highly developed nations,
. The construction of topographic maps and some thematic maps has long been
,_\) ~ recognized as a major government task and has in the strictest ‘sense never
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been cost-accounted, it being assumed that the benefits tosociety' out-
we1gl the costs.

_ It is instructive to see how many thematic maps at a scale of
1:7,500 ,_000 given in the National Atlas of the United States of America’
might possibly prove feasible to map from spacecraft. In our judgement -
the number would not exceed 40 out of a total of some 230 U.S. maps, and
this is generously biased in favor of space mapping. .

However, this takes no account of either the many maps the National
Atlas chose not to make, or of the new maps feasible only because of the
availability of space data, or of the many types of maps which may be made »
from space data at largef scales than the National Atlas series,

In the fullowing table is listed a number of maps fc_>r which space
data would certainly provide auxillary and supportive rﬁafcerials. With -
further analysis we hope to divide these and others into the following
categories: ' , ' :

' “a) them‘atié maps which may readily be made from space data,.

b) thematlc maps which may, with dlfflculty and Vanable spat1a1
errors be made from space data,

c) thematlc maps for Wthh space- photography will prowde aux-
illary and suppomve materlals only. '




I. Base .
A. Outline of first-order relief features
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B. Outline of second-order relief features

II.. Physical

A, Geology

1.

2.

Bed rock geology, fault lines, etc;
Glacial coverage-~~present

k B Geomorphology

.1.

’ . 2 L]

3.

Landforms - first, second, and third order
Physiographic divisions

- Drainage patterns

Oceanography

].a
2.
3.

1,
2.

1.

2.

3;

General systems of surface ocean currents
Ne_arshore circulation patterns
Tracking and delineation of limits of floating ice

~ Soils-

Generalized soil types
Soil moisture~~on a general scale

,' Climate

Cloud cover--percent on monthly or annual basis as well '
as additional surrogates such as sunshine, solar radiation(?) -
and evaporation(?). _ . | /

Snow cover--on a regional scale

Length of growing season

Water

1.

2.

3.v
4“_.

Distribution of lakes and rivers
Delineation of dramage basins
Delmeatlon of floods

River effluence--sedlments and pollutmn. Especnally ’
~visible at r1ver—1ake interface, _

G Vegetatlon--by coverage and perhaps life forms
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III; Economic '
. A. Economic Regions
B. Agriculture
1. Agricultural regions
2. ‘ Farm type-~-ranching, dry-farming, intensive, etc,
3. Agricultural economy ‘
4, Types of agricultural land use
5. Agricultural crops

6. Agricultural animals-~animals vs, crop land uses, naturcl
~ wildlife from surrounding indicators.

: 7 Crop maturity stages--from repeated fhghts over several
' month periods. -

8. Rural settlements _
C. Tranépor'tation-—major railroads, roads, airports, ports, etc.
D. Manufacturmg '
" E. Energy Resources and Mmmg
, 1. Power plﬂants , dams, refineries
Cj) ‘ . 2. Mining an_d. Quafrying
' F. Forestry | ‘
1. Forest types. and den31ty : ,
2. Type of lumbermg practlce-—block cutting, strlp cutting, etc.
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. The Potential for Deriving Landform Regions
» _from Radar Imagery: A Puerto Rican Example

David E. Schwarz and Roland D. Mower

Introduction

‘This report 15@11 evaluation of classifxed radar imagery obtained
"during a February, 1964, flight over the island of Puerto Rico. Though
allusions will be made to such thematic potentials as agricultural land .
use mapping or detailed landform study, the major purpose is to compare
a landform regronalizatlon scheme derived from the radar imagery with the
systematlc descriptive classmcation of Puerto Rican landforms as developed
by Young (1953)
- To date much analysis of remotely sensed imagery, regardless of
the particular system,; has been directed at studymg single, partioular '
phenomena such as natural vegetation, agriculture, geology, transportatlon,
or the like, Those characteristics of remotely sensed data which are .
normally deemed least desirable for just such studies--the generally small
scale and 'relatively poor resolution-~become to a degree desirable for
_more broad scale analysis. Geographers especually should be cognizant
of such potent1a1 ‘Nunnally (1965). was exploring just such an advantage
g .‘.of radar imagery in his "integrated landscape ana1y51s, " as also does. th1s
) report ' '

AdvaintaQ_s'and Limitations of the Site and Radar Imagery

Radar imagery seems to lend itself well to landform regionalizatlon
and with much less effort than such standard techniques as. Young's (1953)
and Hammond's (1964), Side-looking radar imagery, though of rather modest
resolution when compared with a vframingdcamera, has several characteristics
advantageous for such small-scale mapping., The loss of minute detail
- imposed by resolution restrictions, in fact, resolves the surface to its major
. components free of minor or redundant detail, The very scale of the imagery
_whioh will be achieved from space is most proper for a small-scale type of
mapping. Continuous image swath~widths may be on the order of 40 miles
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or more--properly large to show broad areal similarities and differences.
~The side-looking radar illumination mode emphasizes relatively minor tarrain
'features and yet provides the imagery in a quasi-planimetric display.
Geomorphic features are thus made more apparent than on other systems,
but still are provided in a form for ready mapping. The active nature of
‘radar, the fact that it provides its own known amount of emitted energy, is
advantageous for two major reasons; first, the returned energy (or image
. density) becomes truly quantifiable; and second, because of its independence
from solar illumination, "shadows" may be created in any one or several
directions most desirable for best delineation of local geomorphic features.
McCoy (1967) exploited these features in his study concerning determination
of drainage basi'n parameters and slope measurement from radar imagery. -
| ~ Certain limitations of the study must be mentioned. Obviously,

since the'imagery used remains classified, the use of it to illustrate

points made in the paper is not possible. Comparisons will be descriptive,
It may be said that the imagery is of poor quality and limited coverage. .
Though the intent was to image the entire island, in fact, something less _
than f1fty percent was imaged, and the imagery of even marginal quality is - |
but half that due apparently to system malfunctions .

These restrictions further compound the limitations . Since the
imagery was obtained in east—west str1ps across the island and since the
system was alternately opera_t,ional and non-operational, broad areas cannot
be mosaicked together. And though, as above stated, radar will potentially
image in very broad strips, this particular imagery swath width was less |
than five mile,é across, making the integration of large areas impossible,
Because of the range in.q'uality, even withi'n.single .strips, and because

‘ strips of imagery were narrow and disconnected, it was di‘fficult to make
even simple comparisons with You'ng s regions. Location was especially

' . difficult in the mountainous 1ntenor where urban and transportatlon patterns

are poorly developed and landforms are uniform and monotonous. Coa stal
' ‘locations were readlly identlfled .
' Acceptmg these l1m1tatlons, Puerto Rico nonetheless offers distinct

: - advantages for such a studv. The existence of Young's rather duiailed
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Sysfematic study is paramount, for it allows a direct comparison to be
made with landform regions derived from radar. Puerto Rico in itself is
aq extremely compact area with a great diversity of landforms, is a

- readily. accessible tropical site and has a culture different from any |

United States location.

Radar Landform Regions and Young's Clagsification Compared

Young derived his Puerto Rican landform classification from 1:30,000 -
topographic maps, measuring elements of local relief, percentage of steep
land, and percentage of flat land for each unit area of one minute latitude
and l@hgitude. "Flat lands" were desoribed as having slopes less than

' 3 percent, and “"steep land" had slopes 60 percent and over, these being

the critical factors{ for best sugar cane land (very flat) and slopes which
should never be cultivated (very steep). From these he derived the follow- '
ing classification and mapped the island. Such a landform classification

is rather meticulously derived and mapped.

Major-Landform Classification by Young

Percent of Island Surface -

LOWLANDS = - = = = = 5 = = o = = = = = = S 27%

Flat lowlands - - -"—.;- i 11%
Rolling lowlands with some flat land= = = - = = = - 11%
Rolling lowlands - ~ = ~ - R e

‘Rough l‘owlvands with some flatland - -~ - -~ -~ 1%

HILL LANDS~ ~ = = = = = = = = e e e - - - 37%
.- Rolling hill land wixh some flat land - - - - -~~~ 4%
Rolling hill lands - == = = = < = = = - ~ — e -2 20%

Rough hill lands = » - =" = - = -~ = —'— -‘V-Q.'- - - 4%
'Rugged hill lands with some flat land ~ =~ - - - - - 1%

Rugged hill lands ---------- I 6%




MOUNTAIN LANDS - - - - - B T T 11"

Roiling mountain lands - = = ~ = = = = = - - - - - (6%
Rough mountain lands~ - ~ - - - e 15%

;Rugged mountain lands = = = = = « = = ~ ~ - - - - - 15%

Thoucjh the radar landferm categorization -is purely qualitative
as used in this report, it should be noted that radar imagery lends itself '
well to quantitative landform analysis. McCoy (1967) described several
methods of quantitative landform measurements from radar, and suggests
methods of quantitative Jandform measurements from radar, and ‘suggests
also that radar imagery is suited to automatic measurement techniques.
_ Not only did he conclude that most basic drainage basin parameters can be
measured from radar imagery, but he found that fairly accurate slope. ’
measurements can be made using only monoscopic radar if more than one
flight direction of a given area is made, _

The image pattern is readily amenable to electronic measurements
both of areal variations in density and texture. A crude form of the same’
kind of information may be obtained simple by making densitometry traces
across the imagery, as Nunnally did, Such measurements would be

necessary 'if one were classifying over a broad area, but are not necessary '

for point by point compariscns of radar to Yor_.lng s classification. For this
initial study, and censidering'the limitations of the imagery, a descriptive
comparison will suffice. | ' _

The delineation of any boundary is inexact. 'Certainly it is not to
- be expected thai Young's boundaries and those derived from radar will be

‘exactly cor-espondent. That they do not correspond doss not suggest that

either is an incorrect classifiqation, but only that different landscape

and system characteristics were used in the svolution of landform regions .
- Where Young measured given unit'areas and assigned them totally as a

: given cla551fication, we are looking for more definite boundaries based on
‘ image density, pattern and texture, Pigure one shows mile~long profiles

. given as examples of Young's landform types, His landform region map is
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Meters Meters
1000 ,\ 1000
900 Rugged mountain-lands 1 900
800 800
700 700
600 [ 600
600 1600
3 l
SN0t Rough mountain-lands 1500
400 4400
300 f T 4300

400 Rugged hill-lands

300
200
100

150 }
50 ¢

300 t

200

150
50

100
50

100
S0

S0
S0

400
L\/\/-\/\J \/\/\—"/—1 300

Rugged hill-lands, some flat land 4200

- 4100
Rough hill-lands 1150

450

Rolling hill-lands 300

’ 200
\\_ Rdlling hill-lands, some flat land 1 150

t T 50

Rough lowlands, some flat 'and 100
Rolling lowlands 100
50

l’:____’_Ec@Sw-lands, some flat land 450
E Flat lowlands 450

‘ Figure 1. Mile-long profiles which

illustrate each of Young's Puerto Rican
landform classes. (After Young).
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provide.l in Figure 2 and on it are located the three radar runs analyzed in

’,thls report.

~ The intial three lowland categories show almost exact correspondence
on the two systems. The very flat category is espec1a11y evident on radar
for it is almo_st universally planted in sugar cane except in undrained marshy

" areas. This also corroborates Young's assumption that extremely flat lands,

as so categorized, were those most desirable for sugar cane cropping. Small
undulations in the lowland are evident and easily enough defined on the
radar to place them in either of the rolling lowland categories, dependlng
on the relative proportions of flat to rolllng land.

 Young's final lowland category, “rough lowlands, some flat land" ‘

. is not readily apparent on the imagery as a type apart, nor does it truly

appear so in his example profile (it accounts for but one percent of the
island surface, which in itself questions its legitimacy as a separite
category) It seems more a combination of "flat lowland" and the "rugged
hill lands" categorles and as such is more easﬂy segregated into these
component parts usmg the 1magery. Young's necessﬂ:y for averaging unlt
areas may have forced h1m to include this as a separate landform type; it

is not so dlsplayed on the radar, but rather is shown as two distinct types .

Of the comparisons made, only in the area in the extreme southeast .
corner of the island around Maunabo was there disagreement over lowland
classification. Young calls this "rolling hill lands, some flat land," while
it appears for the most part, almost flat sugar cane land on the radar.

The restraints of Young's class1f1cat10n again forced him to average some

- of the per1pheral rugged lands w1th the alluV1a1 lowlands. As before the

radar appears superior ‘n truly 1dent1fy1ng thevlandform type.
Hill land and mountain categories are the most difficult to reconcile
on the two systems, but even here a close correlation can be made. The

V shape and size of radar shadow masses come most prommently into play,

as do the shaclow edges——sharp udge features havmg abrupt tonal changes :

“and rollmg topography havmg gradual changes. The size and arrangement
: ot' the shadow masses mdlcate generally the oegree of dissection or the

o 1




YOUNG'S LANDFORM REGIONS OF PUERTO RICO
WITH LOCATION OF RADAR ANALYZED
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Figure 2. Young's I?uerto Rican landform regions. The three bands outlined are the areas of
radar coverage studied in this report. They were selected because they illustrate diverse

landform types and are images of fair to good quality. Sece Figure 3 for details of the study °
areas (After Young).
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DETAIL OF RADAR COVERAGE
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local relief, usually enough to make broad distinctions between hill lands
and mountains, ‘

Young's two most rugged mountain categories are inseparable from
irfspeqtion of radar. Quantification of the return pattern might suggest a
division of two types, but "rough mountains" and "rolling mountains" appear

. similar enough on the imagery that it is doubtful they could be completeiy_

distinguished even then. The two as a combined category can be well
differentiated from other landform regions on the radar.  Only one example
of the third mountainous category can be sited, that north of Maunabo in the
southeast corner of the island. Ready identification of this area as rolling
uplands can be made, but it is not clear whether they are hill lands or

. mountams .

