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SUMMARY

Tris Report is one "piece of the pu2zle®™ of hcw to generate arti-
ficial intelligence syst;us for aerisl photo intorpro(ation.‘ Here I cresent
an anzlysis of the meanings of generic topographic concepts~--terns such as
*"hilly® "clain," and "terrace," and adjectival descriptors such as "blocky,"
"ruggedy® and "large." A review of some of the literzture on topograghy,
geomorphologys and terrain analysis reveals that such terms are relied upon
heavily in descriptions ef terrains esspecially those that are intended to
communicate the perceptual form of terrain. Yet rarely, if ever, is an
attempt made to define such concoptse They are rooted in perception,
Judgment, anq experiance. Any artitficial intelligence or expert system fo-
daaiing with topographical infoqm;tio;.ér“aérial.pho!Q interpretation sgould
be able tec "understand® such terms,y ospecially if it is to interact with 3
husan operator. Hences it will be necessary to have symbolic definitions of
such terns.

Firsty the terrain analysis data base (Hoffman, 1984) of over 1,000
oropositions about the knowledge of expert 2erial ohoto interpreters sas
anélyzod to extract and categorize the generic terms (about 100 of them) and
the generic descriptors (about 250 of them). The listings and categorizations
were used as the starting point for an attempt to provide some of them with
definitions. My approach to the definition problen relioeos on concepts fron
ecological optics and the psycholegy of percegtion. The definitions them-
selves rely on concepts from topography. This Report has implications that
should be of interest to practicing terrain analysis and aerisl photo inter-
proteors, a2s wvell 2s implications for artificisl intelligence. The dafinitions

suggest some new methods for dascribing terrain and some clarifications of

traditional terminologye.
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INTRQDUCTION TO THE PROBLENM

Thte basic problen or starting point of the present work was agtly

described in a3 recent paper on photointerpretation by Hall and Benz (1985):

"How can ae incresse the throughput of the
Cprocess of exploiting remote sensing imageryl and, at
the same timey improve or at lsast maintain the current
quality of the output products? On agproach 1is to train
and equip enough rhotointerpreters to exploit qll the
imagery .data. Unfortunately, the curroqt training
faciliti;s csqld not produ?o tgo roquir;d number of
photointerpreters even if e;ough qualified people uwere
availablie fe~ the training. In addition, a substantial]
arount of practical experience is requirad to achieve
competence as a photointerpreter. This approachy then,
delivers too little too late. An alternative solution is
to develop automated systems shich will reduce the nunber
of required photointerpreters. . . Houever, the promise of
a fully-avtomated photointerpretation system, or even
portions of oney still rerains elusive. . « thare is a
place for a man in the locpy now and for some years te
comes An important part of Lthe concept of coupled man-
m2chine interfacesl] is to complement the computing and
data-handling powers of the machine with the inferencing

and reasoning abilities of the human cperator® (Pp. 54-55).

In order to develeop such 2 man-machine completant, specification
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of the knowledge and reascning skills of expert photointerproters is
necessary. In a previous report (Hoffean, 19€4) I described sorne methods
that can be used to extract the knowledge and reasoning processes of the
experts. Thor? methods yielded a corpus of information about photo inter-
pretation called a "terrain analysis data base."™ 7The more than 1,000
propositions in that data base consisted of descriptions of various land-
forms and terrain featuras. Example exerpts from that data base are in-

cluded here as Table 1.

. e . D an G D - - W — S W - -

insert Table 1 about here
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TASLE 1

Extracts from Hoffran®s (1983) t19rrain analysis data base.
here is one an exzmple of each of the major sectiors of the data base.

Context #3 - TROPICAL CULIVMATE
very rugged torography
lush vegetation growth
highly eroded in caforested 3reas
little agriculture in 3reas of low forulation density
deep soils except on slopes

Rock Form #3 - DOMES
raised rock defined by closed topography
can be small
can be circulary linearyor ellipsoid in shape
cin be compound
cin be clustisred

Included

structural disturbances st the flznks imply tilted heds, faulteo

beds, hoghack ridges, rugged mountains
c&n have radiating fractures
rsdial drainoges 2nnular 2t hase
undissected implies it is youn,
can be conposed of salty cypsumy intrusive bedrock

Rock Type $1 - FLAT SKHALE
gently rolling, irregular plain
rounded contours
syametriczl finger ridjes
branching rourded hills with saddla ridges
usually lowlands
uniform gradients imoly hemojensous rock
uniform gracients izply uniform erosion
tcnel bands imgcly bedding
ccmpound slope gradiant implies thick bedding
flared at base implies thick bedding
scalloped hill bases
V- anc U-sheped gullys
landslides

escargmentsy, very sharp ridces, steep pinnacles, steep slopes,
V-staped gullysy, 2nd a mediux to fine drainage net

irply sancy soils

husid climote
inolies vEllays, rounded hills
imnlies dendrf%ic drainaje

implies tine drainage nety, ronds, meanders, especially

if badded
amplies forestad, dense on hill slopes
inplies tonal bancs
(tahle centinues)
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opliss row crops in rectengular arrays
awplies intense agriculture

arid climate
implies stoeos, round+d hills and ridges
implies interrittent drainage
implies asymmetricsl slopes
irplies steep gullys
irplics shrub lend,y barren land
implies light or mottlad tonas

Soal Type #2 - SILY
light tones
silky texture
high sater—-holding cagacity
U-shaped gullys
highly erodable
less pormeable than sand
water czuses instability

Ffluvial Lzndforms =17 - PLAYAS
: drys low relief lakebeds in-arid regions:

very flat surface in the rogion cf 2 val! y
scrabbled surface implies alkaline darosits
can include heach ridges
few drainzge features
ne vegetation, unless scattered scrub
irrigation and intense cul tivation
rectangular field g3rid
includes salt flats

Drainage Patterns #5 ~ THERMOKARST
Jv .ys form polyqjons and haxagons
polygaons linked Ly meandaring streams
streams link small depressions like "be2ads on a string®
inplies permafrost

Gully Shapes #2 U~SHAPED GULLYS
mcderately steep side slore
curved channel botton
irplies loess soil

Agriculture Type ¥4 - QORCHARDS

lattic patrern

repeated uniform rows

porous, well-crzined soils

level terrain prlus trea2s arranged in 2 rectancular pattern iwplias
nuts, citrus

rollings uneven terr3in plus trees Zrranged ir a contour pattern
inplies fruits, peachas, aoples

D D A D D D D R - T Y - —— P A e P W - - W P WS G D A DD A D -
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The present Report takes this analysis one step further by
examining the meanings of the various terms that appear in the data base.
There, and throughout the literature on terrain analysis and ghoto inter-
pretationy a host of relativistic generic termns and concepts appears. Such
terms are generic in that they apply to many different situations. Ffor
examples 3 plain can take on many different forms and have many different
features. It might bDe smcoth and rolling, or it might even be rugged in
situations where it is elevated and highly dissected by erosion. One would
ordinarily not think af a plain as the kind of thing that can be rugged, but
since the concept of a plain is a generic oney it can take on many different
forms and appoarqncos.. On the other haéd, an outwash plain is » specific °
type of plain aﬁd has only cort;in specific features. Generic torographic
concepts sre not limited to noun-terms, but also appear as adjectives or
descriptors that are used to modify or qualify the meanings of the nouns.
For example, hills can be described as "hlocky® or as "rugged."

¥hile they are certainly descriptive, such generic terms are
relative to the percegtions, Jjudgrents, and experience of the photo inter-
preter. Such terms will hévo to be defined as explicitly as possible if
they are to be incorporated in any "expert systea"™ for computer-assisted
photo interpretation.

Suppose we have the following situation. A non-expert is inter-
oreting an serial photo stereopair with the assistance of a computer
expert system., Also available to ths interpreter is 3 togographical rmap
shich covers the area of the ghotos. Tha computar system would ask the
interpreter a series of questions about the coveraje #nd the nmagp infor-
mation. As 2 result of the analysis, the computer system might inforse

the intergreter that the coverage consists of "gently rolling hills and
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plains,™ or some such description, B8ut how does either the comtuter or

the interpreter knos ahat a "rolling™ hill is, or by implication, what

a non-rolling hil] 1s3? How does the computer or the interpréter knows

what the difference between a hill and a plain is? As should be obvious
from this examples the computer system vill have to be able to rerfora
operations that allow it to apply generic terms (hill, plain) and descriptors
(gentle, rollingd). Furthermore, the intarperter will have to be informed
of the meanings of these terms, so s/he will know what to look for when
going from the torographic maps to the aerial photos. Both the interprater
and the computer uwill have to be zble to translate from topographic
information about relief and slopes to perceptually relevant information,
information abo;t the ‘appearance of terrain forks. ' .

To halp achieve this end, the present Report describes a method
for defining the meanings of the relativistic, judgmental, perceptual
terms that are used in terrain anzlysis and photointerpretation. 1t
also includes a prelininary attempgt at detining many of the terrs. In
sumy the nain goal of this Report is to nzke some inroads into this
probicn of perceptual relativities—-to find some links betwoen such
relativities and symbolic descriptions.

First 1 must show in this Introduction that terms like "rugged,*
"blockys®™ etc. are heavily relied upon in the literature on terrain analysis
and photo intergretation, and that rarely, if evar, is an attemgt made to
define the terms, since the terms are subjective and their meanings are hard
to capture in words. Indeed, in some cases, relativistic descriptors are

defined using other relastivistic descriptorst

RELATIVISTIC CESCRIPTORS IN REFERENCE WORKS ON TERRAIN ANALYSIS
All the availzble major reference works on terr2in analysis,

geomorphologys and photo interpretation rely on generic topograghic terms
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and descriptors. While scme generic ternas, such as "hilly® "plain,” and
"mountain® are sometimes defined in terms of topography, thoY are usu2lly
not defined. Fur;hcrcora. generic topographic descrigtors sSuch as "blocky,"
®"rugged® and the like are relied on and yet are very rarely defined. For
instances Lobeck“s classic work on geomorpholegy (1939) includes sn oc-
casional definition for soxe generic terms (e.g., hills are elevations

with relief less than 300 meters), but it does not include definitions of
the relativistic descriptors that are used to describe the terms (e.g9.,
“ribbed™ topography, "cance-shaped®™ mountains). Gaeneric descriptors

do not even appear as entries in its index.

Reference works. dc fend to offer dafinitions of topographic and
'torraik tcrms; but only.for specific tyﬁos (t.o;. for landfo;ns). not for
generdic concepts. For eximpley Way“s (1978) standard reference work on
terrain analysis, like Lobeck, offers definitions for such specific forms as
dune types, delta typesy, gully types, glacial forms, and the like. It too
relies heavily on generic ternms and descriptors, and like Lobeck, offers only
the occasional definition for such terns (e.g.y» a butte is an isolated hill
or mountain with relatively steeop side slopes and a flat or rounded top).
Also like Lobeck, Way offers no definitions for generic descriptors. Generic
descriptors do not appear as entries in his index or in his glossary. The
Reader is left to rely on his own perceptions to understand the meanings of
such terms as "blocky®™ and "pitted.™ 1In those rare instances whare a generic
doscriptor is defined, the definition is in terms of geodynamic formation
processes rather than in teras of percertual zppearince. For exsmple,y an
"exfoliated®™ form is defined as one for which there has been "the bretking or
spalling offt of thin concentric shells, scales or lamellae from rock surfaces®
(p.384)e But how does this look in an aerial photo? What is "thin?%.

The texts by Lobeck and by Way are by no maans isolated examples.
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Mintzer and Messmore®s (1984) terain analysis guide relies heavily on generic
terms and descriptors, and yet offers definitions only for specific topo-
graphic types (e.Ge, glaéial formsy fluvial forms) and for a fes generic
tyones (e.gay tﬁo relief ranges for hills and rountainsde The Reader is

left to his own devices to deterwine the meaning and perceptual significance
of such things as "bench-like elevations™, "long, narrowy, snake-like ridges®,
®"parallely terraced ridges®™y and "irregular, star-shaped hills®, Similar
statements can be made 3bout about Frost et al.’s (1953) photo interpretation
guide. Its glossary offers some definitions for specific topographic types
(e.Gey @ kanme is a "shorty irregular ridgey hill or hillock of stratitied
glacial drifty™ an esker is an “elongated,. serpantine ridgc.f sandstonp can
éivo ;130 to "hroad, V-shiped, shefply;cgos;od ridéoi.; a piatoau conposed
of a certiin type of rock can invcolve a "flat-topped plain with shelves or
benches as walls®). Notey, hosever, that such definitions themselves rely on
generic descriptors and terms which go largely undefined.

Even if one were to consult Parker®s (1934) dictionary of earth
sciencesy, Gary et al.’s glossary of geology (1972) and Fairbridge®s (1968)
encyclopedia of earth sciences, one would be hard-pressed to come away rith
a significant understanding of the meanings of such terms as " Jjagged,"
"blockys™ "sastoothy® and the like. 0One certainly sould find no indication
of the perceptual referents and inportance of such terns.

One exception to this state of affairs is the photo interpretation
manual by Rinker and Corl (1984). Of.coursoo they too rely heavily on
generic terms and descriptors (e<Ce.s "closely spaced hills,"™ "pockmarked
plain,® "teardrop~shaped hills," ®"sharlpy rounded crests®), They also
provide an occasional definition for a generic term. For example, "basins
and valleys are depressions that are sufficiently large to provide a sig-

" nificant separation between the adJjecent higher elevations® (p. 17).
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Faults are defined as a "parceptible displacemsnt beteeen the sides of a
fracture slong the fracture plans, ranging from small crackslto trans-
continental linoa{ions‘ (pe 33)s Plains are detfined 3s "any relatively
flat surface of sufticient extent to be a mappable unit®™ (p. 63). An
escarpment 1s defined as "a significant and obvious boundary that separates
landform units® (p.64). They even offer an occasional definition for a
generic descriptor (e.g.» lumpiness is "small-scale roundness® or a "blocky
and choppy profile®). Hogever, these definitions thenselves rely on other
generic terms and descriptors (as can be seen in the sbove examples).

