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PORETCO RD 

Th« proj«ot on "Proœdur«« ln th« DoiarlptÎT* Analysis 

of Torraln" originally gr«w out of th« principal Investigator’s 

•fforts to find» primarily for teaching purposes, an approach 

to land form study that would be of maxlmtan use to geonrsphers 

and to other stud«nt« who are Interested In the us« of the land* 

On« obvious n««d appeared to be a aethod for systematically 

ohaswetorlslt« th« land form in tenas of Its Inherent nature* 

mill« many Individual steps had been taken In this direct 1 n, 

and while In some countries» most notably Oermaiy, a relative¬ 

ly broad advance had been nade» there did not appear to be 

available an integrated study or presentation of the prin¬ 

ciples or methods of objective descriptive analysis» especial¬ 

ly for use at medium and small scales* Zt was with the 

hope of partially flllii« this gap that the present Investi¬ 

gation was conceived and proposed to the office of laval 

Research in 1953* 

Clearly such an investigation could not presvne to be 

wholly» or even largely» original in specific content* There 

la little that is new in the general principles of geographical 

description* The literature of land form characterisation 

Is extensive, and has grown significantly more so in t»*« 

lest faw yoara* It la, thcrefora, Inavitabla that ouch that 

appaara In this resulting rsport e ill bs somewhat familiar* 

Taken eS a whole, however, the endeavor doaa not appear to 

duplicata what haabeen done before* Such originality at 

It poeseescs must be fotsid somewhere within (1) Its ettempt 

to apply to the description of lend form s body of principle 



ooruilatent with geogwiphlcuX ooarrlptlon goneralljf C®) It* 

pr*oocupmtlon with method* applicable to th* fairly rapid 

analysis of large area*» and (3) Its *ffort to bring to¬ 

gether under a single cover an essentially Integrated systen 

of description applicable to all kind* and aspect* of 

terrain* 

The principal Investigator vltfie* to aake speelal 

aoknosledgenent of the Invaluable contribution* Bad* by hi* 

as* is tan tat Jerry B* Culver» M« Jesse* Idle» Roman J*iy* 

Ihr oser» baleóla Levis» Theodore Scftsa&dde» end Allen L« 

Bslth» of enea vare graduate student* ln th* Department 

of Cecgraphy» University of Hlseonsl^at t he tin* of their 

appointment» 
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ir; r^'cr fTi/jt aï aU'siï j" r-K'-Aiw 

I, itroductlon 
o f _?uri)o¿o 

Thoae who study phcnor.ona basod upon th® lend nay be 

3 dr.vors? ac agrlcvlturaliats.* military tactician«, city 

r lamiera, clinatologiots and georaorph^loj’iata, but all havr sn 

common a need for objective characterization of the land»« 

surface form. Sach of these students nuat know that surface 

form exists In specific locations, for that tom either In¬ 

fluences directly the phenomenon hu In studyini» or else it 

ij a condition that must be taken into account bv ran In 

Icrming those aotivitles that are being studied. Tor t.-'.c 

, eomomholcr.ist the connection la. of ooursa, roafc direct, iom 

lie oxlatlng land Torn oconorly re regents tie very object 

of hie study; the thinr ho lo atrlvln te oxrlaln# 

Slnae objective characterltatirn le neeced, it ic r^s' 

,.1« that / etheds of fo wuletln*. end 'rea. a ch o.aract^r- 

UAt'ons Shoul ’ be atudîoi, * ith a vi-r to denornln .n-. whether 

xt.-.lrß raeU;o s c 2*o aatlsiectory or van bo ir-roved. Kxanir.a- 

1 Ion of many descrlctionc that have b-cn : ro«.* tec* u es « 

ut me thole or land form oser lot Jen nro hi hi! diverso, 

rol don systematic, end not % *ayo e'ícotlve. blnJle diversity 

,:, li0t of itself an evil, one while t< r. thodolo y 'an of it- 

olf .aiaranteo effectiveness, It n¿cr virthwhlle to .nvortl- 

neo methods or anrroache* that ni.ht at ?eflst iedi ce the llhe- 

iihood of nisei nr; the nark toãly mv , wV:n best artllod, cigtt 

it at Inf V exacting standards of e 'ectivenssa. 
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At ttKV.ttttd, Itotlvlt^ htt ht«n ont koyword or t -.s 

•rtaent Inreatlgttlon* Only thr>urh oh>ctitt rhtmcttrlts- 

tion ctn prt-conotirtd InterrrttttIva notions fct prf»tranttd 

froia coloring the dosorlrtlon* A naJor eld to objectivity 

In doecrlptlon le the uoe of quantitative neeaure* which, 

thronrimot elwaya worth the effort Involved In obtaining ii, 

can nonetimes free the deacrlber from the vagueness and lack 

of oo~nr>arabillty that are the frequent concomitants of verbal 

characterisation« Alao contributing to objectivity are system 

and balanoo. which make certain that neither oversight nor 

Pt%e-Judgement of value reinita alcnificant asnocta of descrip¬ 

tion to be omitted or alighted« Like quantitative -¡eaaure, 

avateTi and balance are eepeclally Ir.nortant in comparative 

studies, for t.;ey guarantee thot oovnarable date will be availa¬ 

ble for all the various aroas being analyaed« It 1j, then, 

the primary task of the current study to investigate oossible 

rethole for Irrrovlng areal character!oat ion of Ian- forto '1th 

.articular regard to three qualities of sosten, balance, and 

quantitative meaauro that ore partlcularlv valuable as quor- 

d'ane of objectivity« 

Tt wo ild be misleading to imply that an investigation of 

the sort propoasd renrenorta * revolutionary a 'proach to tue 

study of land forra, or even to land form description. Many 

students have reco nlscd the Importance oT objectivity In 

deaorlptlon, and the literature on objective and quantitative 

characterlast ion la extensive. 1 It ray nowever, bo stated 

1. Heuenschwander*a atucty of nornhcruetric concents, publlahed In 
1344, offers a bl>*llogrephy of 640 items, and many additional 
papers have appeared since then, 0« Neuen a chwan der, w Morphem wU4a che 
Bo^rl^^e,,. Arbeiten aus dem Oeorraohls chert In s 11 tut der thtorrltab 
Zurldh. sirie A/ToT 
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that In gaiMPal ••rilar works on dooorlptlro aothoda ha««» 

nlian broad In aovaraga, baan ralatiraly unayataaatla and Hon- 
8 

quant it« tl«a9- or* «han quantitativa» hava baan oon finad to 

2« Sea* for axampla» S. Pasaarga» BasohralbendaLandsohaftskunda» 
FTlodarlohaen» da Oruytar and Co.> Hamburg» lw0. 

V. 

ona or two speolflo Indica®« ® Pürthamòro* tha objaotlvs 

3« Papara of this group ara nuniarous« A fanillar Anarlcan 
•xaxnpla la 0. H» Smith* ’•Tha Relativa Rellaf of Ohio", 
Geographical Ravla«> 25» pp» 272-2B4» Probably tha most 
Inporiani Ámarloan departure fron thla alngla-ltam approach 
la tha raoent work by A» N» Strahlor» auranrlaad In Quanti 
tatl«a Analysis of r/atarshad Oaoraorphology", j^sniaytlons, 
American OaophTslosl Union» v» 38» 1957» pp» 913*92o* 

aprroach haa had a limitad following» stronger allaglsnea 

\ having baan given to the "explanatory description" so affectively 

advocated by Davis and others»^ Tha dlffloultlaa and short«» 

4» Somattiix^ of tha continuing apoaal of tha Davislan approach 
Is axanollflad by the reraarka of the Branch geographer 
Henri Raullg In a recant discussion published In part In 
"Gaonorohology» Oaomorphography» 0eomorphogeny and Geography^ » 
Mew Zealand Geographer» v. 12» no» 1» April 1955, pp» 89*93» 
In üic taxíboox field tha Idea la axpraasad In Kendall, 
G land laming and MacFadden, Introduction 
Harcourt, Braco and Co», Inc», Ha« Torte, 1952, pp* 197*198» 

comings of this attempt to describa the surface form by telling 

ho« it originated have been suggested In on earlier panar end 

will not be reviewed hero» However, tha degree to which this 

aonroaoh has been accepted and is still practiced by teachers 

and students of Isndfom Implies that continued development 

and advocacy of objectiva techniques Is still nesdsd. In splta 

of the valuable work of Pecsarge» the European morphemetrists, 

Linton» Smith, Keasell, Strahler and many others. 
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An additional eonalderatlon that raoomanda furthar 

atudy of objAOtlna da a er Ip tira technlquae inrolvaa tha eoai- 

plax problaaa of aoala of atudjr* Many of tha works on objac¬ 

tiva daaorlptlon» aspaolmlly tha Europaan morphonatrlo atudlea» 

have bean large-soale» detallad Invaatlratlons of a single 

mountain masaIf9 a single valley, or a single small drainage 

basin* No criticism of such studies if intended, but smaller- 

aoala studies of larger areas, meas irlng many tens of miles 

in either direction, are often desirable. Techniques of 

analysis and description that are aprllcable to very detailed 

«all-area studies may prove entirely too tlae «mourning» and 

too much directed toward Individual features to be feasible 

or satisfactory for the study and characterisation of slseable 

regions. For these broader-scale Investigations, minor details 

and Individual features must be subordinated to aaoenblages of 

features or to summary characteristics that nrevall over larger 

areas* And In partió ilar, because of the large area that must 

be covered, the methods of analysis that are used must not 

be unduly consumptive of time* This latter point is especially 

Important whah quantitative measure (morphometry) le Involved, 

for many of the morphometric techniques that have been proposed 

are excessively tedious*^ 

5, Note, for example, C* Wentworth, "A Simplified Method of 
Determining the Average Slope of land Surfaces," Amarlo« 
Journal of Science, v* 20, Sor, 6, 1930, pp* It>194, This, 
one or the simplest methods heretofore proposed for determi¬ 
ning average slope, requires perhaps two hours for tbs cal¬ 
culations of the average slope of a single 5-minute rectangle. 
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ßeoaiue technique« applicable to th«aa lntonnadlata*aealo 

charaotarlaatlona ha va race 1ved limitad attention« particularly 

In term« of balanced and systematic treatment* and because descrip¬ 

tions on these scales are particularly needed by geographers» 

among whom the principal investigator is nunbered« the present 

study is directed largely toward the inveatlgetlcn of procedures 

that are applicable to deaerlptlve analyala at thee# scales* 

Ko spécifié attention la given te techilqusa of hi day detailed 

description« though sene Ideas useful for thet punoso msy be 

forthcoming* 

B. 

An approach to objective deeeriptlon that seana aapaolally 

promising is that which sndoavoro to resolve the Phenomenon 

boli%: studied into oom* onont parte or aspects. This approach 

nos bean success full* enplr'ad and has bsooms standard proce¬ 

dure for the cherec ter last Ion ©* e-ioh oonplcx phenomena as 

clime to end soll« and It nay ba axcacted to nr eve similarly uaa- 

fui in the analysis of land foin* Bfferta In this lireetIon* 

ohlafly tha davalowaant of numerous morphonetrio Indices* hsvs* 

of course elready been made« 

In a previous paper 6 a sohamo hat boon augr.cstcd by 

£# Rasmond* "On tha Place* Mature and hath oda of 
in 
Pro 
Report 

the Geography of Land Fora11* ftHJt 

gwa i; 
ica sn T#( 

^011* 
in leal 

which the land form mar be eo raaolved into epeclfio characterle- 

tles* Four major groupa of characteriatioa were Identified: 

those being elope* surface materiale* dimensione* and arrangs- 

mants* In the present study wach of thasa principal groups 



«fil hm êxaminmd, with an «y» to «• looting oo2*toln opooifio 

proporte lo o that oro olgnlf leant and diognootie and that» 

on wall* aro oapablo of being readily do'irmlnod fron topographic 

maco or fron the field» and that nay be alraoly and oonolaoly 

oxpreoaod« Souroea of dato» and methods of determining and 

expressing these eharaoterlstloa will bo briefly explored and 

exemplified« 

Sines the description of an area requires the use of a 

we 1 libelan oe d series of character loties» attention has been 

glwen also to the problena of eonpletenesa and balance in 

deserlptlen» and especially to the selection and expression of 

eooblaatlais of relatlwely ft« charaotoristlos for purposes of 

son el se» coop are ble ■Milhares descript lona« lho unit-area 

method of study la examined end scm exsaiolee of brief asall- 

ares deserlptlons are offered« 

Descriptions of largo areas nay then be built up from 

larga numbers of nail unit area eharactsrlsatlons« The cro¬ 

assa of accomplishlx« this» hovawer» involwaa problena of 

aaale thanga and generalisation» some of *)loh are complex end 

difficult to handle« Some of these problems he*** been exmalned» 

and aimola solutions are augreeted« The oonoapta of land form 

type« and lend form reglona ere explored from the point of wlew 

of the eonolse» multl-eloment, unit-area system of small-area 

description* E^*aPlee of g an eral last? or. and régionalisation ara 

offered» ue*ng the state of Missouri and aewcralmpeea In the 

American fleet es testing ground* 
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il. DETnrtirnrK} atj gxpw^aiwo Tins c.iaracttwistics qp areas 
7 

a. çftiriffftrillanßim 

7. Sine« this chapter wea orlginellj conceived and aet down a 
coneiderable tine ago« the writer has had the opportunity 
to read A. If. Strahler« "Quantitative Slope Analyste”« 
Bulletin of the Poologlcel Society of Anerica. v. 67« 1956« 
po. 571-Dve. Strahler examinee many of the sane problems in 
the lißht of much more rigorous statistical analysis than 
has been employed here. However« since the sins are somewhat 
different and the Ideas independently oonoalved and are not 
strongly controverted by Strahlerve work« the chapter has 
been Included In essentially Its original form. It thus 
serves as a reporting of the ideas derived In the course of 
the present project. 

1. pig Gagerai Probleg • pig Natuge^of Slgpg Dsga— 

Among the various elanenta or oorrponent attributes 

Into ehleh the fora of a land surfaoe nay be resolved« 

the slope or Inclination of the surface must be reckoned 

as one of the most fundamentally significant. Pbr almost 

avsry conceivable puroose for vblch evaluation of the 

terrain may be made« though thoso bo aa divers# as geo- 

morpholoi^loal development« agricultural utility« or 

signifícanos to the oroduetlon of nraelpltation« the slop# 

of the land entera aa a major eons1deration. It la not 

surprising then that in tha literature of careful des¬ 

criptive analysis of terrain, consideration of slop# 

oeeuploa a prominent place. Nor. sino# the slop# of tha 

land la a measurable angle, expressible by number« is it 

remarkable that aloye has been chsraoterisad with the eld 

of numerical expression and mathematical processing to a 

greater degree than moat other terrain alamenta.8 

8. For a summary of techniques to 1944« aoa Beueaaehwander. 
dp» olt.. 1944« especially pp. 7-88. 



In th» slapla tsmlnol^rr* of solid r.»orí»try» ths 

slops or InolliMtlon of a aurfsoo nar bo defined either 

ae (1) the angle be toreen a lino drawn on the surface 

normal to the eontour» and the horlsontal plane» or (2) 

the tangent of that angle* By the methods of the calculus» 

the slops la defined for each J2<>lß£ on a given surface» the 

beincî the Inclination of the line drawn tangent to 

the eurfaee at that point and noraal to the contour* Thia 

value la expressed by the derivativa (dy/dx) of ths aqua¬ 

tion of ths lina on ths surfaoa that pasaos through ths 

givan point» noraial to tho contour* On a throe—dlnens1onal 

surfaoa» ths slop# has» In addition to its numerical value 

of inclination» s further quality of direotIon, but this 

aspect Is not included In ths definition of slope «ployed 

hero» 

Tho Important thing la that slope Is a point value* 

Sines any finite eurfaee la nada up of on Infinita nimbar 

of dlaonslonlssa pointa» ona stuat» thsorotloally» neasuro 

and Hat an Infinita nunber of slops valuta ln ordsr to 

oharaotorlsa precisely the slope conditions of anv aur- 

faoa dioso slopes do not ve^r according to some simple 

systan* In practice» land slopes are measured not for 

true points» but for short Unas of finit» length* This 

rapraeanta a significant degree of generallastion» but so 

long ss tha lines sre kept short relative to the length of 

alopo segmenta of reasonably constant Inclination» the pro¬ 

cedure ie valid as well so unavoidable* Sven with this 

simplification» in making a rigorous analysis of ths slopes 



of « Und aros o f«w niUo mero»»t It will «till bo 

n« o«80ary to oak* many thouoands of Individual naaavro- 

nanta* Ptor practical purpoaaa this manber may bo further 

reduced by eanpllng techniques» but for surfaces aa com¬ 

plex aa most Und surfaces, the nwaber of Individual 

measurements will a till be so large that a Hating or map- 

spotting of their values cannot be readily digested# For 

this reason, abstracting or eunnariaing the data is abso¬ 

lutely neeessary, and techniques by which such eurmariaa- 

tion con be accomplished are worthy of careful*udy# 

Attention hope will be directed principally toward those 

techniques that, by logic and experimentation, seem beat 

adapted to the rapid anal-sis of areas measuring several 

tens of miles across* The scale le thus ah9rWptl49 

rather than tonographies In line with the geographerU moat 

abundant interest, 

2# £hi &agr£es of J3io£e_pata 

The moat diimot way of obtaining alope data la by 

meaaurwment In the field, for as many points ec aa* ba 

dealred, using some sort of clinometer. The ecfventsge 

le thet the Information so obtained le firsthand. It la 

therefore free from goneraliaation or poeeible inaccuracy 

on the pert of e topographer or cartographic draftsmen. 

On the other bond, field measurement of hundreds or thou¬ 

sands of points over a lar a eras Is an extremely arduous, 

time-consuming, and hsnes costly procsss. It is s method 

scarcely to be considered unless a high degree of accuracy 

la required and topographie mane of good quality are not 

available• 
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Zf eoD*»nl«nM and qulekaas« ar* orina oonaldaratlooa 

nothing can rival an aocurata contour nap aa a aotjree for 

alopa Infomation. By naana of a a Impla alopa aoala baaad 

upon tha spacing of contour linas» the dopa at any point 

(or» actually» for any short aagnant) can be very readily 

detanninod9 and data for largo numbers of pointa can be 

obtained and recorded in a relatively abort tima» For most 

geographical purposes» contour mapa are by far the moat 

valuable source of slope data» if they are available» 

Caution la neeeeeary in using such maps» First» the repre* 

sentation of slopes on contour maps of a scale snaller 

than 1 <185000 is usually quit# unreliable» Second» many 

contour a >*, even of larger scale» are rather hlgnly 

inaccurate» especially in their rendition of slopes» This 

la true» for exanple» of many of the earlier sheets of tha 

USOS serles» aa may be eleerly seen» where re*survey has 

bean un dar taken» by oonnarlnr. the old aheat with tha newer 

one derived fron air photos by multiplex or similar methods» 

9» A striking example is provided by tha Crawford Votoh» 
H» H»» Sheets of 1896 and 1950» both on aeale of lt62»600» 

An especially common fault of tha older sheets la a tendency 

to draw steep slopes aa less ateap than they actually a re» 

in order to keep the contour linea from running together» 

Contours are also commonly smoothed and rounded out» 

Thamugh familiarity with contour mapa will often permit 

a user to distinguish maps on which tha contouring has an 
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biplauslbl« or oror-ganer«!l*«d onnoaraioo« 

Steraoaooplo oerlal photogroDh« oon «lao aosnro »• 

Bour—ä of alopo dabo* but only at tha p>*loa of olthar 

groaa Inaccuracy or oxooaalva tina in prooaaaing# Slopaa 

can ba datominad from auch photos by photocramnatric 

method«, but tha tima and effort required rendara thaae 

raathoda wholly impractical for moat geograohioal purpoaea. 

If it la deemed vorthvhila to uae Tîhotogrammetrio analyaia, 

it might prove worthwhile to conatruct a contour map frea 

tha ctiotoe firat, and then to uae that map aa the direot 

source for alope data, aa well aa for other type« of in¬ 

formation that may bo deaired. 

Some experimentation has been carried oit, by the 

writer and others, along the linea of estimating alope from 

direct examination of a stereo pair. However, the techniques 

tried, ih ich Involve the subjective visual comnarlson of 

the unknown slope with acme aort of known standard, have 

not proved sufficiently reliable or accurate to make them 

worthy of consideration in the body of this paper. A 

10. Appendix 1. 

given device may "wortf* for one individual or on one area 

of coverage, but not for another. 

3. 2eehaiaues_of S¡ugpur¿tat¿oa for ^¿reaBlij^tjje^Slojjej, £f 

an—Area 

The aunnariaing or generalising that la necessary 

in order to reduce the nr riada of point data to practicable 
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and ocBpreharMlhla niabars and formt nay ba aocoemllrhad 

althar In tha eoliaotInn procaaaf or in organising tha 

data for Präsentation« G«ru.¿*allsatlon la dona at tha 

collecting stae by maana of sampling techniques or by 

grouping of data by aye« At the reporting stage9 generali* 

satlon and summary arc done by rocana of statistical« dia¬ 

grammatic and cartogranhlc methods« 

a« 0eneraliting dirlng collection of data« 

Ho attempt will he made hare to review tha extensive 

literature dealing with sampling methods« Suffice It to 

say that for slope analysis from contour nape three prlnol* 

pal tvpes of samples have been employed! area samplest 

linear samples» and dot or point samples« Each la quite 

amenable to this t'^e of use« the problem for each being 

the determination of the else of sample required« In the 

present project a kind of dot saspllng was employed« el th 

results that are sufficiently promis*ng to wsrrent e 1 rl*1 

discussion« 

Bssloslly« the system Involves simply tha detsrrlnation 

of tha slope st each of s serios of nolnts* sufficient In 

number and so rlsesd os to give s roprosentatlr* sample of 

the slope conditions within the arcs under conoide ret ion« 

In practice« the dote wore Inscribed on a large sheet of 

e. ar plastic which was than tossed with random orientation 

upon the topographie shoet. Tilth the aid of a slope acal# 

the slope was determinad bv contour spacing at saoh point 

where one of the superimposed dots fell. The aggregate data 

for all the pointa that fall within the area under 
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conaldaratIon reproaonted tha si>De aa^nlc. Since tha 

need la for a repreaentatlve aannlo rather than «truly 

random aannlo» and aTnce landfom features «ra rarely 

placed «ccordlnn to anythin resomhlln^ a rigid syaten, 

tíiare aaens no reason why tho dot pattern emioyed 

ohould not be ayatematic,^ The pat terna used ;.n this study 

11« Strahler» op. clt.» pp. 591«592, nrosanta tha artou¬ 
rnant a In favor oi1 truly random aannllng fron the point 
of view of statistical theor”. Tha method aug^eated 
here can easily be adapted to the use of random dot 
patterns -.Then the pumoaea demand them. 

wer«» In fact» ones In which the dots war« locatadat the 

comara of trlanglea» squares or tara 11clorrains. Such 

pattarna asn ira aven coverage» are eca” to construct.» and 

rake contr»1 of the n im er 5f dotr In the sample relatively 

easy. 