Hill lands are divided into f1ve categories in Young's classification,
though they could readily be reduced to four I by eliminating "rough hill
lands with some flat land." This category comprises but one percent of
the island surface and is &ctually but a combination of alluvial lowlands
of rivers flowing thlfough‘rugged hill lands.. These are distinct entities on '
both the radar imagery and Young's example profile, and are probably best

thought of as two dlstmct categorles rather than a smgle type.

Young s "rugged hill lands" is a very distinct type and as such have
a very characteristic retum pattern. This rugged limestone region is well
described by Young as "comcal hills, often connected with one another, and
basins shaped like 1nverted cones between the hills or belts of hills," ,
None of Young's "rough h111 lands" was encountered in the three - _' /

. radar strips, but it appears that dietinguishing such an area from one of -
““rolling hill lands" would be difficult, and that they best be thought of as

a smgle type. To dlStlI'lgU.lSh the remammg category, “rolhng hill land with -
some flat land," from "rolhng mountam lands" has already been described as

: difficult. Measuring slope angle and slope length might make such a d1v1sion
possible but th1s cannot be accomphshed from a smgle 1mag1ng. S

. Conclusmn :

'_ No smg]e sensor can prov1de all the data desired for the study of
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landforms or any other terrestrial phenomenon. Multispéctral sensing has
long been indicated as more desirable. The radar imagery analyzed here
has shown real advantages for regionalization of landforms, Cursory
comparisons of Gemini photographs with the radar seem to indicate that,
for this particular type of study, radar is probably the best single sensor.
The complementary use of the two would, of course, be superior to the
use of either singly. _ .
Pierson, Scheps and Simonett (1965) detail the relevant advantages
of radar, but for our purposes these can be rather broadly reduced to the -
following. Radar generalizes over very large areas and tends to suppress
reduridant detail, thus abstracting the gross earth-surface geometry from the
melange of cultural and vegetative detail. Radar provides its 'own mea sured
power thereby acting independently from solar illumination. It thus becomes_ :
more inherently quantifiable than photography or other bassive sensors, and
also illuminates any desired surface independent of weather or the angle of
the sun's rays. Certain areas which are perpetually cloud covered or

- those poleward-facing slopes which are never illuminated by the sun may

be imaged by radar. Radar imagery can thus provide not only views similar to

- most of those in Figure 3, but can provide views from any additional look

direction. Figure 4 illustrates the kind of broad-scale picture .of geomorphic
features which radar provides rhuch more dramatically than photography .

Direct comparison of the radar imagery and aerial photography of
Puerto Rico is not really practical. Not only is the radar classified, but
photogréphy of comparable scale or resolution is not available, The
conventional , large scale aerial photography of Puerto Rico, of course,
shows great detail, but delineation of broad landform patterns is far less -
facile than from the radar. ‘ o

Figure 5 does well illustrate the compafable information contained
in a radar and photographic image. Certainly, the information'contained
is different. The gross landform texture is far better extracted from the

- radar, but other detailed geomorphic, cultural and vegetative_information 3

is provided by the photograph.




PHOTOGRAPHS OF PLASTIC MODEL UNDER DIFFERENT ANGLES OF
ILLUMINATION. ARROW INDICATES DIRECTION OF LIGHT.

U. S. GEOLOGICAL SURVEY PREPARED IN COOPERATION WITH NASA NASA SA66-15799
8-1-66

FTGURE 4.. Different levels of information are available with differing angles of illumination.
Radar has an added capability of illuminating from any direction, independent of
solar iliumination,
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FIGURE 5., This radar image of the Tuskahoma syncline, Ouachita Mountains,
Oklahoma, clearly shows the gross landform pattern better than
it appears on conventional photography.
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Infra-red imagery would probably add only limited regional landform
information to that gleaned from radar or convetional photography from space. '
It would be helpful if thermal characteristics of the surface or sub-surface
wére needed--if volcanic activity or ground water information were desired-~- .
but for the generalized portrayal of the landform surface, its value would

. be tertiary to radar and conventional photography.

Edwin Hammond (1964), a proponent of landform region‘alizati,ons '
such as those discussed in this study, sees the day when such regions .
may be derived using rapid, electronic—scanning techniques, and suggests
thét we ", . become accustomed to thinking about land form as a geometry
that can be resolved into spatial characteristics."” Imagery from space,

. both radar and ph‘otography, lend themselves to such analysis and should

be used in concert, but radar seems superior for providing a simple display
of gross textural image regions which lend themselves to both ready pic-
torialization and rapid quantitative reduction landform regions.
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AN URBAN IAND USE STUDY OF LAWRENCE, KANSAS

' Little has been done to analyze urban land use from radar, but the
possibilities for generalized, rapid, low-cost mapping by this all-weather

~ sensor are begmmng to be realized. Up-to-date maps of land use and
transportation in urban areas are required for planmng at the local, state,

and federal levels, "From a temporal standpoint, six to twenty-four months
are often required for the collection of a data set which is frequently out
of date before it becomes available. The federal government spends,
conservatiVely, over 24 million dollars a year for the collection of urban
land use mformatmn and the contrlbutlons of state and local agencies
would more than double this figure."l '

~ This papsr reports on the rapid preparation, by one person, of maps
showmg land use and transportation in Lawrence, Kansas., Both polar-
izations of K—band AN/APQ-—Q? radar were examined. Because the scale of
the original imagery was too small for easy mappmg, enlargements of 2X,
4, 8X and 19X were exammed The 2X enlargements, which retained the
greatest Clarity while prov1d1ng a mapable scale, was selected as the optr—
mum enlargement The 2X enlargements of the HH polarization were examined
only with a reading glass . Reference was made to the HV polarlzatlon on.the
original positive transparency for ¢ross checking.

‘The observatlons, upon which tie maps in thls paper are based,

v.ere made from visual analysis of the radar. These observations 1ncluded
intensity of the radar return, graytone, texture,- srze, shape, locatlon

~ relative to other objects, together with othar clues which may be used by

an interpreter familiar with normal patterns of urban geography in the

United States (Parenthétically, we might add that it is infeasible to
-eliminate training and experience for interpretation; see also pp. 10-11).

Thomas, Edwin N. , and Duane P Marble, "The Use of Remote Sensors in
-Utban Informations Systems, " Urban-and Transportation Information
Systems, Department of Geography, Northwestern Umversny, .
Teohmcal Report No., 1, Aprll 1966, 4
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In essence a geographer who pieces together clues to deduce that a cluster
-of buildings is a complex of apartments rather than a factory is engaging in
the same procedure as a geologist who'_uses' his clues to decide that a par-
tially buried geologic structure is an anticline. o

After the land use and transportation maps were prepared frorn radar,
they were compared with large scale panchromatic photography, false color
‘photography, and field checks. ‘

' To avo1d the poss1b111ty of introducing information from sources

other than radar, and the general experience of the interpreter, the r'adar
maps were prepared before field checking and compa:ison with aerial photo~

- graphy. Where wrong identifications were made on radar they are so noted

in the text and on Pigure 1d, For eXample, area D (Haskell Institute)
although known to the author to be a school for Indians, was listed as a
factory because of its location on railroad tracks, relative location to the
.oity and nature of the ra'dar return. For this and other objects, theidenti—-
fication listed was the most probable based on information from radar and
a knowledge of geographic relationships. '

In this 1nvestlgat10n six of the 33 land use areas in Lawrence were
Am1s—1nterpreted from analysis of radar. Inasmuch as this was the author's
first attempt at such & study, itis felt that the results for similar areas

- would substantially improve with' practice and an application of U.S. Air

- ._Force technioues for analysis and interpretation of small scale aerial-
. photography (see Aero Service Corporation, 1961),

. Tfansportation features were located first to help determine the loca- /

tion of commercial and industrial areas., Rail lines are easily detected on :
radar imagery by their high intensity returns and by their smoothly curving
patterns. Railroads are differentiated from highways both in intensity of
'.return'and' the fact that rail lines usually are constructed on land of more '
moderate relief. Two railroads merge east of Lawrence and two others
join in the small marshalling yard east of the central business dlStrlCt (CBD)

- The Kansas Turnpike, 1mmed1ate1y to the north of Lawrence, is
id_entified by its very low return and great breadth and several overpasses

which produce high intensity returns (Figures la and 1b). Two - lane




K-BAND RADAR IMAGE
LAWRENCE, KANSAS SEPTEMBER, 1965
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Figure 1b. Transportation network of
Lawrence, Kansas and vicinity. Note that
most major transportation arteries are well-
defined on the radar image and that their
location aids in the identification of urban
land use regions.
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LAND-USE INTERPRETION
FROM RADAR IMAGE

Industrial Institutional

Commaercial-Industrial Older Residential

Commercial Rural-Urban Fringe

NOB0
ODO8

Parks, Cemetries, or
Undeveloped Areas

New Residential

AREAS MIS-INTERPRETED

Figure lc. Urban land use as determined
from the radar image. 33 areas have been
separated on the basis of tone, texture,
prcximity to transport facilities and other
relative location aspects. Six areas are
mis-interpreted (see Figure 1d).

PREDICTED LAND USE ACTUAL ' AND USE

Commercial
Park
Commercial
Industrial
Industral
Industrial

Institutional (r'aspital)
Institutional (Scoot)
Residential
Institutional (School!)
Commercial- Industrial
Commercial- Industrial

VOOREO

-

Figure 1d. These six land use regions had
been improperly interpreted from radar (see
Figure lc). They tend to be small areas or
areas where the coi.rmercial from industrial
distinction is not quite clear.

4
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macadam highways are not as readily apparent as railroads or the turnpike,

_ bpt all except one can be traced from points outside Lawrence'through the

city. State Highway 10 is visible in the urban limits but is obscured for
a short distance just south of the southeastern-most industrial area. ‘A
ridge in this section parallel to the line of flight evidently produced a
shadow obscuring the highway. Convergence of transportatlon iacmtles '
(primarily highways) in the CBD is evident, '

The largest arca of high intensity is the CBD in the north-central -
portion of the urban area, The regular geometry of the rows of buildings
and an absence of trees which cause diffuse scatter ensures that much of

v the energy is reflected directly back to the receiver.

- The residential area adjacent to the CBD can be separated from the

ACBD' by the change to lower intensity return and textural difference. The

border of the. CBD is not abrupt, so the borderline on the map passes through
the arbltrary transitional zone from commercial to residential, This older -

res1dent1a1 area can also be separated from newer residentlar areas by the

different street patterns, and by its relatlvely coarse textured, medium

‘,intensuy return from a surface dominated by tree tops.

Most of res1dent1al North Lawrence (north side of Kansas River) has

-radar returns which do not comc:lde in texture, irtensity, or pattern with
. other residential types. Because gardens and occasional small fields. create.

S differen‘t 'image character, the return is characterized by an intensity '

- intermedrate between new and older re31dent1al sections and by scattered,
: coarse-textured areas. '

Areas of heaviest industry give the highest 1ntensity returns and

" are either aligned adjacent. to. the railroad or in close proximity to it; some

rail spurs lead to factoues. nghter industries, not dependent on rail

' -'facuhtles, are d1fficu1t to distinguish from commermal areas and are not

dlfferentlated on the map drawn from radar.

Parks, undeveloped tracts, cemeteries, and certain 1nst1tut10na1
land use cannot be visually separated because all give fairly low return.
Parks with few or no trees, cemeteries with no buildings or treels, and

~institutional land produce lower and smoother radar returns . Uhdeveloped
‘areas and parks with trees are more difficult to separate but have a coarser
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texture and slightly lighter tone than treeless areas. Parks, institutional
-lands, and cemeterles are generally more regular in shape than undeVeloped
lands.