The distinguishing feature of the Rinker and Corl nmanual is its awareness
of the fact that there is indeed a problem of deiniftion here. 1In their .
;xt;nsivo cafaloding of ltndforﬁ foatu;;s“tﬁoy montioa that the dofiﬁit!ons
are relative to the percegtions and experience of the interpreter. 7To il-
lustrate their point z2bout perceptions, they offer a number of profile
diagrams, some of which are reproduced here in Figure 1. Each profile
relates to a different descrigtor or set of descriptors. In every case,
they mention that the description is based on the visual impression of the
laﬁdforns (Ppe 266-281) and they define the descriptors ostensively, that
isy, by pointing to an illustration of the visual appezrance of the form
profile.

insert Figure 1 about here




FIGURE 1
Examples from Rinker and Corl's (1984) photo interpretation "logic sheets"
which involve ostensive definitions of some generic topographic terms (re-

produced with pesmission)’

GENERIC DESCRIPTORS PROFILE ILLUSTRATION

(1) Sharply angular, jagged,
irregular, incounsistent,
asymmetric

(2) Smooth slopes, uniform
gradient

(3) ‘Stepped, sloping faces,
interrupted slopes °

(4) Blocky, fin-like projectioms
and pinnacles, box-like
valleys

(5) Gentle siopes, deep pits,

vertical walls, rounded JVW-
contours

(6) Rounded angularity, lumpy ‘gvﬂg~;f\'n~,_.~_\

surfaces

(7) Smooth slopes, very

gently rounded profiles W
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A ridge can be long, but so can a stream gully. So can a canyon.

How is ®lcng® for a canyon different from "long™ for a streanm? Can one
definition of ™lopg®™ work for both cases? A mountain range tan be rugged,
but so can a plain., Can ®"plain™ be defined in such a way that the gord
"rugged®™ sill apply to it without negating its meaning as something that
is flat? A small mountaint in a cluster of larger rountains camn appaear to
be a hill. uhat’s a hill?

The stage h;s besn sot for an attempt to fill in shat appears
to be a major gap in the literature on photo interpretaticn and terrain
analysis. The literature abounds 3ith generic terms such as plain, hill,
ridges knob, nand. and the like. It abounds with ggnbric qoscribtors such
as roughy blockyy rolling..séiIIOp;d. and the like.’ Such. generic terms and
doscriptors appear to be absolutely'necessary in the description of landforms
and terrain. VYety, little or no concentrated effort has been aprlied to
defining these terms.

I believe that it is possible to generate definitions of genaric ternms
and descriptors, definitions that do not eleminate the relativities, but that
ancﬂor the relativities in measursdle and perceptually informative togpograph-
ic features of terrain. The fact that relativistic descriptors are relied on
heavily in terrain analysisy, combined with the fact that they seem to be used
in 2 consistent way by various expert photointerpreters, implies that there
is sufficient information available in photos and topograghic maps to allos
for precise definitions of the gereric terms. Countless hours of debate have
been spent by expert photcinterpreters on such quastions as, "What do we me2n
oshen we say that 3 hill is blocky?"™ The usual answer is to throw up one’s
hands and say "It°s blocky because it looks blockyl® 1Indeed, it does look
blockys and my claim is that the re2son that geople can agree that it looks

blocky is because there actu2lly s sufficient information available in the
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optic array to specity such perceptual judgrments. Furthermcre, if the infor-
mation is avaiable in the optic array, then it can be specified in topo-
grapghic terms. _ ‘

In the next saecticn 1 will describe the method I used to catalog and
analyze the meanings cf generic topographic terms and descriptors. Followeing

that sill be an analysis and discussion of the results, which sill lead in

turn to ny attempt at defining some of the generic terams.

METHOO

'MATERIALS o - . o

The m2terials which were 2nalyzed were Hoffman’s (1984) terrain
analysis data base and eight specific terrain analysis programss developed
at the Center for Physical Sciences of the Engineer Topojraphic Laboratories
using the KES expert-systems development package.

The terrain analysis data base consists of 1,233 propositions
about landforrs. It was derived from standard reference works on terrain
analysis and ghotointergretation (Frost, et al., 1953; Lobeck, 1939;

Mintzer and Messmore, 19843 Rinker and Corl, 1986¢: Way, 1978) and from a
structured interviec of an expert photointerpreter. The dzta base has a
number of categories, including climate context, rock forms, rock types,
soil f;pl!. fluvisl lancoforms, drzinage patterns, 3jully shapes, agriculture,
and cultural forms., Example exerpts from each category were gresented above
in Table 1 (with the exception of cultural forms, which fzll outside of
the focus of the present znzlysis).

The KES prograzms are small routines for assisting photointerpretars

in the analysis of specific forms, such as metamorphic rocksy glacial formse
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and drainage gatterns. In the use of a KES program, the cperator is asked

-

a series of multiple-choice gquestions about the coverage being 2nalyzed.

An example is?

Formtype?d
(1) mount2ins
(2) los hills
(3) high hills
(4) los plains
€S) high plains
(6) depressions

(rultiple anseers are Dorniftbd).

The operator answers each question with reference to the aerial photos at
hand, and after the series of questions has been ans-crod} the KES progranm
offers its analysis, a landform categorization such as “outewash plain® or

"lakebed.*

METHOD
In order to conduct a meaning-full analysis of the data base and
the KES systersy, the following terminclogy was adopted, based on traditional
concepts in linguistic semantics.
PROPOSITICN - Any statement in the data base or KES system. For examgple,
under the category of drumlins is the proposition:?
"Smoothy lony, oval, rounded, cigar- or teardror~-shaped
low-lying hills,."
PREDICATICN - Any binary statement consisting of 2 groperty that is
asserted of some object. For example, the above pro-

position consists of the following seven predications:
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“The hills are smcoth,™ “The hills are 1longs" *The hills
are oval," "The hills are rounded,® ®The hll}s are cigcar~
sﬂapcd."'fho hills are teardrop-shaped,® "The hills are
low-1lyinj."
Since 2ll ot the predications that occur in the dats base and the KES
prograns take the form of adjectives, the term "adjectives® is used to
refer to the descriptors that are used to identify the properties in the
predications. Counting of adjectives is not equivalent te the counting of
predications, however,; since one adjective can serve in nmore than one
predication. For exarmple, under ths category of basalt forms it is
asserted that there are "terraced h?ll qlopos, canyon walls, and gorges."”
In this proposition, the singl; adJoctivo ®"terraced” oc;urs'in.throo-
predications, one about hill slopes, one about canyon walls, and one about
gorges. Thus, the nurber of predications in the data base should be greater
than the total nurher of gropositions. Any one proposition can contain more
than one ®"chunk® or predication.

Note that not all propositions need to contain predications. For
exampl ey, under th; category of glaciers, one groposition asserts that
"moraines are at the glacier edge." In this proposition, the presence
of a form is asserted and nothing is predicated of the form except for
its presence. Thus, not all of the propositions in the data base contain
ad jectives.

Armed with this terminology, one can gerform a meening-full analysis
of a3 set of linguistic propositions such as those that occur in the terrain
analysis data base or the KES prograss. One can asky, How many gredications
occur in the gropositions?---in other words, how "dense®™ 2re the gropositions?
One can asky How many adjectives are used in the prcpositions?---in other

sordsy hos much relience is there on relativistic perceptual Jjudgments, in
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contrast with sinple assertions about the presence or absence of features?

The terrain analysis data base and the KES systems gere analyzed
in terms of thoir'numbar'cf propositions and predications. Frecuency counts
were made of the occurrence of particular adjectives and particular generic
terms. Tre analysis was straight-forward, even thoujh over a thousand
propositions and hundreds of generic terms and descriptors were involved.

For the next step in the 2nalysis, the propositions and predications
were classifiede The categorization vhich I relied on bears some resemblance
to the traditional classification of "pattern elements®™ usaod in terrain
analysisy, however, my classification differs from it in some ways since ay
purpose u2s go develop a meaning—~-full categorization rather than to engage
in kho kinds of. activitios that‘t;rr;iﬁ.éhaiysts engage in.’ In the {raai—
tional classification, features are classified into seven groups: tones,
vegetation, drainage patterns, gully shapesy, form or relief, land use, and
special features. The present analysis departed from this traditional
classification in some respectse First, the vegetaticn and land use
categories waere cc;binod since propositions of the two types two usually
referred to vegetation or agriculture. Second, drainage patterns and gully
shapes were conbined into one category since both refer to drainage.

Second, a category of soils was included since many of the propositions in
the data base referrasg specifically to soils. Third, a category called
"formation processes®™ was added since many of the progositions in the data
base referred to geologicel dynamics.' For eximpley a proposition under the
heading of arid climate wes “evaporation causes surficial minersl deposits,"
which refers to the processes which cause a2 form or feature. Fourth, the
traditionz) category of "special features™ was ra-named “zssociated irpli-

cations.® Examples of such entries in the database are: "arid climate

inplies blocky hills and ridges™ and "playas can include beach ridges.™ An
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implication can be & reference to any of the other types of feature (soils, -
relief, tones, etc.). Sgnco sy purpose here sas to analyze the propositions
for their noaning-contont. an associated implication in the data base was
counted as such, however, it sas 3lso counted 2as an instance of other cate-
gories degending on its content. For this reason,; my category of associated
implications differs from the traditional cztegory of "special features.”
For example, the prorosition "arid climate inplies blocky hills and ridges”
was counted as an associated implication and sas also counted as a referance
to relief. Fifth and finally, a category called "location®™ was included
since a number of the propositions referred to the locations af various forme,
For example, an ontry‘undnr th hoading of outwash p;aiqs asserted that they
'éécur-at.tho bordof; of giacial forns.‘ | . V . .

An example exerpt from the data base sith indications of how its pro-

positions were scored is included in Table 2.

insert Tazble 2 about here

. D - - ) - — - .- e e
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TAPLE 2

An exawple exerpt from the data base and an illustration of hcw -
the propositions in it were scorod. The category of this entry sag
“Terminal moraine." Technically, the oprorasition in line 4 has no preds-
cations since it contains .o adjectives, Hevertheless, since all progo-
sitions were scored for their contenty the proposition in line ¢ {5 cate-
gorized under the precdications columne.

NUMBER OF NUMBER QF NUNMRER (OF PREDICATION
DATA BASE ENTRY PROPOSITIINS ADJECTIVES PREDICATIONS CATEGCRY
Usually wsithin a3 rolling 1 1 1 LyR
prarie,
Undulating, linear bands 1 2 2 R
of hill’.
Smally concentric knobs, 1 2 8 R

ridges, and depressionse.

Resulting from materiasl 1 0 . . ) . F
pushed 2head of glacier. : ' ' ’

Many conds, svamps, and 1 1 3 o,V
hedgarowse.

Oeranged drainage. 1 1 1 v

Narrow, deop V-gullys. 1 2 2 1]

Roundeds steeg ridges, 1 S 5 AgReToDyV,eS

light tones, saucer

gullys, forescs imply

coarse soilse.
R= relief T=tones L=zlocation
D= dreinmagae Vzvegatation F=formation grocesses
A= astociated implication S=soils

4
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RESULTS

TERRAIN ANALYSI§ EAYA BASE

The frequency counts for the terrain analysis data base are pre-
sented 1in Appendix 1 and Appendix 2. Appendix 1 shows the freguency of use
of each of 249 generic descriptcors (adjectives) and Agpendix 2 shows the
frequency of use of 99 generic termns.

The number of different adjectives used was 249, however this is
not the same 3s the total number of adjectives. That i3, the nunber of
different adjectives used does not reflect the total number of .redications

in which the adjectives appeared. ‘jho,tofa; nunbor_qf'adjcctivcs'is given

5; the sun of th; friquoncios that aprear in coiunn in Appendix 1-~-i.695.
Since the total number of propositions in the data base was 1,233, this
means ti.at there were about 1.37 adjectives per proposition. In other words,
esach proposition tended to include more than one adjective. Some propositions
included no adjectives and some included as many as seven. An example ot a
proposition with 2 relatively largce number of adjectives is an entry under
the category of the schist rock type: "“lLong, deen, parallel U~ or V-shaped
gullys with light, banded tones.™ 0On the average, 2.51 different descriptor
adjectives were applied to each teopic (249/99) and each topic was described
using an aversge total of 17.12 adjectives (1£695/99). 1In other words, each
generic adjective is typically used to describe more than one topic, and each
topic¢ 1is typically descrited sith a large numbar of adjectives.

Table 3 presents a breakdown of the predicaticns in terns of the
categorization, The total numrber of predications (1,525) is greater than
the total number of propositions (1,233) since a proposition could include
more than one predicationy s3s explained above, and since predications in

the "associated inplications®™ category were often counted in other catagories
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as well, depending upon their referents.

insert Table 3 zbout here
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TABLE 2

A categorization of tha predications in Hofftman®s (1983) terrain
analysis cata base. The table separates procositions shich {ncluded
adjective descriptors from those which did not (i.e.s precications that
simply assert the presence or absence of a forn or fezture). Entries
consist of the nufber and percantage of predications of e2ch type,

Since esch proposition could cont2in more than one gpredication, the

total nuaber of predications given hers (the sum of the two totals columns
belowy or 1,525) is greater than the total nunber of propositions (1,233).
Furthermorey gcredicztions in the "associatad inplicztions™ category gere
also counted in other cztegories, denending on the nature of what gas
inplicateg Cee3es» an implication eHout soilsy tones, etc.).