Tha roa*.Its o'* eorparlsjna hatween dot aar'ling and 

planlmatorlr.* o: an ou were 3oroi^.at aurprlalng. In that 

tha numhar of lota naedad to -. .»a reujonaoly ae :urata 

values for tho slope arcas» oven lr pat*errs of wide 

soatterln or , raat conrlaxlty» dres not «rpoar to *'« larga. 

A sample of 90 to 1 >0 dots in c 7^-nlnuta ractan^ will 

rarely yield values'or tho areas of slop« classes that 

depart by more that 2 fhoti the reasurad values» and a 

aanple of bO to 60 dote will rarely yield valúas departía 

by more than 5# from the measurei figures. Thejo are 

eminently reasonable numbers, for with a slope ucals» sixty 

or aven a honored slope values can l e obtained In a reasonably 

short time,-, 
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It Is felt, then, that dot sampling, with a 

relatively small number of dots, will yield slope date 

that are sufficiently representative and accurate for 

most geographical purposes* The method is further recom¬ 

mended by the relative quickness with which It nay be 

carried out* 

A still more rapid, though less accurate, method 

is available for obtaining? slope data from contour maps* 

This is the method of eye estimate, used In conjunction 

with the grouping of slopes Into classes* r.'lth the aid 

of a slope soele which shows the contour aneclngs cor. e- 

spondlng to the boundary velues of the slope classes ueed, 

the portion of tne map under coneIderatlor le scanned, 

end en estímete le nade of the ’percentage of the total 

area that la occupied bv elopes of each elees* 

As an aid to the estimating procese. It Is convenient 

to employ « transparent plastic overlay, on which an area 

equal to that of the nap area under consideration has been 

ruled off Into ten or twenty equal ^erte* "'hen a ir>#x>lmoaed 

on the map, this grid makes It easier to estimate the area 

of a given alone class to the nearest five or ten per cent 

figure* 

Successful use of the eve eat inste method requires 

both cara end practice* Rapidity and degree of accuracy 

Increase markedly as familiarity wth the method le gained. 

Once a fair degree of fácil ’ ty hae been achieved, very 

useful reeulta may be obtained, though the degree of 
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precision Is not hlnh* In the nresent nrojsct# no 

sttenpt has been nade to estíñate percentages within 

less thon s five neroent range# and a ten per cent 

range la the smallest that canba estimated with any 

reasonable degree of regularity. However# It Is rarely 

necessary tc obtain data of grooter precision than this# 

and when It la neoessen’’’» other methods# such as dot 

sampling# should be used# 

Granted reasonable facility with the method# the 

degree of accuracy of estimate dipends upon several 

factors# principally the character of the terrain# 

Terrain samples In which there ere strong and abrupt 

contrasts in alona or In which on# or two a lope classes 

occupy most of the area offsp little difficulté# On 

the other hand# oonnlax end flne-textured surfaces# 

or those In which el?pc changée are subtle# or those in 

which a larga portion of the elopes have a staaonasa 

that la vary olosa to one of the class boundary valúas 

offer a much greater chanca for error# For sich surfaces# 

It is well to resort to a mora proeles method# or at 

least to ehsok one’s satínate carefully# 

In the current project# the «ye satínate method 

has b sen employed much more extensively than any other# 

largely because It combines an unnarelleled rapidity th 

at least the modest dsgree of precision that the work 

requires# The checks and tests which have been made 
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confira both the otrongthc end weaknesses of the nethod, 

as atated above 

12. Savon hundred 7$ minute rectangles In Missouri nere ex- 
amined independently by two individuals, both inexoerlenoad 
in the method at the outset, for the purpose of de- 
tenninlng the peroentage of each reetaniae occupied by 
slopes gentler then 89(. Bstlr.ates were made only to 
the nearest ten percent. Of theesven hundred pairs of 
estiastes, 60£ coincided, 37* differed by one class 
and 3 * differed by two oleases. Results suggested 
that eolneldenee was considerably greater In the later 
estiastes than In the earlier ones. 

Thus thsre are available at least two relatively 

quick methods for obtaining useful slope data from 

contour nans. One Is applicable only if slopes are 

being*grouped into a small number of classes and if no 

more than very modest nrecielon is requlrad. Tha other, 

that of dot sampling, can, by Increasing tha number of 

dots in tha smnnls, bs mad# to servo for almost any 

desired degree of exactness. Lins aar.nlaa (trovaras#) 

and area sasrlee san alao be adapted for rerid 

and useful alone anelyels.*3 They were, however, not 

13. Por an «ampla of the use of linear traverses for slop# 
swipllng sea L. ffolfangar, "Lendfora Types", Michigan 

experimented with, and it is doubtful that they would provs 

mors useful, in terms of combined precision and spaed, than 

the dot samples. 

The dot-sample method la also applioable to use In 

the field, provided that s representative pattern of 

dots can be established and located on tha ground* Slopes 

would bo measured by clinometer rather then by slope seals. 



17 

Bm aane aathod oould b* uaëd on oorlal photo« 

graphs if only it ware possible to determine the inclination 

readily from the photographs« Attempts to estimate the 

slope angle by comparison with measured alones on small 

8tereo«palrs of the samo scale and spacing hare not proved 

successful« For somewhat obscure reasons» nruoh more 

favorable results have been obtained from using the 

same comparison technique for an overall eye estimate 

of the per oent of area oocupled by alones of various 

oleases» Apparently the comparison method serves sell 

when one is acanning the entire stereo field of a pair of 

photos» but breaks down badly when one ooncentrâtes on 

single alones of limited extent« “hirther experimentation 

along this 11ns soems advlssbls« 

b. Osnsrsllslnc after solleetlon of data« 

Ones the slope data hsvs been obtained» from ■het- 

ever source and by abate ver method» the* muet than be 

suBSMUPlaed» generalised or abetreoteù In sane way that 

will make them readily comprehensible to the user« Xt 

has already been auggeated that certain types of 

genarallastions» anch at grouping into classas» may ba 

dona at ths same tins the data ara oolla otad« Xh order 

that all mathoda may ba dlseusssd» however» It will ba 

assumed for the present that the data ara in the fon 

of rather precisa Inclination figurât for each of a 

largo number of pointa» In this raw form they ara 

distinctly cumbersome to use» being coranarabie to a 

long serias of monthly temperature figures for some 

climatlo station» The problem la then to reduce 
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drafttloally th« nurabar of figuro* pro«ontod to tho uoor9 

•o that ho will nood to eonaldor no rnoro than ft fov 

digits or indox designators« ft slmplft diagram or • very 

brief verbal characterisation« There are many 

familiar types of statistical suranarles« but surprisingly 

few of them have been utilised In discussing slopes« 

This Is probably due largely to the fact that slope 

data have r arely been collooted slope by slope or point 

by point in numerical form* lha quantitative alone 

analysis methods used in the past have conn only attempted 

to proceed directly from the nan to a suuna^y value« rather 

than to measure smaple slopes and then sumarIse« 

üentvorth's rather familiar method for detemlninr the 

average slope of an area Is an example ln ^olnt« 14 By 

14* ttentworth» on« sit«« 1930« 

counting contour Interesétions along a set of measured 

traverses snd applying a mean oorreetlon for the angle 

of orosalr*:.« he obtains the average alore without ever 

having measured eny actual slops angles« Beosuss the 

mean la about the only familiar statistical summary that 

pan bs obtained by such direct methods» the mean or 

average slope has recalvad more attention than eny other 

type of elope dots« snd probably a great deal nor# thon 

its value warrante« 

Tilth a mass of point slope date available for 

an area« however« many other sorts of sumarles can be 

easily obtained« and many of these ere for more revealing 

and useful than the osan slope« 
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Undoubtedly tlio simplest and nosfc direct means of 

sumarlalng slope data la to present* In tabuler or 

graphic fom# the frequency with which slopes of each 

degree are represented wIthJn the sample« This ft*e* 

quency dlstrloutlon may be presented by simply plotting 

or tabulating frequency of occurrence against degree of 

slope* However* unless slopes are grouned <nto a 

relatively small number of classes* the frequency curve 

accomplishes littlo In the way of slnpllfIcatlon, for 

the variety of Inclination present within a glvenarea 

nay be vory large* If clones are grouped Into e few 

desses* a graphic* tabular or coded aunrary of the 

frequency curve nsy be offered that can be con*'re handed 

at a r.lence* For all its aimpllolt* this Is one of the 

most revealing* real1stlo end versetile of ell slope 

sunmrles* 

15* Strahler* "Quantitative Slone Analysis”* 1956* exsn'res 
a nimbar of seta of e ich alone frequency distribuí! n 
data and comments on methods of analysis* 

The estebllahln of e a storn of classes Into which 

to group alo>S8 nay be done accord!«v to in almost 

unlimited number of schemes* The main principle to ba 

followed la that the cíaseos ehoaen mat be eultable to 

the specific purpose et hand. If, for the particular pur¬ 

pose* there ere definite critical or limiting elope values, 

then these should be used as class boundaries* ^or 

example* if the slopes are being classified for land-usa 
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planning, «d It le r.U that th. b.l^ ,tudl.d. 

alop.a l„ „ce, of X(# Mnnot b. cle.Md wlthout dínr#p 

of erosion, while l.B3eP ,iope„ 8>f#ly ^ clMp#d> th)>n 

th. flí:ure of 10^ «houId b. u„d aa one of the dividing H„.. 

between elaeeea. If the ^urpoeoe of theetudr are 1... 

epeelfle, or If the value« that are "critical" ror the 

purpowe . re not known, then arbitrary cl... lirlt. nu.t 

be .at, Th... nay be auol, a. to give „ „u.! rM(.e of 

valúas to each el..., to fall at mlntaal point, m the 

distribution ourv-. to anconp... roughly the .an. nuab.r of 

Individual. In aaeh class, or to serve any of varlou. 

other noala that do not Involva at.olflc erltleal 

velu... X„ atr- event, the nunber of cl..... r^et b. 

sufflelant to ;;lve tha desired degree of subdivision. If 

arbitrary eUss lûnlts are set, there 1. alwav. tha 

tandanc-', -hen the data are being .valuatad, to forget 

that the licit, war. but arbitrarily chosen and to In- 

vest than with a significance they do not really poas.,,. 

Wien even the olas, fraguan cy data, re too cun Parser, 

for the purpose If ,.,iT.n in oonnl. te fern, u la ,,,,,. 

tlaa. valuable to five the data for on. or two cl...,, 

that ..am rertloularlv algniricant. Surprisingly usa- 

ft.X. for axanpla, 1» tha figura that gl».. the nar- 

eontaga of tha total ara. that 1. occunl.d by the gantier 

•lopa class or clast«.. Hot only or. gentle slop., 

usually the one. In which can 1, cost vitally Interacted 

•nd which he find, no.t ua.ful for the l.rgeat nunber of 

purpose.; their degree of prevalence 1. .1,0 . highly 
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V 

graphic descriptive Index, To know that 65^ of tha 

slopes of a given area are within the limits of what 

may be termed "gentle" la probably to know more of 

value about the slopes of that area than could be pro¬ 

vided by any other single figure. The choice of an 

upper limit for "gentle" slopes will depend acnewhat 

upon purpose. Por certain types of land use In a given 

area there may be a critical upper value beyond #ilch 

the slopes cannot be used. Por certain types of Irriga¬ 

tion farming, the critical slope may be no more than one 

or two per cent. For non-lrrlgated me chine-cultivated 

field crop agriculture, the critical elope beyond which 

erosion or reohanleal difficulty baoomaa serloua may be 

seven to ten per cent. Por relatively few purpose* are 

alohas In excess of ten per cent reasonably termad "gentla", 

Tha fraction of tha total area occupied by the ee- 

peclally steep slor© dessen Is another useful ndex 

of slope condltiune, glwing seme Indication of tha 

ruggedness of the land, and. If tha lower limit of the 

claaa la reasonably chosen, also suggesting tha amount 

of land that la hopelessly outside the bounds of use¬ 

fulness to man. If ooupled, this value and that for 

gentle slo^e together give an excellent brief axaaary 

of slope conditions of an area, 

Pbr many types of statistical data a very useful 

summarizing index is the prevalent or modal value or 

class, that la the class containing the largest 

mraber of individuals. In slope analysis, howavar, the 
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modal elaaa la not nooosaarlly very meaningful, because 

frequency distribution curres for slopes often do not 

rise from either extreme toward a well-defined maximum« 

Instead, the distribution is sometimes multlmaxinal or 

relatively even, class-for-olaos« Therefore the nodal 

class nay actually have only a sllf^ht degree of prevalence 

over one or more other classes, rIhua the orevalent slope 

class Is an index of limited value, not so much because 

it is misleading, but because it often reveals so little. 

Also obtainable from the raw roint-by-point data 

are various indexes showing the degree and sohene of 

variation of slopes within the area« Anporr.ntly little 

haa been done with this topic previously, and no specific 

attention has been given to it In the course of tí o 

prêt nt investigotion. Experience gained through rather 

cursory examination of frequency distributions of slopes 

In the stete of Hiasouri and several areas in the wentom 

United Stetca aug. esta tnot much of value can be learned 

fror the careful anslyo's cf ouch distribution;*« Slopes 

in any given area of orosional terrain comonly group 

thomaelvos into two or roro rather distinct rem es of 

steepness, often V-1 th marked nirima or even discor-tlnui • 

ties separating one from tho other« ¿he slonos of one 

area nay differ fron thoae of a noaroy arec only by 

the addition of a a'ngle range of, oerhans, ateoner 

slopes, the rost boing virtually the cane. For example, 

the Interstrean uplands in much of the Ozark area have 

virtually the sane slope characteristics as the rolling 
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or undulating prairi« sections of central or western 

Missouri* The distinguishing feature of the Oaarks 

is the addition of the steop slopes of the lower valley 

sides. Considerations of this sort, frequently noted by 

georaorphologists, are worthy of much more systematic 

study than they have attracted up to now. Characteri¬ 

zations of individual areas, area-to-area comparisons, 

correlations with the nature of the underlying materials 

or of tho vegetation cover, and various other valuable 

t-^pes of analysis can all be made fron the raw slope 

data and should prove highly aljpiifleant. 

The mean or average al^pe haa been used more 

often than eny other «Ingle index to ohereoterlae the 

elopes of a given a rea, orobably because of the baelc 

simplicity of the concept end the frequency with which 

it has been used in other statistical analyses. It is 

so fraught with shortcomings, however, that its value for 

alone characterisation is email#*6 In aonsvhat atollar 

16. Sas Tí. Cslsf and R. Hewcomb, "An Average Slope Map of 
Illlnola", Annal« of,the Aasoelation of Aweric«g ^ 
Geographers. V. «3, no. 4, Peo., 1VI55» pp. bOb-alo. 
The authors, after making and analysing an average 
•lope map of Illinois, reach the s ame oonclualorw. 
Their extension of this concluaion to all statistical 
maps of terrain (p, 316), however, seeraa urwarrentedo 

manner to the mode, the mean is most effective as a 

summarising index if the frequency distribution curve 

rises from either extreme toward a pronounced maximum. 
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Slop* fropuancla* ccnnonly do not exhibit this pattem« 

It 1« ontlroly poaslbl* for the mean slope value for 

an area to be wholly unrepresented among the slopes that 

actually occur In the area« Uiis ix>uld be true, for 

example, in an area of canyon-cut tableland, where all 

slopes were either very gentle or very steep« The 

mean value would be that of a moderate inclination 

which did not exist in the vicinity. The mode, for all 

Its weakness, at least has the virtue of indicating 

something thst actually does occur, and with greater 

frequency than any other one thing, condition or class 

of that type. While there are surfaces for which the 

mean would yield a representative value, that repre¬ 

sentativeness cannot be depended upon; It ie not in¬ 

herent in the concept of the nema• 

Many methods, most of them exceedlngl*’ tedious, 

have been devised for determining the mem elope. One 

of the simplest 1* thet of "entworth, mentioned earlier« 

With nolnt-elope date, however, the mean car. be found 

directly and with no difficulty, Actnlttedly the degree 

of accuracy would not ba aa hlf’h as that obtainable by 

the vericue methods of greater complexity. However, 

there ere probably few instances in which a high dagree 

of pracisión la really needed, end in view of the 

questionable value of the mean aa an Index, the expenditure 

time and effort required by the more exact methods la 

rarely Justified. 
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Por mn Individu«! «re« or for conp«rl«on anong 

areas, any of these values or sur.raarles may be presented 

In tabular form« Sumaries involving several values, 

such as frequency distribution of classes, may also be 

shown by line, bar, or pie graphs« 

If it is desired to show the distribution of slope 

charsoteristies over an area, cartographic representation 

of some sort must be used« Slope distribution within 

a small area shown on a large scale nay, of course, 

be shown by a slope-for-slopa rap, on which the actual 

areas occupied by slopes of each class are outlined 

and distinguished by tone or oolor. In geographical 

studies, however, the aros under cons1deret!on la 

usually too lar(<e and the scale that muet be used Is too 

snail to pern 1 trapping of this sort* For these large- 

area, snail-scale studies, it Is suggssted that the 

total s res be subdivided Into many unit areas of relative¬ 

ly small sisa* For aach of thosa unit areas the elopes 

are analysed by the methods suggested above« Mth these 

date at hand, individual slope Indices osy be mapped over 

the whole area by choropleth or iaopleth technlquaa, or 

by various sorta of cartograma« Multipls-value sumarles, 

such as class frequency distribution, ere difficult to nap 

effectively. Just as are sinilar sumnaries In climatology, 

soil science, econonic geography, or any other field. 

Most of the techniques that have been employed involve the 

recognition and mapping of recurrent combinations of values« 



3. CoQcluflonf 

Th# fact th#t slope Is the pronertv of s point 

(or In prsotle#» the property of a short line)» and 

therefore offers untold numbers of values for any finite 

area of the land surface« maíces some form of goneral- 

laatlon or summarisation necessary# both In the collectine 

and the expressing of data Intended to characterise the 

slopes of an area of any considerable sise* 

Collection of data Is accomplished by any of various 

techniques of sanpllng. Especially valuable because 

of the rapidity It affords# and surprisingly accurate 

In Its results Is the dot sennllne method, which may be 

applied either In the field or on accurate contour 

maps* By this method a repreaantativo a et of elope 

velues from the area Is obtained# end fran these deta 

many of summary Indlcea may be derlvnd* For an 

moasur*nr about 7 by 9 miles, a aan^le of 60 to 

100 slopes Is sufficient for -.oet nurpoeee# though the 

•enple oan be Increesed to glee elnost ar.^ dealred der.re* 

of preclelon# A lese reliable but quicker method for 

obtaining olees distribution data la that of eye eetlmat# 

with the eld of a alope acale ana overlay grid* 

Presentation of alopa data In turnery form may be 

accomplished In many different way#. For simple 

characterization of phenomena for which numerical data 

are available, probably nothing yleída a greater amount 

of Information than a table or graPh showing the elees 

frequency distribution of values. If# for purposes of 
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extreme eonclseneea# » «Ingle Index la desired that 

will convey the moat useful Information about the 

slopes of the area# one may use the percentage figure 

for any given olasa« may indicate the modal class or 

may compute the mean value# Especially useful for many 

purposes are the percentage of the samnle that falls Into 

the gentle slope class» and that that falls into the 

steepest elope classes. The prevalent or modal class 

Is less indicative» and the mean value nay be non-repre¬ 

sentative and misleading# 

Any of these numerical velues and indices permits 

a direct quantitative comparison among areas ss well ss 

corre1stIons betwson slope ohsrscterlstlcs and possible 

causal or resultant phenomena* Each Is siso ospabls of 

being expressed oartogrephlcally by choropleth or Isc-nleth 

techniques# If représentation is to be on e sufficiently 

snail scale» further general last ion will have to be made 

by grouping end boundary—cnoothlr.g* 
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D, CharactT*siry Surf«ca VataM ala fj2 Lf Vo-^» 

LlJca alor'c* aurfaca raaterl*'! la essentially the 

nroparty of a nolnfc on the land surface (actually a small 

finite area and extending to some limited riopth beneath 

the actual surfeoe)« Thua the problorr.a and techniques of 

sampling and surcniarlîiing its occurrence in an area are 

basically the saire ai: those encountered In the study of 

slope* There are, howaver, some quite different problems 

inrolYed In the practical'a nllcatlons of the techniques« 

The chief theoretical probings are those of defining 

surface material, choosing el.at aspects of it will be con¬ 

sidered, and setting up classes of ilfferentintlon. The 

answers will defend almost entirely upon pirpose. In general, 

for relatively srall-scole studies, the principal focus of 

attention w/uld be or. the rross nat<ire of the 

nnrerr.oat few Increa, or at foot, o' soil or ra- 

gollth. Mor* i Aclallted cc: il<'--^ ’ j oí the plr.’S I cal 

structure or chu: leal comporltlon o. t e re ollth carries 

one -rtc tr.e rerV o: «oil mid , h owe wer i»*,portant, 

la outside the srope of Vhe reje.jt Investl/ation. Slnllar- 

1? the undcrl\ln:' roer sûr ic r-, ». • -ajcr <* ntrol of 

the dtvelopr er. t nT 1er l»*orr,, lsh»-p 'T-'tted fror a Hat 

of land form aliento. 