_ Several small areas, which were tentatlvely identified as commercial,
‘were proven by field checks to have other uses., One is a hospital and parts
of other areas are apartment buildings. However, practice and application
of interpretation and analysis techniques used by the U, S. Air Force for
small scale aerial photography should enable the interpreter to reduce such -
errors. _ ' ,

" Thirty-three areas have been separated in Lawrence on the basis |
of,tone,' texture, proximity to transport facilities, and arrangement rela-
tive to the CBD and to res_idential districts. The following maps (Figures
lc and_ld) offer‘comparisons between land use interpretations from the radar
and actual land use determined from low altitude aerial photography and
field checks. Revised classification was necessary for six of the 33
areas which had been incorrectly identified from radar (Frg. la). Each "
( ) - of the areas mlslnterpreted is considered 1nd1\71dually below with respect
to reasons for or1g1na1 classrﬁcatlon. - _
Area A (hospltal-instltunonal) was 1ncorrect1y 1dent1f1ed on the
radar image as commer01a1 due to the hlgh intensity of return and its posi- |
tion within the res1dent1al area. _ '
"Area B (Lawrence ngh School—instltutlonal) was listed as parks,
cemeteries, or undeveloped on the basis of large area of low return and
small area of high intensity return. 'The area could have also been classi-
fied as commercual since a shopping center could have a large parkmg area.
giving a similar low 1nten51ty return.. , .
- Area C (residential) was called commer01al since it is on the fringe i |
of the residentlal area and has a bright return° It should be classrﬁed as .
. residential, as indicated on the adjusted land use map, since itis a
mobile home court, - The alignment of the trailers, in the d1rectlon of the
' . flight pat.h and approximately tys}enty—-five feet apart, may explain the high
- return on the like’polarization and relatively low cross-polarized return,
, » Trallers parallel to the flight path’ apparently produce high intensity returns
fg , o s1m11ar to those produced by commer01al or mdustnal structures.
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Area D (Haskell Institute-institutional) was considered to be

L:dustrial because of its position on the periphery of the urban area, high

intensgity return, and its alignment with rail facilities. .
 Area E (commercial and industrial) was originally classed as indus-
trial due to remoteness from urban center, high intansity return, and align-
ment with rail and highway transport, The large rectangular bright area is
a salvage yard. Service stations, lumber yards, and a plumbing retail and
warehouse facility account for the other high intensity patterns in the érea.
 Area F (commercial and industrial) was felt to be generally industrial
since it so closely parailels rail lines. However, the old commercial district
of north Lawrence is spread throughout the western end of the area.
“Although approximately 81 per cent of the urban area of Lawrence wasA
correctly identified according to its land use, it may not follow that this '
level of accuracy could be maintained for all urban areas of similar size,
Inference drawn from the interpreters knowledge of urban geography greatly

facilitated analysis'and identification of urban land use patterns. Many

more studies are teq_uired involving varied urban orientation internally and

.ekternally and with wide ranges in size before the dégrée of consistency'

- in analysis can be established.
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N “THE RELATIONSHIP BETWEEN POPULATION AND
' RADAR~-DERIVED AREA OF URBAN PLACES

Joseph Sabol .

This report is on the{_oorrelation of population of an urban place

and its area on radar imagery. Although there is an obvious relationship

between the areal extent of urban population centers and their popuiations;
the relationship is not constant. Differing cultures and environments lead -
to differences in settlement patterns and the nature of cities. Direct '
population-urban area comparisons are not expected between Bantu villages
in Africa and industrial cities of Europe or North America, Noris it .
expected that direct cori*espondence will be found between the irrigated
oases of Utah, the farm cenfers of the midwestern United States. and the
humid eastern United States. Building styles, size of lots, economic
aotivitles, and the various cultural or sub-cultural differences decry the
existence of one simple relatlonship. But some set of relationships must

. exist. * This is only a first attempt at applymg imaging radar to the problem

of determinmg such relationships.
Determmmg the populatlons of cities and towns will be important

'in its own right, but an extension may be made further relating urban

. populations with total population of given sub-cultural or environmentally
E .-similar regions. : Geoqraphers, demographers and many others are inter-
. . ested in determining world populatmn, its distribution and dynamlcs.

' Though the areas sampled in this study are far from representative
of the range of world cultural or environmental regions, they do represent
a good sample of U. S. urban areas for which unclassified radar imagery

' is ava‘ilable._ If this initial study indicates feasibility for computation

#Several investigators have determined that a relationship between urban
area and population does exist, and illustrate that this ratio varies for
different countiries, See especially Stig Nordkzck, The Law of Altometric :
Growth, Michigan Inter- University Community of Mathematical Geograpners,

Discussion Paper Number 7, 1965.

46




47 : _
e L ~ of urban population dens ities from the radar, an expanded sample will be
! generated and the more complex variables will be considered in detail,
It is of course understood that the errors associated with such a measure-
" ment will prove unacceptable in the U,S, However in other environments
even random errors of 10 to 20% in population estimates distributed over
a large enough group of towns could produce accgptable state or country-
wide population estimates.,

This study is based on the hypothesis that a relationship exists
between the area of an urban place, as measured from radar imagery, and
the population of that place. Furthermore, the configuration of streets
apparent on maps and radar imagery suggests that the two main streets
passing through or adjacent to the CBD and at right angles to each other
approximate the dimensions of urban places. Thus, these elements--the
radar area and the lengths of the two major intersecting streets--were mea-
sured to determine if they correlate with urban area or vpopulation. |

Clark (1951), Clauson (1947}, Newling (1966), and others have
derived equations relating population and area to population density, which

& .~ seems to indicate the potential of such a study if, in fact, the radar image
' -area approximates the actual urban area. Nordbeck (1965) applied the law
" of allometric growth to the relationship between urban area and population.
This law states that during growth a specific ratio is maintained between -
. an organ and its parent organism; in this instance area and population repre-
sent organ and organism respectively. Tﬁis work should also be applicable
as a stated relationship between urban area and population density.

Data Acquisition

Radar imagery of 19 urban places ranging in population from 125 to

85,000 were selected for measurement, The urban places selected were
located in several states and taken from several ﬂights (Appendix 1).
Places which were selected had imagery which was visibly free from dis-
tortions other than range distortion (normal in SLAR imagery), and ground

" truth, i.e., population, area, and street lengths for the year 1965, The
‘two parameters measured for each urban area were (1) area, and (2) lengths
of the two majof streets passing through or adjacent to the C.B,D, at

£
-

right angles to each other, _ .
Measurements were performed for each place by a total of 21 persons,
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ten of whom had no prior experience in evaluating radar imagery. The
remaining persons had moderate to considerable experience., The only
instructions given to the evaluators are those listed in appendix 2 which
also describes the equipment used in interpretation. An analysis of variance -
applied to the data will determine the significance of experience possessed |
by an evaluator, .

Supplementary data obtained from the imagery for use in applying
correction factors are as follows: distances from poi.ts along the fligllqt: ,
track (in a direction normal to the flight path) to the near and far edges of
each urban place; the angle of deviation between a line normal to the flight
track and a main street which most closely paralleled this line. The need
for correction factors arose because of the distortion present in SLAR
imagery in the range direction. Other data needed for the correction factors '
were obtained from the flight log for each of the fhghts, these data included
the aircraft ground speed and altitude. ,

A number of subsidiary assumptions about the urban places under
consideration were made and are related to the way in which the correcticns
were applied. .Fach place was assumed to lie on a plane parallel to the A

“horizontal plane of the aircraft's flight path. Differences of elevation within

each wrban area's boundaries were ignored. The altitude of the aircraft
over each place was assumed to be that specified by the flight log for the
particular segment of imagery in which the urban place was located. No

~ allowance was made for variations in elevation of terrain in the segments

of imagery used.
A form letter requesting data for purposes of establishing ground

- truth for the year 1965 was sent to all urban places within the swath covered

by the system for each of four flights (Appendix 3A). -All populations
listed in appendix'A, with one exception, are those supplied by responses
to the form letter, Areas listed are those supplied by the responses or.
meaéured on maps included in the re:é:ponses. All street lengths used were
measured on maps. The sireets measured were those observed to be most

_ often measured on the imagery by a number of evaluators, The scale conver-

sion factors are included in appendix 3B,
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Data Correction |

A computer program was wr1tten to perform the correctlons needed
to convert dimensions obtained on the SLAR 1macrery, with its distortions,
to distortion~free ground dimensions (Thomann, 1968, Egbert 1968 '
Appendix 4A and 4B). Since the imagery virtually never contained urban -
places whose sides and streets were parallel or perpendlcular to the fllght
track, correctlons f1rst involved fmdmg pro;ectlons for these d1mens1ons

~using the angle of dev1at10n of one of the main streets from a line normal

to the flight track. The dimensions were next corrected for distortion in’
the range direction. These COmputations were performed for the data

- generate'd by each evaluator for each place. Since distortion in the azimuth -

direction is absent, no corrections were needed. Several of the computa-

~ tions i-nvolve:d classified information taken from the flight log. These

computations are on file-with the CRES security office.

Interpretatlon '

Urban places are typically’ displayed w1thm a range of relatlvely

high- inten51ty on radar 1magery and are generally d1st1ngu1shab1e from
o surroundmg areas . Reference to Figure 1 discloses that the town of

Gardner is clearly visible. As is typical w1th urban places, the C.B.D, is

g seen to be a bright nucleus, in this case located in the right-central portlon ‘

of the town. The ‘intensity of rétuin tends to decrease from the 3,B.D.

“to the edges of the built up area. This -phenomenon is more apparent in

the photography of imagery of Baldwin shown in Figure 2. Areas of different

-intensities can also be seen within the built up areas of bcth these places.
~ Peterson (another section of this report) has shown that major functional
~-regions. w1thm urban places can be dlfferenuated on radar imagery of
' Lawrence Kansas.

A particular, characteristic pattern is assoc1ated with radar 1magery of
uri)an places; this is due to the grid- -like arrangement of streets and buildings
which i_mparts'a coarse ',texf.ure to the image'ry. Streets are smooth and also
possess a low dielecttic constanf. Consequently, they appear in‘a grid

r pattern of low intensity. Large buildings are displayed with moderate to



FIGURE 1. A 2x photographic enlargement of K-band imagery of Gardner,
Kansas and vicinity taken in the summer of 1965,



FIGURE 2. A 2x enlargement of K-band imagery of Baldwin, Kansas
and surrounding area.
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high intensity as fluffy looking rectangles or squares arranged in strings
parallel to streets. These strings are usually interrupted by streets
running at right angles to them. Building returns often coalesce to form
continuous strings (Figure 1),

Irregularities in the perimeter of urban places force the evaluator
of radar imagery to make some rather arbitrary decisions when attempting
to establish the boundaries separating built-up portions and surroundiﬁg
areas. Generally the break between the two is quite visible, but in the
case of a highly irregular boundary and low intensity return the distinction
is not so obvious. The difficulty arises, in part, from the presence of
trees, which obscure the street pattern within the built up area or from a
poor return. Note the relatively poor contrast which makes it difficult to
fix the lower boundary of the town in Figure 3.

Another problem arises from shadows created by mountains inter-
vening between thr: antenna and the target which block out part of the target
of interest. Satellite-borneradar imagery would not suffer in this respect
because of the vertical scanning angle and possible overlap. On occasion,
use of a different polarization, HV for example, permits use of imagery
with shadows present in the HH mode.

Two adjacent urban places which result in a contiguous built up
area create still another problem. The city of Newport Beach, California,
was chosen for this study partly because it presents just such an instance
of a contiguous area between it and Costa Mesa. The political boundary
between the two was consistently misplaced by the evaluators. This is
the only case where instructions other than those in the appendix were
given. The evaluators were instructed to fix the political boundary after
having been shown its approximate location. A diagonal orientation of
the street grid of a portion of Costa Mesa adjacent to a major artery and
differing from the general orientation of the street grid, induced evaluators
to identify, erroneously, the major artery as the political boundary separ-
ating the two cities. In addition, a distinct change in contrast at the
southern edge of Newport Beach caused some confusion in fixing this por-
tion of the boundary. The change of contrast occurred between two adjacent
residential areas.
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' One other factor must be mentioned as it pertains to interpretation.

- The city of Quincy was chosen, in part, because of its extreme proximity
- to the flight track edge of the film where images are compressed. Conse-

quently, the perimeter of the built up area closest to the flight tract was
somewhat indistinct. Normally, imagery chosen for evaluation fell in the
outer two-thirds of the film strip in order to avoid such pronounced distor-
tions. ' '

Accurac

| Clearly, factors of interpretation bear heavily on the problem of )
accuracy. The actual process of measurement of the dimensions of urban
places will certamly 1nf1uence the outcome of results obtamed Errors
introduced in measurement will be magnified by the scale factors used to
convert film to ground distance. In addition, errors may ar1se in readmg the'
angle of deviation, and then calculating the pro;ectlons of streets and urban ,
place sides not ‘parallel to the range d1mens1on may magmfy these errors.

Hand measurement will undoubtedly be accompanied by errors which

‘limlt accuracy. Accuracy can be improved, however, by usmg a magmfymg :

" grid large enough to accomodate the largest place to be measured thus

elimmatmg the need to use two different measur:mg devices to obtain the
data set. The use of automatic equipment such as a reconstitutor in con~ -
junction with the IDECS would probably speed up the measuring process
considerably with a suitable degree of accuracy.

‘ Statistical Operations to be Performed

The fol’owi’ng‘statistvical analyses need to be performed to test the

» 'vvahdzty of the hypotheses advanced.

Phase 1 _ o ,
>1. Regression analysis using population, the mean area, va‘nd’ _
~ the two street lengths'for each of the urban places as variables.
The mean areas are those obtained from the data generatéd.by
~the 21 evaluators. In addition, the squares of the mean
areas and the two street lengths, the product of the two street
lengths, and the sum of the two street lengths as variables.
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in the regression equation may be found to be signifioan‘t in
establishing the relationship being sought.

-2, A two~way analysis of variance from which the influence of
experience--non-experience could be deduced. This analysis
would also provide information concerning the effect of the
population range among the urban places selected. .

3. Correlation among urban places between ground truth data and
~ radar derived data. ’

-4, A Correlation among the evaluators' data.

Phase 2
Assumpt'ion‘ .city shape is circular.

A circle on the ground necessarily would be imaged as a ellipse

w1th a SLAR system. Hence area measured on the film is equal to the
- area of an ellipse and '

area = wab

. where a and b are its semlaxes and would correspond to the two street lengths

measured. _ .
Correction of an ell1pse to a circle iavolves the same procedlire as

_corrections used in phase 1 for street lengths and theoretically

al—b.