PREDICATIONS FRON PRECICATICNS FROM
PRCPOSITIONS PROPOSITIONS
WITH ADJECTIVES WITHOUT ACJECTIVES
CATEGQRY
(1) DRAINAGE 292 = 22.2% 39 = 18.31%
(2) TONES . .- ' 136 = 10,3718 2 = 0.94%
(3) VEGETATION/ 131 =13.79% 17 = 7.98%
LAND USE
(4) RELIEF 401 = 30.56% S9 = 27.69%
(5) SOILS 136 = 10.37% 8 = 3.76%
C6) FORMATIDN .1 = 0,53% 14 = 6,571%
PROCESSES
(7) ASSCCIATED 309 = 23.55% s¢ = 27.23%
IMPLICATIGNS
(8) LOCATIONS 31 = 2.36% 16 = 7.5%
TOTAL 1212 213
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Since there were 1,525 predications, the averige nuaber of gredica- .
tions per proposition was 1.24 (1525/1233). Of the 1,233 propositions, 77
or 6.2%2 contained no adj;ctivcs at #ll and 1156 or 93.76% contained at least
one adjective. If we comgare the total number of adjectives to the total
number of propositions shich contained adjectives, we find that each gredi~
cation~containing progosition had an aversge of 1.46 adjectives.

A final aspect of the results of the Inalysis of the data base
is the finding that a number of the generic terss and descriptors are
used in both adjectival and ncun form. A listing of 3ll those terns
which alsc occur in adjectival form is included here iq Table 4.

.
P e e @ - - - Y - - - -
"

1nsor{ Table & about hers
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Terrain amalysis terms that arpear in both noun and adjectival form,

NOUN FORM

bands

beds
clusters
contours
disglacements
dome
elevations
erosicn
fan

faults
flats
folds
forests
frinje
hill
intersections
Joints
mneander
mecuntain
peak

slope
stairsteps
streaks
surface
terrace

trom Hotffran’s (1984) terrain analysis data base,

ADJECTIVAL FORNM

banded
bedded
clustered
contoured
displaced
dome-like
slavated
eroded
fan-shaped
faulted
flat
folded

"forested

fringed
hilly
intersecting
jointed
wn¢candering
mountainous
ne aked
slogped
stairstep
streaks
surficial
terraced
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KES PROGRANMS
The KES progranms sere analyzed in a fashion sinilar go that used

for the dats baso: i.0.9 3djectives and their freauencies were counted znd
categorized.

Table S presents the results of the freauency analysis for the K&S
nrcgrams and Table 6 presents a categorization of the precdications. Unlike
the dats base, for the KES programs the total number of propositions is oqual
to the total number of predicationssy since the propositions in the K€S pro-
grans wers oxprcssod s simple predications in the questions which the KES
prograns gresented to the user. Hencey, the totels row in Table 6 has the
sanme ontrios as the coluan 1n tablo S labclod 'total nunbor of predicatpe."

' Only a fes propositxons in thc KES progranms containod no ldJoctivos.‘

- A G WD eP D D D G R D L D S G A - -

insert Tables 5 and & about here
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TASLE 5 -

. Analysis of the freauency of predicates (adjectives) in KES terrain

analysis files. Each KES filey when executad, asks the user a series of
between seven and nine gquestions and from the answers determines the type
of landform trat is being analyzed. Thuss the number of categories in 2
KES file equals one (landform tyne) plus the nurber of qQuestions,

RANGE OF AVERAGE NUMBER
NUFMSER OF  TOTAL NUPEZR  PREDICATES OF PREDICATES
CATEGORIES  OF PREDICATES PER CATEGORY  PER CATEGORY
SOURCE FILE
(1) GLACIAL 8 29 0 -8 3.63
£ ORMS
C2) DUNES 7 26 2 -9 3.71
(3> GULLYS 8 | 26 _ 2-5 3.25
C4) DRAINAGE 7 3 39 3-8 : 5.57
PATTERNS
(S) METAMCRPHIC 10 49 0 -9 4.90
RCCK
C6) SEDIMENTARY 10 s6 2 - 10 5.60
ROCK
C7) IGNEOUS 10 74 1 - 18 7.40
ROCK
¢8) FLUVIAL 10 67 3-13 6.70
FORMS

OVERALL AVERAGES 8,75 45.75 1.6 - 10 $.09
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TAaBLE 6

Analysis of the freaquency of predications (adjectives) in XES terrain
analysis files as a function of the category of the predications. Entrias
consist of the frequancy ind percentage of predications of each of eight
categories., Empty-cells are those with 2 fregquaency of zero. The total fre-
Fuincies zt the botton of the table correspond with the entries in the
second column of Table 5.

c
A
1 SJURCE KES FILE
£
G GLAC. CRAIN. META. SEC. IGN.  FLUVIAL
0 FORMS OUNES GULLYS PATT. RCCK ROCK ROCK FORNMNS
R -— —-—-- - — - - - -  mEmEaeEmoe Soe-oo - Ceeoceme ceoecaeaee —eme—— -
Y
JRAIN. 6 23 14 21 22
20.7% 46.9% 25%¢ 31.1%  32.8%
TONES e . . T ) SR I 9 - .
308 3.9% 16.3¢ 12.52 12.1% 11.5%
VEGET. 9 5 s 3 10
. 308 10.2¢% 7.1% 41T 16.9%
RELIEF 5 25 20 39 13 29 33 21
17.28 96.1% 76.9% 100% 26.5% 51.8%  45.6%  31.3%
SOILS 3 1
11.5% 1.49%
FORM. 1
PROC. 3.9%
ASSOC. 2 6 5
IMPLI. : 3.62 8.1% 7.52
LOCA. : 1
3.9% 3.9%
TOTALS 29 28 26 39 49 56 14 67
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Ine slighi departure had to be made from the rethod of analysis
used for the data base. A nunber of the KES programs included cuestions
about “special features," and a nunmber of them did not. Some but not all
of them hid propositions of the type I refer to as ®"associated implications.®
In order to allow comparison of the KES prograns and the data base in terns
of their reliance on 2ssociated irplications, propositions that the KES
author(s) included as "special fe2tures®™ were counted here as references
to relief, tones, or shatever, degending on their referents (e.¢., listing
"round hills" as a3 special feature of sedimentary rocks was counted here as
a reference to relief). Only propositions that referred to climatological
variations or to the simple presence or absence of associzted forms were
included ﬁoro.in.tho.qatogory_ot ®*associated 1mp!1c;tions.' For exampla,
tgg staterent th;t ;buffalo walloss”® océur in fluvial forms-and the statement
that various fluvial forms occur in a hunid climate were counted here as

associated implications.

DISCUSSION OF TMNE RESULTS

TERRAIN AMNALYSIS DATA BASE

Aralysis of the data tase yielded a large corpus of generic terms
and descriptorsy including a listing of which descriptors get agplied to
ohich terms, 3and how often. The listings presented in Apprendix 1 and
Appendix 2 are more than Jjust representative of the literature on terrain
analysis and ghotointerpretation. « « they are no doubt close to an exhaus-
tive listing of the generic terms and descriptors. Thus, the Agpendixaes
provide a good starting point for any attempt to defire the generic terms and

descriptors Cas I shall do in a later section of this report).
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By far, most of the propositions and péodications in the data base _
rely on adjectival descriptors, thus verifying the hyrothesis that generic
desciptors are relied on'holvily in terrain analysis. O0f the 1,525 predi-
cations, 1,312 relied on zdjectives. O0f the 1,233 prcpositions, only
6.2 percent included no adjectives 2t all. These adjective~fres propositions -
tended to be references to relief (e.gey hills have relief less than 300
meters; an outwash plain can be a terrace), to drainage (e.g9., in a till
plain, drainage patterns are controlled by the underlying rock), and to
associated implications that simply assert the presence of a form or feature
(e.g.y ponds are present in outwash plains)d.

Comparing the percentages of prodicgt}ons of each type acro%s the .
'propositions {ha{ cont;ihcd adj,ctlves and xhosiithat did nof. ocne can soov
some overall agreement. Since it is hard to refar to tones without using
adjectives, the nunber of adjective-free predications thq( refer to tones
is very snall. Converselyy it is easy to refer to fornation processes
without using adjectives, so the perceniage of predications in this
category is greater for the adjective-frae predications. With regard
to the otrer six categories of predicationsy, there zprears to be some overall
concordance in the percentage of predications of each type across the two
types of gropositions, as insgection of Table 3 reveals (for example, 302
of the relief-relasted predications with adjectives a2nd abcut 28% of the relief
related pradications sithout adjectives).

Tre propositions in the data base range from baing very dense
(i.0ey containing a number of precications and adjectives) to being very

simple Ci.®ecy simply a2sserting the presence of a form). On the averaga,

each proposition contains 1 to 2 gredications and 1 to 2 adjectivese.
Each different adjective can be applied to many different terns

and each term can get predicated by many different 2djectives. For example,
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the adjective "flat” gets applied to 12 different forss (deltas, plains,
ridges, etc.) in Appendix 1. The term *hill"™ gets described by 37 ditferent
adjectives Cconical, lon;. rugged, etc.) in Arpendix 2. On the average,
each different adjective is applied to 37 terms and each term is describad
using 2.5 different adjactives. Any proposed definition for a term must
work uhen the tern is modified by each of the applicable descriptors., Con-
versely, any proposed definition for & descrigtor must vork when applied to
any applicable term. Thus, the definition for "hill® must work even when
the hills in question are blockys bold, jointed, knobby, etc. The definition
of “’lat® must work when it is applied to ridges, plains, etc. Coalng up sith
definitions Qhat satisfy these mutual caenstraints will no doubt be difficule,
fho:offort can.bo lessened sdmoqh;f (Sdi not much) by.avolaing the use ;f
words that appear as both adjectives (descriptors) and terss (nouns) (i.e.»
the terms shosn in Table 4).

Arbiguity arises not only when a terms agpears both in ac¢jectival and
noun forme but also when a term is used sith more than one meining. The
best example of this is the uses in the data base (and in terrain analysis in
geﬁiral) of the term “relief.” It is used to refar to a generil description
of a region (as in the phrases “gentle relief®), that is, it is used
interchancably with the terms "land," “topography,™ and ®"terrain.™ The
other meaning of relief is 2 specific reference to the relief metric, that
is, the difference in elevation betuoen tha lowest and highest points of a
terrain form. Certainly 2ny attempt to systeratically define and use generic
topographic terms and descriptors will have to avoid such ambiguities by using
various terms in 3 consistent fashion,

The c2tegorization of the predications in the data base reveals
something interesting about the traditional pattern element caslled "srecizl

features.® 1In the present analysis, propositions that are ordinarily
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referred to as special features were counted as associated implications and
were also counted in the other categories, derending on the nature of their
referents. The fact thai the percentage of such propositions (309 or 231)
was higher than any other category except for relief indicates that the
®catch-all™ category of special features as traditionzlly may not afford

much poser in discriminating aspicts of terrain. Rather, it igs the specific
meaning content of various “"special features® that is what is isportant,
Certainly, each landform or terrain type will have certain "spacisl® features
associated with it. However, these special fcatﬁros are special not just
because they are associated with certain forns, but because they refer to

such things as relief, tones, etc., and thereby refer to perceptible qualities.

-

The one category of ;rQQications that ozs relatively los in fre-
quency was the category of "formation processes.® This is to be expec ted
since it gas not the purpose of the data base to explain the formation of
landforns. This task is part of the ™explanation®™ component of an ox;eri
system rather than its data base. Clearly, a great deal of information
will have to be included in the explanation component of an aerial photo
interpretation expert system 2nd the information about formation processes

that is included in the data base only scratches the surface.

THE KES PROGRAMS

The analysis of the KES programs also reveals something interesting
a the traditional categories of "pattern elements.® A nunber of the
cells in Table S are blanky indicating that ncne of the progositions in a
given KES program fell into those categories. This is interesting because
Way (1978), the source for the information used to build the prcgrams, rlaces

great emphasis on analysis of each pattern element for every landform.
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Indeed, the present results suggest that different pattern elements are mor,
or less irportant in the analysis of a given type of landform and they should
not be given eqgual seighty as is traditionally the case. Perhaps more
analyses like the present one could be used to derive and assign such weights
for various landforms and terrain types. Such weights would assert that for a
given landform or terrain type, one or another pattern element should be givan
more or less seoeight than other elements.

The eight KES programs were developed by different researchers, and
yet each grogrammer found it necessary to ask the user 7 or 8 questions in
order to determine the classification of the forms being analyzed., Even
though my attempts to use the KES programs with various aerial photos en-
counteced problems shen the features in the photos did not precisely satch the
features listed in the KES-provided quostioﬁs. this éomuon reliance on only
seven or eight questions suggests that this number of questions is sufficient
for classification purposes. Hers, the results of the present a2nalysis fit
with the traditional practices of terrain analysis, that is, the use of the
seven "pattern elements.® Although for any given KES program the questions
do not necessarily refer to exactly the seven traditicnal pattern elements,
the KES prograns co tend to ask seven or so questions. This suggests that
seven may be a lower 1imit on the number of aquestions needed to categorize

landforns,

COMPARISON OF THE DATA BASE AND THE KES PROGRAMS

Tte KES programs involved a total of 119 different adjectives.
of these, 103 appeared in the dats base. Thus, the KES programs included
16 adjectives that were not included in the data base. In most cases,
equivalent terms could be found, hosever. For example, the KES tera

“black tones™ corresponced wvith the data base term, "dark tones.™ The
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KES term, “soft hills® corresponded with the data base cescriptor, "ge-tle
relief.® Of the 366 adjective, in t~e KES programs, enly a handful had abso-
lutely no correspondirg adjective in the data base (i.e.y "mixed tones,*
“"abandoned gullyss®™ "coalescing fans® and “complex sh2pes®). One can safely
conclude that the two _ifferent sources, the data base and the KES files,
relied on essentially the same set of generic terms and descriptors. This

is to be expected since they came from the sarme sourcese. Development of the
KES programs relied almost exclusively on the text by Way (1978) ahich was

also a major source of information for the data base.