A reesonablo approach for r.r.p! 3-.icale a^udy would 

sfto*2 to be to subdivide surface :t t'rials Into a nunber 

of distinctive r.-.ttjor classes, such aa le» end snow,-« oter, 

t îd-'ock, bouldera tir.d grrvel, su.v., and aoll (In trve broad 

sense of regollth mado up largely of materials finer than 



■and). Mithin • unit mm, th# oceurreno# of th#»# #1#m#» 

of material 1» d#t#wiin#d by dot aampl# op by #y# •atlmat#, 

as waa auggsotod for slop#. 1h* aairj# sorts of summarlos 

may also b© us#dp narasly tabulation of tho relative fra» 

qu«i cy of occurrono#* tho degree of occurrence of any 

slngl# olasa, or the prevalent class. Sinoe material does 

not offer a contlnuiaaof valuó» the mean» of course» la not 

defined* 

The principal practical problem Involved in th# 

characterisation of surface material la the obtaining o£ 

data. Except for water» 1c#» and sometimes sand» th# 

necessary infonuatlon cannot be obtained fro* topographic 

naps. vJh#re avallabls, detailed soil mops usually offer 

very useful data, but the extent of areas for which they 

are available Is relatively snail. Aerial photography la 

also a useful source of Information, at least In the hands 

of an experienced examiner. In the last analysis9 however, 

the surest source, though by no means the Quickest or most 

convenient, is the field, eepeolally for distinguishing 

fixed sand, stony soil, and 8tone»freo soil, three very 

connon materials* 

Characterising Vertical Dlmenalons .^n Land Form 

Unlike slope, which la a property of a point, 

vertical dimensiona naturally aro properties of three» 

dimensional surfaces of finite area* In the complex geo- 

matry of land surfacei, there are many different vertical 
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Maaupwant* that san b* Md* th.t n*7 b* lnt*r*»tlntî 

and significant# 

Fsrhaps ths most apparent of all rertloal dlnan- 

slons of Und form Is the height of the Individual slope. 

Such height» (height of hill«, ridge» or interfluves 

above the base; depth oftalleys and depression« below 

adjacent créât or lip) are obvious and readily perceived 

characteristic» that give distinctive character to a given 

land»cap»• TO>»n one think» of vertical diraenelons in 

Und form. It is these easlly-se»n individual alone 

heights that come first to mind. However, they are not 

th» only vertical dimension» that are important to land 

fo«m analysis* 

As »»11 as the total height» of major slopes, it la 

often of interest to consider the heights of lesser 

feature» or parts of slopes, such as cliff» or crags, 

river banks, terraces and benches or waterfall». It 

may be highly desirable to know the range of eUvation 

along a given ere»t or divide, along a given stream 

valley or »epnent thereof, or along a pa»« route from 

on* jalley floor across the divide to the next valley. 

It may be worth conaiiering the range of slevationa on 

a given upland quite apart from tha deptha of valleya 

Incised into it, or that of a lowland apart from iso¬ 

lated peaks that stand above it. 

Finally, one may measure the total range of elevation 

präsent within a given are»; that la, the difference In 
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elevation between hl liest end lowest nolnta* nils 

quantity» familiar as the "local relief" or "relief 

energy" of an area» has received much attention In the 

literature of morphometry» perhaps more than any other 

single Item* It Is a more "artificial" property than 

individual slope helrJit» particularly IS the area for 

which It is determined has been arbitrarily bounded« 

It Is possible for the highest and lowest points in an 

area of some alas to be Incapable of being enoonpassed 

In a single view» and thus the local relief way be notably 

larger than the elevation dlfferenoee one would actually 

notlee if he were In the area« In spite of these short* 

cooing a» the ease and objectivity with whloh the maxi¬ 

miza elevation difference may be determined» In oomparl* 

son to a summarisation of Individual slope heights within 

the same area» recommend It strongly as an Index of v ertleal 

dimension« 

In the current project» attention haa been riven to 

but two of the various possible meaaurea of v ertloal dimen¬ 

sion: maximum difference In elevation and Individual slope 

height« 

In principle there eeems no need to depart from the 

method of detemlnlng maximisa elevation difference that 

17 
haa bean made familiar In this country by Guy-Harold Smith« 

17« G.-H« Smith» "The Hclative Relief of Ohio"» Oeorraphlcal 
Review« v. 25» 1935» pp« 272*284« ** 

By this method» the large region under study Is subdivided 

Into numerous rectangles of uniform also» and the maximum 
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•i***tîo!i d If fe pence la detemlned fop each rectangle. 

The method la Blmple, quick and objective* 

The only significant problena involved in the 

application of thla method are t hose of choosing size 

and shape for the unit areas* Because they are used as 

¿tapping units In the U.S.G.S. topographic series* It has 

been customary In this country to use as unit areas rec¬ 

tangles bounded by parallels and meridians* The extreme 

convenience of using these rectangles largely offsets 

their disadvantages* which are that they are not equldl- 

menslonal* and that they change else with latitude* The 

latter point becomes too significant to overlook If the 

latitude range of the erees a tudled is g rest. It can 

easily be adjusted* however* by Increasing the east-west 

dimensión by a given number of minutes In higher latitude 

sones* The else of unit area ohoeen for local relief deter¬ 

mination la difficult to aet* Generally cneak'nr,* it ohouli 

be large enough to Insure that the full length of at least 

one typical slope la included, but not so large as to in¬ 

clude diverse landscapes or to permit broad regional slopes 

to affect strongly the relief figure* ’‘¿hero slopes are 

short snd eresto and val laya are clc sely apace 1* a small 

rectangle would be moat desirable* wnilo coarae-textured 

terrain demands a lar» er unit area. But if local reliofa 

are to be compared for diverse a reas, It is deoirablo to 

keep the unit areas constant* which necessitates b compro» 

miss* Experimentation suggests that within the United States 
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• z** o tangia aaaaurlrg nlnutas on a aida ( approx Ina ta ly 

7 by 9 miles ) serves reasonably veil as a ooraproralaa unit 

for this purpose. However# this is somewhat too large for 

most of the eastorn part of the country# where a 5-minute 

rectangle would be preferable# and rather too small for 

some parts of the Southwest# where 10 minutes would be a 

better figure# 

Por maps bearing a military grid# the 10#000-yard or 

10#000<«etor grid squares serve aAairably as unit areas 

for relief determination in areas of not-too-eoarse texture. 

They have the slight advantage of being equi-dimeneional 

end the greater advantage of being constant in else# but 

they are awkward to use on mape on which the grid le not 

already printed# or on which a given square muj be divided 

among two or three map aheeta. 

Critic! mu of the Index la based chiefly on the quite 

reasonable feeling that to be representative and meaning* 

ful# the local relief index should approach as closely aa 

possible the figure for heights of typical single elopes 

within the area. Local relief# then# becomes a "second- 

best” index# employed simply because it Is so easy to om- 

ploy# It io hard to quarrel with that view# Accordingly# 

any means whereby the local relief can be made to approxi¬ 

mate the actual slope heights moat closely appears desira¬ 

ble. Keeping the area as small as is feasible is the only 

device available, for only by that means can the effect« 

of axoaasive diversity of terrain or marked regional slope 
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b« nlnlnls«d# Hcw*Tep# it nu«t b« Jospt ln nlnd that for 

• unified oonparetlre study, the sane else unit area should 

be used throughout, or comparability and objeotlrlty are 

lost* 

If a sunmarisation of indirldual slope heights la In¬ 

deed the most desirable single Index of vertical dimension 

In an area, methods by which It can be derived are worthy 

of consideration. 

Since there Is in any area an Infinite -.lumber of slopes 

(measured from crest to adjacent valley axis), the problem 

of deriving an index la slnllar to that for slope. Some 

form of smapllng Is necessary, and, as with slope, this 

can be done by various methods. Since a system of dot 

sampling has already been recommended for slope .inalysls. 

It soema worthwhile to consider the anpllosblllty of a simi- 

system to the study of relief. This naturally requires an 

adaptation, for unlike slope, slope height is not s point 

quantity. It la rather the difference in elevation between 

ende of a line drawn normal tc the sontours and ex¬ 

tending from crest to adjacent valley bottom. Through any 

point, placed at random on the surface, there le one nuch 

line that .may be drawn. Thus If a çlven nunber of pointa 

are placed within the Study area, they will locate an equal 

number of slopes whoee height may be measured. Conceivably 

then, the same dots that were used for sampling dope nay be 

used also for sampling slope height. However, In nost In¬ 

stances, especially In long-sloped terrain, it Is reasonabla 

to use a smaller number of dots than are needed for elope 

analysis. 
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Onoe obtained these slope helßht date raey be euraaeplsed 

In any of the ways usable for slope. It is probable# how¬ 

ever« that the mean height« the modal height class» and the 

maximum height would be much more meaningful that are the 

corresponding values for slopes* The class distribution is» 

none the less» a more revealing and complete type of sumary 

than any one of the single Indi cea* 

In the application of this method a practical problem 

la encountered in the definition of the end oolnts of any 

given slope. It Is not satisfactory to plaoe these peints 

Invariably at the first crest or valley to either aide of 

the earn ling point» for travel normal to the contour fre¬ 

quently brings one onto the plunging crest of a spur or In¬ 

to the bottom of a steep ravine that la no more than a sub¬ 

sidiary feature on the mejor slope under consideration. 

VThile there le probably no whol?y satisfactory of ellr *- 

natlng thla difficulty and at the same time maintaining 

objectivity» It will help to keep certain principia» in 

mind while deciding where the top and bate of a given 

slope should be. Generally speaking» the bass of the alope 

should be located at the axla of a valley with eaaentlally 

parallel aldea and 4 th a longitudinal gradient notably 

less steep than adjacent slopes and spur anda. In the ma¬ 

jority of caaes this valley axis will be oriented in a 

direction sharply different from that of the measured elope, 

upper end of the slope should be on a suninit frota which 
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Slop«« of «Ignlfloant length rodlet« ln «Il direction«, 

or on « ridge top of rery gentle inclination end marked 

by «isontlally parallel contour«» It should not be on 

an Insignificant projection on the side of an other«!3« 

continuous slope« Wie upper end of the slope should be 

a dominant point in the small area in which the sampling 

point ll«s* 

It should be mentioned that In some types of terrain* 

especially areas occupied largely by gently sloping plains 

but with a few prominent peaks or ridgos rising above, or 

deep canyons falling below, individuel slope heights are 

difficult to dsflne and almost raeaninr.leas to surmarlse« 

In a basin-and-renga landscape, for example. If a eanpllng 

dot falle on a mountain aids, is the base of the slop« to 

be nlaosd at the foot of the mountain face, or far out In 

the middle of the baaln at the ultimate foot of the pled-* 

nont plain? And convereely, for a dot falling on the pied¬ 

mont plain, ahould the top of the alope be aet onaoma minia¬ 

ture divide between rilla or the plein, or should it ba at 

the c.'aet of the mountain rangea t the head of the pied¬ 

mont? The choice would depend upon the purpose for *1 ich 

the analysis Is being mde. In most instances it would 

probably be best to consider and describe the mountain 

slopes and the piedmont slopes separately, 

D# Characterising Horisontal Dimensions in Land Fora 

Th« variety of horisontal dimensions that may be 

measured In a land form area la at least as great as the 
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variety of vertical dimensiona* and many of the possible 

measurements are significant an<! useful* Among these are 

the distances between adjacent crests or summits* between 

adjacent valley axes or depresslons* and betweenc djaoent 

streams• Others are the breadths or areas of various kinds 

of features; such as lakes* streams* patches of gentle (or 

other) slope* patches of Ice* sand* exposed bedrock* etc* 

Or one may measure the lengths of such linear features 

as ridge crests or s tresne* 

In considering the dimensions of such features as 

patches of gentle slope or lakes or patches of ponnanent 

loe or snow* the concern Is not with the total arse of 

these within the unit* but with the else of the Individual 

features of the kind* r.‘e have* for example* already dis* 

cussed the Importance of the percentage of the unit a rea 

that la occupied by gentle slope* but It is also signifi¬ 

cant to know ehether this gentle slope occurs In many tiny 

plots or in one or two large ones* This difference would 

be critical to the utility of the land for purposes as 

diverse as mechanised agriculture and airport davalopmant* 

Thaae dlraensl >na of patches of slope of a given dass 

or material of a given kind may bast bs obtalnsd by direct 

measurement from a map upon which the patches have been 

outlined* For each Individual patch ona may measure the 

maximum and minimum breadth and may find the area by planl- 

meter or by grid method* If the number of patches Is small* 

no difficulty exists* but If the number Is large (frequently 

a 
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tru« for patch«« of slop«)« «on« fom of «ar.plliig ra»y b« 

noeeasary* If numerou«* the d«t« may b« «umriArlc«d by 

tabulation of ft*«qu«ney distribution or by the variou« 

singla indices such as the moan« In the nresent project 

no specifio attention was given to horizontal dimensions 

of this typ«# and nothing more than the foregoing general 

statements con be made« 

Sane work was done* however, on methods of obtaining 

data concerning the spacing« of crest« andwlley«. It is 

these spacing« that give to an area one of its most distinc¬ 

tive charejteristica,that ih ich has sometimes been called 

the "texture* of the terrain. In stream eroded country 

it is one aspect of the "degree of dissection" of an area. 

Differences in coarseness of texture have long been reoor- 
O 

nifed* but the ooneept is a difficult or.« to define pre- 

elsely* which la perhaps one of the reasons why it was 

relatively little atudled* either quantitatively, ce«» 

parati va ly or until rather recently. 

Basically tha determination of the texture of an e rea 

of land fom requires no more than the aenrüng end reaaur*- 

ment of crest-toereat or valley-to-valley distances, 

might be accomplished with the el d of a dot-a«Rpling de¬ 

vice, as previously aug’.osted for slope and slope heU,ht 

In thie Inatonoe, for each point, one would determine and 

measure the shortest line segment passing through that 

point from a créât (or valley) on one side of the point 

to a créât (or valley) on the opposite olde. There one 
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would «ratas • r«prssent«tÍTS group ot oraat-to-«*«st 

distanooa# which eould than ba aumarlaad as daairwd* 

Howavar, application of this method loads quickly 

to practical problem« that ara difficult to solwa idth 

complete objectivity. Tha moat prasslng of those problems 

has already bean ancountarad in tha discussion of slope 

height. This is tha question of which crests (or valleys) 

to use and which to ignora as Insignificant. If one 

considers every crest that is distinguishable fren tha 

contours, ha will obviously obtain a vary different /alue 

for tha texture than ha will obtain if ha considers only 

*significant" or "major" crests. 

This problem sugr.f ¿« that one may in fact wish to 

consider more than one degraa or «cala of texture. In 

general terms, one mii'ht wish to consider separately the 

spa clings of "major" crests or valley« (which be called 

the "gross texture") and the «pacings of all crests or 

valleys (which may be called the "complete texture"). The 

contrast between these Is illustrated by the San Gabriel 

Mountains, In southern California, in which major crests 

are high and widely spaced, giving a distinctly coarse 

gross texture, but in which the slopes of all valley side« 

are scored by a dense system of gullies and ravinas, giving 

a complete texture that is very fine. On the other hand 

parts of the Otarka in south-centrsl Missouri or of tha 

Appalachian hilla in northeastern Kentucky display a re¬ 

markably close spacing of major crests, but ahow little 
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d9T«lopm«nt at r+vina» or gullies on their forested 

slopes« T},is In eocirierIson with the Sen Oebriel rioiai- 

teins the'.5 areas possess a much finer "gross texture", 

but • sc"what lesp^jne "oomnlete texture"« 

An ¡.pproaoh to a reasonable though not strictly ob« 

JectlTf clstfr otlon between these two Indices is suggested 

by the d?.sou/ sion of slope height« lhe straight-line 

distant be» een the top and base of a "major” slope as 

delln.'ited or slope-height determination could beised In 

the det#/ nination of gross texture« This distance would 

■>e tbs alley-to-erest distance or, ideally, half the 

list/ ico between major crests« The usual frequency-dls- 

ti J .utlon or single index t3rpes of summaries could be used 

* ;> glee concise characterisation of the phenomenon over 

.i unit area« 

As with slope heights, this method yields confusing 

r ta if applied to moisi tain-studded or canyon-cut plains. 

i such areas the gross texture is most reasonably defined 

is the spacing between mountain creste on the one hand, or 

between canyons on the other« Therefore the slopes templed 

should reach from a mountain crest to a major drainage 

axis of the plain between renges, or from a canyon bottom 

to the crest of the major divide between that canyon, and 

the next« The minor create and valleya on the smoother 

lowlsnd or upland would be disregarded« 

In the current project another method waa devlseC to 

increase the objectivity of gross texture determinetion by 
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Inotirlng that the cresta and vallays whose spacing la 

measured are "major" ones* A "major" oreat or valley 

was arbitrarily defined as one that rose above its base 

or foil below its brow by an amount equal to more than 

one-third of the maximum elevation difference within the 

unit area in which it lay. Several aamnle points were 

arbitrarily placed within the unit area and a straight 

line was then pivoted about each point. 3y this 'device 

it was possible to determine the shortest distance» along 

a lins passing through the point, separating odjrcent 

croat* between which the surface dropped more than one- 

third of the local relief of the area, ^on the aorrolo 

distances a simple mean was calculated, and this ^o'’ used 

ua a toxture index for the unit area. Textvre variation 

16 
was mapped on this basis for the stata of Tiiasouri. 

16. Appendix 2 

:«osfc values fell between one and two miles, with oxtrenes 

of 0.7 mlloa and 4.0 nllea. Since time lias perraittad 

neither the teatin? of this method in areas of more di¬ 

verse terrain» nor the comparison of Ho resulto with 

those obtained by other methods» its valúa can not vet be 

assessed, but it does offer distinct promise. 

Analyoie of the "complete texture" of an area, in 

which even small gullies are considered, offers fewer 

difficulties, because no selective decisions are necessary. 
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On« n«thod of momsuromont would be to exenln« the conto ir 

line p«««lng closest to the s«nnlln£ point, mark the 

flrstMll«nt (op re-entrant) to either side of the sarplln»: 

point, and neesure the distance between* Various accepta¬ 

ble systems of sampling and measurement could undoubtedly 

be devised* Por the unit area aa a whole, the usual forma 

of summaries could be employed* 

The most commonly employed technique of analysing 

texture of an area has been that of computing the drainage 

density, that Is the total length of streams or drainage 

channels divided by the ares* This method was apparently 

devised by HeuMum , and has been extensively used 

by Horton, Strahler and others* It need not be discussed 

at length here, but there le no question of Its usefulness 

for detailed analysis of the drainage net. Ite principal 

drawback for large-area studies Is the tedlousness of 

stream-length measurements* The method also facen the 

familier problems requiring cié cisiona about whether or 

not very email drainage lines are to be considere î. 

B* CharecterlaIng Jorlaontal Arrangements (Patterns) ln Lan l Porn 

Yilthout question, the most difficult aspects of land 

form to characterise objectively ere the arrangemonts of 

features, both In the horIsontal and the vertical planes„ 

Many of the specific arrangements In which one night be 

interested, such as the pattern of crests an'* oumlto, are 

to complex and offer auch a great range of variation as to 

be extremely elusive for systematic characterisation* Not 



43 

only «re indlrldual pattern* difficult to deacribe oon- 

olsely» they are also difficult to compare ayatematloally 

with other Indlrldual pattern*, aothat claseifleatIon be¬ 

comes doubly difficult* 

In the present Investigation, while considerable 

thought has been given to the possibilities of simple 

characterisation and classification of arrangements, they 

h%ve not been principal topic* of study, and In any avant, 

positive results have been small, esosdaily so for arrange¬ 

ments In the horlsontal nlans* 

Examples of patterns In the horlsontal plana that may 

be of Interest are that of crests and summits, that of 

valleys and depressioni, that of hydrography, that of gen¬ 

tle slop# (or of any other slope class), and that of ex¬ 

posed bedrock (or any other oleas of surfaos material). 

Such patterns may be, with varying degrees of difficulty, 

drawn from map study, fron ssrlsl photographs, or from 

field survey, but once they have been drawn, the task is 

only begun• The problem is how to describe the pattern 

in summary fonn, and how to compare it objectively with 

others of the same kind* Theoretically, It should be 

possible to express any pattern In mathematical terms, but 

for few. If any, of the significant pattern! In land from 

analysis Is such expression remotely feasible, though cer¬ 

tain specific aspects of the pattern can be Isolated and 

expressed In simple terms (s*g. the prevalent orientation 

o* major ridge crests)* Probably the only way pattern# 
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oould b« «triotlr ob>ctlfl«d or quantlflod would bo by 

the «ne route of resolving then into component espeet| 

that has been used in this general investigation of land 

foxw asa whole« But since each of pattern would 

have to be broken down in this way, and since strict ob¬ 

jectivity in pattern analysis la not needed for the majority 

of purposes, it does not aeem that the tine and effort re¬ 

quired are worth expending unless the specialised purposes 

of a given study demand it« 

On the other hand, it does seem feasible to develop 

somewhat subjective classes into which Individual patterns 

oould be placed by inspection and conparieon with an exam¬ 

ple« Such a method has been utilised, in rather rudimen¬ 

tary and unsystematic fashlontby vorlous writers, especially 

in the descriptive portions of textbooks«*® Usually only 

18« See, for exanple, S« Passarge, Beschreibende Landechaftj- 
kunde. 1989, op« clt« 

a few sharply contrasting types have been mentioned and a 

similar number of well-marked examples offered« 

A systematic attack on the problem would require the 

collection of a large number of actual examples« These 

would then be carefully examined and sorted into as many 

distinctive groups as seemed necessary, and for each class 

a middle-of-the-range exanple would be set aside as a model. 

When one wished to characterise a new individual, he would 

compare it with the various models end place it in the class 

whose modal it moat olocaly resembled« Clearly this proceas 
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Involves a considerable degree of subjectivity, both In 

establishing the classes and In matching Individuals with 

the models. It is, however, probable that such a method 

would prove sufficiently meaningful and accurate to serve 

all but the most exacting purposes. 

A very simple classification of patterns of major 

crests, summits and divides constructed on this basis 

might look something like the following I 

1. Parallel • Major crests essentially parallel, with 

no significant side branches. 