. where a' and b' are radii of the corrected circle, But since circularity is
assumed the radius of the circle may be calculated as follows.

a'b'

_ thus taking mto account instances where a'#b',

With the radar area transformed to a corrected circle on the ground,
Clark's equation may be utilized for some comparisons with his findings.
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He states that population "density,varies with distance from the center of
the city according to the relationship Do

Cy=afhe S

‘where x is the distance from the center of the city in miles, y is population

density in thousands per square mile, bis a ooefficient meacsuring decline
of density; and A is a measure of crowding at the center,

Clark further states that with these assumptions, the total population

within a specific distance,cl,from the center of the city may be described as
a volume of revolution described by the density curve rotated about the

central vertical axis. Consequently

o Pd=‘S Do!“b" @27%) dx, | (2)
wnich when evaluated yields '

Spd=2sDy,"% [1-] Py pa)] @

" where Pd is the total population within .the radius d, D' is the central

densny, b is the density gradient, and ,Q is the base of the natural loga-
rithms " . '
Equation (3) or a modified form of it may thus be used also for

‘c'omparisoyn,. Muth (1961) has deyeloped a number of density parameters
'w'h'ich may be used in equation (3). The converse is also true; density

parameters may be calculated from the radar data. |
: Regression analysis would seem to be appropriate for establishing
statistical significance as was done in Phase 1,

Phase 3

The third phase would necessitate measurement of the built up areas
of the 19 urban places originally used. This could be accomplished by us~-
ing air photos, Calculation of correlation coefficients between the air photo
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. values and corrected radar values would establish validity of the radar

measurements .

Ph_ase 4

. The fourth phase would be contingent upon measurement of a
statistically significant number of urban places on the imagery. Again,

regression analysis would be applied. In addition, the use of residuals

could be used to determine if any groupings of urban places result because
of size or population. Some type of numerical cluster analysis might be

applicable at this point.

- Phase 5

: Newling, in particular, has done some interesting work using
Muth's density parameters. It would be interesting to see if imagery is
available for the urban places he worked with and to obtain some com-~

pansons with radar derived data. _



APPENDIX 1

DATA SHEET

[ . | o | @ | o el ol |

. rOWN () 2) | 3) 4 1 () | (8 | (7)) | (8) | (9] (10)__?4

| 1. Gardner, Kansas | 1,800 .65{1.10 | 1.59 s.7o!l 6.95 | 1 } 0 |

| 2. Baldwin, Kansas 1,508 1.19| .67 | .73 | 2.85]| 4.30 | 1 | 1| |

| 3. Attica, Kansas 782 29| .76 | .46 | 6.40 | 8.10 | Lo|1s |
4. Garden City, Kansas 13,975 4,27 |2.56 | 2.43 6.15 6.85 2 1 0 | }
5. Lawrence, Kansas 27,028 16.42 1 2.39 | 2.00 | 2.75 | 6.25 | 0 71 | '
6. Bonner Springs, Kansas 3,617 | 1.07| .15 | .28 | 6.40 | 7.55 | 1 |23 | l
7. Rothvilie, Missouri 138 .27 | .80 | ==-- | 4.55 | 5.05 : 1|45 | |
8. Quincy, Illinois 44,935 | 11.63 3.83 | 3.34 | 1.15 | 2.25 | 1 | 27 | i
9. Palestine, Ohio 232 14| .57 .42 | 7.60 | 7.80 I L2 ’

|10. Springfield, Ohio 85,000 | 16.73 1 4.25 | 4.52 | 4.30 | 9.30 ; |0 {77 .

''11. Mechanicsburg, Ohio 1,926 1.00] 1.00 1.00 5.60 5.10 | 1 2 i

12. Newport, Oregon 5,700 1.77 | 1.46 .96 | .95 | 1.20 l L0 ‘70 |

13. Port Orford, Oregon 1,164 | .12 .73 | .31 : 8.60 | 9.20 | | 0 |90 ;

|14. Eagle Point, Oregon 910 | .30/1.00 | .54 | 1.85 | 2.90 IR |

| 15. Grants Pass, Oregon 112,700 S22 1 3.27 | 1.40 ! 1.30 : 3.15 I 1 |21

|16. Newport Beach, California|28,352 | 18.193.40 | 1.18 l 1.75 | 8.25 | 1] 3 |

f17. Carlsbad, California 12,350 10.50!4.30 | 1.39 | 2.90 | 5.65 | 0 |89 | j

i18. Plaster City, California 125 ' .47 .o0s ‘ .20 I .65 | 80 ! l 1 . 2 ‘ :‘

ng' Calipatria, California 1,951*{ 1.50 | .27 | .40 | 4.55 ' 5,58 ; E 0 lsz 1 J

*I‘ebxuary 1966 data - California Population 1966, Dept. of Finance, Rev. and Mgmt. Agency,
Sacramento 1966

8S
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APPENDIX 1 CONTINUED

Identification of Columns ;

POpulation ' -

Area derlved from map.

Street length in North-South dlrectmn on map. .

Street length in East-West d1rect1on on map.

D1<‘tance from flight track to near edge of town. |
D1stance from flight track to far edge of town. .
Altitude of aircraft in'1000's of feet. (clas31f1ed) o o

Identlﬁcatlon of street d1rect10n relatlve to f11ght track

1 51gn1f1es North-South street is closest to bemg normal to flight track,
-0 51gn1f1es N orth-South street is’ closest to be1ng parallel to fllght track.
Angle of deviation of main street from a 11ne normal to fhght track
Ground speed of aircraft in statute mlles per hour. (clas,s1f_1ed) -
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APPENDIX 2

A3

- MEASUREMENT OF URBAN PLACE AREA ON RADAR IMAGERY

Urban places on radar imagery generally show up as relatively
coarse-textured areas with the following characteristics: '
E\ - 1. Smaller places have’ rectangular or quar‘e overall outlines
(often w1th 1rregular1t1es) | '

2 Central Busmess Districts (CBD) are areas of h1gh 1nten31ty
return. '

- 3. Areas surroundmg the CBD have a mottled appearance of

les ser 1ntens1ty

" 4,. Visible street grid patterns of lower intensity than adjacent .

areas with bu11d1ngs appear as brlght llnear strings parallel
to the streets . '

5. Palrly dlStlnCt breaks in contrast between urban and surround-
- ing areas serve to dehneate the boundaries between them.

6. - Llnear extensmns of returns brlghter than those of the surround-
' ing rural areas. denote roads or. ra11 11nes .

- PROCEDURE: SMALL TOWNS USING VIEWER

| S Bstablish left and. bottom‘-most boundaries of the urban place
' - by means of eye and viewer usmg charactenstics descrlbed
~ ‘above as criterla.' ’
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() 2 ._' Position the v1ewer over the urban place so that the out-— |
| side numbered sides of the viewer grid comorde w1th the
Vleft and bottom image boundaries.
- | % '
3. Count all cells within the viewer gr1d which are bounded by
the urban place perimeter.

4, Estimate to the nearest one-half those cells along the urban

place boundary which are not completely filled. v

5 vReoord the total number of cells. Sum the half cells to obtain

‘w_hole‘ cells an_d add the quantity obtained to the total number -
--of whole_ cells counted.

PROCEDURE:- "ARGE TOWNS USING GRID ~ -

(Use the same procedure as with the viewer)

PROCEDURE: MEASUREMENT_OP STREET LENGTH
1, Determine the main’ street wh1ch is generally characterlzed by
a 11near mterrupted pattern of brlght return passmg through

vor adjacent to the CBD.

-2, Determme a second main street, Wthh lies at rlght angles to

the f1rst, in the same manner as above.,

3. :Measure the two street lengths usmg the viewer or rule as'.a
. ‘scale. Record measurements to the nearest one-half millimeter.
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" EQUIPMENT

. The equ:,pment used to perform measurements consisted of a
: calibrated 6 power optical viewer with a grid,. a clear plastic sheet with '
a grid, and a neetrlc ruler. The optical viewer grid consisted of a 10x10
‘matrix, each cell of which measured one millimeter on a side. The optical .
viewer was used for places smaller than the overall dlmensmns of its grid.
- For larger places the plastic sheet was used, each cell measuring five .
m111‘1meters ona Slde._ ‘
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APPENDIX 3A

* Ground truth was obtained by sending a form letter to 508 urban
_places requestmg the following information for the year 1965 the date
the imagery was obtained:

1. Population
2. .Area to the nearest hundredth of a square mile.

3_.' Lengths of the two main streets running at right angles to

" each other and passmg through or adjacent to the CBD to

the nearest hundredth of a mile. '

4. An accurate map.

- The response to the form letter was approximately 20%. The‘-

responses which prov1ded usable data comprised approx1mate1y 12%
’of the total mailing. _ ‘
| The maps ‘were used to determme area and street lengths when not
g1ven or when the streets given d1d not correspond to those most v1s1ble
on the imagery. ,
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APPENDIX 3B

 MAP CONVERSION FACTORS

.MAP DISTANCE
-Distance in Miies = Map Diétar_lce Crﬁ X Fd -

Map scale in feet
d 5280 X length map scale ¢m

MAP AREA
. '_,Area i_m.Miz = Map aréa cm x Fa‘ -

1- Map Scale feet

2
‘ .Pa = - 2 X (Le'n th map scale in cm) |
S (s280)7  \MOMGER TD SGA ;
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APPENDIX 4A

DISTANCE COMPUTATION ON RADAR FILM

Prepared by Gary Thomann

> Y

7 Y2

Figure 1, Radar Geometry

The point Yy is mapped at

pa/v’ + H?

where B is a constant involving the velocity of light and the film récording
speed. The point Yy is mapped at

2 2
Bo/ ¥y + H

By definition, the scale is

2 2 7 2
Taim, 6 /42+H -—-/y1+H
Yo ™%

a3’ |
H __ _H
_ 1% Cos 62 Cos Gl
0,6, Pldtn ©, — H tan 0,
= Lim B Cos ©, — Cos 6,
©,- 96, Gos ©, Cos ©, (tan &, - tan 6, )
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0, +©, g R "8in (6, - 6;)
008 @, C0s 9 Tos 6, Gos 6,

| by use of {dentities for cos and tan.,

2806, + 5 (8, ~6,)

=B —a = 8in ©
- %279 Bt
.
( " ' In g'ehei‘al,' fsc.\r'\a'n'y angle 6
. Scale=g=gsineo W

The geomet_ry for a pertieular mappiig radar is shown in.v Figire 2.

 Ne—x — 72

| Pigure 2. Mapp‘ing
" The alrcraft flies at a height H and maps the strip of ground x lying

between the pomts Vi and Yy, or between the angles 6 and 92 . This strip

. of ground is mapped onto a film of w1dth a. Assummg a, H, 91, and 62 are |

known, the fll‘St requirement is to calculate 8. Since distance on the. ground
~ compared to distance on the film is related by the integral of the scale



factor, we have

a=S plslinedy )
Yy
but
y=Htan®  ‘dy=Hsec?0do
0,
.-'aé“) 8 Sin © Hsec"©d®©
,S‘ BHSING 44
T : 2 . <
) 91 Cose_e_ :
-=pHseco | = pHl Eec'92 — sec ©, ]
ey : N
therefore ‘
. L . . | o | |
. BT H(secez-—-secel)_ L e B @)

we can now consider ﬁ known. The d1stance on the ground that an increment
- on the film represents can now be easily calculated by the integral of the
L ‘inverse of the 'scale factor., '
Pigure 4 shows a point.on. the f11m.
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'y
-
=]
b4

evdge close

© to plane

— xz

>

A
o
v

Figure 4. Film

The distance on the ground that this point represents is given by the

-original equation ’

X = B/ y%—l-H2

or

- Thus if it is required to know the ground distance between two points X and

x2 . the fqrxpula is

-,/ 27H e
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where 'xl and x, are the distances from the pomts to the edge of the film

and p is calculatcd from (2). L .
One more case is left to be consmlered that of the points being
located at other than ground level. This is shown in Figure 5.°

) | I —beX) |
\Yl . L/\/\/\/\/W
— . |
Ifl
’/Yi 1 T

: Picjure 55' Points Off Ground Level

Consider»thé 'pbint v, at a height H1 . Because of its height above

_ the axis it is mapped as if it were actdélly at a distance yi , shown in the

4 axis in Pigure 5 Consnder the point on the film a dxstance 3] from the

"edge of the film Wthh is the mapping of Yy If the ground were flat, y1 '

would be the correct distance with

. ,ﬁ;nz
NTA/ T2
A A

 From the geometry‘ of Figure §, we get

2, 12,2 2
H 4y =2 =y§+(H‘-H1)

and since
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L

s

‘ _I-I1 = town altitude
: a = width of ﬁlm

70

" Thus if the distance between two points Xy and X, on the film are to i)e

calculated, with %y and Xq representing points at a height H1 , the dis-—

tance formula becomes

/5 2 2
D = -5 — (H-H) — (H-~H)*
. hear  [¢——x; —s/Town - away from
~ plane: o | plane
4 XZ —b

H = plane alti'tuc:e\/\/\ :

R T R
.".pj‘.[}{(secez -sec 0, ) ] .

& - 'angl'e'at Which mapping starts

. 62' angle at ‘which mapping ends
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APPENDIX 4B

Calculation of Ground Street Lengths and
Area from Radar Measurements

Prepared by Dwight Egbert

To find the ground street lengths from radar measurements it is
necessary to perform two corrections. First the projections of the
street lengths parallel to the flight path must be multiplied by a
scale factor. This scale factor is a constant just as a scale factor
used for lengths measured on a map. Second the projections of the
street lengths normal to the flight path must be corrected for scale and
inherent radar distortions. Thesé distortions are not constant nor linear.