GENERIC TOPOGRAPHIC TERMS AND THEIR MEANINGS

The discussion up to this paint has set the stage for an attezpt
to specify some of the meanings of generic terms and descriptors. I began
sith the Fypothesis that generic terminology xas relied upon heavily in the
literature on terrain analysis, and this hypothesis w2s hcrne out hy the
analysis of the data base and the KES programs. That analysis yielded a
cataloging of various generic terms and descriptors, a cataloging that
can be the stsrting point for an sttampt to defirs the terme.

The method I used for analyzing the data base and the KES prograns
can work 3s a general method for deriving definitions of generic topographic
terms and descriptors. In order to derive a definition for a given descriptor
(adjective) or 2 givan topic (term), one needs to pa2ir each adjective with
2ach of its topics (in Apgpendix 1) to see if the candidate definition works
across topics. Also, one needs to pair each term with 21l of the 2djec tives

that are applied to it (in Apgendix 2) to see if the candidate definition fcr
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the term sorks across adjectives.

This was the approach I took. What follows is a set of definitions
" and some comaentary on them. 1 begin at the most general level, gith terms
and metrics that describe relief. These basic concepts are then used in the
definitions of generic terms and descriptors that acpear in Appendix 1 and

Appencdix 2. Each definition relies on definitions that came before.

SOME ASSUPMPTICNS ABOUT PERCEPTION

It is assured in the folloswing discussion, as it is in the
literature on terrain analysis and geomorphology, that only a few "slices"
of a terrain form ar, sufficient to.capturo the imporftant f.aturo; of the
forme This assunption may or ﬁay not S. Zn obvious one. Nonotholos;.
sone Jjustification for it should be sought., Ctheruise, we might proceed
to define generic topographic terrms using such diagrams as those shouwn in
Figure 1y when such "slices®™ may not be sufficient.

A justification for this 2ssumption can be found in an analysis of
per-eption. In the Introduction 1 made the claim that definitions of generic
terms and descriptors can be derived since generic tarminology is used con-
sistently by various terrain analysts. Their percoptions must be similar, and
hence, there must be sufficient information in the opti- array (and therefore
in stereo aerial photos as wall) to specify those perceptions.

Surfacesy their orientations, their microtexture, asnd their surface
coio}s 21l add structure to thas ambient light (Gibson, 1379). The light thus
contains information that is specific to the terrain. The information tnat
is available in the optic array that allows for the perception of such aspects
as "blockiness™ and "plateauness® pervades the landforms. The information
that is available is specific to surfaces, not to individual points or “rays*®

of light. Perception is of surface propertios, occluding edges, and varia-
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tions in surface gropertieses The dependencies as I have outlined them are

1llustrated in Figure 2.

- e D D D W A D - -

insert Figure 2 2about here
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Cne implication of this reasoning about "ecological optics® by
psychologist James Gibson is that the perception of such aspects a5 ®plocki-
ness® is not layers of 1;foronco deep in the cognitive proco;s. Indeed, by
this line cf rsazcningy percepiion is direct and requires no levels of
inference or computation. The labaeling process of saying that a3 terrsin
form looks blocky requires matching or the recognition of concepts. Howsver,
the perceptual act itself of seeing the terrain is direct in that the infor-
mation available in the optic array directly specifies the terrain,

It is easy to perceive blockiness or ruggedness. So too, it is
easy for terrain analysts to consistently decide wshen descriptors such as
®*blocky™ or "rugged” zpply. Therefores it mnight not be as difficult as

‘one nibht.supﬁos; to c&ho up with dcscriptiéhs 6? su;faoos ;n.suffic;onf
dgiail to give a topographic specification of the meanings of generic
descriptors.

In contrast with this line of reasonings one might begin with the
fact that hills and other terrain forms are very complex three-dimensional
things. Shouldn’t it be necessary to use highly complex topological equa-
tionsy or even fractals, so that we can build a complete model of terrain and
theredby define such features as blockiness? There a3re teo sides to this
qQuestion. One isy Is & partial description of terrain forms sufficient?

The other is, Sufficient for shat purposes?

Certainly terrain forms can rance fror the geometrically simple
(e.0.y 2 drumlin as a truncated inclined cylinder) to the georaetrically
complex (e.g.y 3 highly dissected mountain range where one mountain‘’s
slopes blend imperceptibly into the next mountain®s slopes). However,
Gibson’s theory of perception suggests that it is not necessary to generate
a complete topological description of terrain forns in order to define

generic descriptorse The information that is available in the cptic array
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"pervades®™ the landforms. Only a few ®"slices™ of a terr2in form are needed
to describe the surfaces of a terrain form in sufficient detail to determine
whether such concapts as.hills. plateaus, blocky, or rugged apply. Since
the surfaces 1n.tho terrain serve to structure the ambient optic array, the
surface inforxation that zlloes for perception of such properties as blocki-
ness is the same information that allowss topographers to describe terrain
sufficiently in terms of 3 fas ®slices® of the surfaces. To determine that a
hill is rugged and highly dissected, one need not comgute the total three-

dimensional shape.

I am now in a3 position to begin a presentation of some definitijons
..66 generic topographic t;rns and‘do;cri;t;r;. and s;;ri off at tholndst
general level, that of relief. As the presentation proceedsy <ihe Reader will
see that later definitions rely on the earlier ones. The Reader will 2lso see
that some of the definitions presented here are "standard®™ in the literature
on terrain znalysis and tcpegraphy (e«ges the definition of degrees of slope).
In 211 casesy the definitions were derived by first seeing whether definitions
were offered in reference sorks on terrain analysis (i.e.y» those cited in

the Introcuction to this Report). 1In some cases, the literature affarded

partial definitions; 2nd these were refined and expanced upson here.

BASIC RELIEF TERMINOLCGY
The first terms to define are those that fall at the most basic level
of dascrigtion:
SURFACE: The planar intertace of the toerrain 2nd the 2ir. The surface czn be
divided into surfaces.
COVERAGE: The set of 3l]l surfaces represented in a particular map or ghoto.

AREA: Any subset of adjacent surfaces in a coverage.
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ZLEVATION: The height of a pcint on & surface relative to the lowest point -
on the surface, or in the coversge or in an arez.

RELIEF: Rolativo-olovation. or the difference between the highest and lowest

points on a surfacey, or in the coverage or in the area.

SLOPE: Tre angle of 3 surface relative to the horizontal plane, or the
change in extent betuween two points on the surface divided by the
change in elevation across the two szme points.

The next set of terms to define are those that deal with the observer’s

perspective on the surfaces:

ANGLE OF REGARD: The perspective from which a.surfaco is viemed.

AERIAL ANGLE DFJREGARDr Viewing 2 Qurfaco frg- the a,ri;l qors;octive. that

o 15; gaio direction is do-nuard-in the vertical
plane.

TERRESTRIAL ANGLE OF REGARO: Viesing a surface from the perspective of some-
one who 1is on the surface and directing their
gaze horizontally.

Having defined these rmost basic termsy I can now define the ®slices®™ that

uill'bo used to describe terrain surfaces:

CONTOUR: The outline formed by the intersection of a horizontal plane and
the areal surface, chere the plane is pergendicular to an
aerial angle of regard and parallel to a terrestrial angle
of regard.

CRdSSbSECTION: .The outline formed by the intersection of a vertical glane
and the aresl surfacey where the plane is parallel to a
terrestrial angle of regard.

PROFILE: The outline forned by the intersection of a vertical rlane of

and the areal surface, where the plane is perpendicular to

a terrestrial anjle of regard,
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The three terns, contour, cross-section, and grofile, are fairly
standard in terrain analysis and topography. Together, Qh.y.d.11n. a "nornmal®
perspective on terrain f;rns. Notey however,; that they are relztive to
the observar®s angle of regard or perspective on the surface being
intersecteds This is illustrated graphically in Figure 3. This Figure
is an aerial perspective topographical map of the Menan Butte in ldzho.

Each of the contour lines in the map represents a contour as defined above.
Hencey 3ll the points on the surface that fall on the outline are of equal
relief (relative elevation). In order to identify a cross-section and

profiles 3 particular terrestrial angle of regard is established by locating

. the observer (large oren circles) at a particular position on the terrain.

L]
.

In fho tor porti&n of Figurofa. .an arbiéré}y'location 1s selocted. Relative
to this location, the line laboiod 1 sould define the plane on mhich a pro-
file sould be drauny, and the line labeled 2 would define the plane on which
a cross-section would be drawn. In the lower portion ot Figure 3, the ‘
observer is shifted sc that the line 1 which runs across the butte is
longer than any other line that could be draon across ite Line 2 is then
dri-n por:ondicglar to line 1.

insert Figure 3 about here




FIGURE 3

tn illustration of how the positioning of the planes for cross-
sections gnd grofiles is relative to the &ngle of relsrd taken by the
observar. These ezerpts frod 2 topograrhical mza shoe 2 butte, an exzarle
of a fora uhote boundrries ire fairly distanct, In tre top portions &n
arbitrary position for tne coserver is seolected. In the losar portion, ths
location of the observer is skifted such that ths profile plane (defined by
line 1) igs maximizad in length. The cross-section gline i3 detinad dy line 2

and 13 perpendicular to line 1.
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Positioning the observar and the lines of intersection such that the
plane of the profile is meximized in length represents the "normal™ perspec-
tive. Establishing this'porspoctivc requires that the boundaries betseen
forms are definable, and this sometimes is a difficult prerequisite to meet.
In practices this may not matter such since, as indicated above, just about
any handfull of slices should be sufficient to 2llow 2 description of a given
form. Indeedy, the more cosplex the form, and ths less discernable its
boundariesy, the less it should matter hos the observer is oriented. This is
illustrated in Figure 4, shich is of a contour map of highly dissectad
plateaus in Arizona., The fores in this rejion blend 2lmost inperceptibly
into one another. Even soy it seems to be pofsiblo to.orient the opsorvor‘
“in sucﬁ a‘-ay ;s:to‘os;ibl{sh 3 "normal® perépoééivoifor crqfilos and cross-
soétions.

-y D - - - - - - -

insert Figure 4 about here




FIGLRE 4

An 1llustraticn of the "norral™ perspective for a form shose
boundaries are indistinct. This exerpt is frem a topcyrarhic map shouwiny
highly dissected plateaus. HNote that the normal persprective for the two
plateaus requires a differaont location for the obsarver, since the major
axes of tre two p}atoaus.aro in different orientations.
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Having defined these three "slices,® I can nos define other concepts

. that are used to describe terrain surfaces.

CONVEX: & slopod-surfaco for which & profile or cross-section contains an
increase of relief toward the center of the plane of intersection
and a decrease of reliet tosard at least one of the the margins
of the plane of intersectiony when the plane 1is centered on the
elevation maximun,

CONCAVE: A sloped surface for which a profile or cross-section contains a
decrease of relief toward the center of the plane of intersection
and an increase of relief tozard at least one of the the margins
of the rplane of inﬂorsocﬁ#on. when 3hc plane is centered on the
elevation ﬁininun.. ' ' . o

Having defined these basic terms to be used in describing terrain
surfacesy I can now move on to defining terms and concepts tha* involve the
®"gcaling” of cifferences in surfaces.

RELIEF SCALAR

GENTLE RELIEF: Oifference of between zero and 100 meters in the
relief of points within an area.
MCODERATE RELIEF: Lifference of boetween 100 and 300 meters in the
relief of points within an 2rea.
STRONG RELIEF: Difference of greater than 20C meters in the relief
of points sithin an area.

SLOPE SCALAR

HORIICNTAL SLCPES Slope of approxima2tely zero percent.
VERY GENTLE SLOPE: Slope of betwesen zero and five percent.
GENTLE SLOPE: Sloge of between 5 and 15 percent.

MCOERATE SLOPE: Slope of betwean 15 and 40 percent.

- s A
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STEEP SLOPE: Slope of betseen 40 and €0 percent.

VERY STEEP SLOPES: Slope of between 60 percent up to vertical.

The above two scalars ar; a traditional part of terrain analysis and topo-
graphy. Fowever, thsy appear to be insufficient for providing 2 full
picture of the appgearznca of terra2in, and hence insufficient for the
definition of generic topcgraphic terms. For this reason, I found it
necessary to look beyond these available scalars.

What is needad is a means for descrabing the variability of slopes
bath within a particular form an3d across varicus forms within an area. 1
could find in the literature only one such scalar, wvhich goes by various
names and which I refer to 2s the Slope Change Index, or SCI. To determine

'fho SCI one Eouuis the nurber of slopes with a positive sign fi.o.g the

slopes are going up as one moves across the terrain) and the nurber of slopes

eith 2 negative sign (1.e.y the slopas are going doen as one moves across

the terrain). The sum of these two jives the SCI, and is an index of the

number of deflections in slope as one mMoves across fornms. This is illustrated

in Figure 5.