2. Trellis - Principal crests essentially straight 

(and parallel), with significant lateral 

branches normal to the principal crest, 

3. Psather - Principal crests essentially straight 

(and parallel), with significant parallel 

lateral branches that meet the principal 

crest at an acute angle, 

4.Comb - Principal creste essentially straight 

(and parallel), with sl&ilfleant lateral 

branohae on only ont aids and rssrly 

normal to principal crast. 

6. Dendritic- Principal and leaner crests ara «Idsly 

branching, with no marked parallelism or 

prevalent orientation, 

e. Blongatad dendritic - Cresta extensively branched, 

but drawn out in ona direction,ao that 

axoept near their Junctions, create ere 

at least roughly parallel. 
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7* Radial • Cpaats radiata fron a wrll-defined noda. 

8« F»agnantal - Crasts ara points or short rides asg- 

menta* aaaontially xmconnectad with ona 

another* 

It should be emphasised that this list has netboen 

carefully worked out by the procesa sur, estad above and ia 

not intended co serve as a finished product* It does, how¬ 

ever, illustrate the sort of thine that can be done, and 

augeesta certain problems that are likely to be encountered. 

Two of these may be mentioned briefly. 

Anyone att«noting to uae the suggested list would, 

in all probability, be quickly dismayed toy Us brevity, for 

he would encounter patterns that ap-eared utterly distinct 

from any of those mentioned. Since the list was not experi¬ 

mentally worked out and doos rot nur-'ort t o oe oannlete, this 

la to be expected. However, a major problem that must be 

guarded against in almost any a;tenpt to formulate a classi¬ 

fication of natural phenomena of any complexity it the ten¬ 

dency to proliferate excessively the number of classes. 

Unless one consciously resists this tendency, he will el- 

most osrtalnly find himself burdened with more classes than 

he can reasonably handle. 

A second difficulty is the ever- trouMe.-ome one of 

scale, perhapa best illustrated by an axample. If ona 

studies the patterns of cresta (or of volleys) in north¬ 

western Missouri In terms of smell unit areasi ha finds that 

moat of the areas display patterns that might b# called 
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dendrltlo, elongated dendritic, or a strongly branchinr; 

version of the feather claaa# If, however, he looks at a 

snail-scale nap of northwestern ’íissourl, he Is Irmediately 

struck by the remarkable north-south parallelisr; of the 

master streams and dl\Ides, a characteristic he nifht well 

have missed entirely In workla; v7lth the smaller units. 

The sane disparity of pattern In features of dlfferlnc 

order can sometimes be found even In very snail areas, 

where snail tributaries of perhaps first, second snd thlr** 

order may form perfectly dendritic natteras, while the 

larger atrearns, of fourth or fifth order are distinctly 

parallel, thus flvlnp a combination drainage pattern that 

Is more or lasa a feather pattern -rHh frayed-out laterals, 

Such combination forna are troublesome to deal with, and 

nay, if the purpose demands their inclualon, require special 

mention apart from the concise characterisation that Is 

offered In nap or brlaf summary. 

p# Character!»In,*. Vertical Arrangements -’n Land ?orn 

Arrangements of features in ths vertical ’'lane are 

ae numerous end ee varied ae horizontal patterns, and 

are only slightly less difficult to treat objactively. In¬ 

cluded under this heading would bo traneveree profilas of 

valley sides, longitudinal profiles of create, valley 

axes and streams, and vertical distribution of surface 

area, of gentle (or other' slop*' classes, of lakes, or of 

given classes of surface material, an.d numerous other such 

profiles snd vertical distributions. It should ba noted 
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that thara ara two rat hur distinct but rala tad typaa of 

Inforaatlon Involved haras (1) vertical distributions* 

that 1% positions of certain features in the vertical 

scale* and (2) profiles* that Is* the manner of variation 

of elevation of the surface along a given 1'ne. Analysis 

and characterisation of the first type Is basically simple, 

requiring no more than the sampling and plotting of values 

along a unl*dlmenslonal scale of elevation* Description 

of profiles* on the other hand*Is likely to be a complex 

and difficult task* somewhat comparable to that of charac* 

t«rising horlsontal patterns* Fortunately* for certain 

purposes vertical distributions oan be made to serve In 

place of the more difficult profile characterisations* 

thus easing the problem ^jme^iat* 

In the present study* attention has been given to 

only two related vertlosl arrengementst (1) transverse 

valley*to*crest profile and (2) vertical distribution of 

gentle a-ope* Bowsver*the methods employed In the analysis 

of these two properties can be applied to many other arrange¬ 

ments as well* 

The eharaoterlstie profile that extends from s major 

valley axis directly upslope to the adjacent major cremt 

Isa MgnIfleant and diagnostic item In the nature of a 

small section of terrain* Reproducing or describing lb 

not only shows In grarnlc fashion something of the "picture” 

that an observer would actually sea In the area* but It also 

shows more clearly than any other single Index the vertical 
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organization of tho torrain» tho arraagomont of olopaa 

•nd flato in tho vortical nlane. Though it io in do pon dont 

of acalo and dlmonolon, tho tranovoroo profile by itoolf 

goes far toward oxpreooing tho essentiel gomotxy of an 

area« This is especially true for surfaces composed of 

sharply contrasting steep .and gentle slopes, ouch as 

canyon-out tablelands and mountain-studded plains« On a 

more detailed seals, the transverse profile brings out 

the existence of cliffs, terraces and shoulders thst may 

be both characteristic of the area and significant to the 

purpose of the study« 

As with other characteristics, the analysis of trans¬ 

verse profiles has two parts, each of which offers impor¬ 

tant practical difficulties. The first part is thet of 

oolleotii« the profile, the second is that of describing it« 

Though one would hardly expect it to be so, the collec¬ 

tion of transverse profile esmples is probably more beset by 

practical problems than is the chara otar last ion of the pro¬ 

filée one# they have been drawn« There is no particular 

difficulty in choosing the location for sample profiles 

in a general wayl this may be dene by the dot patterns pre¬ 

viously suggested for other properties. The real difficulty 

is the ffoeclflo location of the profile, and an appraelation 

of thls 'problea requires some familiarity with terrain de¬ 

talla« 

Ideally, tho profila of a slope is drawn along the line 

that would be followed by a strews of water or a large 

rolling ball, that is, the line so drawn as to be everywhere 
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iiüiimT to tho contour« On laterally «traiiíht alopea* t^iat 

la» alopas that hare straight» parallel contour«, such a 

profile would clearly portray the slope form, and would 

represent the oroflle that an observer would see In the 

field* But laterally straight slopes of any breadth are 

rare* On most slopes the contours are highly Irregular, 

with numerous convexities or apura, between which ar® 

concavities or ravines* On such slope», three significantly 

different kinds of profile» occur* The first Is the pro¬ 

file that may be drawn down the oreat of a spur* The 

second la that drawn down the axis of a ravine. T* third 

la on# that, starting from th» crest, finds its way down 

the flank of a spur, aventually retches the axis of the ad¬ 

jacent ravine, and continues down the ravine to the baas of 

ths slope. In the same smell erea those tlu-eo tvpes of pro¬ 

files, particularly the first and second, may be utterly 

different, and one's Impreaslon of the characteristic pro¬ 

fil» of the «rea will depend heavily upon which t T® >f 

profil# has been drawn* 

In irrsgular country tha rrofllaa one la most llkaly 

to notice In tha field are the profiles of the projecting 

spur cresta. Put such spur create sometime# occupy but 

a small porcentaga of the area, and «re ln auch instances 

not truly representative. The more hidden profiles of the 

Intervening hollows are in these cases actually noro 

"typical* of tho area* An illustration Is offered by tha 

granita-knob country of the St, Francol# Mountains In tha 
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«astern Otur'za of Missouri* lhe visitor to this area 

is iriprecaod by the marked convexity of the rounded 

knobs* A study of the contour maps* however* reveals 

that this convexity Is representative only of the 

spur crests and certain broad slopes without ravines* 

A large percentage of profiles taken completely at ran* 

dom9 however» would fall into the ravines and hollows 

between spurs» and would be convex only near the erest, 

the middle and lowar sections being allghtly to strongly 

oonoave* Concavity lst of course» characteristic of tha 

majority of profiles that follow the axes of ravines and 

hollows in eroslonal topography* 

In sampling profiles» than» one must decide and 

must olsarly atata whether he Is going to draw his 

samples from spur crests» from hollows, or indiscriminately 

fron both* It Is suggested that the laat*naned cholos will 

yield relatively meaningless Information* If one must 

choose between the other two he should do so on tha baala 

of hi a purpose* Thor© la no question but that spur-ersat 

profiles better convey the apnearance of tha area than do 

tho others« 

Ones it has bean decided what type of profile la to 

be studied» the sample profiles may ba collscted by various 

methods* One method would be to draw the profile of the 

spur (or hollow) nearest to each of a pre-arranged series 

of sampling dots* The collected profiles would then have 

to be described and probably sunraarlxed for tha unit area* 
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3Ino« o profil# id often • rather eonplex curve, thio 

Involvasaone difficulty, and t;.era are many techniques 

than can be used, ranging fron alnrle subjective olasslfl* 

cation, as suggested earlier for patterns, to methenetlcal 

curve fitting* A promising method Is sug'ested by the 
19 work of Cholnoky, who noted that the majority of slopes 

19* J. Cholnoky, "On Slopes", International Review of the 
Hungarian geographical Soclelv. 1^8« ppT'^y-'HQ« 

consisted of an upper convex seotlon and a lover oonoave 

section, separated by an Inflection point. Cholnoky dis¬ 

cussed several types of profiles that dlfferedf ran one 

another on the basic of the relative lengths and heights 

of these upper and lover seotlone. with profiles that 

extend fron major crest or divide to major valley axis. 

It appears feasible to systematise Cholnoky*e profile 

distinction* in terns of the horizontal and vertical nonl- 

tlon of the Inflection rolnt relative to the crest und base 

of t he profile* 

Such a scheme. In vhlcb nine profile types are dis¬ 

tinguished, Is shovn in the accompanying illustration. 
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Tlid uppar rl 'ht-hand eorrier of tho dli'jp®* r* Tesinta the 

croct of the profile end the lowor lef --ho».d f omar the 

base# T)'.e vertical distance aeparatlr * tho t»ro roints la 

subdivided Ir.to three oqunl ® horlzortnl

distance Is rl-illax-lr dlvlilrd, 1!e 5n-'lectlon point of 

any pro; ilo of the C^iolroky type will “oil Into one or 

another of the nine roo'-^nr.lca bo fos-r.^d, en. tho por'"!- 

culor redtpjscle into \f.iloh tho rolnt r.l?.s ctn bo uaod 

an e ’■asls for clasnl’yin,':: the profile Ti-is a charac­

teristic /^osa 7 -?*orilo fron tho Pas In- . '.ye countr/ 

'*ould have Itc Inflection poldt In the upper rlpiit-hand 

reotanylo* idille In one of tie leos-d; - lected narts of the 

Oaark upland, the Inflection point of % t:-p*>oal pi^ofllo 

rould fall Into tho riddle rocton(;lo r: the left-hand 

column. It 8ho-.ld be noted thai the ua'» of the dlacrara 

Is Independent of both vertical and hot to’.^al ecslos*

Eye Inspection of a dj-avm profile will CJ^ ly suffice to 

dcterr.lre 'nto vnlch rectoryle Its liu? .ct.on point would 

fell, ’'-Ith practice ft should be pooulble tc olatslfy 

relatively sV'le profilee fron in«-e5fc on of the cuntour 

rap, without the nocooclvy of ootunliN* h .ulr..; tha pro- 

fllo at all,
^lo a<£. .’.c is hic^xly cohcrnllzod, ns any s lr:pla 

profile c lasuifloatlon iipist necessarily be, Itdoea not 

take into account oaylox profile tyr>v-n t'.afr aay nave two 

or even r.ore Inflection nolnta. If tho I'l'egvilarltl.'.s 

that produce thoao MU’--crr.n crar:* inflections are mall.



thmj nmj, ter th» aak* of «laplloltyt bo ^enorollsod 

out of oxiotonoo* If» how«ror, thoy oro greot» oo will 

not Infroquontly bo t ruo» it n»y bo nooeo«ox*y to o»t«- 

blioh ono or nor« odditional clooses» perhaps loosely 

deflnod» to accomodate the profIleo possessing then« 

Since the method has not been extensively tested« It Is 

not known how often It would be necessary to resort to 

this device» nor how many additional classes would be 

needed« It ls»howover» entirely clear that many profile 

details and local oddities cannot be encompassed by any 

general characterisation, and can he portrayed only by 

actual drawings or detailed verbal descriptions of the 

specific profiles In question« 

As suggested earlier, it la often possible to give 

the most needed information about vertical arrangements 

In terns of vertical distributions rather t han actual 

profllea« Sometimes the vertical distribution Itself is 

actually the sort of date specifically sought« Thus 

ons might ba concerned, in an alpine mountain ares, with 

ths vertical distribution of pemanont snow and ice, or, 

in a formerly glaciated rang«» with the vertical range of 

existence of glacial lakes« In these instances the concept 

of profile does not enter into consideration« In other in» 

stances however e vertical distribution may provide data 

that are Valuable in their own right, but that nay also 

furnish at least a rough Idea of the characteristic pro¬ 

files« Ulis is, for example, true of vertical distributions 

of area and of slope« 
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Data concemln,' the vertleal distribution of area 

may be obtained by dot sanplln,:; of eleeatlona or by 

measuring «1 th a planimeter the areas enelosed by sec- 

sesslve contour lines* Either the sise of the sample 

or the Interval between planlmetered contours may be 

adjusted to r.lve the desired degree of accuracy and pre¬ 

cision* The data nay be expressed In tabular form or by 

any of several graphic devices* Perhans the mes t familiar 

graphic device is the hypsometric curve,in which elevation 

is plotted against the area that lies above the corres- 

ponding oontour* The use of the polar planimeter for 

20* The uses of this curve have been discussed by various 
authors* See A* N. Strahler, "Hypsometric (Area- 
Altitude) Analysis of Eroalonal Topography", Bulletin 
of the Geological Society of America, v. 63, 1952, 
pp. 111-/-1142, 

determining the elevation-area distribution Is so very slow 

as almost to rule it out for the relatively rapid, analler- 

soale study with which the present Investigation is con¬ 

cerned* Dot sampling affords much greater rapidity and a 

sufficient degree of accuracy for moat purposes* 

Closely related to the area-elevation determination 

la the slope-elevation relationship* By any of various 

means of sampling, one can determine the vertical distri¬ 

bution of any particular slope class, or can determine 

what are the slope characteristics of any given elevation 

sons or band* 



M 

jn th« ourr«nt ppo>«t. oon«ld«r*bl# •xp»rln«nt«tlon 

ms ion« vith • very fttepl« index of the vertieft! distri¬ 

bution of r,ently-ftlopinß Iftnd« ’Ule tote! elevfttion 

ran e of the unit «reft w«« divided into an upper «nd a 

lower hftlf• By eye efttlnate or dot ««npling it w«» then 

detc:vnined whether the n«Jor portion of the c«ntly-ftlopin£ 

l«nd lay above or below that median contour* Three 

olasaes were reoogniaedi (1) areat in which nor« than 

two-tl irda of the gently-alopinß land lay in the lower 

half of the elevation. (2) «reas in which more than two- 

third* of the gently-eloping land lay in the upper half 

of the ilevatlon range, (3) areas in which the gently- 

sloping land woe relatively evenly divided between the 

upper an I lower halve«, neither half having as much aa 

two-thin s of it*21 Thia index is almost absurdly eimole 

21, In factice a fourth class was also recognised, in 
whica the entire area was occupied by gentle «lope- 
This iefinition, however, is not strictly comparable 

to ti o other three* 

and is qui* to determine, but it yields a very rough 

first approximation of the essential profile type of the 

area. Exp.rience suggest, that it might be inproved by 

subdividir*, the vertical range into three parts instead 

of two and *,y lowering the qualifying fractions fron two« 

third« to on-half. Cruda though it is, thia method pro¬ 

bably offer\ the quickest objectiva method of ftxpraaaing 

something tha eaaantial vertical arrangement of the 
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»urfao» of an area, and It giras fcha Information In tarns 

of what Is undoubtedly the most commonly significant slope 

class* 

IH Sources of Land Form Data 

Objective and systematic characterisation of terrain 

cannot, as a rule, be done accurately without access to at 

least one of three sources of materiell (1) field obser¬ 

vation made for the specific purpose; (2) aerial stereo¬ 

photograph coverage; or (3) accurate contour maps hewing 

a sufficiently small contour Interval. Single aerial 

(or ground) photographs and accurate topographic maps other 

than contour maps »ill often yield much vs lias bis In forma- 

tlon, but do not permit most types of quantitative data 

to be determined. Verbal accounts and maps preparad by 

field observers with other purposes in mind are of more 

limited mlue. And no one of the thro# most useful typos 

of sources will usually by itsslf satisfy all of the In¬ 

vestigator's needs or interests. 

A. Field Observation 

Field observation can be mads to yield ell conceiva¬ 

ble kinds of infomstion for objective analysis of land 

form, but only at the ooet of great time and expense if 

extreme accuracy la daslrad. For such accuracy the field 

Investigation must taka the f onn of a topographic survey, 

including mapping of the surface material. If such high 

accuracy Is not required, field study can be brought within 

y«maonable limits of time and cost, but even at beat it Is 
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expena It« end alow In comparison with the other methods of 

obtaining data* Of oourse* for many areas contour maps 

and aerial photographs are not available, and if these 

areas are to be studied, they must be studied In the field* 

If the areas to characterized aro large, the field 

methods used can scarcely go beyond the level of careful 

P®connaissance methods* Those would involve sons sort of 

sampling, which night be either highly systematic or rela¬ 

tively unsystematic* Systematic aanpllng, which alone 

would insure precision, would presumably take the form 

of a thorough inventory of dealred elements at eadi of a 

large number of pre-eet pointa or along pre-established 

traverse lines. In the a ame manner In which data are 

sampled from contour meps. The collecting of a signifi¬ 

ant sample, perhaps nore than fifty pointa within a 7¿ 

minute rc o tan nie, :iay et 111 require a proat deal of tine, 

ocpeolally so if the«npl« points ere located (as they 

should be) without regard to their accessibility* In 

■aooth, open country with a close network of roads, such a 

a ample might ba taken In a day's tine, but in area« with 

few or no roada, or with rugged or nerahy or densely-grown 

terrain, the ttasfc could require a week or considerably 

more* In cone instance« acroly locating the points them¬ 

selves would be a major task. At boat the area that could 

be Vorked in a «ingle field season might be somewhat 

more than a one-degree square* Under difficult conditions 
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it could iroll be considerably less than one quarter of 

such a square* The data obtained should pennlt reasonably 

precise charsotorIsatlon of the area studied* 

If only a nodeat degree of precision Is requlred9 

field Investigation can be much more brief and less strictly 

systematic* Instead of oolleetlng a formal samplet the 

investigator simply endeavors to "cover the ground" to 

the extent that he has not failed to see« at reasonably 

dose ranza# any part of the surface that could be slgnl* 

floantly different from its • urroundinee. During his in¬ 

formal traverse he observes carefully all important charac¬ 

teristics* He measures example slopes« notes the charac¬ 

ter of surface materials« observes profile characteris¬ 

tics« estimates slope heights and lengths« and endeavors 

through-out to arriva at a balanced picture of the «hele 

area* At the end of hie re conns le san ce he should be 4>le 

to synthesise a clear« reasonably thorougi and objective 

descriptlcn of the ares« Including even sons of the simpler 

types of quantitative Information# Thoroughness and 

balança can be furthered by the use of a check list* 

While less precise and reliable than the characteri¬ 

sation that would be possible with fonasl sampling« this 

dascriptlon may still be adequate for many purposes« and 

can be accomplished In a fraction of the time* Such a 

reconnaissance method was tested by the writer in several 

areas in Missouri and in the Great Plains and Middle Rockies, 

O 
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20 
«Ith generally favorable reeulte. Naturally progresa la 

20. See examples In Appendix 2. _________ 

least rapid and the results least satisfactory In rugged 

or heavily wooded country «hon visibility Is limited, end 

in areas where road accessibility Is low. Most of the 

areas studied had fairly good nets of roads that were 

passable (though sometí as no more than that), and It was 

found that a half day usually suffloed for the reconnals- 

sanos of a 7è minuta rectangle. In difficult area, even 

this staple type of reconnaissance would require several 

(toys for xn ar«ft of conporablo 

Rot all elements of land fons lend themeelvea equally 

wall to field study. Perhaps the claplest to observe In 

the field are alooe, profile and ourfaoe smterlale. Su¬ 

ras. as ter la Is are espeetally n^ked a. object, for obser¬ 

vation la the field.for only there are definite data 

usually avalUbla. Field obaervotlon lo olao particularly 

valuable in bringing out loeoor detallo of the terrain, 

oftan lost batasan contour, or through generalisation on 

contour na-s . This 1.« narharo moat striking for drta'le 

of profils, l.o. such Items as t arrsoes end benohaa. or 

other small alope breaks on the valle» sides, end small 

irregularItla. In th. longitudinal profile, and In tha 

patterns of stream.. Finally, there le no substitute for 

field study to fix In the Investigator** mind the firm 

visual Impression needed to make the terrain "oome to Ilf* 
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ln • way that «Ten the most skilled and practicad scanning 

of a contour map or quantitative analysis of the features 

shown thereon cannot do* 

On the other hand such elements as dimensions and 

horisontal arrangements are quite elusive in the flell* 

Through practice« slope heights and distances can be esti¬ 

mated with a modest degree of. precision« but occasional 

errors of surprising magnitude creep in* As anyone with 

experience can teatlfy« an unaccuatooad clarity of tha 

atnoanhere or an entry into terrain having featurea of an 

unfamillarly large scale can«, for a time« et least« throw 

large errors Into an observer’e estimates of díatenos end 

height* Patterns in the horisontal plana are often very 

difficult to perceive on the ground« especially in woodsd 

lands of gentla relief where points of ventara are not 

available* These arrangements may« on the other hand« be 

moat obvious fl*or. a .lance at a topographic map or an 

aerial photo* 

In summary« field Investigation« while theoretically 

the moat complete and reliable source of terrain informa¬ 

tion« offers numerous difficultlea to large-area study* 

These are principally slowness and henee costliness« but 

also Involve the difficulty of field perception of oertaln 

elements» noat notably dimension end pattern* Rapid field 

reconnaissance» especially if aided by aerial photos» can» 

however» serve well as a source of information» provided 

great precision la not required* If greater precision la 

required» formal field sampling can be used» but at con¬ 

siderably increased o oat* 
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It should bo borne In mind that this very brief 

eeseeement of the velue of field study Is slmed only 

st Its usefulness for descriptive analysis and not Its 

value for studies of origin or significance of the terrain. 