*
They are corrected for through the use of the following formula :

—

|
Nli-' [

|

st

(Eq. 1)

)

Where: L = Ground length
X, = Film distance from film edge near flight line to point 1

Xy = Film distance from film edge near flight line to point 2

B = A constant involving ithe velocity of light and film speed
H = Altitude

The procedure used to calculate the ground street lengths is as follows:

Film edge Film edge
near flight
line 2

Figure 1.

* Gary Thomann, Distance Computation on Radar Film, Unpublished Paper,
CRES, 1968. ,

AR 0 [ e R T P BAS R  — B5 8

vere opve

e
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+ (1) Find normal and parallel projections for RSN
E = RSTN I cos () |
"F=RSTN |sin(¢) ]|

(2) Find Xy and Xy foreq. 1 |

RDL - FDS

-
2 2

xl =PDS+
Xy ?xl'* E_—,

(3) Calculate ground 'length'of RSTN projection nornf:al to flight path.,

»(4)' “Calculate ground length of RSTN pro;ectlon parallel to fllght path.
' G F x Scale factor : . ,

(5) Calculate total ground length of RSTN

—

orsTN = A/D% + 67

To fmd the ground lengtn of RSTE follow the above flve steps and substl-'
tute RSTE for RSTN and (90-¢) for ¢ : '
- To find the ground area from the area measured on- the radar, two -

assumptlons are made of th1s measured area.
) .VThe_area"ivs rectangular.

(2) The SIdes of the area are in the same proportmn as the two
perpendtcular main streets. c

An area Wthh meets. the two assumptions can be found as J.O“.OVVS o

ey A rectangle thh sides AN and BP where " .

RSTN

RSTE
RSTE X RST

RSTN

i

CAN= Areax
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Note than AN x BP = measured Area, not an area derived from the _
measured street lengths. The measured street lengths. are used only to
- lend some reality to the proportlons of the assumed rectangular shape of
" the measured area. , . S
v After AN and BP are found they must be corrected to ground ‘values. -
‘A problem arises in th1s calculation from the fact that the radar distortion
is parabolic. This means that if the rectangular area is olg_llque with respect
to thefﬁght path then all four sides should be 'corrected separately. This
:would be necessary for absolute accuracy since the resulting ground area
will be a trapezium instead of a rectangle. However, it can be assumed
. that‘-the' resvul‘ting ground -area will be rectangular; This approximation
becomes more accurate as the.rectangular area becomes closer to being
parallel w1th the flight path. Pmally when the area is parallel the approAl—
mation reduces to an exact descrlptlon. As the s1des of the area approach
*_45 to the flight path the approx1matlon becomes worse and reaches its
" maximum dev1ation at 45° « If this approximation is accepted the amount
of computatron and 1nput data requ1red for the calculations are cons1derably
reduced It is merely necessary to correct the two perpendrcular bisectors
:_of the rectangle usmg the same procedure as.was used to correct the measur- -
ed street lengths . The only dlfference required is to substrtute AN for RSTN
‘and BP for RSTE. The resulting corrected ground lengths analogous to GRSTN
.-and GRSTE, call then GA and GB respectlvely, are then simply multiplied to
give the ground area, GAREA. '
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'OBSERVATIONS ON THE GEOMORPHOLOGY AND LAND USE
OF PART OF THE WASATCH RANGE, UTAH

~ This paper is an analysis of radar imagery of a region‘ near Salt
Lake City, Utah. K-band radar of an area 12 miles wide and 30 miles long
was examined to document its potential for obtaining information on*
physiography, surface material, geomorphic history, mineralized areas,
drainage, land use, and transportation. '

. Both HH and HV polarizations of the AN/APQ- 97 radar were exam-
ined with the naked eye and with a 5 power microscope. 2X prints of the
radar imagery were also used in the study. _

Thorough study of the radar imagery resulted in a wealth of informa-
tion, much of which is new and which does not appear in reports or maps A
of the area, Examples are some ancestral stream patterns with resultant
information on the origin of the Wasatch Range, iracture zones and posssibly

i undlscovered mineralized areas,

After a study of the radar, information obtained from the 1magery was

‘compared with data on topographic maps, geologlc maps, and 1:63,360
' Vscale aerial photo mosaics. It is su_:;niflcant that even though the scale of
the radar 1magery is only approx1mately 1:160,000, it was necessary to

consult maps of 1:24,000 scale to observe some of the same features. In
some cases comparison of first-round radar data with published data gave

‘clues to more features to search for on radar imagery and resulted in new .

discoveries, Examples are two previously unreported major fraeture zones
and a joint set that appear to control location of mineral _deposite inthe
Park City area. o o
The following maps were prepared by tracmg 1nformat10n from the -
radar imagery onto transparent overlays' physiograph1c maps (Z types),
landform classification maps, surface materlals, ancestral dralnage,

~present drainage, land use, and transportation.

- The study area is a rectangle approximately 12 by 30 miles extend-
ing east from Salt Lake City to the east side of Rhodes Valley, Utah (Figure
1). The major portion of the study area is occupied by the Wasatch
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Figure 1. Index map outlining study area in Wasatch Rar.ge, Utah.
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Mountains whose steep esdarpment overlooks Salt Lake City.

The Wasatch Range, the westernmost range of the Middle Rocky -

Mountains, trends north and south and lies at the east side of the Great
~ Basin, The local relief between the Great Salt Lake Valley and the highest
_part of the range, which is about two miles from the Wasatch Front, is

over 6,800 feet (the highest peaks in this arsa are Mt. Olympus (0*) at
9,026 feet and Twin Peaks (TP) at 11,330 feet), (Figures 2 and 3A)/ "The
drainage divide lies approximately 10 miles east of the front and ata
lower elevation thgn peaks near the front. There is a gentle eastward

slope ‘of the Wasatch Range from near the front to the broad back valleys of '

Parleys park (PP, Fig, 3B) and Rhodes Valley (RV, Fig. 3e), which are in
the Wasatch- Uinta transition area.
~Rhodes Valley (also known as Kamas Valley or the Kamas Sag) lles
at the extreme western end of the Uinta Range (UR, Fig. 30) and is a wide, :

- flat-floored valley at an elevation of approximately 6,400 feet, To the west

of Rhodes Valley the low, rollmg West Hills (WH Fig. 30) are covered _
predommately by sagebrush and scrub oak and are usable: primanly for graz— '
ing. Tne only other flat areas in‘the study area are Parley s Park (PP Fig,
3B), at an elevation of 6, 600 feet, and the narrow flood plains and terraces

: along the Provo (PR) and the Weber (RW) Rivers ‘and their tributarles (Flg. 3C) :

Natural Vegetatlon

The natural vegetatlon on the floors of Parleys Park and Rhodes
Valley was grass, cottonwood, river brrch, willow and box elder trees
grew along streams. The lower hills are covered by sagebrush and some .
jumper, June grass and remnants of the native Indlan rice grass, Scrub

_'oak and sagebrush with snowberry and some maple grow between 7 000 and
. 8,000 feet, At 8,000 to 10,000 feet are coniferous forests of Bngleman '

spruce with some Alpine f1r, Douglas fir, and lodgepole pine. The higher
parts of the study area are above tlmber line whlch ranges from 9, 500 to B

10, 500 feet (Hawkes, 1959, pp, 9-11).

o Letters and numbers refer to 1ocations of places and features on. Frgures

2 3. and4
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Figure 2. HH (top) and HV (bottom) polarizations of the Wasatch
Range from Salt Lake City east to Park City. See Table 1 for ex-
planation of symbols.




Figure 3A. An enlargement of K-band radar imagery showing western eight

miles of the Wasatch Range and part of Salt Lake City. For explanation

of symbols see Table 1.



Figure 3B. Enlargement of an 11 mile strip of radar imagery from

Mount Raymond east to Park City. Area is apiroximately the same

as in Figure 4. Seec Table 2 for explanation of symbols.
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Figure 3C, An enlargement of K-band radar imagery of a 13 mile east-
west area showing the Upper Provo Canyon, Rhodes Valley, and the
West Hills, See Table 1 for explanation of symbols,
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Figure 4. Air photo mosaic of the W

Area is approximately same as on Fig. 3B. For explanation of
symbols see Table 1.

asatch Range drainage divide.




BC
BF
BL
BV
CP
DD
IC

KT
LC
MD

cq
fs

1s
st

ts
wt
as

cp

Table I.

Alta

Brighton

Big Cottonwood Canyon
BRonanza Flat
Bells Canyon
Beaver Creck
Clayton Peak
Dutch Draw
Iron Canyon
Kamas
Keetley

.Lambs Canyon

Little Cottonwood Canyon
Mill Creek
Mill D Canyon
South Fork
Mt, Raymond

Col

Cirque

Delta

Faceted spurs
Hom

Landslide
Stream terraces
Fault scarp

Tarn

Truncated spur
Wave cut terrace
Alta stock
Clayton Peak stock
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Symbols Used in Figures 2,

PC
Pr
PP
PR

RP
RV

P
UP
UR
WH

pC
aqm

Qm
Qem.

Qlm
Tap
Jn
Fa
Ra

Mdg

3, and 4,

Neffs Canyon
Mt. Olympus
Parleys Canyon
Park City

Porter Fork
Parleys Park
Provo River
CGuarry Mountains
Reynolds Gulch
Richardson Flat
Red Pine Draw
Rhodes Valley
Thaynes Canyon
Twin Peaks
Upper Provo Canyon
Uinta Range
West Hills
Weber River

Park City stock
Quartz monzonite of Little
Cottonwood stock
Quaternary moraine
Quaternary end moraine
Quaternary lateral moraine
Tertiary Andesitic pyroclastics
Jurassic Nugget Sandstone
Triassic Ankareh Formation
Triassic Thaynes Formation
Pennsylvania Weber Quartzite
Mississippian Deseret and
Gardison Limestone
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Drainage’ | . _
Several westward flowing streams have cut scenic canyons into
the Wasatch Within the study area most of these stream valleys and the
higher parts of the range are covered by dense forests and have snow for
several Amonths each year, Because of the spectacular alpine scenery,

~ snow cover and proximity to Sait nake City, three nationally famous ski

resorts are located withtn the study area, These are the Alta (4) at the
head of Little Cottonwood Canyon (LC), Brighton (B) at th'e'head of Big

'Cottonwood Canyon (BC), and the Park City ski area near the mining town

of Park Clty (rC, (Plgure 3B).
Dramage of the entire study area is to the Great Salt Lake. Several

.canyons, cut through the Wasatch Front by westilowing streams are visible
on the imagery, From north to south these are Parleys, Mill Creek Neffs,

Big Cottonwood, Little Cottonwood, and Bells Canyons (Plgure 3B). The

‘heads of most of these canyons contam cirques from wh1ch Pleistocene -
~ valley glaciers advanced down the canyons, in cases as far as the Wasatch '
- Pront, ’ ‘ ’

The east side of the region is drained by two rivers that head in the

Uinta Mountams. The Weber River has its origin on the north srde of the
"'Umtas and flows west across the north side of Rhodes Valley, then in its
o northward course it receives tributaries which drain most of the central
' i'part of the study area. The Provo R1ver heads on the south flank of the ,
- Uintas, flows through the south 'end of Rhod_es Valley, through the narrow
- Upper Provo Canyon (up, Figure 3C) across Heber Valley and then to Great
~ Salt Lake_,v'ia Utah Lake and the Jordan River. ‘

A ,Land Use

" The land use in this area depends toa large extent, on elevauon, -
slope of the land, availability of water, and location of mineral deposits.

 Land use of the study area is shown in Figure § WhICh was prepared from
- radar imagery. Mountainous areas here serve five main uses; water storage,

grazing, forestry, minmg, and recreatlon. The function of watershed and

storage area for water is especially important for the arid Wasatch Oasis which.
extends[along the west side of the Wasatch Range. Bailey (1941, p 194)
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states that at least 80 per cent of the usable stream flow in Utah comes.
from mountain lands over 7,000 feet in altitude and that each acre of irri-

gated land is dependent upon water from approximately seven acres of

watershed land. The Wasatch Oasis, which contains most of Utah's farms,‘
cities, and population‘, would not exist if there were no watersheds such

as those in this study area. Grazing is a second use of the mountain land.
Large herds of sheep and some beef cattle are grazed in many parts 'o:f the area
althougbh the hills between Rhodes Valley and Parleys Park are most heavily
grazed., Forestry is a third use of these mountains although this is not as
important as it was in earlier times. Mining, a fourth land use, has been
conducted near Park City and in Little Cottonwood Canyon since 1868,

Over 450 million dollars of gold, silver, copper, lead, and zinc have been
mined in the Park City Mining District, although many mines >have closed

in recent years. A fifth land use in the mountainous a.re_as is recreation,

Ski resorts here draw large numbers of people from all parts of the United
States each year. In the canyons east of Salt Lake City there are many week-

end cottages and summer homes in addition to numerous camps and picnic
- facilities. '

The predominant use of land in fhe valleys is for agriculture. The
méjority of the farmérs live in nucleated settlements which are readily
apparent on the radar imagery, In Rhodes. Valley farmsteads not in the
villages tend to be on the main north-south road. The imagery shows the

_relatlonshlp between well drained land and the location of the villages and

férms; most of the farms are on the better drained sides of Rhodes Valley and
Parleys Park, The lower sides of the valleys have weaker return from the
wet land covered with marsh vegetation. :
Inspection of the radar imagery shows many clusters of cottages,
mine buildings and mine dumps. Examinati‘oh of both HH and HV polariza-

- tions reveals more cultural features than either one polarization alone. For

ekample?, several mine dumps (md) appear on Figure 3B. Near Kéatley (KT)

"south of Park City, mine dumps and‘railroads leading to the mines are

visible on the linagery (Fig. 3C). South of Parleys Park the waste dumps

‘on Quarry Mountain (Q) can be seen (Fig. 3B).
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Figure 5. Land use map drawn from K-band radar imagery of the Wasatch Range,
Utah. I, Recreation; II, Irrigated Agriculture; III, Urban; IV, Grazing; V, Forestry,
recreation and mining; VI, Dry land agriculture; VII, Bottomland pasture anc irrigated

farming; VIII, Recreation and mining.
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By'comparing both polariza,ti'ons and combining information from

" each, it is possible to prepare a transportation map from radar imagery

(Fig. 6). Shownare only the hard- surface ma:m roads, not jeep roads
which are v151ble in many places.