D - - = D .y D D D D = .

insert Figure 5 about here




FIGURE >

Iliustration of the Sloge Chanje Indax, or the number of times tne
slopa chanjes sign ftrom pcsitive to nejetive. Capital N roepresonts the
counting function., Tha diagrzm could be & cross-section or a profile.
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The major problem with this scalar is that it yields a value ¢ z.r;
for slopes that vary and'yet that hsve no deflection points,' Thus, a mountain
2ith very stoep slopes and a hill with smooth s)lopes sould have the same SCI
sven thougch the slopes on the hill might be more varisble (e.g.y, a steep crest
regiony a less steep sides 2nd a tlared base). This is illustrated in Figure
6o The SCI is able tc discrininate between the two "tough cases™ but is unabe
to discririnate betuween the clear cises and their correzponding tough cases.

insert Figure 6 about nere
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FIGLRE ‘

&n illustration of the Slooe Chrnge Index of slope variability,
Note that the SCI can discriminate tetseen the tewo "tcugh cases,® but cznnot
discrininite each tough c2se trom its corressencing clear case.

(1) CLEAR CASE OF A SINGLE FORM
ALL SLOPES NEGATIVE

SCL =20

(2) "TOUGH CASE".OE A SINGLE FORM

ALL SLOPES NEGATIVE

SCI = 0
(3) "TOUGH CASE" OF TWO FORMS
-
ONE POSITIVE SLOPE
% SCI = |
-
(4) CLEAR CASE OF TWO FORMS

ONE POSITIVE SLOPE

SCI = |
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Since the SCI is unable to discriminate between the clear cases and
their corresponding tough cases; I wont in sedrch of additional scalars
“that might be of use in describing the variability of relief'in such a way
as to make further discriminations. The metric called relief involves con-
paring surfaces only in terms of the elevations of two pointsy, the highest
and the lcweste. What if new metrics are dafined which involve more fine-
grained analysis and shich involve various transformations of the raw
elevations other than a single difference?

One possibility that comes to mind immediately is the concept of
a slopey the angle of a surfacs. This angle is computed 2s the ratio of
the differences in values on the tso coordinates of a slice (cross-section
or profile). MWhat 1f the slogas 2t various péipts anng‘a surfac; vere
calculated and these values compared? For most forms, they would differ.
For many areas, the values would differ across forms. Can some metric be
devised to capture this variability?

That very sorde variability, is the key. The statistical concept

of the "variance®™ is 3 very useful tool in descriptive and inferential
statistics. The variance is a measure of the degree to which a set of numbers
deviates from its oun average value. First one comgutes the average. Then
each of the numbers in the sat is subtracted from the average and the resultinj
value is squared (the arithmatical rean is like a "balance point™ and if one
does not square the differencesy they would sum to zero, for any set of
aumbers). The squared values are next summed and the result is divided by the
numb;r of numbofs involved. The roesult, the variance, is a kind of average,
the average degree to which a set of numhers "scatter® or differ froa their
own average. Calculation and use of the variance is a basic part of statistics
and is illustrated in all statistics texts (eo.9.s Mood, et al., 1974).

One could compute the variance of the slopes, that is, the average

— e
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of the squares of the deviations of the slopes about their mean slops.

This is illustrated in Figure 7. The Slope Variance could take on any pos-'

itive value from Zero (for a flat plane) onward, expressing the degree of

variability of the slopes.

- A e ST A S D Y G WP W -

insert Figure 7 about here
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Il1lustration of th2 compJdtation of the Slope Vvar
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Togethers the Slope Variance and the SCI augment our ability to
describe terrain surfaces since they make up for each other’s deficienciaes.
doth the SCI and the Slope Variance would yield a value of zero when a
single, urvarying surface is described. For such surfaces, the concepts of
surface and slope would be sufficient for descriptive purposes, The Slope
variance has an advantage over the SCI in that the Sleope Var;;nco will
discriminate cases that the SCI will not. The SCI gives 3 value of zero
for any slope that varies without changing sign. For such slopes, the
Slope Variance mould yield numbers whose magnitude is in groportion to the
degres of variability. Referring back to Figure &6y the Slope Variance

_would discriminate iach-toqgh case froniits'cbrrispoﬁding c%c;r cas;. For
case (1) the Slope Vgrianco would be less t;an for case (2)y for case (3)
tha Slope Variance sould be less than fer case (4). The Slope Variance is
sensitive to the magnitude of change across three nogatiia slopesy or across
one positive and tewo negative slopes.

In contrasty the SCI has an advantage over the Slope Variance. Con-
sider a "sawtooth®™ form in which the«re are rereating crests with equal slopes
betveen them. As the nusber of such crests being counted increases, the SCI
sould keep on increasing. Hosevary since the alternating ascending and de-
sconding slopes are all ecqual, the Slope Variance would remain constante.

The SCI does not apply to individual foras that have no slope changes, such as
a2 "rolling®™ plain. Unlike the Slope Change Index, the Slcpe variance would
apply to 211 individual forms as well as to sreas. Thus, the SCI 2nd Slope
Variance 2ugmnent each other®s descriptive powvers.

Tris line of reasoning about the utility of variability metrics can
be taken yet snother step further. The rzas elevation data can also be entered

into a calculation of the skes and kurtosis of a3 profile or cross-section.
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These concepts are also basic to descriptive staticstics, as the concept of 3
variance is. Skes (syametry) and kurtosis (flatness) are computed in a uay'
very similar to the variance. B8oth are averages of sums of deviations of a
set of nuanbers from their average. In the case of Slope Variance, the nunmbers
that entered into the calculations were slopes, a do;lvativo of "rae" eleva-
tion data (3 ratio of differences). For skeu and kurtosis, one returns to the
ras elevation dats. Each elevation point is subtracted from the average ele-
vation. Rather than squaring the differances, if one cubes them the result is
informative about skes. If one raises them to the fourth powery the result is
informative about kurtosis. Simple. And elegant.
The full formulas for Elevation Skew would be?
2 (e-T)°
-._.___:r__.
Ge .

and the full formula for Elevation Kurtosis would be!

2 (e-x)t
d‘i

whare e represants an elevation and ¢ represants the averajge elevation.

Unlike for the sinple variance, the sums are not divicded by N, but by a
power of the variance (herey variance of the elevations, not the Slope
variance). This "nornazlizes® the metrics. Skew can take on values betueen
-1.00 and 1,00, with ths extremes representing skoew in opposing directions.
Kurtosis can take on values that center around 3, with nurbers less than 3.00
a sign of flatness ("platykurtic®) and numbers greater than 3.00 » sign of
peakedness ("leptokurtic®).

The full set of metricsy the Slope Variancey Elevation Skews and

Elevation Kurtosis, should in theory be sufficient to describe any distributios
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of elevations exactly (since the three basic "moments® or deviations about
L 4

the average are sufficient to describe any distribution of numbers CMood,

[}

et aley 19741). They are illustrated in Figure 38,
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inssrt Figure 8 about here
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An illustration of clope variznca, kurtosis, and skew,

SLOPE VARIANCE

Sacoth slope,
low valuss

Rugged slope,
high values

KURTOS1S
‘_——uptokurt(e
Rurtosis value greater
than 3.00
‘-———lou-kur:ouc

kurtosis value = 3,00

Hll(’hf‘tc

kurtosis value less
than 3.00

skev values close to zero
sitive skev values

negative skev values
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(I should pot;t out parentheticzlly that the traditional gistinction
hetween 3 hill and a sountain as a difference in relief confounds {ncreasing
relief with 1ncro;sinq volume Cmassle Hills are of lower elevation, byt one
can increase slevation without getting a mountain: 1f the volume is constant
one would get a pinnacle.)

Just 2and the SCI and the Slope Variance complement each other, so too

do the Slope Yariances Elavation Skew and Elevation Kurtosis metrics complement

sach other., Various combinations of levels of each of these three metrics

are illustrated in Figure 9.

insert Figure 9 about here
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matrix corparing slope varience and kurtosis, skaw vas set at zero, nmaking
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Note that for all of the forms illustrated in Figure 8 ang a1} i
those illustrated in Figure 9, the SCI would yield the same velue ({.q.,
1). This is not %o say ihnt the three variadility metrics replace the
SCI. The Elevation Skew and Kurtosis metrics agnly to individusl forng
and the SCI and Slore Variance apply to regions as well ag to individual
forns. tach of the metrics, the SCI, the Slope Varisncey, Elevation Skew, and
€lavation Kurtosise discriminates some aspact of the variability of relief,
Togethers they offer a pounerful set of tools since-each one makes up for one
or another daticlency in the others. This is 1llustrated in Table 7.

insert Table T about here
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4 comparison of thre slops change 1ncuix, slope varfancey kurtosis,

and skew motracse.
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SLOPE Arount of change
CHANGE an the signs of
INDEX the slopesy shether
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It should be pointad out that these relief metrics apply to in-
verted forms, such as canyons or ¢ullyss; as well as to elevated forns
like hills and plitoaus.' For examples hanging valleys are skewed in that one
slope rises into rountains and another sloope declines into a larger valley
below. Bcx-shaped gullys would be defined metrically in the same say as
plateaus: The bagse of the gully is flat and the crest of the plateau is
flat. Both have steep sloges and both are leptokurtic with los Slope Variance.

So far in the presentations I have introduced and defined basic
concepts sbout surfaces (slope, orientation, elevation) and adbout surtace
variations (relief scalar, slope scalar, and variability retrics). My
study of tho'usq of goqcric q.scriptors,in'tho terrain analysis dat,
base showed th;;:uo'neid loiéicq of s;éiaébi'tﬁa( uiif cﬂlﬁ!Q'us to dofinc‘
such things as roujhness and ksobinoss. In Figures 8 and 9 I could hint
at this by labeling forms as smoothy rugged, znd asymmetrical. Having so
far defined basic relief terminology and matrics, I as nos ready to qct.back
to task and will use the basic terminology to define generic toprographical-~
concopgs. with each step closing the gap between topography and perception.

I can now .define an important generic concepty "form,® ruch more
precisely than by saying that a form is "any perceptuslly discrinminable area®
or "any area of homogeneous relief®:

FORM: Any subset of surfices (any 3rea) dascribed in teras of its ralief,
slopesy Sloge Change Index, Slope Variance, Elevation Skeewy and
Elevation Kurtosis.

What one perceiver sees as a saparate "form” way not be what another gerceiver

sees, nor nead it correspond to what terrain analysts call "landfcrmss.” The

definitions to be provided in the remainder of this Dicsussion will provida

further constraints on what a "form® {s.

ELEVATED FORM: A form which has non-2ero relief and that has slevations that
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11e¢ above a horizontai plane that is tangential to the -
lowesx elevation in the coverage.
INVERTED FORM? A.foru ogich has non-zero relief and has its highest point
at an elevation that is coincident with ths louwest
elevation of the adjacent areas.
In Figure 7 I {llustrated the Slope Variance bhy by showing the slope zt the
cresty side and base of an elevated form. EBoefore going further I need to
define thase three terss more explicitly.
CREST (apex)?: The upper cquartile of the relief of an elevated form.
SIDE: The middle two quartiles of the relief of an elevated form.
BASE: The loser quartile of the relief of an c{ovatoq‘forq.
" These three tor?i.-iil be very ué;}ul 15 ih;t f;lio-s; They apely té‘both
elevated and inverted forms. The t;rn "side™ aoas chosen over the conmon
term "slope®™ s0 38 to avoid ambiguity (see Table 4). Heres "slope® refers
only to the angle of 3 surface.
With the introduction >f the concept of a form and its two basic -
types and three basic cosponantsy I can noo commence & rather long list of
of definitions of Jeneric descriptors, definitions that rely on the termin-
ology of relief to describe tha diiferent characters of forms.
FLAT: An ares or surface with gentley, non-varying slope that is highly
platykurtic byt nat necessarily horizontal.
SKOOTH: A surface or aras with no slpoe variance.
LEVELS A surface or zreathat is flat or flat and horizontal,
GRADUAL (slope)? A surface or area with gentle slope and low Sloge V2riance.
SUBDUED: A surface with horizontal or very 3entle slope, gentle relief,
low Sloge Variance, and a Sloze Change Index value of zero.
ROLLING: A surface without elevated or inverted forms, with platykurtic slooe

8 Sloge Change Index value of zero and loa Slope Variance.
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SYMMETRICAL: When the fornms sithin an area hive sinmilar S1ope Varf{ance,

-

and Elevation Skess and Kurtoses in thelr profileg op
cFoss-soétions 33 the plane of intersection is rotated
about a vertical axis or translstsd from one form to another.
HOM GENEOLS RELIEF: When suosets of adjacent surfaces (areas) have profiles
and cross-sections eith sinilar relfef, SCIs, Slope
Variances and Elevation Skews and Kurtoses. There
ars no elevated or inverted forms that fall out-
side the ranges ot reliefy, SCIs. Slope Variance, and
Elevation Skews and Kurtoses of a mejority of the
fern? in the Coverage.
"The concegts of gon-syﬁbotiic&lity.ind ﬁon—honoé;noity ;oui; be defined as

the complements of the abcve dafinitions.

PREDOMINANT: A form that is the most frequently occurring form within an
an area or coverage.

PROMINENT: A form that falls outside the range of relief or slope chznge or
Sloge Variance or Elevation Skew or Zlevation Kurtosis of the
form that is predoninant,

LARGE: When the profile, contoury or cross-section of 3 fora is greater than
the range of sanme for a majority of forms of the same char-~
actersithin the area or coversge.