Fbr studies such as these, field Investigation can in no 

way be omitted, and may well supply the major portion of 

the interpretative evidence. 

B. Aerial Photographs 

Since aerial nhotography suitable for stereoscopic 

study Is now available for large areas of the world that 

are not adequately mapped and that are difficult of field 

access. It Is Important to consider the usefulness of this 

nedltsn as a source of objective land form Information. 

Aerial stereophotographs can be utilised for land 

form study In two significantly different ways. (1) They 

oay he analysed photograosjotr 1 cally, that la as survey 

data that nay be converted into topogranhle maps of high 

accuracy and precision, provided that aone ground control 

has been established In the aree. (2) They may be used 

directly. In their existing fom, aa a visual souros of 

infonaatlon. Por rapid studies of large areas, nhoto- 

grannstrlc methods ere. In general, excessively slow. 

And in any event, they slnply serve the purpose of con¬ 

verting the photographs Into contour maps, and most of 

the Interpretation Is then made from the contour rasp, 

not directly from the nhotograrhs. Por ^resent purposes, 

then, attention will be given only to the usefulness of 

photographs as direct sources of information. 
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From direct reeding of aerial atereophotographa one 

may obtain valuable and reasonably precise Information 

concerning such Items as crest andwlley patterns and 

various horizontal dimensions* A practical observer 

can often distinguish many types of surface materials, 

such as water (including swamps), ice and snow, bare 

rock, bouldrrs, and sometimes sand* Shis is one of the 

few kinds of information for which aerial photographs 

are bette** sources than contour maps* Another Is topo*- 

graphic ¿stall, such as minor (especially first order) 

drainers channels, ledges, terraces, and small Irregu¬ 

larities In slope and stream gradient* Somevhat leas 

aatijfactory la the Information concerning orofllea and 

oth r vertical arrangements* Generalised nroflle types 

cr.- usually be determined by 'napeotlon, but quantita¬ 

tive evaluation la not possible with any great degrss 

cf accuracy or precision* At least equally unsatisfactory 

ire determinations of vertios! dimensions and of slopes* 

'Vhlle these can be made accurately by ohotograsnetrle 

measurements, they do not land thor.selvea to rapid direct 

determination. Experimentation auggaatr that the most 

useful results are those that are obtained by a scanning 

type of slope or slope-height comparison over the whole 

area of overlap of a stereo-pair* In this way, one can 

arrive at an approximate picture of the apportionment 

of slopes among various classes of relative steepness or 

height. And if It has bean notaibis to measure a few 
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slopes In the field or from raspe» It ney be 

possible to sssißn epproxlnete Tallies to the steepnese 

or height classes. Howstsp» atteints to n«asure Indivi¬ 

dual slopes from stereophotographs by various sorts of 

comparison keys have not been very successful, but have 

shown excessive variation from place to nlaoe on the 

photographs and fron observer to observer. Thus it 

21. Anpendlx 1 

appears thst aerial photo,-raphe fell short of the mark as 

souroes of certain of the most Inportent sorts of quanti- 

tatlve data, flor other t**pes of q iantltatlve data, however, 

they can serve well, and they are quite useful eou- es of 

qualitative Information. 

It should also be emphasised thet there a re certain 

very practical difficulties to the use of aerial photo- 

grepha for large-area analysis. How Inportent these pro¬ 

blems become depends upon the availability of money, per¬ 

sonnel and space. In the current project, which ess con¬ 

ducted with a limited budget and few r>eraonnel, they proved 

troublesome. One problem la thet of cost. At present In 

this country prints of serlei photographs cost fifty cents 

or mors apiece. Complete etereo-eoverege of e eeven-end- 

one-heIf-minute rectangle may require more than thirty 

prints, so thst the ooat may bs fifty time* asgraat as 

thst of a topographic man of the s are aret. Clearly, if 

it proves necessary to use aerial photographs, analysis of 

a larga area will be e costly undertaking, too coetly for 
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moat priva to research*?** Tto rsduos the cost to reason¬ 

able figures# a rather coarse sampling technique must 

be employed* 

lhe second practical problem Is that of the time 

required to sort out the photographs# to Identify and 

nark on them the study units and any sampling points 

that may be d eslred* to mark on each pair tlie area of 

overlap unique to that pair# and finally to examine 

them atereosooploally and make the needed observations 

and measurements* While no -p*dflo timings were made# 

It is probable that the use of photographs requires 

more t han twenty times as many man-hours as are needed 

for c oraparabl* analysis from contour maps* For the 

private researcher this Is again a costly natter* 

In ttmviary» aerial photographs s rs useful sources 

of qualitative Information concerning most elements of 

land form# and nay be used for quantitative s tudiee of 

certain eloraenta# especially those# such ss patterns# 

dimensions# and natsrlals# that art dswsloped In the 

horlsontel plane* Slopes andiertlcel dimensions and 

arrangements camot be effectively handled without re¬ 

course to excessively tlmaeonsumlng photogreametric 

methods* For th# llrited budgst study of large areas 

the requirements of cost of photographs and ths much 

greatar man-hour rsqulrsnenta make ths use of aerial 

photographs prohibitively expensive unless coarse 

sampling of th* largssra* is • cceptable. For rslatlvely 
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low-oo»t jToJ«cta 3el«et«d at«p«o*palra nay ba profita¬ 

bly studied for clarification and e uppleribntatlon of 

contour map or field reconnaissanee observations* If 

cost Is not so critical an ltemt or where nhoto cover¬ 

age Is a cceaslble throutfi an Interested government agen¬ 

cy» aerial photography provides by far the most complete 

and most useful land form Infonnatlon available for 

largesactions of the globe* 

C. )Con tour Mbps 

Contour Maps of hlfh accuracy renresont by far the 

most convenient *nd inexpensive sources of terrain infor¬ 

mation for the a reas for which they areavallable* Since 

most of the earlier discussion of the determination of 

various land form characterlatics was keyed to the usa 

of such mapa» thera Is no need here to do more than 

■marls# the principal strengths and weaknesses* 

Provided they ere responsibly accurate andaré 

drawn to suitable scale end contour Interval» contour 

maps oan provide nearly ell kinds of land form infonnatlon 

exoapt f or surfa ce material (other than water am1 perma¬ 

nent lee) and finer details of the surface* For thee# 

charecterletics other sources» such an field observation 

or photographs must be utilised* But ^ th these signi¬ 

ficant axceptlons thorough terrain das orInti s of high 

quality c an be derived from contour mans in a small 

fraction of the time and at a small fraction of the cost 

required by field study or the use of aerial photographs* 
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Th* major obstados to the use of contour traps 

ars obvious» practical and highly restrictivo. Largs* 

seals oontour maps (ons Inch to the mile or larger) are 

available for only a small portion of the world» and many 

of the maps that ars available are below the needed stand* 

arda of accuracy. These problems are so familiar as to 

require little elaboration. Suffice It to say that 

contour maps must be used with caution unless the In* 

vestlgator can obtain reasonable a asúranos that they 

are accurate enough to give a good representation not 

only of certain critical elevations and of general patterns 

of features» but of actual slope steepnesses as well* 

Many maps drawn on the contour principle t re In fact 

little more than fomn-lln# maps drawn to an open frame* 

work of hor Ison tal and vertical control. Sometimes this 

can be detected from the Improbable appearance of the con* 

tours» but sometimes It is masked by skillful rendering. 

The absence of hlr>h*quellty contour map coverage of 

such vast areas of tha world la bayond a doubt the 

greatest obstacle to systematic and comparative lend 

form study. 

IV. The Formulation of Land pona Descriptions of Large Areas 

A. The Unit Area Approach 

In somewhat a la liar manner to the way ln vh Ich the 

complex phenomenon of land form In e giver, area may be 

systematically analysed by resolving it Into component- 

elements» so the systematic description of a complex 
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ar«* be attaekad by breaking the a rea up Into ■aall unite» 

aaeh ana of «hlch may be characterised as an Individual* 

These Individual charaoterlsations may then be combined 

and susmarised In an orderly manner to afford a meaning¬ 

ful description of the larger area and Its Internal dif¬ 

ferentiation* This approach to large-area description 

and régionalisation thus Involves tao distinct stepst 

(1) the subdivision of the larger Into many small unit 

areas and the systematic characterisation of each of these 

units in terras of a chosen set of elements or differentia¬ 

ting characteristics» and (2) the synthesising of these 

unit area descriptions In such a way as t o make clear the 

variations and similarities from place to place over the 

larger area* 

The unit area method has Its greatest value when 

the unit area la very small relative to the sise of the 

ole area under eonelderatlon* Since the method Is 

Intended to reveal as clearly as possible the nature and 

tattern of Internal variation within the larger area» 

a large number of small Individuals» within each of «hIch 

there Is relatively little chance of marked variation» 

will serve much better than a snail number of large Indivi¬ 

duals that o«n be but vaguely defined* The comperleon 

le elrallar to that of a photograph reproduced with a vary 

fina half-tone ecreen and the e one Photograph with a coaree 

aerean* The fine a oreen gives notably sharpsr definition* 
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On tha otTior han-!, unit a.-'sa rrjat be oufrl- 

olontly larr^fs to r?mlt all de:3lrsd charactorirtloa to 

"oaire.Tt Uir,-!23lvca ani to be rooeured or ieacrlted.

Local rollcfn, text u:08 and patterns alr.nl^r be

•Teanlncfully defined or charactorlied except for areas 

lorce enouf^h to Include tho entire Icrf.th and heli%bt 

of at least one rajor olo'0« and r-reforebly nore than 

ono, Ac a r’llo thlo rould require that tho area r.ees’ore 

at least one or tro nillco acz^)03, end preff'rably aoi'e- 

whtit nore, eoTOciolly In arocs where conrsf: trxtrro 

is connon*

In the present study, a x*ectan(^lar area wue tiaod 

reaaur^nG .Tilrritoa of latitude or lor^ltude on each 

side (sllf tly leas tliaji 7 by 3 nlles In .'isso'irl; about 

5 by 9 nllss In North l^’ ota)* fbr r.oat of the areas 

ctaJlcd c b-rlrutc ro'tanjle (obout by 6 3/4 rllea In 

.‘•iloconri) wo tli havo been preforablc.

The use of n u.ilTc 'x, arbltrarll** loected rrld 

frr dellmltln,; unit cress has nuch to reco~*ron«i It, for 

It la wholly objective end asauros that all data are 

collected 5'cr oreec of the ecrao also end a’^ape, ?Or 

certain specific purposea, however, non-unlfoi"*B unlta 

nay prove nore valuable* An excellent exapiple lo provided 

by the nur.sroua recant studies, by Stru.hlor and othora, of 

streeru-eroled terrain. In idilch the unit ai-cac choecn 

l;sve bscn drainer.© basina, uauclly of third to fifth
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order. 
22 

lb ray knowledge the stud le a made on this basis 

22. See* for example* A. !?• Strahler* "Quantitätlee Analysis 
of Watershed Oaomorphology"* Transactions of tjg ^ 
American Oso Physical Union. ▼. 38* •920 

hare Inroleed only analysis of and comparison between Iso¬ 

lated Individual units* and have not attempted to use such 

units In systematic characterisations of large areas or 

delimitation of regions® although this could undoubtedly 

be Hone. 

1. Arjal Variation 2f_Indivldua¿ Elgnenjfca^ 

Onoe all of the unit areas have been characterised In 

tenas of the selected list of elements* the next problem 

Is to analyse the variation of land form characteristics 

from place to place over the larger area. This may be 

dons in tío distinctly different ways* (1) by considering 

the variation of each characteristic separately, or (2) by 

combining all elements within each unit area to define land 

form types* whose d Istrlbutlon over the la rger area Is 

then plotted. The first of these t wo approaches la 

straightforward and f anillar* and isqulras but brlaf 

discussion. 

Certainly the simplest way of analysing the areal 

variation of any oomplax phenomenon is to map the varia¬ 

tions of individual elements s eparately. When baaed 

upon the unit area approach* this would Involve the uae 

or a base map on which the unit areas were shown. In each 
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unit area wjuld be entered the <|¿antItatire value or 

class Index nunber or aynbol forthe particular element 

being mapped* Then for purposes of visual clarity each 

unit area could be colored or shaded according to Its 

value or type, resulting In a ohoropleth map. Or, for 

continuously varying quantities, Isopleths might be 

drawn to the values plotted. Por most land form Indices 

choropleth representation Is more a trlctly correct, since 

the Indices represent s turnarles for the unit areas and not 

properties that vary continuously across the surfaces« 

Por many purposes this element »bye lament study of 

variation la precisely what Is needed. It la especially 

helpful In studies of the genesis of spécifié aspects 

of the land form or in studies of functional signifícanos, 

in which it Is advantageous to be able to ccnpare areally 

the occurrence of different Individual elements that may 

be causally related« Furthermore, the oartor4"enhlo 

representation of a single element la much simpler than 

the representation of the simultaneous variation of 

several elements. Thus, for example, Thomthwalte, In 

presenting his second sohoae of climatic classification, 

diosa to nap the four a elected elements separately rather 

than to combina them Into a nap of climatic types, though 

in presenting his earlier classification ha had dona the 

1sttar.23 

23» C. W. Thomthwalte, (1) "the Climates of North America 
According to a New Class if lost Ion", Qeor.raohloal Review. 
V« 21, 1931, pp« 633-655. (2) "An Approach f award a 
Rational Classification of Climate", Oeorraphloal Review. 
V« 38, 1948, pp« 55-94. 
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On the other hand, the elenent»by»elenent analysis 

of a large area possesses the major deficiency of not 

being able to present adequately the areal variation of 

the complex characteristics that actually Is the land 

form« The different elements do In fact exist together, 

and what the observer sees In any r.rea Is the ccmnlex, 

not the Individual elements separately. However valuable 

they may bs, Thornthwalta^ separate maps of the four 

Individual elements of his classification leave the 

reader somewhat unsatisfied, and on# finds hlrself trying 

to superimpose the four mars In his mind's eye, so that 

ha can picture what climatic types occur and how they 

vary from place to piece« 

2, ?hf £ambjnln£ of Elmasnte .In_the Unit Area--Cla»¿lf 1- 

oa.tIoniand_the_3£c0/¾ 11i£n of Land t\>m TVpes^ 

If aewerel or many elemente ere to combined In e 

synthesised chare e ter 1 sat Ion, the *>rooed ire becomes much 

none complex end llffloult, involving not only problems 

vf description, but of classification an linersllset!on 

as well« Por If msssrous amnll-erea cl^areoterlratl jna are 

to serve es the beslo for large*eree dnaorlptlon, they 

must be limited in scope end strictly systematic end com¬ 

parable In c ontent, 

Hie description of a sru.ll unit a rea may, of course, 

be made as thorough as desired, nith the guidance of a 

check list or comparable • t idy outline one csn be reasonably 
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oure that h« has not failed to note some significant 

aspect of the land form* He may present his Informa* 

tlon as a relatively informal but cohesive verbal state* 

ment, oras a strictly ordered point-by-point cataloging 

of characteristics* If the goal Is purely the descrip¬ 

tion of that one an \ for Its own sake» the characterisa¬ 

tion need be neither brief nor highly fonnallsed* But 

if the desorlntlon Is to provide but a singla stone In 

the broad «all of a large-area characterisation» it 

oust bo both concise and systematic* This suggests that 

in that circumstance it should b e restricted to a se¬ 

lected small0*oup of characteristics and that the Infor- 

nation with regard to those characteristics should be 

very brief» preferably a quantitative Index or a place- 

aent In one of several «ell-deflned classes* 

Such s concise characterisation In tenis of a fee 

properties requires s Are ful selection of eh ich pro- 

pertlesare to be used* Thisselection «111 depend en¬ 

tirely upon the pur;>ose for eh Ich the ’'articuler study 

is being mede» and otn differ greatly froms tuiy to study« 

Strahler end hie associates hevs suggested s cone1dereble 

Met of propertlee that arc of Interest In the study 

(especially of the^sne*!») of etream-eroded topography,24 

24* A* H, Strahlar»"Quantitative Analysis of Tatershad 
0e ara orpholegy"» op.olt. 

Hie student of daposltlonal surfaces of lata glacial drift or 

of sand-dune areas would choose s very different group of 
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properties for oonslderetlon^ and one concerned with 

the relationships of a gricultural practice to land form 

would select still another set* It Is not possible to 

recommend any specific selection of properties without 

consideration of the purpose of the Investigation# And 

even If the purpose Is clearly defined, the selection of 

characteristics Is not necessarily simple, for the rela¬ 

tionships between land form and the phenomena to #1 Ich 

it la being related may be Imperfectly understood# ’There 

this Is so, any final, thoroughly defensible solution 

must await extensive systematic studies of the oause-end- 

effoot relationships involved. If this Is not feealble, 

then the e election can, of course, only be made aa beat 

according to the understanding of the moment. It 

is uncertainty about what properties ere reslly Important 

for the purpose thet has been et the bees of « great deal 

of the criticism that has been levelled at ^articular 

mapped classifications ¡such as ICBppln*s climatic classi¬ 

fication). One nust be oareful. In criticising any classi¬ 

fication or selection of pertinent »rorertles, that he la 

dOÉlglt with the®me porpo.ie In r.lnd aa t*iatÄor Whîrfi It 

was originally devised. 

Onoe the selection of properties has beon nad#, each 

unit area Is then <2 escribed In terns of those pertlcular 

charaotarletloa# Tne description must be brief, prefer¬ 

ably no more than a number or e word or simple phrase# 

Since large nuabers of Individuals are to be compared. 
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’t la hi illy liealrable that th^ n-o-bap of y.oanlH« 

fieacrlptlona9 under each rronorty^ be reatr'cteJ In 

number, 'iliot is, it In desirable to aet up, for each 

.»ronerty, a nmall number of classes into which the 

numerous Individuals can be^roiped. For properties 

having nur.erical values (such as dimensions or slope) 

tóbese can be specified rangos of values; for non-quan- 

tltative prop.'ortles (such as a rran enonts or materials) 

they can be specified types, perhaps subjectively deter¬ 

mined, 

Hius each unit s rea becomes characterised by a 

series of numbers or indices, one for each property 

that has been selected for inclusion. It Is then tcesi¬ 

ble to corpare each unit with er.y other In terra of eny 

.eslred property. But the c wnplete set of indices or 

desl.yiators for en d. a roa also constitutes h ulr.hly con¬ 

cise description of t ¡at ULuit, which ray then be coin- 

r ered and co treated «nth thoae :'or other urits. lisch 

specific OttrMnatlon of values that occurs defnes a land 

■»m type, w il :h ray be represented *n t):e îarye ares by 

ou« or by rany individuals. 

Tblh cloment-^/•clement characterisation of unit 

areas and Its nanas o ^eaur of dcfinint, and recopyi 1 s 1 np 

land forr t-'pes that -ay recur elsewhere is nothing nore 

than a systematic classification of land fom- Hie indi¬ 

vidúala beinp clttar. Ifîed a-e the unit aiess, the differen¬ 

tiating characteristics are the specific properties selected 
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In t«nn* of «ooh chorootorlatlc a sorlos of eloasoa h*o 

boon ootobllohod. Another nart of the olmasifieation 

process thst has not yet been diacussedf is the establish- 

ment of the hierarchy of categories,26 which will be 

25« Bis terns "individual", "differentiating characteristic , 
"class", and "category" are here used in the sense em¬ 
ployed in K. 0. Cline, "Basic Principles of Soil 
Classiflostion". Soil Science. 67, 1942, pp. 81-91. 

treated below in the discussion of the problems of re- 

gionalislng. It will be olear that there can be devised 

at least a a many different perfectly legitimate olaaeifi- 

oations of lend form as there sre legitimate purposes for 

land font study. 

me number of types of land form that nay be defJned 

by even a simple syatmsatio classification Is ve* / large. 

A classification based upon no more than five different 

properties, and making room for only fleo degrees of 

distinction with respect to each property would still 

define 3126 different land form types. To be sure, many 

of the types night not a ctually occur, and sons, because 

of interdependence of properties, might not be possible, 

but even with these deletions, the number of «ypea is 

likely to be extremely large. 

Tor general descriptive and analytical purposes there 

need be no concern about such a large number of resultant 

types. Indeed, a classification ruch moro detailed and 

ramified that this can be utilised handily, with the aid 

of proper nomenclature or a simple codification of typo 

designation. The claaalfications used in the biological 
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•cl«no*a ät6 •xanplea« Howavar» If a elaasIflostIon 

la to aeraa as a basis for amall*soala mapi.lnß or ra- 

glonallaatlon* a multiplicity of claaaaa baeoraaa an 

ambarraaanent. 'Iha nap will bs oxcaadlngly fragen ta dv 

for faw typas daflnad ln such datall will be rapestad 

over alaaable contiguous areas» and neither large num¬ 

bers of types nor dosons of tine areas are conducive 

to cartographic representation* The recognition and 

mapping of regions then requires that by acme means the 

number of different types that are to bedMlt with must 

be feastloally reduced* 

G. I»* idintlllcatlon.and^DellJiltatlon of ¿and F^rg, Regions 

th£ Unit Arga Aogrqc^ 

1* Basic Frgblema of 2*Il*£*AGeneral IsatIon 

Is an Integral and Inescapable cart of all small-scale 

mapping and of all régionalisation* Sorehow the maos of 

data» with all the detailed variation that It deflnsa, 

must be greetly elnpllfled ln euch e way ae to permit a 

few reg lone of reletlvely eliqple outline end un expli¬ 

cated chareoterlastIon to be Identified and napped» with¬ 

out doing rore violence to the truth then le abaolutely 

necessary* 

0eneral1id-l^n for this purpcao nay be of two dis¬ 

tinct typest (1) It may Involve e reduction in the amount 

of Information offared about t¿c Individúala and the 

regions they compose; or (2) It may Involve a simplifi¬ 

cation of boundaries once the region* havebeen outlined. 

Commonly both types are employed. 