Geomorphic history. The geornorphology of the .present Wasatch -

Range is the result of a fairly complex history. As sur_nmarized by dranger
etal., (1952) and Threet (1959) the following sequence occurred. Atthe
beginning of the Laramide orogeny, in middle and late Cretaceous time, -
north—-south compress1on formed the east-west folds of the Central Wasatch
Thrust sheets from the west overrode the. site of the present Wasatch and
clastics eroded from highlands were depos1ted in adjacent basms. After

a quiet period the Cretaceous folds were further compressed in Paleocene

-or Eocene time; at about the same time the Little Oottonwood Alta, the

Clayton Peak and Park City stocks were intruded : .
‘The Wasatch Range was first elevated by folding, along north-south
axes, which began in the late eocene or Oligocene. At this time the major

-relief features were formed, the courses of the Weber and Provo Rivers were
- established and lavas and andes1tic pyroclastics were extruded.

Regional warping along old trends in late Oligocene or early Miocéne

-was followed by erosion of broad surfaces.  One of these broad erosional

surfaces, the Weber Valley suirface, ma'jbe preServed in Big'Gottonwood o
Canyon (Granger et al,, 1952, p. 36) where there are elevated, broad
valley profiles. The former erosion surface, represented by an extension

4. of the .spurs on the sides of Big Cottonwood Canyon has been dissected

(see Fig, 34). This erosmn probably began before Pleistocene glaciation,
possibly in late pliocene time (Granger etal., 1952, p. 36).
Block faulting and broad warping, which began in late Miocene or

" Pliocene, was continued in late Pliocene and Pliestocene. Assocrated w1th

. the uplift was dissection of: old erosional surfaces v diversmn and capture
-of streams, and erosion of Parleys Park and Rhodes Valley, During the

' . Pleistocene the high parts of the Wasatch were glaciated and Lake Bonne—

- -V111e, the fresh water ancestor of Great Salt Lake, filled part of the Great
'Basm.“ T A
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Geomorphic Regions, The area studied can be divided into the
following regions: (1) The smal) portion of the Great Basir where Salt Lake
City is situated, (2) The mountainous terrain of the oomplex Wasatch Range,
(3) The valleys of Parleys Park and Rhodes Valley, and (4) The Andesite
Hills, The Uinta Range is not discussed in this paper because only the
western tip of this range is shown on the imagery.

1. The Salt Lake City Area., Shown on the radar imagery (Figs 2
and 3A) is part of Salt Lake City and small neighboring cities. Several
stream terraces (st) are visible where the distributaries from Big and Little
Cottonwood Canyons have deepened their channels. Much of Salt Lake
City is built on the floor of Pleistocene Lake Bonnev111e, which was approxi- |
‘mately the size of present_ day Lake Michigan. Terraces cut by Lake Bonne-
ville are visible along the Wasatch Front (WT, Fig. 33). A delta (d, Fig, 3)
built into Lake Bonneville at the mouth of Big Cottonwood Canyon’ dan be seen
on the imagery as can a lateral moraine (Qlm) at the mouth of Little Cotton- -
wood Canyon and an end moraine’ (Qem, Fig. 3A) at the mouth of Bells Canyon.'_

D : ~ Fault scarps which cut across the moraines and delta between Bell and Big
. Cottonwood Canyons (Fig. 31) are also visible.
2. The Wasatch- Range. This subregion mcludes the Wasatch Range

-from the Wasatch Front to Parleys Park and the spur of the Wasatch Range
..'south of Park Ciiy __and east to the Provo River .‘
| "The oomplex structure consists mostly of sediments folded along
" east-west axes; these folds are truncated on the west by the Wasatch fault,
'On the south side of the study area, a series of plutons has intruded a
large east-west anticlinal fold which seems to be the continuation of the
" VUinta fold. Thrust faults and high angle faults occur throughout the area,
The topography of the Wasatch Range is youthful, Most alo'pes are
'~near the angle of repose. Stream valleys are characterized as having V-
shaped profiles in the non-glaciated portions, steep gradients, and valley
floors barely wider than the streams in them, Road building in these canyons
has always been a problem because of the narrowness of the canyons and
the almost»vertical cirque walls. at the heads of canyons, Hard surfaced
- : ' roads extend up the canyons on the west side of the range, but, other than
' h jeepvroade, no roads. (or railroads) cross the area shown on t_hisimagery.

.
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Tha radar imagery shows that the drainage of the Wasatch Range is

_well developed, No uplands remain other than the narrow ridge divides,

Several stream patterns with a variety of controls can be recognized on the
imagery. The drainage pattern of the major west~flowing streams is basic-
ally dendritic but some angularity, caused by faults and joints, can be
distinguished in stream oriertations, The attitude of strata influences '
some stream orientations; this is especially evident in Thaynes Canyon (T),
Iron Canyon (IC), and Dutch Draw (DD) south of Parleys Park (Fig. 3B).
The influence of structure on drainage is evident by the stream
pattern around the Alta Stock and Clayton Peak stock (as and cp, Fig. 3B).
‘The topography of the higher parts of the Wasatch can best be
described as alpine. The high Wasatch Range is glaciated to such an ex-
tent that one of the most striking features observable on radar imagery, or
on geologic maps, is the large proportion of the area covered by glacial
moraine, Glacial moraine is conspicuous on radar imagery because of its

characteristic graytone and speckled texture. Moraine covers the cuque

floors, and in some cases extends for miles down the canyons,
" . shown on the imagery (Fig. 3A, 3B) are many alpine features such
as U-shaped valleys, end moraines (Qem), lateral moraines (Qlm), ground

" moraines (Qm), cirques (cq), tarns (t),_ horns (h), cols (¢}, and truncated
spurs (ts). Several hanging valleys can be seen in Big Cottonwood Canyon

(Fig. 3B). A landslide is shown on the imagery in Big Cottonwood Canyon

(Fig. 3B).

3. Parleys Park -and Rhodes Valiey. Parleys Park is an alluvial-
filled valley at approximately 6,600 feet elevation, The valley is almost
level with a gentle slope to the northeast, Much of the valley, especially
the east side is swampy and covered with marsh grass as indicated by dark ;
gray tone on the radar imagery (Fig. 3B). On Quarry Mountain (Q, 3B) at .
the south side of the valley, waste dumps from large quarries can be seen

on the imagery.

Rhodes Valley (Fig. SC) is a wide alluvial valley with several

" nucleated farming villages., River terraces (st) are visible along both the

Provo River (PR) and the Weber River (WR), The Andesite Hills, locally
called the West Hills, lie to the west of Rhodes Valley.
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4, The Andesite Hills. The Andesite Hills (part of which are called‘

‘the West Hills (WH, Fig. 3C)) lie in the eastern part of the study area

betwe¢ en Parleys Park and Rhodes Valley and south of Rhodes Valley, The
higher hills lie at about 7,800 feet elevation compared with 6,400 feet in
Rhodes Valley, Most slopes are moderate, although in the western portion
there are many gentle slopes. Local relief is generally lmoderate; les,s than
500 feet, The region is characterized as being in a mature stage of an ero-
sion cycle., -

The andesitic pyroclastic rock of early Tertiary age (Geologic Map
of Northeastern Utah, 1961, compiled by Stokes and Madsen) has a charac-

teristic graytone and texture on radar imagery plus a characteristic erosional

pattern (see Tap on Yigures 3C). The vegetation cover of grass, sagebrush
and scrub oak, characteristic of these hills,-seems to be respbnsible for
some of the signal return, | -

The West Hills (generally the region west of Rhodes Valley and east
of Parleys Park, Richardson Flat and Keetly) have a drainage divide near the
west side of the region so the streams flowing east are long and have gentle

.gradients compared with the streams on the west side of the region. The

drainage pattern, generally dendritic, is an’indication of the homogeneous -
andesite, | ' '
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Rock Uhnits _

Rocks within the study area range in age from Precambrian to
‘Quaternary. Following is a generalized list of stratigraphic units in ths
Wasatch Mountains and vicinity . ‘

Igneous Rocks

Early Tertiary ? Andesitic pyroclastic rocks
Diorite porphyry; Park City stock
~Diorite; Clayton Peak stock
Granodiorite; Alta stock '
Quartz monzonite; Little Cottonwood stock

Quaternary
Alluvial deposits
Glacial deposits

Tertiary

Fowkes Formation
Knight Conglomerate
Crazy Hollow Formation

Cretaceous’

Echo Canyon Conglomerate
Wanship Formation
Frontier Sandstone
Aspen Shale
Bear River Formation

. Kelvin Conglomerate

Jurassic

Preuss Sandstone

Twin Creek Limestone

Nugget Sandstone
Triassic

Ankareh Pcrmation

Thaynes Formation

Woodside Shale
Permian_

Park City Formation

. Pennsylvanian.

“Weber Quartzife
‘Round Valley Limestone
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PR

- Mississippian

Doughriut Formation P >
Humbug Formation

Deseret ILimestone

Gardison Limestone

Fitchville Formation

Cambrian

Maxfield Limestone
Ophir Formation
Tintic Quartzite

Precambrian

~ Mutual Formation
Mineral Fork Tillite
Big Cottonwood Formation

‘Many of the above rock unit-sA can be recognized and traced on radar
_imagery., Examples aré the Weber Quarczite, the Thaynes Formation,
Ankareh Formation, the Nugget Sandstone, and various igneous recks.
, o _An-extensive area of volcanics south and west of Rhodes Valley |
;) . which are mapped as early Tertiary? andesitic pyroclastics (Geologic ‘Map
‘ " of Utah, compiled by Stokes and Madsen, 1961) are recognizable on radar
imagery by ch’ara‘eteriettc gray tones ‘and textures, plus the group of char-
acteristics one would use to recognize the same type of rocks on aerial
. photographs.
', "~ ‘An especially interesting feature of imaging radar is its abllity to
" delineate glacial moraines, " Not only is ground moraine readily apparent,
'.'but so also are lateral moraines (in Bonanza Flats {BF, Fig, 3B) for example)
and terminal moraines (examples in 'lhaynes Canyon (TC), Dutch Draw (DD,
' Fig. 3B) 2.ad at the mouth of Bells Canyon (BC, Fig, 34))}. The interface
: betwe_en moraines and alluvium is very apparent {for example in Thaynes
Canyon and Dutch Draw). General boundaries of the alluvium which fills
river valleys and small basins (as at Parleys Park (Flg. 3B), Rhodes Valley,
and the valley of the Provo River (Fig., 30)) can be readily mapped from
radar imagery.
Figure 7, which is a generalized map showing surface matenals,
' was prepared by tracing boundaries of alluvium, moraine, and rock classes -
} | ' from the radar imagery onto a transparent overlay. ‘
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B In the west part of the study area the major folds of the Wasatch

have east-west axes. The north limb of the large anticlinal fold that.
appeéars to be the westward extension of the Uinta Arch can be seen in

Mill Creck Canyon and Big Cottonwood Canyon. The south limb of this
antlclme is now mostly part of the Little Cottonwood stock. Steep north—
ward dips and northeast-striking beds are visible on the imagery north

of Big Cottonwocd Canyon. Inasmuch as Little Cottonwood Canyon lies

at the outer range of the radar scan where the radar beams had a low inci-
~dent angle, the high north wall of Little Cottonwood Canyon caused a -

radar shadow in the low.r end of the canyon niaking this portion of the
imagery unusable, A few miles up the canyon, however; the imagery shows
rock that has erosional characteristics of massive, ignecus rock. This
agrees with geologic mabs which show the Little Cottenwood granitic

stock at this location. - L

In addition to the Little Cottonwood granite stock, already menfioned,’

' the Alta stock ,‘ the Clayton Peak stock, and the Park City stock are dis-
cernable on the imagery. Since these are mineralized regions which have
had considerabl_e economic importance, the ability to recognize such regions .
"on radar is Very s’ighificant. : o

- Many of the folds in the study area can be observed on radar‘irr'agery.
Recause the attltudes of strata can be ascertained from radar imagery, the
‘orientation of ma;or folds can be determined from imagery. An example is
the northeast trendmg anticline of Park City.