SMALLS Wren the gprofiles contoury or , cross-section of a form is less than

. the ringe of same for a majority ot forms of the sane characte
within the area or coverage.

oRIAD (wice): When the cross-scction of a3 form is larg.r than the range of

cross~sections for a rajority of the fores of the same type within

tre area or coverage. If all the forms of that type are of homo-
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jeneous cross-section, broad i3 when the largest cross-section of

the form is wider than its relief is high. Ths distance fros the
profile plane to-the largest contour on both sides of the profile
plane will be greater than the range of same for forms of the szne
type within the area or coverage. If all the forss in the area

are homogeneous in this regardy broad will be swhen the greatest
distance boetween its profile plane and the largest contour is jraater

than the forn“s relief.

NARROW C(thin): When the cross-section of a form is less than the range of

LONGS

SHORT:

cross-sections for a majority of the forms of the same type within
that area or coverage. If a2ll the forns of that type are of homo-
-geneoous cross-section, narro!-1s“uhon;thoulir;asi‘qross‘sqctidn of
the form {is lcss‘uidolfhat its relief is high. The distance from
the profile plane to the largest contour on both sides of the
profile plane will be less than the range of same for a majority
of the forms of the same type in the coverage. If all the forass
are homogensous in this regardy, narrow is when the greatest
distance between the profile plane and the largest contour is less
the forn’s relief.
When the profile of a form is greater than the range of profiles for
3 majority of the forms ot the same tyoe within the ares or coveraje.
It pll the forms of that tyre are of homogeneous grofile, long is
whan the largest grofile of the form is greater than 1}3 relief 1s
high.
When the pgrofile of a form is smaller than the range of profiles for
a majority of the forn of the same type sithin the ared or ccoverage.
If all the forms of that type are of homogeneous grofile, short is

when the largest profile of the form is less than its rclief is high.
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DEEP: When the relief of an i{nverted form is {rnt.r than the range of reliet

in the adjacent aress.

SHALLON: When the relief of an invertad form is less th:i the rannge of

relief of the adjacent areas,

EXTENSIVE: A large, broads or wide form. 1Its largest profile rlane will
havs an area that is larger than that of 2 majority of the
torms of the same type within the area or coverage,

caverage.

MASSIVE: An extensive form with moderate to strong relief.

SPACED (sgacing): The horizontisl separation between forms in an ares or

coverage. )

ISOLATED: A form that u the ’opi& form of its'character within an area or

coveragey or a form that is spaced from other forms of the
same character within the same area or coverage by a distance
that is equal to or greater than the largest axis in the
contour plane of the fora that is predonminant.

DISTINCT: A form that is isoclated or prominenty, or which has an $CIz1 or

A high Slope Variance betsesen it and the adjacent surfaces or
forms,y, or which has a flat base or an inverted form hetgeen
it ano the adjacent surfacas or forms,

CONTINUOUS (intesrconnected): When the forms sithin an area are not spaced

and each form shares part of its side, crest
or base with an adjacent form.

JISCONTINLOUSS When the foras within an 2rea are spaced and the area has

slope changes in gprofile or cross-section,

REPEATEC: When there is rore than one form of the same character in an

area or coverage.

~ LINEAR: Repe2ted forms that have protiles or cross-sections that are
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parallel 2nd colinear as the axis plane is translsted
from form to fornv.

PARALLEL: Repeated foras that have profiles or cross-sections that are

parallel as the axis plane i3 translated from fore t> fornm.

CLUSTERED2 When a form is rerceated within an area with little spacing

betwean the forms and when the area is isolated relative to
the adjacent aress.

WINGING (curvilinear): when a form or 3 linear cluster of forms has

curvature along its profile plane.

SCATTERED: Repeated isolated forrms within a coverage.

COMPOUND: When repeated forms are continuous.

| BRANCHING:. When a fora furcites into tiq or more forns along-lts'pquilo.' r

'uhon 2 set of continuous repeated linoar.fofms furcates into
two or more sets of continuous forms cith parsllel praotilaes.

OISSECTED: A fore with inverted forms within it.

FLARED: A base with a cross-saeaction or profile which is of moderate to very
steep slope and moderats to low Slope Variance at its higher ele-
vations, and whach is concave or convex at its bass.

CIRCULAR: A form‘uith rouﬁd contours,

ELLIPTICAL: A forw with elliptical contours.

FAN-SHAPEC: A fors with convex contourse.

OISH-SHAPEDS An inverted form with concave sides and base,

OVAL: A form with elliptical contours.

CIGAR-SHAPED: A long oval form,

CCNICAL: A circular eleveted form xith very steep to moderately steep sloped

convex sidesy low to moderate Slope Variance, leptokurtic,
and non-skewed.

ANGULAR: Repeated ascanding and cescending sides that are flat or of
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moderate to very steep slopey, moderate to strong relief,
and low Slope Variance.

RUGGEC (rough): An elevated or inverted form or repeated forms with moderate
to strong relief, steep to very steep sloged sides, and
moderate to high Slope Variance,

COLUMNAR: Elevated forms with very steep slore sidesy smsll, and flat or

slightly convex crests, and bases that are narrow.

At this pointy I need to deafine a "ridge™ in order to define the

descriptors that apply to ridges.

RIDGE: A crest that is long and narrow,

JAGGED: A crest.or ridge that is rugged orzangular. T

SCALLCPED: A ridge or base eith repeated concave sides sith parallel]l cross-
sections or profiles that maximize the concavity of each
side.

SA4TIOTHEC: An angular ridge of compound repeated crests of equal spacing
and hcmogeneous relief.

SADOLED: A ridge that is convex in profile ard concave in cross-section,

FINGER: A longy, elevated forr with a ridge.

SHARP: A crest or ridge anith steep or very steeo slored sides,

HOGBACKED: A Jaggced ridjye sith repeated ascending and descending sides
with equal spacing and homogeneous relief and oriun{rtlon.

KNIFE-EDSED Cpeaked): A crest or ridge with steeo to very steep slope and

low Slope VYariance

KNOB3YS: When a form or cluster of forms has a narrowy; convex craest, and
convex profiles and contours sith moderate to steep :loped
sides with modorate to low Slcpe Variance.

3LOCKYZ2 A non-skewed leptokurtic elevated form or cluster of continucus
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elevated forns with low Slope Variance, steep or very staeply
sloped sides, and a flat sloped crest.

LOBATE: Compound_slevated forms eith high Slope Variance and high Slcpe Change
Index values. The corponent forms are continuvous, highly
skewaedy moderately kurtotic, and have convex crests,

LUMPY: Compound elevated forms with high Sloge Variance ¥nd high Slope
Change Incex values., The component fcrms are continuous,
moderately kurtotic, with have convex crests and profile
and contour planes of sinilar extent.

POCKMARKEL (pittad): A surface that has within its contour repeated, small,

circular or elliptical platykurtic convox_invortod
. forms with varying relief, 9;n¥1o 6 moderatae
SI;FQ sidesy and a'flat or convexs Saso.

STAIRSTEPPED: C(rests, sides or bases whoss contours or cross-sections have
surfaces that alternate betwoen low relief with very gentle
to horizontal slopey and moderate to very strong relief 3ith
moderate to very steep slope.

V-SHAPED: An inverted form with steap t0 very stoep sides sith low Slope
Variance, 2nd a narrow base.

U-SHAPED: An invertad form with steap concave sides and 3 conczve base.

BOX-SHAPEC: A non-skewed leptokurtic elevated form with a3 flat crest and
very steeg slope sides with low Slope Variance, or » lepto-
kurtic inverted form with a flat base and very steep slope
sides with low Slope Variance.

TRAPEZJIID-SHAPED: A legptekurtic invarted form with a flat base and steep

to moderately steep slope sides with low Slope

Variancee.

So fary I have focused on generic descrintors, although along the wady
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I have had to define a fes generic toras (such as "ridge®). VWith the def-
initions of the descriptors in hands I can noe groceed to detine some generic
terms. My discussion ofigoncric descriptors sas step-wise in that later
definitions rcitcd heavily on earlier ones. For generic terms, I can go
thzough them and their deftinitions in alphabetical order (even though thers

are 3 few sequential dependenciess e.g.y 8 horn is a3 type of mountain crest).

I begin with elevated formsy followed by inverted forrs.

ELEVATED FORMS

ARCH: The crest of an elevated form,

~3LUFF: A steepy high, broad slope valloy side, . . ‘ _

. BUTTE: Ssall, 1solatod hill llth stooa slo;o sidos and a flat or horizontal
crest,

CLIFF: Vertical or overhanging side of moderate to strong relief, with slopes
groatof than 50 degrees to to 90 degrees, and beyond 90 degrees
for overhanging cliffs.

DOME: A hill or mountain with concave cross-sections and pfofilos and ellip-

tical or oval contours. Can bs sm2ll or large ano broad.

ESCARPMENT: Steep or very steep sloped side of a ridce that ssparates tuwo
gently sloped or flat areas.

HILL: Elevated form aith relief less than 700 meters.

LCW HILL: HKills eith moderate to stoep slogred sides) relief between
180 and 320 meters,y and slopes bestwean 30 anﬁ 40
degrees.

HIGH HILL: Hills sith steep slopesy, gontle reliefy and convex crests.
Relief of between 320 and 6C0 meters 2nd slopes
Jenerally greater than 40 degrees. Sgaced by stoep

sloped valleys vith narrow floors.
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HORNS Mountain crest with four distincty, very steep sloped sides,
_LOWLAND: An extensive, broad, or large arad of homogeneous relief that is at
lower rciativc elevation than adjacent areas in the coverage.
MESA: Broady isolated mountain or hill with 3 horizontal or flat crest.
Extends from an escarpment or cliff on 2t least one side and is of
gredter relief than the adjacent forms or surfaces on all sides.
MOUND: An elevated forn of low Slore Variance and less than 100 reters in
relief.
MOUNTAIN: Elevated forn sith moderate to very stesp slope sides, and rising
to 2 peak or a ridge with small ares in contour. More than
700 meters in relief.: . - : . ‘
MOUNTAIN BELT: A cléstor.of cioscly séacod or continuous n;un;ains'fhat is
comgounded of more than one parallel or linear cluster of
nountains,
MOUNTAIN RANGE: A linear cluster or cluster of parallel, closely spaced or
continuous mountains
NEEDLEZ A sm2ll pinnacle that is adjacent to or continuous with the basa of
an elevated form of greater relief.
PEAK: A mountain crest with snall area in contour, moderate to very steep
sloped sides, and los Slope Variance.
PINNACLE: Narrowy isolated, laptokurtic form with very steep to vertical
slope sides, 3 base that is flarad, and a pe2k or flat crest.
PLAIN: A brozd, continuous surfice of'qontlo relief, horizontal, flat or
gentle slcpey, and having only small, isolated variations in
relief. There are no prominent elavated or {nverted torms
within its contour.
LCGW PLAINS: Plains with gentle relief of betwean 20 and 60 meters,

slope commonly less than 3 degrees.

5 b e
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HIGH PLAINS: Plains uwith gentle to noderate relief of betyeen 60 to

160 meters, with slooe ranging from horizontal teo
iS degreese.

PLATEAU: High, broad plain with horizontal or flat slope and aith an
escargment or clitf on at least one side. Uusuzlly of more
than 150 to 300 meters relief,

TERRACE: A longs flat, narrow, horizontal or gently sloped surface lying
along the contour of a valley side or other inverted form,
and thus lying between a floor or plain and an uygland or
steeper ascending side.

. UPLAND: An oxtonsivo. broad. or largo area of houogonoous relief that is

. ]

at highor olovation than adJacont areas ‘in the covoraqo.

INVERTED FORMS

3ASIN: An isolated depression enclosed by uplands. Can range from srall
villeys to larges mountain-rinmed depressions.

CANYON: A deepy narrows longs very steep sloped passage betueen elevazted
fﬁrns or cqt into an inverted form. Usurlly the floor is
occupied by a river or strean.

CRATER: A derrsssion that is circular in contour and has a knife-edged
ridgey, a concave cresty and broad, concave, conical outer
sides.

DEPRESSION: An inverted forax with a concave profile and cross-section,

GORGES: A deep, very stoegr slopeds very narros rass2ge between closely spaced

elevated forms or cut inte an inverted form, Usually the floor

is occugpled by a river or stream.

VALLEY: A broad depression or losland with horizontal to gentle slope eith
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gentle to moderate relief and low Sloge Variance, and that
is bordered on at least two sides by uplands. Usually the

floor igs-oc0ccupied by 3 river,

This concludes my presentation of definitions. With all these
definitions behind us, it may not be clear hos the later cnes rely on the
earlier ores. An exanmple might proove instructive. A horn is 3ofinod as
a kind of mountain peak, 2 peak is a kind of crest, a crast is » kind of
elevated formy an elevated form is 3 kind of sloped surface. My point here
is that all the various descriptors and terms should be consistent and
caoherent sith one another. For instancey, a rugged plain would be defined as:

A'broady-continuous and possibly flat surface of gentle roiiafi

horizontal to qontio s$10pe, with small isolated vz;iations in

elevation (the "plain®™ part) and that has sithin its contours
repeated inverted forns with moderate to strong relief, steep to
very steep sloped sides, and moderate to high Sloge Variance

(the "rugged®™ part).

As another exa2mple, a knobby ridge would be defined as:

A crest that is long and narrow (the "ridge” rart) and is com-

pcunded of forms eith narrow, convex crests with moderate to steap

slope sides with soderate to low Slope Yariance (the "knobby® pzrt).

The above list of descriptors, terms, and their definitions allow for many
combinations and permutstions, all of which should be consistent 2nd co-

herent.