78 

In t«m» of th* unit oroo clowIflootIon method 

being discussed here, the first of these processos of 

generol loot Ion would be moot directly occompllohed by 

(1) reducing the mtnber of different properties with re¬ 

spect to ihlch each unit are* Is characterised, or (2) re 

duclng the number of classes In each property-category 

(l.e, making fewer, but more Inclusive classes). Each 

of these methods decreases the amount or precision of 

the Information made o Tollable for each Individual and 

henos for the regions of which the Individuals are a part 

Tilth a given purpose in mind, it Is often possible to 

simplify the detail by ocmblnlng the many classes at a 

given level of the classification into a small man be r of 

groupa that are sufficiently homogeneous for tho purpose 

at hand* Such an arrangamant, called a technical group* 

li^,86 la almost naoessary -f axtrame simplicity la re- 

26 V* 0* Cline, o£. olt* * pp. 84*86 

quire d* 

The eeoond process of gensrellsatlon, that of simpli¬ 

fy lag outlines. Is aecompllshada fier ttoa classIflootIon 

or tochnloal grouping has bean plotted In full on tho 

map* Basically this consists of the ellnlnatlon of on* 

claves and panlnsulaa that are deemed too smell to shoe 

on the finished small-*oels representation* On# must 

decide, 8K>re or less arbitrarily. Just vhst degroa of 

cartographlo complexity hs is willing to allow, and must 
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therefrom arrive at the mlnlmm dimensions of the smallest 

area he can permit to remain on the map. In ♦'he unit area 

system this might» for example» be decided to be an area 

containing no fewer than four contiguous units» or per* 

haps an area measuring not 3es8 t han two units wide In tts 

smallest dimension» or something of that sort. All an* 

claves mailer than that» or salients narrower than that 

would than automatically be eliminated» and would be In¬ 

corporated Into the surrounding area* 

However» this process Is sometimes less easy than 

at first glanos It seems to be* A frequent occurrence 

la a single unit or small patch of a given type sand* 

wished between large areas of toother types* Obviously 

the small patch must go» but into which of the bordering 

masses shall It be Incorporated? The logloal solution 

Is to tako It Into tho one shoes typo It most sloesly 

reaerblea. Äit how Is this determined» except In tho 

nest obvious oases? 

Suppose an Isolated unit differs from the first of 

its larger neighbors only by one degree in regard to pro¬ 

perty A» end from the second neighbor by one degree in 

regard to property B. Tilth *1 Ich neighbor shell It be 

Incorporated? The answer would be either that it doss 

not natter» or that It dapends upon which of the two 

one-stage differences is considered to be th# mors signi¬ 

ficant» in the light of the purpose* If property A is 

considered more critical than property B» then the break 
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between the Isole ted unit and the first neighbor Is 

the mors Inportent, and the "orphan" la housed with the 

second neighbor* 

2hus one must (preferably In dewlslng his classifi¬ 

cation) determine not only which properties he will use 

as a basis for differentiation, but also the order In 

which those properties s hall appear in the scheme of 

differentiation* If property A Is the most significant 

property to the purpose* It should appear at the highest 

lewel of the classification* Individuals should be 

grouped aocordlng to that property before being further 

subdivided on the basis of other properties, and so on 

through the list of characteristics. In descending order 

of inportanoe* Once this hierarchy is established the 

task of dealing with borderline units Is simplified* 

Even then, however, a difficulty remains. Suppose, 

In our exasi*>le, the "orphan" unit differs from the first 

neighbor by one degree Ir regerd to property A, but fron 

1 te second neighbor by two or three degrees in regard to 

the lees significant property D* Which le the more signi¬ 

ficant degree of difference? If these seemingly trivial 

matters are decided ahead of tine, they will make the 

final régionalisation proceed much more smoothly and 

quickly* 

In attempts to régionalisé land form on the basis 

of a systematic classification of unit areas, experience 

suggests that aven though the classification is very sim¬ 

ple, perhaps no more then a three-category eyetem with 
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rel«tlT«ly f«w classes» the plotted pattern of tvnea 

Is likely to be so fragmented that there are almost no 

large contiguous areas of any one type. One Is forced 

to start consolidating more-or-less unlike neighbors 

Immediately and extensively. Instead of having the 

problem of fitting a few snail anomalous areas In v.lth 

one or another large nel hbors# the problem Is thjt of 

slmollfylng a pattern made up of nothing but email areas» 

moat of them too snail to show separately. Therefore 

the techniques of generalization are of the greatest 

1:portance. Hithout simplification of the cleaal^lca- 

tlon, poealbly Including technical grouping» and esta* 

bllshnont of a clearly daflnad hierarchy of properties» 

the astablls.'nont of regions is almost hopeless* 

D. The PoiTia 1 ^script* on of Reg Ion J 

Ihe final major rrobIsm In the characterization 

of land Torn la that of resenting to the reader a 

mora-or-lsss fomal description of tha aras analyzed» 

Including Its re ;1 mal subdivisions. This Is» th>n* a 

problem of comunloatîoi» and one o*' such alas and scops 

thet It would be presumptuous to attempt to en conreos 

It here. The brie:' discussion that follows Is Intendad 

only to emphasize thos* a srocts that sosa most directly 

pertinent to tha systematic» objective approach under 

consideration. 

Por the sake of aimrllc'ty In discusaion» regional 

description..» nay be divided into two tgT«** (1) ^hosa 

that a re highly concise, involving very little vorbei 
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chara ct«r liât Ion, *nd (2) thoaa that ara ñora axtanatw. 

Involving many taehnlquaa of proaentatlon, Ineludlng ver¬ 

bal. 
1. Concita Bytymal Baacr^tloc.aa. In ganara!. tha 

davloaa moat fundanental to concise daaerlptlona ara 

atatlatleal and graphie, often combinad, lhase permit 

the presentation of data In tha briefest possible fona. 

They are usually organised on the basis of specific 

alaaents and give their Information In either quanti¬ 

tative or systematically qualitative form. Thus they 

are especially well adapted for use with the objective and 

systematic analysis that has been treated here. For pumoses 

of careful areal ecnparlson, a major eonoarn of the geog¬ 

rapher, eonelse presentations of thia eort are highly 

vtluabl«* 

Th* description of * region (comprislnr. rMxxj unit 

treat) oan bed&no ontiroly by ncans of ctctiatioel tebu- 

Ittlons, either gieing eunnery indices f or the region ee 

t whole, or tebuleting the frequency of occurrence of 

values in the rerloua unit erees thet ooopriee the re¬ 

gion. Such oherecterieetione nay be offered on en ele- 

nent-by-element beeie, or on the beds of tn© occurrence 

of landforra types (prerioisly defined) that combine 

sererel charecterletice. 

Orna It la poaalbla to eharaetarlsa a region of eon- 

alderable alsa by a aerlaa of numbera or ooda fIgurea 



83 

that ainmarlae for that region the oocurrence of values 

or classes of a chosen set of land form properties* 

Such a characterization could not be surpassed for con¬ 

ciseness except by combining a 11 of the Indices» by 

means of a classification» Into a type» which may be 

named or given a code designator* A description of 

this kind permits direct and quick comparison of one 

area with another» on the basis of as many properties 

as may be desired* 

If a considerable mraber of regions Is being shown 

on a single nap» It Is desirable to show the characteris¬ 

tics of each region by soné neans other than a statisti¬ 

cal tabulation or aeries of code letters or nvsabere en¬ 

tered in the appropriate place* However» this Is not 

readily possible unless the characterisation Is ex¬ 

ceedingly slznnle* If the regional dea or lpt1 one nave 

been simplified Into type designations» then» of courte» 

regions of different types nay be shown by different 

colora» symbols» etc* But If the descriptions a~e more 

complex» Involving several characteristics» these cannot 

ordinarily be shown other tlisn by codal designator* rIith 

descriptions Involving no more than two or three elements» 

graphical representations con sonatines be devisad that 

are moro ayo—catching than a coded deslf^iator» but the 

possibilities are llnltod* 

If the map is at c nuffioiently large scale» It 

nay be possible to show the distribution of minor variations 
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within «âch major rogion. The problem» and nathoda of 

showing these are no different fron thoae involved In 

showing the larger regions on a amaller scale. 

2. Puller^Regional Deacri£tioria. Por more intensive 

study of regional land form characteristics, the statis- 

tioal suninary is insufficient. As nrevioualy suggested, 

certain properties, such as patterns, orofllea, various 

topographic details, and the place«to»plaoe variations 

in co-existence of various characteristics, do not lend 

themselves well to quantitative expression or other brief 

sumary treatment. The oonclse, largely statistical 

susnary, for all ita utility, does not provide a fully 

fleshed portrait of an area* 

Such a thorough characterisation can be made success¬ 

fully only by the use of many ^^ïlSÎniquee. iTobably 

the most frequent oause of deficiency in regional charac- 

ter last ions is the failure to employ ell o'* the i seful 

media. Statistical data, napa, alcatchaa and diagrams, 

photographs, and varbel descriptions can all contribute 

significantly to the effectiveness of regional description, 

and therafore none should be slighted. 

If the unit arcs method has been used in making the 

regional analysis, one must fce sspeclally careful to 

t»-ing out in his regional description those broadscsle 

features that may have been unduly fragmented and henea 

probably overlooked In the unit—area study. Major divides, 

drainage systems, escarpments, etc. must be made clear in 
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th# oT#rall description« Th#s# end other Internei emrie- 

tions within the region Bust ell be made oleer by the 

use of raepa, illustrations end detailed sample or small- 

area characterisations« 

Although it has often been said that objective descrip 

tlon cannot ba md* palatable and Int area ting,87 thara 

87. Thual »If an obaeraer la compelled to dapand on 
axperlanoa, that la, to uaa only anylrlcal tarma In 
hit deeorlptlona of topography, aaary faatura ho 
dlacuaaaa «uat ba unique la all raopeota.j.If, than, 
all the elements of the landsoape *re "inila^ly 
treated the a ooount will be almost interminable and 

utterly wearisome.* 0« D. ‘ 
The Macmillan Company. Hew York* Ives» 

seems no reason to believe that this is a valid general 

erltielsm« So long as one ie careful to Impart to hie 

objective portrays! those qualities of clarity, illus¬ 

tration, system snd summery that are the hallmarks of 

any scientific description, there is no inherent reason 

why It should be either dull or otherwise Ineffective* 

Perhaps only the individual of unusual talent can make 

a description come vividly alive to his reader, tut if 

hlo analysis has been thorough end careful, any trained 

student ean, by full end Judicious use of A1 the tech¬ 

niques at his disposal, present * regional description 

that will be olear and effective« 
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A 3u«g««f <1 M»thod for Dlr»ot M—ur«a«nt of alou» 

fro A«rl«l PhotogfphJ 

B«oaus« of th« Availability of aarlal stareophoto- 

graph coverage of extensive parts of the globe for which 

good contour maps do not exist* It Is Important to develop 

techniques whereby spécifia land form Information may be 

derivad from the photographs* Through the use of photo« 

grane trie methods* nearly all desired types of data can 

be obtained* but thaos methods are In general too sloe 

or require too mu oh costly equipment for most private 

research projects* Bven without pro else photograonetrle 

techniques* many varieties of data oan be gotten from 

photos by direst examination and sl^>la measurements* 

Hees vor* to themrltor9e knowledge* no satisfactory method 

has been devised for direst visual detemlnation of slope* 

Vas following is e brief account of a teethod that was da« 

vised end tried in the course of the present investiga« 

tlon* While the testa made are too limited to bo eonelu- 

olve* they suggest that tha method* though Inherently 

imprecise* merits further study* 

Basically the method involves the use of key% In 

the form of snail sterso«pairs out from tha coverage being 

studied* on which a re known slopes having Inclination# 

corresponding to the boundary values of four slope classes* 

The keys are then superimposed* under the stereoscope* 

upon the photo pair being studied and are used aa comparison 

acales for determining the steepness of slopes on that pair. 
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Th® toy® ver® pr®p®r®c! by ®el®otliig c®ntr®lly loc®t®d 

portions of adjacerjt photo® which ®xhlblt®d slones having the 

valu®® of 0 %p 15/¿ and 30^, as oh®ck®d by th® contour 
nap® or, in ®om® Instance®, by field neasur®ment. In practice, 

field measurement should be used if at all no®sible# Two 

t'T>e® of key® wore tried. Each wb® a small stereo-pair cut 

from the central portion® of • djacent photos, the® rea of 

th® cut-out section® being leas than on® squar® inch. Th® 

first key® used contained, on a single out—out, example® 

of all throe of the critical slope®. Later toys, and 

generally the more ®®tl®faotory, were made by cutting a 

separate pair for each of the critica!, values. These little 

pairs w®re then mounted, at the proper spacing, on a small 

sheet of clear a os täte. This ess placed over the **oto 

pair being studied, under a bench stereoscope. By moving 

the toy about, th# slope beinr, measured could be compered 

successively with esoh exemple on the toy, end thus its 

steepness could, theoretically, b@ determined. 

Por teatlng rurooeee, two different techniques were 

et irloyed. 

1. The first tests that wer# nad« involved the visual 

estimation of the reroentage of an ares that was 

occupied by each alone class. Stereo coverage wsa 

obtained for each of several 7¿-mlnut# rectangles 

in Miasoiri. The limits of tho rectangle were marked 

off on the appropriate photographs. Then, on 

successive stereo pairs, the ares of overlap 
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unlau« to that pair was outllnsd, and this aros 

was than examined under the stereoscope. r'lth 

the aid of the comparison key* an estimate was 

made of the percentage of the a rea occupied by each 

slope class. After all pairs liad been so exanlned 

for the entire 7&mlnute rectangle« the data for 

all the unique areas were added together. The 

resulting sums were then divided by the mnber of 

areas» and thus figures were obtained for the 

apportionment of slopes among the four classes ror 

the entire rectangle. These data wore then com¬ 

pared with figures obtained by dot rlanlmeter 

from the eontoir naps. 

2. The seoond set of tests involved slope*by-slope 

comparisons » rsthsr tlisn tha satlraataa or percontagsa 

ovar slsabla areas. In each of t**o quadrangles» 

about 30 slopas ware measured from the photographs 

snd compared with measurements made from ths topo¬ 

graphic maps. 

Tha results of ths first method sre shown in tabular 

fashion below. 
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0-fl£ 8-115-30/w 30tJÍ 
^•drin&l»- P M P ti P tt P M_ 

Round Spring SE 14 12 6 11 41 42 Ò9 34 

Ironton C 48 45 16 23 27 28 7 3 

A va NE 35 22 30 32 30 29 10 17 

Meta NE 44 34 15 • 42 36 22 5 3 

Augusta C 44 «28 13 21 16 25 26 26 

Green Rldge SW 99 2)01 0 0000 

Gen tralla NW 91 94 960000 

Seymour SE 48 62 49 «31 3 8 0 0 

Brookfield SH 88 91 12 9 0 0 0 0 

Bethany IT 11*44 74*38 15 18 0 0 

Malt land-Craig 3 79 82 6 9 6 9 7 0 

Eimer SW 60 71 17 15 14 11 9 2 

Grand In NE 67* 39 14 • 44 12 17 7 0 

Vlenna-Redblrd N 71 69 11 15 14 12 4 3 

Salem SW 80*61 19*34 1 5 0 0 

Rooky Confort NE 66 • 42 12 25 16 22 7 12 

Dea Ame IT. 2B 33 23 30 3 5 38 14 0 

Of the 60 oomparlaona which did not inwolre double 

aero valuea, 34 were within &%• This degree of error 

la of the a ame general order of magnitude aa that for 

eye estimatea of slope percentagea from contour mapa 

aa made by a relatively unpractised person» and some#) at 

greater than nap estimates made by a practised observer* 

Undoubtedly with practice the accuracy would be signifi¬ 

cantly Increased« though It is doubtful that estimates 

should be attempted with greater precision than a 5)( or 

preferably a 10£ range« 



Th» occasional vary Ian’s errors (starred Ir the 

tabla) arpoar to represent too principal situations« Sene* 

such as those In Meta Nü, Bethany NW, Qrandin NE and Salan 

3^7# o' parantly arise from the foot that there aro larß© 

areas of land with Inclination very close to a class 

boundary value, so that a systematic error In estimating 

could producá a large discrepancy. The Au^sta C, Seymour 

SB and Rocky Confort NE rectangles are characterised by 

fragmentation and complexity In the nattera of occurrence 

of gentler slopes, and are thus difficult to handle. 

Resulta of the second system of testing, in which 

Individual elopes were classified, from observation of 

the photos, and then comparad with values derived fron the 

contour map, are at best inconclusive, but not especially 

snoouraginc. The data w-ra collected only by class values, 

and therefore the degree of error cannot be meaningfully 

evaluated. 

Of 189 slopes for which data wars compared, 117, or 

62% «ero placed in theaarv class by both dsterrlnetiona. 
While this Is not a hi¿;h dogre# of coincidence. It nay be 

misleading, for there may have been many slopes that wsre 

doss to the boundary values, so that the error© of esti¬ 

mate ml^it in fact be small. Clearly, additional testing 

would be necessary in order to deteralne the trae value 

of the method. 

In summary, the stereo-pair com,arisen key method for 

measuring slopes on aerial stereo-photographs is a aone- 

what premiaing but insufficiently tested technique. Results 
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thus far obtalnad sur^ast that Ita application tlirough 

•stlraatea of aloDa-claaa percentages In Buccoaaire areas 

of unique overlap yields better results than the sunnllng 

and measurement of individual slopes» though such a con* 

elusion would be difficult to explain and Is hlr^ily 

tentative* 

Considering the method as a whole» Its entire validity 

depends upon the answer to the question of the degree to 

which slopes occurring toward the edpes of stereo-photo¬ 

graphs are distorted* Obviously they are distorted on 

the Individual photographs» but this Is not neosssarily so 

for ths stereo Image ea perceived by the observer* Unless 

•lope distortion In the stereo Image is significantly large 

in 'jpoolfie parts of tit# overlap area» the method would 

seen to be sound in theory» though nooeasarily Imprecise 

In application* It deserves further consideration and 

toatlng* 
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APPENDIX 2 

Land Form Characteristic«. Tvp»a and Renlona in Missouri 

!• Introduction 

The s tato of Mia a our 1 was uaod as a testing ground 

for many of the principles and techniques that were developed 

or eaployed during the course of the InvestIgatlon* The 

reasons for choosing this particular area were several« 

Pirat» it offers a considerable variety of terrain» ranging 

fron flat alluvial plains to high hills« Second» It Is an 

area that was already somewhat familiar to the principal 

Investigator through long residence and travel« Third» most 

of the state la topographically aapned on a seals of 1/62,500 

or larger» and the majority of the rapping Is at least 

moderately recent« 

Since many of the concepts and techniques discussed 

In the body of the text were developed during the Investigation» 

and In some instanoea quite late In the period of study» It 

has not been possible to apnly all of them to the Missouri 

area« Thus the Missouri study Is nctlntsnded as sn exsnnls of 

what an Idaal descriptive analysis should be* It Is in* 

tsnded to bring out some of ths problem that one e ncountcra 

in trying to describe the oornlex terrain of e large area 

and to illustrate the application of a few of the sugr.asted 

techniquesfor dealing with these problems* 

Specifically included are (1) a aeriea of mapa» nade 

from unlt-area analysis» showing the variation» over the 

•tate» of several Individual e lemon ta of land fomt (2) an 
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axanple of tho derivation of a system of land form types 

and a land forn rer’lonallzatIon of the state, on the l/«isls 

of a selected s> t of characteristics; (3) examples of 

descriptions of Individual unit areas, both In brief sumary 

form and In reasonably full form; (4) an example of a descrip¬ 

tion of s larger region, both In brief sunraary form and in 

fuller form. 

2, Mapa Shoeing the Areal Variation of Individual Elements 

The aooompenyliv, nene (1 to 6} ore presented as 

exemples of the eppllcetlon of unlt-eree rnelyslo to the 

ver let Ion of Individuel elements of lend form over e lerge 

eres« Except for the surfe ce ne ter le le rep9 the dete «er# 

derived entirely from contour maps, and the unit area la e 

?¿-minute reetangle» There ure»vepel im tehee, chiefly In 

the oentrel northern and central western perte of the stete» 

for which adequate mere do not seiet» Por most of that# 

erees old, snail-scale reconnaissance neos mere used as the 

basis for rough est instes» Po« e few rectangles In northern 

Missouri for whloh not oven these « re available, eatlastoe 

wore derived f rum the character of the surrounding eheste 

end from plan las trtc naps of the drain age not» For ell the 

obvious weakness of such estimates, it is highly orobabl# 

that the(fcta shown are not significantly in error, for the 

likely magnitude of error is not large In eonrerlson to the 

clase Intervals used» 

îtapa 1 end 2, shoving respectively the nereentage of 

unit tree in gentle end In steep slope, were derived largely 
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fron dato obtained by ayo aatlaata« Batlnataa war« nade inde¬ 

pendently by teo people« and all algnlfleant differencea 

were re-checked* Peroentages ware estimated by ten per 

cent intervala« greater precision being deemed unnecessary. 

Because of the large mnber of Individuals possessing a 

small percentage of steep slope« a finer subdivision was 

made in that range* 

nie two slope maps are felt to be highly successful in 

showlr« the moat striking and« for may purposts« most sig- 

hlfioant variations in Missouri terrain. They are especially 

affective in bringing out two important features that are 

rarely shown on mapa» but that are recognised by those who 

know the state well* One of these la ths prevalence of 

strongly rollli« land (but with little truly ateop slope) 

along the northern margin of the state and In the north- 

oentral area* The second is the distinction between what 

nay ba callao the "open" and "closed" sections of ths 

Ossrks» ths fomsr possessing nuch gently-sloping lind 

(generally on uplands) and the latter having little smooth 

land and much steep slope* 

Map 3, that of local relief, requires no explanation 

It was derived by the method made far.illar by 3m 1th. It 

yields few surprises, serving principally to show ths degree 

to tdiich local relief sets the Oxark area apart fron ita 

surroundings. 