Several faults in the Wasatch Range can be detected by methods -
similar to those used for fault detection on aerial photographs. In some-
cases abrupt changes in gray tones and textures characteristic of fock’ units
suggest faulting. When lithologic umts are recogmzed on radar offsettmg,
abrupt termination, or abrupt changes in altltudee of rock units can be
used as evidence for faulting. Faults with -_phy_smgraphm expressmn are

. most easily detected

The most consplcuous feature on the Wasatch Range is the Wasat ch o
Front fault escarpment. There is re_latlve relief at rthe front of 6810 feet

: (4520 feet elevation near Sandy, opposite the mouth of Little Cottonwood .
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Canyon; 11 ;330 feet at Twin Peaks north of Little Cottonwood Canyon).
In addition to the numerous :aceted spurs along the front, the imagery (Fig.
3A) also shows recent fault scarps that cut across terraces and deltas
associated with Lake Bonneville, -
~ Along the Wasatch Front in Parleys Canyon and Mill Creek Canyon
(PC and MC, Fig. 3A) the imagery shows sediments striking generally ‘
northeast and dipping steeply north, In Neffs Canyon (NC, Fig. 3A) changes :
in strike that are discernable on radar correspond to faults shown on the _ , ,;
geologic map by Granger et al, (1952). Attitudes of beds are apparent at : o
many other places on the imagery. ’ ' ' R . '
In a geomorphic study of a mountalnous region such as the Wasatich
Range, structure is a chief element in the development of the geomorpho—
logy. Itis therefore necessary to know the location and naiure of at
least the major faults and the dominant joint patterns in order to under—
stand the geornorphologyo A few other examples of faults detectablo by
‘radar are given below, ,
In the upper part of Mill Creek's Porter Fork (PF, Fig. 3B) the Lower
.Strand Mountain branch of the Mount Raymond ‘thrust fault can be discerned i

by a change in altitude of beds and by lineation along the fault (Fig. 3B)>.
To the east the Mount Raymond thrust can be traced by the position of

‘the Weber Quartzite thrust slices, which lie above the thrust planes, and.

by lineations along the faults. The Silver Fork normal fault is very appar-
~ent where it terminates the Thaynes and Arkereh Formations and the Nugget
- Sandstone in Reynolds Gulclh (R, Fig. 3B) north of Big Cottonwood Canyon, ' /

This fault can be traced on the imagery north to the Mount Raymond thrust '

which was offset by th » Silver Fork fault. Ground truth confirming this
observation is reported by Granger et al., (1 952, p. 24).-
: ‘In Mill D Canyon (MD, Fig. 3B) a B1g Cottonwood tributary, oppo-
site Reynolds Gulch, the imagery shows a zone of north- south faultmg that
terminates the Paleozow sediments to the east, The sediments east of

'M111 D Cahyon, Wthh are for the most part of MlSSlssippian Deseret and
‘Gardison L1mestones (Mdg) exhibit an east-west Jomt pattern (as at Mdg, - -
’Flg. 3B) that is- very pronounced on radar imagery. ' ‘
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Possible faults or fracture zones which do not appear on published

. geologic maps are suggested by lineations on the radar imagety. South of
Parleys Park a lineation, trending generally' northeast-southwest, extends

" from the west side of Quarry Mountain southward up the west side of Iron
Canyon and along the west side of the intrusion immediately east of
Brighton (Fig. 3B). Dikes, mines, and prospect pits north of this intrusion
lie along this zone. Another possible fault or fracture zone, sugge‘sted by
a lineament on th'e'imagery, lies along the east side of the aforementioned
stock. This lineament extends from the west side of Clayton Peak north~-
eastward near the east s1de of the Alta Stock.

.The Park Cltx Mmmg District
' Park City is one of the great base metal mmmg dlstrlcts of Utah
(Wllson, 1954 p. 182) and has been one of the most important mining
_dlstrlcts in the United States Sllver, gold, lead, zinc and copper A
are the chief minerals mined t_heré. The_.larg_e mine dumps (md) are visible
on radar imagery, especially when HH and HV polarizations are compared.
| The mmerahzed zones at Park City are related to the intrusive stocks
of quartz monzomte which caused contact metamorphlsm in the adjacent
-sediments, especmlly in the 11mestones (Lindgren, 1933, p. 584).
Lode dep051ts are often between limestone and quartzite, but may
- be in quart21te Bedded ores- are sulphides that have replaced 11mestones
_ . (the Park.City Formation or Thaynea Formatlon)
) An examination of the Park Clty West Geologic Map (Cnttenden,
et al. . 1966) shows that mines tend to be at contacts between the Woodside
" shale and Thaynes Formation or between the Weber Quartzite and the cal-
careous Park' City Formatlon. The m1nera11z1ng solutions apparently moved
"allo'ng ‘channels formed by faults and joints . The Park City West geologic .
_m'ap shows a set of parallel faults (shown oh ‘geoldgic maps by both contin-
uous and dashed 11nes) trendmg east-northeast and another set trendmg
_north- northeast. ' ‘
' - A set of llneaments that may be faults or joints, v1s1b1e on radar

. but not shown on the geolog1c map, trends northwest—southeast
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It l's very significant that the large mines (shown on.radar by the "

. large waste dumps) tend to be located (1) at the contact of a calcareous

formation and a relatively impermeable'formation and (2) where the linea-
ments visible on radar intersect a fault (Figure 3B). It'might be possible

- to locate new mineral deposits with a knowledge of the new lineaments

shown on this radar imagery.

Ancestral Drainage

A sigmflcant feature of radar imagery is its ability to deplct former
stream courses . The imagery shows distinctly the former courses of the .
tributaries in Upper Provo Canyon (Figure 3C, 5 and 6). The angles at
which these streams join the Provo River form acute angles that pomt
eastward or up the present course of the Provo. Through almost the entire
length of the Upper Provo Canyon the streams’ apparently flowed east to
Rhodes"Valley and northward to the We'ber‘River. Rhodes Valley is a grossly - '
oversized valley for Beaver Creek which Aﬂows,throu'gh its central portiOn._ .
This example of stream piraoy haQ been known 'since Anderson described
it in 1915 and it was chosen by Longwell and Flint in their physical geology
text to 1llustrate stream p1racy , but it is so striking on. radar 1magery that -
it.suggests radar's value-as a useful tool for mapping ancestiral stream
patterns, ' ,

The radar imagery: shows a well- developed dendritic stream pattern
in the headwaters of Mill Creek (Flgure 3B) The present stream d1V1de
transects the upper part of th1s stream pattern whlch results in an abnormal

. appearing drainage pattern east of the headwaters of M111 Creek It is

postulated that w_ater from Parleys Park may ha_ve formerly drained west-~

“ward through Mill Creek and possibly other westward flowing streams.
1t should be noted that the streams at the head of Mill Creek Canyon flow
" at high angles to the strike of the Paleozom and Mesozoie sediments Wthh

have been folded and thrust -faulted. There is also a poss1b111ty, suggested

“by dramage shown} on radar 1magery, that other westward- ~-flowing streams,:
- such as Big Cottonwood, formerly had tributaries that extended farther

"~ eastward (Figures 8 and 9). To illustrate the comparative value of radar B
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in detecting old stream courses, upper Mill Creek is shown on an air photo

mosaic with a scale larger than the scale of the radar imagery (Figure 4),

There has been much speculation as to why the Weber and Provo
Rivers, which drain the eastern Wasatch and the western Uintas, flow
across the Wasatch Range, One explanation is Powell‘s antecedence
hypothesis of a river maintaining its course while cutting through a slowly
rising mountain range. A later hypothesis was that of superposition—,'
whereby the river courses were superizﬁposed from Tertiary strata whi_ch‘
unconformably covered the Laramide structures. However, in the Wasatch
Range there are no remnants of the Tertiary cover near the cross drainage
of the Weber and Provo Rivers. Hunt, in his 1956 report on the Colorado
Plateau, used a combination of Powell's antecedence and Gilbert's super~
position in what he called anteposmon. .

Hinze (1913) and others postulated that conseof,uent streams on the
west side of the Wasatch might have cut across the range to capture streams
which drained to such lowlands as the Uinta or Bridger Basins. According

.to this concept rivers, such as the Weber and Provo, that captured suffi-
_cient drainage were able to cut gorges through the Wasatch Range.,

Eardley believes that the Weber and Provo Rivers were established .

‘by Oligocene time and that they maintained their courses as the Wasatch

Range was elevated first by folding, then by faulting, He believes that
the Wasatch Range has been tilted by uplift of the range along the Wasatch
Front, An absolute upward movement on the east side of the Wasatch Fault:

would have tilted the Wasatch some 3° or 4° along a hingeline. Eardley

believes an axis of tilt lies at the head of the Provo Canyon; that belox_)v
this axis the Provo has cut a gorge‘a-nd above the axis the Heber Valley is
filled with alluvium.

.Threet (1 959) questions the location of the hinge and its existence,
because (1) Eardley's axis of tilt coincides with the intersection of the
present profile of the Provo River and the hard Oqu1rrh Quartz1te and '

- (2) itis not known that Heber Valley is deeply alluviated.

The postulated reversal of drainage in upper Mill Creek Canyon '

supports Eardley's hypothesus regarding uplift and tilting of the
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Wasatch Range and the location of the h'ingeline. It is postulated that
Mill Creek was a consequent westward flowing stream; that atd,hat time
Parleys Park was still filled by the Tertlary eonglomerates and andesxtes
which today cover hills adjacent to Parleys Park. Uplift of the Wasatch
Range caused tilting along an axis which is located at or near the present
drainage divide between Mill Creek and east-—'ﬂowing streams . This loca-
lity is 20 miles north-northwest of Eardley's Provo Canyoh locality and
the same distance east from the Wasatch Front. A ‘
When the area east of the hinge was lowered by tlltmg, dralr.age

- in the headwaters of ancestral Mill Creek was reversed. That the ances-

tral stream pattern has been altered by glaciation . mdlcates that the tlltlng"
was prePlelstocene. Since the tilting, accordmg to thlS hypothesis, the
level of Parleys Park has been lowered by erosion of Tertlary conglomer~
ates. and andesites which formerly must have filled the lowland,

, Landform Cla551flcat10n

Radar imagery appears to have value as a tool in studymg genetic

landscape evolution and for quantltatrve geomorphlc classification.

Although much research reamams to be done in thls area fmdmgs to date

.are enc ouragmg .

As part of a study on 1ntegrated landscapes in Puerto RlCO, David

E ;.ASchwarz and Major Roland Mower compared landforms discernable on .
) radar 1magery with the quantltatlve landform clas s1f1catron of the island
by Youn_g (1953). Young s clas slflcatlon was based on three parameters
'vrep'r'esented by three dlgltS. The d1g1ts show local relief, percentage

" of steep land, and percentage of flat land.. With this criteria for classi-

: fiCation, ‘shown in Table 2, Young devised the classlt’ic’ation of majar |
landforms shown in Table 3. In m'any respects Young's classification

resembles that of Hammond (1964). .
_ Young's landform classmcatlon was developed speclflcally for
Puerto Rico and was based on topographlc maps. In their study of Puerto

Rico with class1f1ed radar imagery, Schwarz and Mower superposed Young s -

landform regions on the radar 1magery. They found that they c,ould 1dent1fy

i Young s landform reglons on the radar 1magery and in some cases were
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| . TABLE 2
Criteria for Young's Classification of Landforms

First Digit: local relief in mecers
1: 0-112
2: 112 - 242
3: 242 - 770

" Second Digit: percent of steep slope* -
-1: 1 -5
. 2:.5-25
*3: 25 -100

Third Digit: percent of flat land™
- 1: 100 - 60
"2 60-3
3: 3-0

* Steepland - slopes greater than 59%
+ Flatland - slopes less than 3%

DT T e e
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TABLE 3
l\/lajor Landf_ox;m Classification by Young -

LOWLANDS
-~ (111) Plat lowlands
(112) Rollmg lowiands with some flat land
(113) Rollmg lowlands
(122) Rough lowlands w1th some ﬂat land

HILL LANDS .
(212) Rollmg h111 land with some flat land
- (213) Rolling hill lands
" (223) Rough hill lands |
E (232) Rugged hill lands with some flat land ‘
- (233) Rugged hill lands.

MOUNTAIN LANDS
(313) Rolling mountain lands ,
(323) Rough mountain‘lands - IR
' (333) Rugged mountain lands ' | ' PR
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able to, add detail to them. For examplbe,‘ in an area described by Young

~as ruggé_d hill land (classified 233) with one corner of the regfon described
aé rolling hills (213), Schwarz and Mower distinguished two different types
of topography, rather than one,von the 1arger pai‘t of the region,

They also found that Young's classification, which was based on
topographic maps, was generalized and in.many places missed much detail
shown on radar., For example, in Schwarz and Mower's regions C-2, C-3,
and C-4, the imagery shows mény lowland areas between the rugged hills
and the rolling hills which were not included in Young's classification. ’
Other examples can be seen in this part of Puerto Rico where the geomor-
phic classificaticn based on topographlc maps generahzecl much mote than
a class1f10atlon based on radar imagery., |
| , Schwarz and Mower concluded that radar imagery could be used to
refine and add detail to Young's classification and that radar imagery is
adequate for some aspects of regional generalization. Discrimination,
ibet,weén'landform region's such as flat lowlands and low hills could be

j o acQomplished with relative ease, They did experience difficulty in differ-
- ' entiating betweeri vériéu‘s degrees of slopes in mountainous areas.
Included in thlS paper (Fig. 10) is a landform map of part of the
Wasatch Range using Hammond's 1964 classmcation, for which criteria
. are given in Table 4 Hammonds classification is included here in Table
LIV, l\lthough some difficulty was experienced in adapting Hammonds"
" broad classification to the small study region, with modificatlons the
"classxfication was_found to be workable. : _
- Hammond based his classification on the three parameters of slope,
local.rehef, and profile type. The symbols B3b, according to Hammond's
: class1flcat10n, describe an area which is 50-80% gently sloping (B); has
300 500 feet of local relief (3); and 50-75% of the gentle slope is in low- .
land (b), Hammond, who considered areas of about six square miles as
the smallest units to be classified, stated that since his map is small
scale and is based upon a simple classification, it is a highly abstract
version of reality. ' | ' -
Because the Wasatch Range map is drav n to a much larger sdale
than Ha;_mmond's maps, some modifications in the classifications were made.