FURTHER WCRK TO BE DINE
There arey no doubt, & number of "glitchoes™ in the definitions

that have been offered herey, both in terns of the individual definitions
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and in terns of their conmbinationse These will have to bs identitied and
correc ted.
A nunber of relief-related descriptors appear in Appendix 1 and
have not boeen defined here. Time did not permit me to define them, yet I
believe that definitions can be derived, Some teras in need of definition
are: bay, desert, dune, and prarie. Dascriptors in need ¢t definition
are: beaded, blended, bold, closecs concentric, crescent-shaped (dunas),
hook-shapedy hummockys intarsecting, scrabbled, snake-likes star-shaped
Cdunes), and save~-shaped.
In this discussion I have focused on generic terms and descrigtors
that refer to relief. Further work will be needed to define thosg gonerics
.. that refer to tinos (eagay fiingodb dark, banded), sqlis (e.9.s soil creep),
drainage patterns (e.gey arcuati). vogotati;n (e.g.9» forested), and rock
types (e.G.» sStratified, bedded, faults [faultedl, folds [foldedl, fissures,
Joints CJjointedl, lineaments, troughs, displaced, exfoliated, tilted,
uplifted). Here too, Appendix 1 and Apgendix 2 would be the startin3g point.
Trroughout this discussion I have been describing terrain and
terrain fcrns without reference to formation grocess or geological dynamics.
In other sordsy, I have been dascribin; forms, not landforrs. The definitions
offered here should be sufficient to describe landforms in such a yay as to
allow for precise description of their features. For exarpley hare are a
few candicate definitions for some landforms:
CINO?R COANE: A conical elevated forn with conczve sides and either 3 concave
crest or a crzter.
CIRQUE: Small, steep sloge basin which is circular in contour and concave in
profile and cross-section and axists as an inverted form in
a mountain side, usually at the end of a valley. Usually less

than 30C reters in contour diameter. The side that is
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adjacent to or continuous with the upland has very steep
slope down to a slope change at the b2se. The base gradually
fplls intc the losland or vallay base.

COASTAL PLAIN: - Broad plain of gentle relief bordering the ses on one side

ugland on the other., Rises with gentle slope from the

seay often in a2 series of terraces of gentle to
soderate relief, and leads up to kills of 100 to
300 meters relief. Usually contains at least one
ms jJor strean,
ODRUMLINZ A long elevated fornm with a skewed profile, elliptical contours,
moderately steep slope sidesy, and a convex crest., Usually
" less than l;p kiulonmeters long .and ‘ususlly 1dqatod'-ithld a
rolling plain. ,Usually clustered,; sometirmes compound,
SINKHOLE: A cicrular or elliptical, leptokurtic, convex inverted fore mith
steep to very stoep slope sides with low Slope Varianco..
and a flat or convex base. Usually loc2ted within a plain

or subdued or rolling plain.

Further work will be needed to generate definitions for other lindforms.
Time did not cermit me to apnly the concepts of Slope V2riance,

Elevation Skeey and Elevation Kurtosis to actual elevation data to corpare

values for actual formss and regions. Homever, the use of the variance

and its derivatives is a straight-foruward process. tlevation Skew and

Kurtosis are directly computahle from elevation data and the Slope

Variance is a simple ocerivative of the elevation dats (i.e., 3 ratio of

differences). It has not escaced my attention that these concepts imply an

entire progranm of basic topographical research, perhaps involving both field

meadsurements s well 23 theoreticsl calculationse.

It has 2ls0 not esacaped mry attention that the definitions offered
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here can te used in terrain descriptions for military purroses. For exancle,
_ the concept of a "back slope™ could be defined as: "An ascending slope bahind
the Observer a3s the Obsofvor descends along a profile or contour toward or
beyond a change in the slope.® Further work sill pe needed to apply the
abaove definitions of descriptors and terms to other concegts that are used
by the military in thedir dascriptions of terrain,

The nex big "piece of the puzzle™ of how to generzte artifical intel-
ligence systens for aerial photo interpretation is the aquestion of hos to use
these definitions of ceneric descriptors and terms in symbolic communications

sith the tuman operator of the expert systen,
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APFENDIX 1

An alpghabetical listing ot the adjectives used in Noffmans (198¢)

terrain analysis data hase.
wag agpplied to a3 given topic.

the descriptors appeared in the Jatd base as rmodifiers or variants of the

descriptors or topics.

PREDICATE OR
DESCRIPTOR

-’ W W Wl D R Y W AT S A v

(1) abundant

(2) active
(3) aeclian
(4) anastamotic

- ¢5) alluvial

(8) angular (acute,

angled, right-~
angled, sharp)

(1) annulzr (ring)

(8) agpex

(9) arcuate
(10) asrtificial
(11) banded

(12) barbed

¢(13) barchan

Frequancy datad retfer to how often 3 descriptor

The tarms in parentheses follosing som¢ of

TOPIC TO WHICH THE
FREDICATE IS APPLIED

. — - o ——— - - - - =

soil (sand)
dunes

deposits
drainage pattern

deposits
‘de serts
fans
landfornms
plains
solils

drainage pcattern

field patterns

gullys (streans, tributariaes,

intersections)

ridges

drainage gatterns

fan

heern
del tas

streaks

drajinage patterns
hills

tones

vegetation

drainage gattern

dunes

FRECUENCY
CF USE

~N

NN O e b

Lol ]

S A
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(14) bare

(15) barren

(16) beach

C17) beaded

(18) beds (boedded)
(19) birdsfoot
(20) blenced

(21) blocked

(22) blocky

(23) bold

(24) baulder
(25) box-shaped
(246) braided

(27) branching

(28) broad

(29) caentrifugal

(3C) centripetal

€31) channel (stream,

sénd)

€32) cigar-~-shaped

appendixl Page 2

recck
scils

dunes
land

dunes
ridges

eskers
ponds

rock

deltas

relieft

drainage pattern
hills

profile
ridges

‘domes

hills
deposits
gullys

drainage patterns
gullys (streznms)
scars

hills
ridges

base

dome

ullys (meanders)
horns

meanders

plains

ridges

slore

valleys

drainage pattern
drainage pattern

sc.rs (streaks)

hills

N

o N NN VI V) (O™ ™

-

-
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(33) circular

(34) cirque
(35) close
(38) closed

C37) clustered

. (38) coarse

(39) coastal
(40) cohaesive

(41) colunnar
C(42) compound
(43) concave

(46) concentric

(45) conical

(46) continental
(2lluvium)

(47) continuous
(ciscentinuous)

C48) contoured

depressions

domes

drainage patterns
hills

sinkholes

vallays
qullys
topograchy

cratesrs (cinder cones)
dome

drumlins

dunes

gullys

lineanments

mounds

sinkholes

drainage gattern
soils

.texture

plains
soils

escarpments
Joeints

domes
slopes

hills
slogpes

deprassions
drainage pattern
knobs

ridges

hills
aounds

plains
drainage pattern
oskers

qullys (streams)

plosing
tone pattern
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(49)

(50)
(51)
(52)

(53

(54¢)
(55)

(56)
57

(58)
(59)
€60)
€61)
62)

63)

(64)

convex

creep
crescent-shaped

cultivated

curvilinear C(curved)

dark (very)

deep

dendritic (tree-like)

dense

deranged

desert varnish
dichctonic
dish-shaped (profile)
displaced

dissected (highly,
undissec ted)

distinct (indistinct,

appendixl Page ¢

tree pattern (orchards)

delta (edge)
slopes

rock
dunes

hills
land
plains
slopes
uglands
villeys

beds (sheets, rock beds)
field patterns

gullys

joints

ridges

slopes

tone streaks -

valleys

tones (tone streaks)

q0rges
gullys
sinkholes
soils

drainage pattern

forest
vegetation

drainage pattern
tone
drainage pattern

crater

rock

donme

land
mountains
plains
plateay
ridges
topography

drainage pattern

put
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65)
(66)
(67)

€68)
69)
€70)
(1)
(12>

a3

(14)
(1%

(16
an
18
79

(80)

abrupt, sharp,
nat sharpy even,
perfect)

dome-like
drained (well,
paorly)

dry

dull
durable
slastic
elevated . -

elliptical Cellirsoid)

equal C(unequal,
differings varying)

eroded (erodable,
highly)

even Cuneven)

estuarine
exfoliated
expanding (expandable)

extensive

fan-shaped

aprendixl Page S

duynes

edges (to sinkhgoles)
tield patterns
gullys .
landform boundary
tones

solil moisture

elevations
hills

soils
lekebed
soils
tones
rock

soils

plain

bays
deprassions
dome
sinkholes

drainage

elevations

shapes

sizes (depressions, ponds)
sloges

tones

topography

land
soils

terrain
topography

delta.
dome
soils

floodplains
plains

deposiis
drainage pattern
oplain
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(81) faulted (disrupted)

(82) few (occasional,
nc)

(83) field tile
(84) tine

(85) finger
(86) flared

am fiat.(vofy)

(88) flood

(839) fluvial

(30) folded

(31) forested (deforested,
heavily)

(92) fringed

(93) gentle

beds
rock

beds

fans

gullys (meanders)
orchards

ridges

rock outcroppings

drainage pattern
drainage density
soils

texture

lakes
ridges

hbase
ridges

beds

‘deltas

denression bottoms
drumlins

gully bottons
hills (tops)

land

plain

ridge

rock

topography

villeys

plains

fans
landforms

rock

hills
lang
lowlands
plain
ridges
slopes
v-lleys

tones
reliet

slogas
topography
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(94) glacial (glaciated)

(395) gradual
(96) granclar
(97) grass
(98) grey

(99) hair-1ike
€100) hanging

€101) heavy

_€102) hexagonal’ -

(103) hizh Chigher)

(104) hilly
(105) hogback

(106) homeogeneous

(107) hook-shaped
(108) horizontal
(109) humrocky
(110) inactive
(111) increasing
(112) infiltration

€{113) inlend

€114) integrated (well)

C(115) intense (intensive)

features (1oru;)
lakebed

terrain

till (soil)
slope

soils

lend

tones

drainage channels

'valloys

forestation
scrub
vegetation

drainage patthrp;

‘arch (to a ;lopo)

alevations

plain

w2ter holding capacity
witer table

terrain

ridges

rock
soil

mounds

plain

dunes

gullys (streans)
slope

bzsins

ponds
ridgas

drainage pattern

agriculture
cultivation

N e e
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(118)
ain
(118)
119
(120)

121)
€122)
(123)

. C124)

(125
€126)

(1271

(128)
(129)

(130)
C131)

(132)
(133)

interbedded
interconnected
intoruitton{
intnrnal‘

intersecting

intrusive
irrigation

isolated

Jagged

jointed

knife-edged
(knife-sharp)

knobby

lake

large (major)

lattice

level

light (lighter)

linear

aprendixl Page 8

rock

eskers

drainage pattern
drainage pattern
fractures

Qullys

lineaments

rock

drainage pattern (ditches)

hills
mounds
trees

needles
pinnacles *
profile

.ridgos

hills

crater
ridges

hills
nounds
ridges
texture

beds

deprassion

Qullys (strear channels)
plain

sinkholes

field pattaern (orchards)

plains
terrain

tones

beach ridgos
dome

faults

folds

hills

relief

12
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-

(134) 1ittle (slight, no
occasional, some)

(135) loaced Cheavily)
(136) lobate
C137) loess

€138) long Celongated,
very)

(139) longitudinal

(140) low (los~lying)

(lil)_lun;y
(142) 1lush

(143) many

tone streaks
troughs

valleys

vegetation patgcrn

acriculture
cultivation

drainage pattern
forestation

hills

asandering (streans)
maisture (soil)

soi)

vegetation

sullys (streans)
lavae flows

plains
soils

bay
depressiong

" escCarpments

faules

fissures

gullys

hills

mounds

ridges

sinkholes

slopes (gradients)
vidlleys

dunes

hills

prarie

profile

relief

ridges

wZter holding Capacity

hills'
vegetation

jullys C(strears)
hills

inlets

islands

pands

ridges

ssamps
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(144) nmassive

(145) mature

€1468) nmeandering
(significant)

C(147) medium

(148) mineral
(149) ninor

(150) mixed ‘
(1Si) moderate .
(152) moist (wet)

(153) mottled (slightly,
occasional, sharp)

(154) mountainous

C155) mud

(158) narroe

(157) offset

(158) o1d

terraces
valleys

beds
domes
hills
ridges

crocs
streanms (drainage pattern)

eskers
qullys (streams, channels)

drainage density
tones

deposits
terraces

soils

.slope

base
land
soils

tones

topography
uplands

deposits
flats

bays
beds
craosts
deltas
floodplains
gullys
horns .
Jjeints
ridges
slopos
valleys

beds
gullys (streans)

drainage pattern
plains
ti.l
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(159)
(160)
(161)
(162)

€163)
(154)

(165)

(166)
(167)

(168)

(169)

€170)
171)
(172)
(173)

C176)

(171s)

outwash
oval
oxbeow

parallel

peaked

pertect

perneable (impermeable,

low permeability,
less, imprevious)

pergendicular

pinnate Cfoather-1like)

pitted

plastic

pockmarked

polygonal

purous (highly)

radial (radiating)

rancon

range

aprendixl Page 11

plains
hills
lakes

axis (dunes)
bays

depressions
drainage pattern
drunlins

dunes

qullys (streams)
hills

Joints

lakes

lineanants
ridges

uplands

valleys

crests. .

ridges

outline (lake)

rock (bedrock)
soils

vegetation pattern (by gullys)

drainaje pattern

plain
texture

soils

dunes
plains

drainage gattern
poncs (frost wedjes)

rock
soils

drainage pattern
fractures

3ullys (streans)
drainage pattern

land

-
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(176) raised

(1717) rapid -

(178) rectangular

(nonrectangular)

(179) regular Cirregular)

(180) repeatad

(181) resistant (more, less)

(182) rolling Cgently)

(183) ropey

(184) rose-shaped

(185) rough

(186) round (rounded)