Map 4« ahowing generalised profile type, will beaten 

to be based upon the simple index indicating where. In the 
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vertical ranga» the gantly-alopirv land occui*a# The data 

wore collected at the a arc time as those for slope« Once 

the extent of gentle slope had been determined« It was then 

further estimated, by inspeotion, ehat percentage of that 

gently sloping area lay above (or below) the median oontoir• 

Three classes were established, as shown in the legend« In 

order to give distinction to those featureless areas (chiefly 

in the alluvial delta nlaln of the southeast) that are 

occupied by nothing but gentle alone and have negligible re¬ 

lief, a fourth class wns set apart« 

Again the map offers few surprises, but makes some 

important distinctions« Most of the state will be seen to 

fall into either the upland class or the snllt-level class, 

thus emphasising the concept of thenroa ss a warloualy- 

dlsseete1 upland surface« tilth ona significant axoaotlon 

the lowland profile oecura along or adjaoent to thevallaya 

of the mejor etreema« Tlmt exception la ln tha St« Pipándole 

area, in southeaat-oentral Mlaaourl, one of the meet dis¬ 

tinctive sections of the Otarhs« 

Tha nap of surface materiel (Hep 6) was constructed 

from s soil nap of the atate«1 Tha only axtenslve variation 

1« Prom T!« F« Millar end II. H« Krueekopf,”The Soils of 
Missouri”, UnlTsrslty of Missouri Agricultural Experiment 
Station Bulletin ggTT 1929« 

In aurfaoe materiel In Missouri Is the o ocurren oe of ox- 

oesslvely stony soil In much of the Osark aras, as distinct 

from tha reasonably stone-free soils of the remslnder of 

the state« There are no major occurrences of other materials 
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such as sandf «xposad badroek, ■ tan ding «atar» etc« Accord* 

ingly# with the aid of aoll daaarlptlona, tha axcaaslwaly 

stony aoll elaaaaa wera Idantlflad on tha map» and their 

pattern of occurren ce waa transferred to tha unit-area gifd. 

Wherever atony aoll classes occupied more than forty uer 

oent of a unit area» the unit woe clasaed as havinr, "excessive¬ 

ly stony soil" as a dominant material* If atony aoll claasea 

occupied less than ten per oent of the unit» it waa classed 

aa dominantly "aoH"» and a third claaa encompaaaed the in¬ 

termediate values* The value of forty nor centwus choaen 

as the lower limit of a "atony" unit in proferonoa to fifty 

oer cent» beeauao throughout tho hilly areas of southern 

niasourl tho atoopor slopes are atony aven in a reaa whare 

the rentier elopes are not oocuplod by excessively stony 

soli oleases* thus tho amount of stony soil la always 

greater than tho soil claaa map alone indicate«. 

The surface material map em’haalses the remarkable 

stonineaa of the Osark oore» a characteristic familiar to 

all who know tha aras» and a matter of graat importance 

to the utility of the land. 

tlq> 6» mean spacing of major crests» represents an 

attempt to characterise tho "gross texture" of thovoa* 

The method employed la that described in the text on page 38* 

Because of the virtual non-axiotenee of "major cresta"» tha 

alluvial delta of southeastern Missouri could not be classi¬ 

fied. The numerous open spaces in the nap represent areas 

for whldti adequate topographic maps were not available at 
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the tim« of drawing* Tina did not pomlt subsequent 

filling :n of those spots by estimate* 

The value of this map Is difficult to determine* 

There are not major variations of gross texture within the 

state* and the opportunity totest the method In coarser- 

textured areas of the Hest did not materialise* The Index 

does seres to bring out some of the wider valleys of major 

streams and the broader tracts of undlsseoted upland* but In 

general it Is not as valuable a diagnostic Index for the 

Internal differentiation of Missouri terrain as are the 

others of this series* 

3. Land Pom Ttp*» «nd R«glon« 

For the pur: ose of testing and Illustrating mathods 

of identifying land form types and grouping them Into re¬ 

gions of dominant occurrenos* the data collaotad and en¬ 

terad on tha mapa just dlscuaaed were used as the basis for 

a sImpla land form tvping and régionalisation of Missouri* 

Tit# sslsotlon and the categorical order of tho differentiating 

characteristics employed should* In any such undertaking* 

be dictated by the purpose for wnleh the description la 

made* Since therevas no clearly-definad purpose of descrip¬ 

tion Inherent In the present Investigation* it was possible 

to choose freely* In order to provide results of relatively 

broad Interest* It was dsoldsd to select a group of charac¬ 

teristics that would be especially diagnostic In portraying 

the visual apooarance of the land surface and that would 

at least vaguely suggest the agricultural utility of the 

land* Insofar as that la causally relatad to the surface 

form* Sinne It wee also desired to keep the problem as 
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siapl« a« posilbl«, th« nunbar of dlffes^ntlatlng char* 

acterlatlea was bald to thrao (or for aooe purposas four). 

After s orna azpar Inantat ion it «rus daoldad to use (1) the 

par cant of the area ln gantla slope (Inclination lass than 

8a #(2) the waxlaMn difference ln elevation# and (3) the 

generalised profile type* In order to reduce further the 

complexity of the resultant nap# the number of classes for 

gentle slope was reduced from six to four and the number 

of clasres for local relief fron eight to flee. 

Data from the naps ofg»ntle slope# local relief and 

profile type# simplified as Indicated# were then super* 

Imposed on a single work sheet# by entering the appropriate 

class number for each element In the proper unit area# Mien 

the three sets of data had bsen entered successively# esch 

unit area contained a three-digit figure that characterised 

It according to the three eleasnta and defined Its type# 

On the basis of the classification employed# It la 

theoretically possible to obtain 62 types (note that profile 

type "A” can occur only «1th class 1 of gentle slope# and 

probably only trlth class 1 and class 2 of local relief). In 

Missouri It was found that only 40 types actually occurred, 

and that only 27 types occurred In noro than 5 different 

units* In fact 88£ of the 1247 unit areas In the state are 

accounted for by only 21 types* 

Once this nap «as available# it vos used as the basis 

for the establishment of a system of land form regions* This 

«as done In the following manner* 
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Pirat» heavy linea were drawn on the sheet» separating 

areas of occurrence of the four different oleases of per* 

oentage of gentle slope« This oattern was then simplified 

by "absorbing" Isolated patches of one class Into larger 

adjacent areas» following the principles mentioned In the 

text on p«78* No areas were permitted to remain unless they 

contained at least five contiguous units* 

Seoond» these areas» essentially homogeneous with 

respect to gentle slope» were subdivided according to local 

relief* Again the slnr lifioatlon process was «ployed» still 

following the "five contiguous unit" rule* 

Third» the profile type was used as the basis for 

further subdivision of the resultant regions* Again the sane 

method of slspllfieatlon was employed* It was discovered 

that in areas of less then 30£ gentle slope (class 4)» the 

occurrence of profile types was much scattered or fraps anted« 

Zt also was felt that in such areas the vertical location 

of the «all amount of gentle slope is a less significant 

aspect of the terrain than it is In those areas where large 

amounts of smooth land occur* Mr theae raaaons it was 

deoldad to disregard profila distinctions In the areas of 

gentío slope olssa 4« 

During the development of the regional map several 

areas were foun* in which there was so much fragmentation 

of types that it was extremely difficult to arrive at tha 

best aeh«a of g eneralisatlon* For such areas the pattern 

of boundaries end groupings offered la only ona of several 
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that could bo uaod» and readers familiar with the areas 

may disagree with the particular cholos* This Is inevita¬ 

ble In small-scale maps* In each of these problem areas* 

however» the scheme that la shown was arrived at by careful 

weighing of the degree of "vlolenoe" done by each of aevervl 

boundary arrangements* Sosie of the most 41fflcult areas 

to handle aim (1) the river-breaks northwest and east of 

Kansas Cltyi (2) the hilly country In north-central Missouri 

near Moberlyf (3) the Mississippi River section from the 

vicinity of St* Louis northwestward) (4) the eastern and 

southeastern fringes of the Osarles) (6) the western border 

of the Osarks near the Osage River» and (6) the margin of 

the Osarks ln the southwestern earner of the state* It will 

be seen that all of these are areas of transition from one 

major t ermln class to another* As Is com on In eros tonal 

topography» the t'pes Interfinger ln coonlam pattern along 

the border soné* On a ouch soaller-eoala nap» thee# 

a#etlone would usually dsflns ths aonss through which 

sutjor boundaries would be &*awn, and would not merit en 

independent existence* 

The resultant men of regions of occurrence of lend 

form typos Is presented ss rmp 7. ’lap 8 end the accompany¬ 

ing outline represents an attempt to arrange thoee a erne 

erees fttfsan orderly system of major regions» sub-regions 

and sections* In the outline a name has bean assigned to 

each division»2 and ths Index designator of the dominant 

% As a rule ths names assigned are either descriptive or» 
for the maaller sections» are taken fron a principal 



town* river» or eounty In the area* nith few excep¬ 
tion*» no at tempt was made to adjuat them to prevlou* 
regional nomenolature* They are Intended merely a* 
device* of convenience andaré not put forth with strong 
recocmandatlon* for their use* 

type or types in the division is Usted» together with a 

our./'oated verbal designator corresponding to the Indexed 

type» 

Assessment of the value of this parti otilar région¬ 

alisation of Missouri land form can be made only after It 

has been used« Slnoe the purpose for diloh It was designed 

was Intentionally agmeral one» It would be unexpected for It 

to serve adequately for the study of highly spécifié func¬ 

tional or genetic relationships« To those of us who have 

been working on the Missouri portion of the project» It le» 

however» an encouraging product» for It does bring out la 

systematic fashion l'portant plaoe-to-plaes variations In 

the terrain that have not been made evident by pre-existing 

■ape« Zt shows variations that actually exist» that are 

visible In the field» that need to betaken Into account by 

those using the land» and that warrant explanatory s tudy by 

those Interested In the gene tie aspecto of land form study* 

Zt should be re-smphaslsed that this is only one of the 

many régionalisations of Missouri land form that could be 

made« For other» nor* spsolflo purposes» other characteris¬ 

tics could bs used as the bases of differentiation» other 

class bounder iso could be chosen» end other schemes of 

genersllsetlon empl>ysd. The construction of this particular 
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m*p «as intsndsd prlasrlly to illustrât« the methods, 

prlnoi!5l«s and problems involved, and only secondarily 

to yield a product that may prove useful for rather 

general descriptive purposes« 

The map presented is of the choropleth typo, in 

ahich the integrity of the rectangular unit-area boundaries 

has been preserved throughout« It could be converted into 

a smoothsd-boundary map if desired« The smoothing of 

boundaries could be done mechanically, but more meaning¬ 

fully it should be done in accordance with the actual loca¬ 

tion of the terrain changes as determined from the topc- 

gra:hie maps. Time has not permitted the conviction of such 

s map for inclusion in this report« 
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D»«a»lptlan» of Af— 

Ih« four brlof dosorlptlont that follow are Intended 

aa examplea of the aorta of thlnga that can be done In the 

way of objaotlwe characterisation. The first three, Bethany 

NT/, Sweet Sprites NE, and Augusta C, are for 7¿«alnute 

rectangles, the unit areas of the Missouri study* The fourth 

is for the Andrain Plain, one of the distinctive saetions 

■at apart in the regional subdivision offered above* 

The unit-area characterisations represent examples of 

the "building stones” of which regional descriptions can 

be built* lhe regional characterisation, although It con¬ 

siders an area of limited extent, for #ileh extreme general¬ 

isation is not necessary, exemplifies some of the ways in 

which unit-area data may be combined and generalised for 

larger regions* 

Baoh characterisation Involves two parts, a conelse 

sinnary description and a fuller portrayal using verbal 

description, a few photographs, and slrmle diagrams* The as 

were composed with the same broad general nurpose In mind 

that governed the oholoe of elements used In the r>receding 

régi mal discussion* For more specific purposes, other 

kinds of Information might b a offered, and other aisnnary 

indloas employed* 

The data upon which the descriptions are based were 

derived from the contour maps, from aerial photograph* and 

from rapid field reconnaissance. 

* 
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Btthany If? 

Th« Bethany quadrangle (Fig. 1) la located In north¬ 

western Missouri near t he Iowa border. It lies In north¬ 

western Harrison county9 about 55 miles northeast of St. 

Joseph. The snail town of Bethany lies t en miles to the 

southeast. The quadrangle ibrras a part of the Bethany Section 

of the Northern Border Hills9 one of the sub-regions making 

up the Green Hills. 

1. Brief Chargeteglfaj^lon_ 

Slopes 

O-3/í - - - 12 of area 
3-se» - - -435* of area • prevalent slope class 
0-15£- - -3<£ of area 
15-30^ - -10yt of area 

Mean slope - 115* 

Local relief 

Max. dlff• in elevation ■ 880 ft* 
Mean height of principal slopes ■ 180 ft. 

Baslo profile type • B (gentle slope split high and low) 
Mean apaoli« of major crests • 1 ml. 
Pattern of v allays ■ dendritic 
Surface material • soil 100$» 
Type designation - 38B (rolling very low hills) 

2. PullerJ3g^a¿t£r¿S£t¿qg 

The Bethany Mtt quadrangle nay be described as a rolling 

hill land of low relief. Few areas so well verlt the 

designation "rolling"» for slopes are everywhere gentle 

to moderate» without angular breaks (Fig. 8). There 

is very little flat land and almost no steep land. Such 

flat land as there is occupies narrow strips along the 

principal valley floors and the crests of major ridges. 

The small patches of steep slope occur on the sides of 



' 

Pig. Th« Bethany IT Quadrangl« 

Contour lnt«rral 20 ft.) «oala 1«62#500 

i 



MS"

Pig. 2. Characteristic landscape In Befnany IT? quach-angle 

View NE from point li nlleo northwest of 

Washington Center

minor rarlnes and aa the basal sections of aorae elopes 

along the margins of the broader walley floors. Practical­

ly all of the steep slopes face northward. With the 

ezce.'tlon of those and tto unusually broad, smooth ridge 

create In the northwest and southeast, the various 

classes of slope are remarkably even In their distribution.

Slope profiles a re sl'-.llarly uniform throughout.

The cliaracta <j.stlc transverse valley profile shows a 

tendency toward convexity, the Inflection point being 

commonly below the nld-helght of the elope end closer, 

horlsontally, to the valley axle than to the crest line.

The profiles are singularly free f rota marked breaks and 

irregularities; thert. are no significant ledges or 

terrecee (Pig, 3). However, root channela ere shallowly 

Incised, ard gully dsvelo wient In the first-order diannels 

Is common.
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Fig. 3« Char«ot«p¿«tie tranavers« profilas (vortical 

axag^aration 5sl)* 

A« Aerosa tributary Tallay ona-haIf mlla aaat of 

nilllana School 

B* Aoroaa Tallay of Big Nuddy Craok waatward fron 

Cashingtor Cantar« 

lha aana nnoothnaaa charaetarlsaa tha longitudinal 

pro fila a ot Tal laya« which ara gently eoncaTa» a.id without 

Irragularltlaa ln gradlant (Plg* 4)« 

Flg. 4« Longitudinal profila of Llttla TludUy oraak and 

trlbutarlaa (wartleal axaggaratlon 1011)• 

Croata ara a Tan and continuous* with no significant 

daTalopaent of psaks and not ches (Pig* 5). Tha craat of tha 

rldga separating tha two principal branchas of Muddy Craak 

a 

V 



nay be followori for t en -.lies without enccninterlng any 

lon«;ltudlnal (Radiant exceedlnr; 55 feet per nlle,, Generally 

the ?, radlent la closer to 20 feet per nlle.

'' ^ M ■■ via
Fig, 5, Smooth rld;’e crests and convex valley slopes* 

View S3 across head of Little Rock Creek, north­

west part of quadrangle*

The vertical devolopnont of the surface Is riodest, the 

naxlnura difference In elevation within the quadrangle being 

but 200 feet. Fart of this relief Is accounted for by a 

regional slope toward the b outh-so''’thwesto 3oth crest and 

valley levels decline about 100 feet fi\>n the northern edge 

of the ai-ea to the soutliem. "Sie raster stream. Big Muddy 

Creek, has a uniform gradient of about seven feet ner nlle* 

The heights of Individual slopes vary froci 60 to 120 feet. 

As the scarcity of upland flat would Indicate, the 

drainage net is rractlcally con lots* The "gross" texture 

of the terrain la nrlerately fine, najor crests orTOlleys 

being spaced, on the average, annroxlnately a mile apart*



Across ths widest ▼slley tho crsst-to-creat distance Is li 

to 2 '^lles {Fic» 6), The side slopes of these rsjor featu»^8.

Pig. 6. View across valley of Sir, fluddy Creelt about 

one nlle aouth of New Harmony Church. The nlopea 

here are the most an*; ilar to he found anywhere In 

the quadrangle,

howevert are scored by xwivlnea and between which the interval 

la coznonly no nore than 20C to 400 yards. A set of still 

snaller first-order channels, usually shallow, occ\irs over 

tauoli of tho area, with Intervals of only nO to lOO yards.

The widest true valley floor la from 1000 to 2000 

feot wide, and nost valleys do not uossosa slgnl''lcant 

bottomlands. Tho two broadest uplands. In the northwe-’t 

and poiitheast, both noasure about 3/4 rile acroen.

The draJrar.fc ratteru Is basically dendritic, only 

ellchtly drawn out '.n the direction of th-^ regional slope 

(Plgj 4,), The pattern of crests la tho ample Inverse 

of that of drainage; there ore no dlscorJarcea-.
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oi» *' 

1-Rite-- 

N \ 
Flg« 4« Drainage pattern ln central part of quadrangle* 

Nearly all channel» sheen are of oeoond or 

larger order* 

The hydrography la simple. There are only two perna* 

nent streams, the too roughly parallel branches of Muddy 

Creek, Virtually all streams of fourth or higher order and 

some of third order have meandering channels. In spite of the 

prevailing narrowness of bottomlands. The channels of shorter 

streams are straight or unsystematically Irregular, Except 

for a fee small artificial farm ponds there are no bodies of 
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»tandlng w»t«r ond no «noloaed doproaaion«* 

Surfaoo raterial throughout la silty soll» genorally 

free of atones, gravel or sand. Apparently there are no 

outcrop a of b edroclc« 

In funnary, the Bethany W¡ quadrangle dlaplays a soil 

covered surface of snail relief, oonpoaed alnost entirely of 

smoothly rolling slopes of moderate to gentle inclination, 

organised about a dendritic drainage net of moderately fine 

texture* 
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Sweet Spring» WB 

The Sweet Springs NE quadrangle (Pig, 1) is loosted 

in west-central Missouri about 65 miles east of Kansas 

City, 15 miles north-northwest of Sedalia, and 20 miles south 

of the Missouri Hirer. It is a portion of the Pettis Plain, 

a smooth section of the Central Upland Plain. 

1» &*A«f_C]ia£a2 ter i «¿tloa 

Slopes 

0-¾ - - -4¾ of area (prevalent slope) 
3-01¾ - - -3¾ of area 
8-1»- - -17» of area 
15-30¾ -- 8» of area 

Mean slope s 6¾ 

Local relief 

Max. aiff. in elevation * 230 ft« 
Mean height of principal slopes a 120 ft« 

Basle profile type - B (gentle slop# split high and low) 
Mean spaaing of major crests « 2.4 ml« 
Pattern of valleys • feather, dendritic tributaries 
Surface material - soil 100¾ 
Typo designation • 12B (undulating nleln) 

2« PUlls£_Civa£a£t2rA»atio|i 

The Sweet Springs MR qaadranglo Is a plain of 

low relief and. In the main, very gentle slopes« v.ere It 

not for the wide shall m valley of the Blackwater River 

and the narrow ones of Its short tributaries, the olaIn 

would have scarcely more than 100 feet of relief and would 

be almost devoid of slopes suaeper than 5¾. Even with 

the valleys, slopes gentler than occupy more than four- 

fifths of the a rea, and slopes steeper than 15¾ are rare. 



Pig« !• 'Bi® 3w®®t Spring« NE quadrangl®« 

Contour integral 20 ft*j «oalo l*62t500« 
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Th« aurffcoe la alnoat entirely aoll^covered* Bedrock 

outcrops occur only aa expoaed ledges on the los bluffs 

and banks along the Blacksater* There la no standing water 

except for the many small artificial farm ponds* 

The pattern of valley a la simple« One major valley* 

that of the Blaokwatert crosses the middle of the a res from 

seat to east* Short tributaries enter the master stream 

at high angles frost either aide* Their valleys are abundant* 

ly branched In Ideal dendritic pattern* In the southeast 

oomer of the quadrangle is a portion of a second / valley 

system« that of eastward*flowlng Heaths Creak* Its tributary 

valleys* like those of the Blsoksater* enter at high angles* 

but they are shorter* atrolghter and leas branching than 

tliose of the larger stream* In total the valley and drAiage 

pattem nay be described aa festher*llke* that of the Heaths 

&*eak basin balng Idaally soi tiiat of the Blackvater Hiver 

having dandrltfte tributarlas (Fig* 8)* 

Only one primary crest crosses ths s ras« that f ormlng 

the divida betvssn ths Blackwatsr and Hsaths Creak. Lataral 

spurs from this crest ere Inconspicuous because of the 

shallow Incision of the snail tributaries* Only on ths north 

slope near the river do the tributary valleya be cora deep 

enough to give prom Inanes to the spurs* which are rather 

abruptly truncated by low bluffs et the edge of the bottom¬ 

land* Forth of the Blaeloveter the dendritic tributary 

eyaterea are somewhat more deeply cut* and spurs reaching 

toward the River are better defined and more branching* 



41 

2« Drtlnoe* Pfttttrn b«tw»«n Blmclw«t«r 

rIvmt (r&ght) ând Qnék ( l«ft ) • Mott 

ahArm«la ahovn ara aaoond ordar and aboaa* 

Saala 1x62,600. 

Thaaa northern aT^*r 1®*® ^barply cut off at t ha adft* of 

tha vallay. 

Tha charmai of tha Blaetaratar dlaplai a a arica of 

and angular banda and naarHaaandara (Plg.2). maaa 

banda, ahlch haaa an amplitude of nearly a mlle, ara much 

aider than tha bottomland, ao that tha ▼ alley floor Itself 

la aoneehat alnuoua. Tha three largest bends have bean 

artificially out across to straighten the channel. 