Wasatch Range, Utah -- Landform
From AN/APQ-97 Radar

Bla - Gently sloping lowlang Cde -
with 0-100 toot roliet
B3b - Gently sloping low!lanag Cda -
witn 300-500 foot relief X
Blc - Gently sloping u,-lanu Lue =
with 300-500 foot reljof
Chd -

B4a - Gently sloping lowland
with 500=-1000 fool yelict

B5d - Gently sloping upland
with 1000-3000 fyot relief

O -

Dod -

“Based on a modification of Hammond's classification,

Classification®

Gentle to medium sloping upland
with 500-1000 foot relief
Moedium Lo steep sloping upland
with 500-1000 foot relief
Gentle to medium sloping upland
with 1000-3000 foot relief
Medium to steep sloping upland
with 1000-3000 foot relief
Steeply sloping urland

with 1000-3000 foor relief
Steeply sloping upland

with 3000-5000 foot relief

WGR CRES /6M

Figure 10. Landform classification map. Derived from K-band radar imegery

except for elevations.
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TABLE 4
Criteria for Hammond's Classificati_on of Landforms

Pirst Letter: percent of area gently sloping*
A >80
B 50~ 80
C  20-50
D <20

Second letter: local relief in feet
' ~1: 0-100
'2: 100 - 300
3: 300 - 500
4; 500 - 1000
5: 1000 - 3000
6: 3000 - 5000
Third ]etter profile type - percent of gentle
:slope in lowland or on upland
> 75 (in lowland)
50 - 75 (in lowland)
50 ~ 75 (on upland)
< 75 (on upland)

'n.oo'w-

" % Gentle slopé - 8% or less slope
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TABLE 5
Major Landform Classification by Hammond

PLAINS
Al Flat plains
A2 Smooth plains
" Bl Irreénlar plains,lslight' relief -
B2 Inegular plains

TABLE LANDS
'B3c.d Tablelands moderate relief
- B4c d Tablelands, consuierable rellef
- BS¢,d - Tablelands h1gh relief
BGC d Tablelands very high relief

OPEN HILL Al D MOUNTAINS
C2 -Open low h1lls '
C3 Open hills _
C4 Open hﬂigh: hills - _
'C5 Open low m'o'untains""__.- -
06 Open lugh mountams

~HILLS AND MOUNTAINS
R D3 H1lls B
D4 High hilis L e
v _DS Low mountams
| D6 1L?[igh mountams
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The localf relief and profile type classes remain the same, but the slope

- ‘classes were changed. .Hammond selected the value of eight per cent
' ihclination as the upper limit of "gentle" slope, but for the Wasatch Range,

where little of the area is gently sloping, slope was modified to refer to
relative slope rather than to any abgolute slope. gradlent Therefore, in’

~this context, C slopes are steeper than B slopes and not as steep-as D
slopes; areas characterized as B generally have gentle slopes and D

values have extremely steep slopes,

Physmgraphlc Maps from Radar

Radar imagery portrays terraln features in such a way that the

- imagery is a _generahzed, shaded, rellef map. Not only is there no symé
'boli'zationproblem, as on topographic and physiographic maps, but there

are continuous graytone values on the radar imagery to convey a fairly |

detai-led representation of terrain over large areas. With the_addition of

“some place names a print of radar imagery portrays general physiography.

The two physmgraphlc maps in th1s paper (Figures 11 and 12) .
portray the same area in the Wasatch Range. Plgure 11 was drawn by

' W1111am Brooner who used a qu1ll pen and India ink to sketch topography

s on tracmg paper laf‘ cver the radar 1magery.

Plgure 12, ‘was drawn by Mrs-, W1ll1am Brooner from a 2X enlarge-

. -_j'ment of radar 1magery Various graytones were achieved by usmg a brush
" and d1fferent dllutlons of Indla mk Some features, such as rldge crests,
. were drawn with pen and ink. Although this illustration mcorporates

details from the radar 1magery, it is more of an artlst's concept than

It is necessary to emphas1ze that both of these phys1ographlc

"diagrams are first attempts by persons with only limited cartographic
v ,experlence to show that the technique of tracmg generallzed terrain maps
'vffrom radar is feas1b1e and may have potent1a1 It may be that generalized

terram maps could be produced qulcker and for less cost from radar, -or
a combmatlon of radar and. space bome photography, than from large scale ‘

. aerlal photographs and topc. Jraphlc maps .
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Drawn From Radar Imagery
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Figure 11. Physiographic Map of the Wasatch Range, Utah.
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Figure 12. Physiographic Map of the Wasatch Range, Utah.
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%‘w Summary

The observations in this report are preliminary. Much work re-
mains to be done in the way of regional description and analysis which
will be followed by field checks. ‘ .

However, this report indicates that radar imagery has utlhty for
regional geomorphic analysis and description and for land use studies. . |
The lack of ground clutter on radar allows one to see geomorphio féatures
that are often obscured on aerial photographs.

The topography of the Wasatch Range is well dlsplayed on radar.
imagery. Especially siriking are glacial features, some fault soreps, and -
stream patterns. Radar shows unmapped lineaments, possibly representing- »'
faults, that control development of certain-landforms and apparently '
deposition of mineral deposits. A postulated ancestral s’éreanﬁ pattern with"
reversal of drainage in the headwaters seems to yield f-undamentei data
on the origin of cross cutting rivers and tilting in the Wasatch Range. '

= A The 8 themetic maps preparéd fromradar imagery used in this study
(:'} : E - are: land use, transportation, surface materials, landform Classificeti_on,
- oresent draiﬁage_, ancestral drainage, and 2 physiographic maj 5. In the
next phase of research other maps, suoh aS'Vegetation maps, will be
. prepared, reglonal descrlptlons will be expandee, and field checks. W111
" be performed '

o




112

REFERENCES

Publications

Anderson, G. E., 1915, "Stream Piracy of the Provo and Weber Rivers,
.Utah, " Am, Iour. Sci., 4th ser., Vol. 40, pp. 314-316,.

Balley, R. W., 1941, ‘Climate and Settlement of the Arid Regions, in

Yearbook of Agriculture, pp. 188-19€. U.S. Govt. Printing
Office. .

Eardley, Armand J., 1933, Strong Relief Before Block Faulting in the
Vicinity of the Wasatch Mountains, Utah, Journal of Geology,
' ‘_Vol XLI, No. 3, Apnl May 1933, p. 243-267.

: e 1939, Structure of the Wasatch- Great Basin region, .
-Geol__.‘Soc Amerlca Bull., Vol. 50, No. 8, p. 1277~ 1310

_ , 1944, Geology of the North-Central Wasatoh Moun— E
tains,; Utah ‘Bull. Geol, Soc. America, Vol. 55, p. 819- 894_.

l952 Wasatch Hinterland, in Guldebookito the
Geology of Utah No. 8, pp. 52- 60 1 map, Utah Geologlcal
Society. .

Gi‘anger-, A.E. ,ACr.ittenden, M. D. ' Sharp, B.J., and Calkins, F. C.,
1952, Geology of the Wasatch Mountains east of Salt Lake
City, Utah Geol. Soc. Guidebook 8, 1. 1-37.

Hammond, E. H., 1964, ‘An'alys1s'of Properties in Land Form Geography:
An Apphcatlon to Broad Scale Land Form Mapplng Annals
Assoc, Amer. Geog. ' Vol 54, pp. 11-19.

Hawkes, B. W ., 1959, The Back Valleys of Summit and Wasatch Countles .
in Guldebook to the Geology of the Wasatch and Uinta Mountains
Transition Area, pp. 8-18. Intermountain Assoc. of Petrol.

~ Geol. 10+h Annual P1eld Conference

_ Hmtze F.F., 1913, A Contrlbutlon to the Geology of the Wasatch

‘Mountains, Utah, New York Acad Sc1 Annals vol. 23, ‘
pp. 85~ 143 L . B ' ‘

' Hunt_ C. B ' 1956 ‘Cenozoic Geology of the Colorado Plateau U S.

Geol Survey. Prof Paper 279, pp. 65-67..

: Lmdgren W. 1933 Mineral Deposits. New York‘ McGraw Hill Book

CO. l 930 ppo

'f'.'Longwell C. R. " and Flmt R. F., 1962 Introductxon to Physical Geology.

New York Iohn Wlley & Sons Inc. 504 pp. '




(¥
113

Marsell, R. E., 1964, The Wasatch Fault Zone in North Central Utah,
in Gulclebook to the Geology of Utah, No. 18, pp. 1- 14 1964
Utah Geological Society.

. 1964, Tha Wasatch Fault Zone in Salt Lake County, idem,

Threet, R. L., 1959, Geomorphology of the Wasatch-Uinta Mountains
. Junction, in Guidebook to the Geology of the Wasatch and
Uinta Mountains Transition Area, pp. 24-35., Intermtn. Assoc,
Petrol. Geol, 10th Annual Field Conference.. ’

Young, R. N., 1955, A Geographic Classification of Landform Types of
- -Puerto Rico, in Symposium on the Geography of Puerto Rico,
pp. 27-46, ed. by C. F. Jones and Pico Rafael Rio Piedras,
P. R: Univ. of Puerto Rico Press., 503 pp ’

Wilson, C L., 1909 Park City Mining District: Intermtn. ASbOC Petrol.
Geol., 10th Annual Field Conference Guidebook.

Maps

-Baker ArthurA., Caulkms S. C. Cnttenden Max E. ]r ,and Broomfleld
V. S., Geologic Map of the Brlghton Quadrangle Utah 1966
U.S. Geologlcal Survey.

- Crittenden, Max E. Jr., Geologic Map of the D~omedary Quadrangle Utah

1965 U.S. Gedlogical Survey. '

. Gleologic Map of the Mount Aire Quadrangle Salt
Lake County, Utah. 1965, U S Geological Survey. -

4 Caulkins, 8. C., Sharp, B. 8., Geologic Map of
the Park City West Quadrangle Utah 1966 U.S. Geologlcal
Survey v

Geokl’og‘ic Map of Northwestern Utah, Complled’ by W. L. Stokes, 1‘963. g
College of Mines and Mmeral Industrles Umverszty of Utah

Geologlc Map of Northwestern Utah ‘Compiled by W L. Stokes and Iames
H. Madsen, Jr., 1961, College of Mmes and Mme‘al Industrles,
University of Utah. e A o




	0045B03.pdf
	0045B04.pdf
	0045B05.pdf
	0045B06.pdf
	0045B07.pdf
	0045B08.pdf
	0045B09.pdf
	0045B10.pdf
	0045B11.pdf
	0045B12.pdf
	0045C01.pdf
	0045C02.pdf
	0045C03.pdf
	0045C04.pdf
	0045C05.pdf
	0045C06.pdf
	0045C07.pdf
	0045C08.pdf
	0045C09.pdf
	0045C10.pdf
	0045C11.pdf
	0045C12.pdf
	0045D01.pdf
	0045D02.pdf
	0045D03.pdf
	0045D04.pdf
	0045D05.pdf
	0045D06.pdf
	0045D07.pdf
	0045D08.pdf
	0045D09.pdf
	0045D10.pdf
	0045D11.pdf
	0045D12.pdf
	0045E01.pdf
	0045E02.pdf
	0045E03.pdf
	0045E04.pdf
	0045E05.pdf
	0045E06.pdf
	0045E07.pdf
	0045E08.pdf
	0045E09.pdf
	0045E10.pdf
	0045E11.pdf
	0045E12.pdf
	0045F01.pdf
	0045F02.pdf
	0045F03.pdf
	0045F04.pdf
	0045F05.pdf
	0045F06.pdf
	0045F07.pdf
	0045F08.pdf
	0045F09.pdf
	0045F10.pdf
	0045F11.pdf
	0045F12.pdf
	0046A03.pdf
	0046A04.pdf
	0046A05.pdf
	0046A06.pdf
	0046A07.pdf
	0046A08.pdf
	0046A09.pdf
	0046A10.pdf
	0046A11.pdf
	0046A12.pdf
	0046B01.pdf
	0046B02.pdf
	0046B03.pdf
	0046B04.pdf
	0046B05.pdf
	0046B06.pdf
	0046B07.pdf
	0046B08.pdf
	0046B09.pdf
	0046B10.pdf
	0046B11.pdf
	0046B12.pdf
	0046C01.pdf
	0046C02.pdf
	0046C03.pdf
	0046C04.pdf
	0046C05.pdf
	0046C06.pdf
	0046C07.pdf
	0046C08.pdf
	0046C09.pdf
	0046C10.pdf
	0046C11.pdf
	0046C12.pdf
	0046D01.pdf
	0046D02.pdf
	0046D03.pdf
	0046D04.pdf
	0046D05.pdf
	0046D06.pdf
	0046D07.pdf
	0046D08.pdf
	0046D09.pdf
	0046D10.pdf
	0046D11.pdf
	0046D12.pdf
	0046E01.pdf
	0046E02.pdf
	0046E03.pdf
	0046E04.pdf
	0046E05.pdf
	0046E06.pdf
	0046E07.pdf
	0046E08.pdf
	0046E09.pdf
	0046E10.pdf
	0046E11.pdf
	0046E12.pdf
	0046F01.pdf
	0046F02.pdf
	0046F03.pdf
	0046F04.pdf
	0046F05.pdf
	0046F06.pdf
	0046F07.pdf