(187) row

(188) rugged (very)

dome
rock

erosion

drainege pattern
field pattern
tree 3rray Corchards)

drainage pattern
fiald pattern
qullys

hills

plains
topography

hills
rock

plains
prarie

relief

slopes (gradients)
surfaces

terrain

topography

uplands

lavas flows
profile

rock (granite)

slopes
texture

contours
crests (tops)
depressions
drumlinsg
hill (tops)
mounds
profile
ridgas
sinkholes
slopes
terracas
topography
vzllaeys

crops

hills
mcuntaing
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(189)
(130)
191)
(192
(193)

€194)

T ¢195)
€196)
197

(198)

€199)

€200)
(201)
202)
203)
(204)

saddle
salt
saucer
sawtooth

scalloped

scattered

scrabbled
scrub

shallow

sharp

short (shorter)

shrud

silky

silty

slump

small C(very,
minor)

aprendixl Page 13

plains
topography

ridges
flats

gullys
ridges

bases
dunes
hills
rocks
sloges

buttes
forests
mesas
orchards
plateaus

surface

"land

depressions

gullys (channels)

crests
hill
pe ak
ridges

fans
gullys
Joints
ridges
slope

land
texture
soil
soil

depressions
domes
Jullys
hills
islands
knobs
plains

-
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(205)

(206)
207)
(208)

(209)
€210)

(211)

212)
(213)

(214)

(215)

216)

«217)

' (218)

-

smooth

snake-like

soil

spaced (widely,
closely, svenly)

sparse

spurred

stable (stabilized)

stairstep

star-shzped (many-
pcinted)

steep (steeper,
moderate, very)

straight

stratified (layered,

unstratified)

streaked

striped

ponds
ridges
valleys

hills
ridges
slopes
terraces
texture
topography
ridges
deposits
gullys
Jeints
ridges
vegetation
drainage pattern

dunes

"Qullys (strear chznnels)

slope
slores

dunes

blufts
cliffs
drumling
escCarpments
jullys
hills
mounds
pinnacles
ridges
sloges (gradients, sices)
villeys

(]

OV E e O e e g e

gullys' (tributaries, streans)
ridges
sloges

rock
soils

plain
sand
tones

toney
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(219)
(220)

(221)

(222)

2232
224)
(225)
(228)
227)

228)
229)

230)

(231)

(232)

(233)

. €234)
€235)

; €236)
(231

strong
subcued

surface (subsyrface)

synnterical
(asymmetrical,
central-point)

table

tarn

talus (rubble)
teardrop-shaped

terraced

thermckarst

thick

thin <thinner)

tidsl

till

tilted C(not tilted)

transverse
tragezoid
trellis

undeveloped

appendix]l Page 15

reliet
topaography
deposits (minerals,
drainage pattern
erosion scars
ice

drainage pattern
hill

mountains

ridges

slores

rock

lakss

deposits

hills -

canyons

gorges
hills

slopes

dra‘nage pattern
beds

plain

ridges
soils

beds
plajn
ridges
soils

basin
flats

plains

becas (rock)
plains

dunes
gullys
drainage pattern

drafnage pattern

soils)

[ I
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(238) undulating (slightly) hills 2
lcslands 1

plains 2

. topography 5

(239) unifors (non- angle (gullys) 1
uniform) depressions 1

erosion 1

rows (crops) 1

slores (gradients) 10

soils 1

tones 2

‘ topography 2

€240) uplifted ? beds Crock) 1
C(241) U-shaped dunes (Cxind-drift) 2
gullys (protiles) 15

valleys 1

(242) varying (sizes) craters (cinder cones) R
" (243) vertical " . beds Crock) 1
. bluffs 1
cliffs 2

escargments 2

fractures 1

slopes 1

(244) V-staped dunes 1
qullys (profiles) 36

valleys (profiles) 1

(245%5) -avc-shapod‘ dunes 1
(246) wide faults 1
gully (bottoms) 4

(247) wincing ridges 1
(248) yazco drainage pattern 1
(249) young domes 1
drainage pattern 1

plain é
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adjectivee.

apcendix2 Page 1

APPENDIX 2

A listing.of the'asdjectives used in terrain aralysis, alphabetically
entered according to the topic to which the adjectives are applied. As for
Table 1, the source is Hoffman®s (1984) terrain analysis data base. Fre-
Quency data rsfer to how often sach topic was descrihed with 2 particular

descriptors or topicse.

1

2)
3

(€ D)
o)

6)

(P

8)
9

TOoPIC

agriculture

axis (of dunes)

angle (of gully

intersections) .-

arch (to a slope)

base

basins

bays

beach ridges

beds (rock sheets)

C10) bluffs

PRECICATE OR CESCRIPTOR
WHICH IS #PPLIED TO IT

intense
little (sparse)

parallel

qniforn

high

broad
flared
moist
scalloved

infiltration
tidal

elliptical
long
narros
parallel

linear

curvilinear (curved)
faul ted
few (none)
flat

lake
mgssive
narroe
offset
thick

thin
tilted
uglifted
vertical

steep

- - - T - = - —

Terms in parentheses sppeared as modifiers or variants of the

FREQUENCY
9F USE

3
3

2

o g e M SN e

[
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(11)
12)

13)
(14)
13)

15)

an
(18)

a9y

20)

21)

buttes

canyons -

clifts

contcurs

crater (cinder cones)

crests

crops
cultivution

deltas

degosits

depressions

appendix2 Page 2

vertical
scattered
terraced

steep
vertical

rounded

clustered

dish-shaped (grofile)

knife-edjed
varying sizes

narroe
peaked
rounded
shtarp

mature
roe

.intensive

little

arcuate

birdsfoot

convex (delta edge)
estuarine

flat

narros

aeolisn
alluvial
beulder
fan-shaped
mineral
mud

solil
surface
talus

cicrular
concentric
elliptical
flat (bottoms)
large

long
nonuniform
parallel
round

shallow

small

various sizes

[
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(22) deserts

- €23) donas

(24) drainage pattern

alluvial

bold

broad
circular
clustered
cengound
dissected
elliptical
exfoliated
linear
messive
rajised
srall
young

anastamotic
angular
annular
artificial
barbed
blocked

_braided

centrifugal
centripetal
circular

coarse (density)
concentric
dendritic (tree-like)
deranged
dichotonmic
discontinuous
distinct
fan-shaped

field tile

fine (density)
hair-like Cchannasls)
hexagonsl
integrated
intermittent
internal
irregular
irrigation
little (slight)
mature

medium (density)
old

parallel

pinnate
polygonal

radial
rectangular
spurred

surface (subsurface)
syamsterical

w
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(25) drunmlins

(26) dunes

(27) edges (to sinkholes)

(28) elevations

C29) erosion

C30) escarpments

€31) eskers

(32) fans

apgpendix2 Page &

thermokarst
trellis
undeveloped
varying
y83200

young

clustered
tlat (tops)
para2llel
round

steep

active

barchan

barren

beach
clustered
distinct
craescent-shaped
hummocky
longitudinal
perallel . .

pockmarked

sc3alloped
stabilized
star-shaped
transverse

U~shaped (wind-drift)

V-shaped
wave-shaped

abrupt (distinct)

equal Cunequal, diftering)

dome~-like
high

repid
scars
uniforn
surface

cclumnar
long
stoep
vertical

beaded
discontinuous .
interconnected
meandering

apex
alluvial
few

-t s N

- N e e
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(33) faults

(34) features

(35) tissures

(38) fields (field patterns)

(37) flats

. (38) floodplains.

(39) folds

(40) forast (forestation,

tree array)

{41) fractures

(42) garges

(43) gullys (streans,
tributaries,
meanders)

fluvial
short

linear
long
wide

glacial
long

angular

curvilinear (curved)
distinct

irregular

lattice

rejular

mud
tidal
salt

entensive

narros

lln;ar

contoured (pattern)
dense

heavy

little

rectangular
scattered

intersecting
redial (radiatiny)
vertical

deep
terracaed

angular Cacute)
box-shaped
braided

broad

close
clustered
curvilinear
deep
discontinuous
fou

flat (bottoms)
inactive
indistinct
intersecting
irrezulae
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large (channels)

loaded (heavily)

long

many

meandering

narroe

offset

parallel}

r2dial (radiatiny)

saucer

shallow

short

small

spaced

i stable

| steep
straight
trapezoid
U-shaped
V-shaped
wide (bottons)

[ ]

[TV ™Y
S LPVVINOFNWNY MWW NN =W

.. C44) hills S L ".. banded
) ‘blocky

bold
branching
cigar-shaped
circular
concave
cenical
cultivated
dome~-like
flat (tops)
forestoed
irregular
isolated
Jointed
knobby
linear
little
long
low-lying
lumpy
many
messive
oval
parallel
repeatad
round 1
ruggaed
scalloped
sharp
small
smooth
steep
symmetrical
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C45) horns

C46) ice
C(47) inlets

€48) 1slands

{49) joints

- €50) knobs

(51) lakes

(52) lakebed

(53) land

(54) landforms

(55) lava

(56) linezments

appendix2 Page 7

teardrop-shaped
terraced
undulating

ag ex
broad
narros

surface
meny

many
srall

coluanapr
curvilinear
narrow
parallel
short
spacad

concanteic °
srall

‘fingor

oxbowm

parallel

perfect (outline)
tarn

dry
glacial

barren
cultivated
dissec ted
eroded (Chighly)
f1a¢
forested
grass
moigt
range
scrub
shrub

abrupt (distinct) boundary
allivial

fluvial

indistinct boundary

lobate (flows)
ropey

clustered
irtersecting
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57
(s8)

(59

602

(61)

(62)
(63)
64)

(65)
€66)
(67)

(63)

loslands
meanders

moisture (soil)

aounds

mountains
needles
orchisrds

outline (lake)
peak

pinnascles

plains

aprendix2 Page 8

oerallel

forested
undulating

broad
little (meandering)

scattered

distinct
little

clustered
conical
hook~shaped
isolated
knobby

long

round

stoep

asymmetrical
dissected

- rugged

Jzgged

occasional
sCcattered

perfect
sharp

Jagged
steep

alluvial
broad
coastsl
continental
cultivated
dissec ted
elevated
extensive
fzan-shaped
flat

flood
fcrestod
high
horizontal
irregular
large
level
lcess
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€(69) plateau

€70) plowing

(71) ponds

C12) prarie

(73) profile

(74, relieft

C75) ridges

aprendix2 Page 9

old
outwash
pitted
pockmarked
rolling
rugged
srall
streaked
thick

thin

t111
tilted
undulating
young

dissected
scattered

contour
beaded

inland
many

‘polyjzonal (frost -odgosf

sxall
various sizes

lowu-lying
rolling

blocky
Jsgged
low
ropey
round

blended
gentle
linear
low
rolling
strong

angular
beach
blocky
branching
broad
concentric
curvilinear
dissected
finger

few
flared
flat
forested
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(76) rock

C17) rows (crops)
(78) sand

C79) scars (streaks)

hogback
inland
Jeagged
knife-edged
knobby
linear (beach)
long

low

many
massive
narros
parallel
peaked
round
saddle
sautooth
sharp
short
small
srooth
snake-like
spaced
steep -

.straight

symmhatrical
thick

thin
winding

bare

bedded

displaced

durable

faulted

few (outcroppings)
flat

folded

homogeneous
interbedded
intrusive

permeable (impermeable)
porous

raised

resistant
rose-shaped (granite)
scalloped

stratified

table

uniforn
streaked
arcuate

brajided
crannel (streanm)

[
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(80) scrub
(81) shapes

(82) sinkholes

(83) slopes (gradients)

(84) soils

" graduysl .

heavily (vegetatad)

=3

vearious

e

circular
clustered
deep
elliptical
larga

long

round

[ S V)

asyrmetrical
broad

compound

ccncave

convex
curvilinear
cultivated

equal (differing)
forested . .
9qeéntle - .

increasing

long

moderate

narros

rolling

rough

round

scalloped

shart

shr20th

stable

stsirsten

steep 3
straight

symmoetrical

terracaed

uniform (nonuniform) 1
vertical

~°4~N.-‘ONNONWFHQMV‘O_M“Q“NUH.‘“NN“

abundant

bare

coarse
cohesive
creep

deep

drajined (zall)
dry

elastic

eroded (erodable)
expandable
fine

granular
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85)

8és)

a7

(ss)

(8%)

(90)

(91)

surfaces

terraces

terrain

texture

till

tones

homogeneous
1{ttle

mi xed

moist
perneabdle
nlastic
porous (highly)
silty

slump
stratified
thick

thin
unifornm

rolling
scrabbled

many

many
minor
round
smooth

- glacial

hilly
lavel
rolling
uneven

coarse
fine
knobby
pitted
rough
silky
smooth

glacial
old
plains

bended
contoured

curvilinesr Cstreaks)

dark Cvery)
desert varnish
distinct

dull}

equal (varying)
fringed

Qrey

light

linear (stresks)
medium

mottled
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(92) topography .

(93) trees
€94) troughs

(95) uplands

(96) valleys

C97) vegetation

- €98) water-holding cagacity

streaked
striped

unifors (nonuniform)

closed
dissec ted
flat
gentle
irresgular
Aaountainous
rolling
rcund
rugged
smooth
subdued
uneven
undulating
uniforn
varying

isolated

lingar.

" cultivated

mountainous
ptrallel
rolling

broad
cirqgue
cultivated
curvilinear
flat
hanginj
lcng
linear
Bany
narrow
parallel
round
srall
steep
U~shaped
V-shaped

brnded
dense
heavy

linear (pattern)

litele
lush

percendicular (to gullys)

SFarse

high
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(99) water table high