Moat slope profilas fall into one or another of teo 

classes. Sons, particularly in tha shallow drainaga basin 

% 
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of Heaths Creek and In the upper reaches 01' the tributaries 

of the Blackwater, are very gently sloped and essentially 

straight (Fig* 3A)• A larger nianber» Including most of those 

along the BlaoJorater and the lover sections of Its tribu« 

taries» are convex (Fig* 3B). Those along the south side 

oí *~he Blaokwater are especially overs teenened at the base» 

Above these 0versteeoeneds actions long gentle slopes reach 

up southward to the nrlnclpal divide (Fig* 3C). All crests 

Fig« 3« Representative transverse profiles (vertical 

exaggeration 10tl)« 

A« Across valley of Heaths Creek 3/4 nile oast 
of Mission Church« 

B« Across valley of Long Branch vest of Liberty 
School« 

C« South side of Blackwater valley» southward 
from mouth of Buffalo Creek 

are broad» and nearly all upper slopes are very gentle« Only 

along the northern brow of the major divida do alopaa not 

a MOÊK 



conspicuously gentle occurat higher elevat'ons. Three- 

fourths of the sanpled slopes stoeper than occur In the 

lower half of the elevation range. Conversely, 2/3 of the 

slopes gentler than occur in the upper half of theranr.e.

Longitudinal profiles of raajor crests show little 

departure fror! horlsontallty, Hie long, gentle lateral 

spurs sweepln^.^ down toward the Dlackwater Valley are flattened 

toward their lower ends, and then iron nore sternly Into the 

valley bottom.

Stream andvalley profiles are all gentle, unbroken, 

and faintly concave. The Blackwater drops less thantweni.y 

feet in Its COjrse of about ton and one-half riles across 

the quadrai^le. Heath’s Creek has a gradient of approxi­

mately ten feet rer nlle.

The total width of the Blackwater valley, between major 

divides to south and north>ls from six to nine riles (Pig, 4). 

The north slope of t)'c heaths Creek basin Is two to three 

nllos long. Secondary crests in the Blackreter banln ere

Pig, 4, View north-northwestward across valley of Black- 
water River from crest of divide one mile east 
of Tedlevllle,
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o'^aoed at Intervals of one to two nllos. Thus the aroa aa 

a w;.ola la coarse textured for a rer,lon of such snail 

relief* "Conplete" texture, however, la fine, the shallow 

rirst-order c»iannela belnr, snaced at Intervals rarely ex- 

oeedlnR 400 yards (Flc* 5), Uie width of the bottonland 

of the Blackrater varies frcn leas than 300 yards to about, 

one-half rile.

PIr. 5. Road orooalnR succesrlve first ordor chan'-ela 

in aeetlon north of Blackwator River* View aoi th- 

ward fron a nolnt ore nils east of Union Char»ih.

The divide between the Plackwater and Heath.M Creex rises 

about 200 feet alx>ve the Blackwnter and only about BC feet 

above Heaths Creek* 100 feet la the oorronest dontJi for t!.e 

lower vallr>s of tributaries to the Blackwater. 0,-«per reaches 

of these tributaries and the sinall Incisions of tne flrrt-order 

channels are Rentle-slded, V-a'iapecl, and are rarely cut nore



than forty feet Into the snooth, lonp, slopes (Fig, 6), The 

channel of the Blackvater Itself occupies, at low water, 

a steop^bar.ked cut ".ore than twenty feet deep.

Plgo 6. Smooth upland on divide between Blackwater 

River and Heaths Creoko Note sllrlit depth of 

dissection. View southward froc noint one nlle 

northwest of lioustonia,

, In sxjmary, the Sweet Springs ^^E quadrangle Is a smooth 

soil-covered, lonr,-sloped, gently swelling pie in, shallowly 

incised by the Blackwator River and its short tributaries, 

Slones of even moderate steepness are few, and up^or slores 

are osT'ecially gentle.
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Augusta C 

Th« August« C quadrangle (Pig* 1) lias in the river 

breaks along the lower Missouri In St* Charles County* 

about twenty miles west of St* Louis* It Is a part of the 

Meremeo-Mlssourl section of the Northern Osark Hills* 

1. Brief Characte^lMtion^ 

Slopes 

• - -100( of ares 
3-85( - - -185( of ares 
8-150( - -ai> of ares 
15^0( - -25> cf ares 
30+ 0» - - -865( of ares • prevalent slope class* 

Mean slope 8 200( 

Local relief 

Max* dlff* in elevation « 460 ft. 
Mean height of principal slooes ■ 880 ft. 

Basic profile type - C (orare than 2/3 of gentle slope low) 
Mean spacing of major crests * 1*8 ■!. 
Pattern of valleys • dendritic 
Surface material ■ soil 970( ( tea11 ants, water» sand» 

bedrock) 
Type designation * 43C (hills) 

2* Pu^l£r—Cha£a>oter>lsat<lofl 

The central 7$ minute rectangle of the Augusta 

quadrangle la a hilly area of moderate relief» lying in 

the river breaks on the north side of the Missouri River. 

A portion of the floodplain of the Missouri extends along 

Its southern edge* 

The maximum difference In elevation Is 460 feet» but 

few Individual slopes approach that height* Most slope 

heights fall within the range of 180 to 300 feet» 220 

feet representing the mean* Crest elevations are highest 





IA40-900 feet) near the western marc,In, andebout .lOO feet 

lower at thn eastern ed^e. Valley floor elevations decline 

In thesane dlrect'on, boln^ 600 to 700 at the western 

mer(";ln, 500 feet a t the eastern ed^e. In the southwestern 

oorner, adjaoent to the Missouri floodplain. Is a distinctly 

lower "story” of rolllni’, hills, with crests fully 200 feet 

below those of the l.lrhor divides and with slope helchts 

of about 100 foot (Figs. 2 and 3).

Fig. 2. Ilorth-northeast to south-southwest profile, 1 5/4 

miles west of Augusta, snowing, the "two-story" development 

of hills. Vortical exag.’.oratlon 5:1.

Pig. 3. Low, rolling hills (foreground) and 'ilgh steep 
hills northwest of Augusta. View eastward froa 
road one mile north-northwest of St. Johns School.



Hie slopes exiilblt a .^reat ran^e of steepness. Al­

though slopes steeper than 3C?£ are the modal class, gentle 

slopes (less than 8^) occupy more than a quarter of the area. 

Of this gentle slope, the largest contiguous area Is the strip 

of the Missouri floodplain that Is Included alon^^, the southem 

edge, of the renalnder Is found along the bottoms of

the major valleys (Pig, 4), Nearly three-fourths of the 

gentle slopes are in the lower hslf of the eluvatlon range. 

However, several ridges, especially In the north and rest, 

are flat-to ped, and in the extreme northwestern c orner Is 

a broad projection of the ertonsive upland that stretclies 

far to the northward and westward across eastern Missouri. 

Steep slopes occur throughout the hilly land, but they are 

especially narked In the northeastern ocornor, and are found 

snarlngly In the low hills of the south-western section.

Pig, 4. View northeastward across broad valley of

Schluersburg Bi»anch, froo road l/4 nils south­

east of Hanny Glen School.
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Through moat of tha araa alopa profilas ara straight to 

dlatlnotly oonoavat concavity balng arpsolally pronounoad along 

thosa vallaya that ara open* but without floodplains ( Pig* &)• 

Pig. 5. Profila across tributarias of tana Oaaga Croak» 

northeast of Sehluarsburg, showing slightly con¬ 

os vo slopes. Vsrtioal axaggsrstlon 6tl. 

Nearly two-thirds of tha alopas s ta apar t han 3<|( aro on tha 

upper portions ofsalloy sides. Along tha western edge of 

tha aras almost all stoop alopas are found above the 700 

foot contour» thus only on the uppensost hundreu feet of 

the valley sides. Toward the east however tha s taep segaents 

reach steadily farther down tha slopes* ao that at tha eastern 

margin they extend down almost to 500 feat» and thus ocouny 

most of tha valley aids. This Is especially notable In the 

northeast» wltere tha valley aides are very steep* straight 

and short (Pig. 6)* Against tha Missouri floodplain tha 

hilly country ends abruptly in a anooth line of bluffs that 

truncate ridges and spurs* 



(vv^rv) 
Wg« 6* Profil« acz*o«s Callaway Pork and t rlbutarloa 

about ona alia froa northaaat oornar of quad« 

rangl«. Vartloal axaggaratlon 511. 

Longitudinal profilas of crest« ara asaantially horl- 

sontal and with only occasional darslopoant of peaks and 

not chas. Longitudinal profiles of a allays have two minor 

pa oui lar It las» a tendency toward abrupt steepening at the 

head, and a development of ¿light steps In the gradient Just 

below this steep head seoaent (Pig. 7) 

Pig. 7. Longitudinal profile of large southern tribu* 

tary that enters Psmme Osage Creek one«half 

mile southeast of Vine Hill School. Shows 

steep heads and m!nor steps (A). Vertical 

exaggeration 10x1. 

There Is little un If omit y In the length of slopes or 

the spacing of major crests. Generally the spacing of crests 



rannes fron mile to mile, the nean being about 1 l/4 

nlle. The narrowest spaclngs are found In the north, and 

oapeclally the northeast, whore the branched headwaters 

of tributary systems are deeply Incised between steep 

slopes. Throughout the ai^a secondary ravines are snaced 

at Intervals of 200 to 400 yards (Plr,. 8), and smaller 

channels a carcely 100 ’ards apart score the hillsides In 

the low southwestern section*

Pig. 8. SeoondajTV ravines cutting rolling country

adjacent to Missouri floodplain (left) oast 

of Auiyuata. View westward fron Tavern Rock 

'iuarry.

Tie Mlsao:url bottcOTland is over two miles In width 

in this section, thour.h nowhere does Its entire width lie 

within the bounds of the quadrengle. The principal tribu­

tary In tile area, rlenme Osage Creek, has a v alley floor t 

nlle or more In width, and a crest-to-crest valley width 

cf nearly a nlle.
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Thé pat tarn of crea ta and ralla ja la olmoat Ideally 

dendritic, the principal direction of drainage being toe.rd 

the eaat. Bifurcation anglea are uaually large. Sti*am 

channela ore all irregular* there la no development of true 

neandera. 

Soil, generally thin and atony on the alopea, corara 

nearly «11 of the a rea. Sone bedrock outoropa occur on the 

eteeper alopea end eapaelally on the bluffa along the 

Mi s 80—1 floodplain. Batana ire a tripa of aand occur on the 

floodplain adjacent to the nein channel in the extrem aouth- 

•*at. There «re no natural occurrence« of a tending water 

«©apt for som narrow backwater elourjia along the edgee of 

the Mlaaourl channel. The Mlenourl Iteelf cuta acroaa the 

aoutheaat corner with a nomal channel width of 1T00 to 2000 

foot. Baa Idea the Mlaaourl only the PWnae Oaoge creek end 

Ita two principal branche« are narwanertly flowing. 

Xh eunmary, the Auguata C rectangle la an area of 

epen hllla of mderate r ollaf, eonaltferable oteepneaa, 

eapaelally on the upper aloras, and dendritic oattarn. 
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Field Evaluatlom 

Wie three preceding erees eereenong those examined In 

the field by rsnld reconnsleaonoe methods* In the Interest 

of estimating the raluo of the brief reoonnalssenoe method, 

the following suamary material taken entirely froci field 

estimate^ Is presented for oonparlson with the sunnary data 

included In the preoedlng accounts* Unfortunately a systematic 

field summary was not drawn up lianedlately following the re- 

oonnalssanoe of the Bethany NU quadrangle» so that compara¬ 

ble data earmot be offered for that area* 

§%•! 3P£^SS£ IP- 

ftlopea 

0-0( --- 80-90^ of area 

i&Zaaju ‘ Abt* of ——oh 
30(4*- - - Insignificant amount 

Looal relief 

Max« dlff. in elowatlone Abt. 800 ft* 
Slope height# - 00 to 160 ft* 

Baale oroflle type* "probably D» but aloso to B*" 
Bean spacing of major «reata • 1-2 ml*» nearly 8» 
Fatten) of walleya ■ Dendritic* 
Surface material • Bearly all aollt acme rook lodgea. 
Type designation ■ 18D 

Augusta £ 

Slope# 

0-60(- - - 30-65)( of area 
8-16£ - - Bot specified» but by remainder» abt* 90)( 

15-309 - - 25-359 of area* Preyslent olaaa* 
300( - - 90-30). of area 

Local relief 

dlff* In eloyatlon s Abt* 350 ft* 
Slope heights • 250 ft* generally ; 100 ft. in Sfi 

Basle profile type • C 
Mean spacing of major crests • 1 to 2 alle# 
Pattern of yalleys ■ Dendritic 
Surface material - Largely soll» often stony* 
Type designator* dsE00 
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Pi# Audr«*^ pWq 
2*1 lnmon_# nd^0« 1 on 

On# of the most #h#rply*<l#fin#d land forra roglons of 

Missouri is tli# Audrsln Plain, a remarkably smooth section 

of the Northeastern Upland Plain, lying north of th# Missouri 

H lv#r in th# as A central part of th# s tat#« Measuring nearly 

76 rail## from n#ar Mob#rly In th# northwest to n#ar n«*»iton 

In th# southeast, and nearly 60 miles from New London In the 

north to Mew Plor#noe in th# south, it lies astride th# 

major drainage dlvld# separating the lower Missouri and the 

Mississippi (Pig. 1). lh# plain is simply an unusually 

tread section of the one# nerwaslwe upland of the Niaeouri 

area, as yet almost unaffected by th# stream dissection that 

has carwed most of the upland Into smell remnants« 

Pie Audrain Plain is elesrly delineated by a unit area 

analysle made on the basis of or#wal#noe of gentle slope and 

Mount of local relief«1 Except for its outer fringes, the 

The region stands out elesrly ss an area of smooth t.lslns 
(Class IS) on th# rap of oocúrrenos of land form types In 
Missouri (map 7, p.24). It lias about 70 miles west-north¬ 
west of St« Louis« 

whole region is distinguished from its a urroundlngs by vir¬ 

tue of hawing mor# than 85jC of its aros ing#rtl» slopes (less 

than 8jC inclination)« Except for pert# of the a astern and 

southern fringes It is also eharaoterised throughout by local 

P#H#f of lass than 300 feat, thourh in thic respect the 

plain is not different from the adjacent areas to north and 

west« It is thus the sraoothne|s that is tha dlstlnotlwe 

characteristic« 
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Figur« 2 oonpar«a thm oontlguoua ar«a of nooth up» 

land and t h« oocurranca of units having raora than 80?» of 

thoir area in gentío slop#* On the basis of tho unit area 

m«thod, only this largely smooth oor« aroa constitutes the 

distinctive Audrain Plain* the surrounding area containing 

only fingers and outliers of the anooth upland belong either 

to the sevsral areas of irregular rolling plains that occupy 

much of northeastern Missouri, or to the nore hilly river 

breaks along the Missisaipni and Missouri Valleys# Thus 

defined, the Audrain Plain contains 23 unit areas of 7¿- 

oimite dimensions# 

BrJ^eX Sxsrgoary Characterisation^ ( Diagnostic stinzsaries of 

unit areas comprising the region)# 

Slope 

Prevalent frequency d is tribut ion 

0-3£ --- 76}ó of area 
5-8/« --- 20* of area 
0-15^ -- 5/* of area 

Modal class • O-SJ* in all unit areas (Occupie* 55* to 
9b% of all units)« 

Occurrence of classes in the units 

0-3/O --- Min# 565«; Max# 
3-8> - - -Min# 5£; Max# 
8-15/« - - Min# 0*s Max# 

15-30* - - Min. 0*5 Max# 
30^.% - - • Min# 0*5 Max# 

95*5 Modal 75* 
45*5 Modal 20* 
15*5 Nodal 5* 
10*5 ( only 5 occurrences' 
2*| (only 1 occurrence' 

Local relief 

Min. 80 ft.5 Max. 300 ft.5 Mean 160 ft.5 Median 140 ft. 

Transverse profile type « D(gentle alone high) in 23 units, 
A Tall gentle) in 3 units. 

Pattern of drainage - Dendritic throughout 
Mean spacing of principal cresta 

Min. 0.95 M*** 2^5t Mean 1.65 Median 1.5 miles. 
Surface materials • Soil 100> 
Type designation • 12D (smooth upland nlmin)# 
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Kul le Charape terrea Mo 13 

The Audrain Plain contain» 25 unit area*, all of which 

have mor© than B5ÇÓ of their area in gentle olopoa, and none 

of .rhich haa localrolief in exceas of 300 feet« Three unita 

are occupied entirely hy gentle slopes# and 1C ethers are 

more than 90^' gentle (Fig. 2). In only three units, all in 

the extrene southeast, does the local rolief exceed *200 ft., 

and in two unita (also entirely in gentle slope) the local 

relief does not exceed 100 feet. It is also significant 

that in all unit« more than tro-thirda of tho gently-sloping 

land lies in the upper half of the olevatIon-range, giving 

tiie characteristic upland .niain profile. 

Other ¡'eat-crea of remarkable unlforr.ity are the valle? 

tatter", w.i-h is Ideally Jentritlc throughout, the surface 

nuterial, which is everyvner© eo.'l, and tho cernióte uh^encs 

of enclosed degress!or.e ©nd of standing water (excent CjT 

Br.aH artificial ponds). Orly afx of the 23 unite ?how en • 

steep slopes (inclination In exceus cf 30^), rnd !n or.i*. 

one of those does its c count for nc much •< oto ' -r cent ’ 

the aroa. It is < onerally confined “o 0 fc* ahurt re .- 

of lo* bluff or bank al n,; the ch«-nnclt; of major . . 

Iho rasión displays noderately coerao Vrosf” tsxtJrr, 

the spacing of major crests QVorugir.£ 1*6 r.iloa. Conpoo^n 

toxture, on tn© other V. and, is hi‘-.h:.v vor I able, '-iv. rc 

liar 190 to 200 v.t.rdr ir arces of vc 1". :. 1 r v^lo'v 

r«y»yi*i- r* hal 0 or - r j on ir.cii.nci'-. c .od upi- 'K- tracto 

(Fig. 3). The small firct-ordor channels, howover, *ro r»i: clv 

incised moro thun ton font below tho curfsco (Fig. d) 



FlC» 3, Undlsseotad uplat'd 6action 2^ nile^ t7est of

Contralla. V'lew eastward alonj; ‘.abEsli railroad.

r’lr- 4, Shallow flrst-ordor vailova at head of stream

system. View 1^ rllos northeast of Hallsvllle, 

Centrslla quasra-i.;le.



Transverse slope profiles are alrost In''cirlably Fontly 

convex, with the Inflection point r.esir the base of tJie slope 

and with a nuch elongated unper se p^ent (Flg,» 6). Ihere are

Pig. 5, North-South profile across shallow va?.leys In 

northoasteni "art of Centralla quadra;i, le. 

Vertical exau^jperatlon 20:1.

no significant terraces, btnehos, or other In'e-ularltles 

In profile. Short steep bliiTfs, often allowing bedrock 

ledges, occur on the lower slopes elorg the o.tsldea of 

ns lor bends of several principal utreans. Elsewhere the 

basal slo;ea are soil covered and rarely exceed 1S-25a«

In the shallower V a lie" E the;- are rore ccnionly In the 0-lh^ 

range (Pig. S).

0| '•It 
■' 'A

Pige 6, Typical side of shallow valley. Itexlnur, slope

about 15^. Valley of Silver Pork, t'lree nlles 
southwest of Centralla.



es 

Longitudinal profil*a of ▼alloy* ar* a Inllarly anooth 

and without significant development of at*pa or falla* It 

la common* however* for small tributary branch*a to dlaplay 

a ateepening of gradient between their very gentle head¬ 

water segments on the upland surface and their still gentler 

sofjnenta In the major valle ys (Pig* 7)* %la la especially 

pronounced along the aouthem and eastern margina, where the 

major streams are most deeply Incised* 

Pig* 7« Longitudinal profile of a section of Bear Greek 

and several of Its right-bank tributaries* north¬ 

east part of Hew Florence quadrangle* Vertical 

exaggeration 20si* 

The dendrltle pattern of drainage la almost ideal In 

Its development (Pig* 8)* Bifurcation angles are characteris¬ 

tically larget there is significant drawing out of the 

pattern in any direction* Similarly* there appear to be no 

notable discordances or departures from the dendritic pattern 

within the area* though they do occur in the river-breaks 

section immediately adjacent to the south* 

At a more detailed scale» channel patterns are more 

varied* Nearly all breams of fourth order and a bove* and 



DRAINAGE PATTERN 
NORTHWEST PART OF MEXICO SHEET 

Mi'es 
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many of third order# meander exteneively« Aa er ule these 

meanders are freoly developed on wide bottat lends# but 

In the larger and deeper valleys the correspondingly larger 

bends Impinge frequently against the valley walls« The 

largest stream In the area# the South Pork of the Salt 

River# a few miles north of Mexico enters a section In which 

ita wide meanders are distinctly entrenched# the accompany“ 

Ing bottomland being narrow and slnuoue« This characteris¬ 

tic Is almost universally developed by slseeble streams 

around the margins of the area# but this Is the only example 

within the region Itself« These meanders are of the type 

often called "Ingrown"# In which the slopes on the outsides 

of bends are vary steep and those on the Insldee much more 

gentle« 

Considering the region as s whole# the upland aurfaei 

¿opas gently north—northaaatward f rota the aouthena edge 

(Pig. 1)« Along the northern and eastern margins the ele¬ 

vation of the unland la approximately 750 feet# but south¬ 

ward It Increases t o slightly more than 800 feat In the 

center of the southern edge and rlaes more s teeoly to nor# 

than 900 feet In the southwestern comer, aouth of Centralis, 

and In the southeastern corner# near Jontsv.irg. Another 

high point occurs on a projecting arm of the upland# actually 

outside the region proper# In the extreme northeast near 

Bowling Oreen« 

Following the pattern of regional slope, drainage on 

surface la almost entlrol'" northward and eastward« 
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Tributarle» of the Seit River* chiefly the Soith Pork» 

drain the «astern and northern sections of the plein* The 

south eastern part» however» drains eastward down the sag 

between the northeastern and southeastern high nolnts via 

the Cuivre River 07sten* Only in the «»ea south and south¬ 

west of Mexico does drainage fron the upland Itself make 

its way into southward-flowing streams (Pig* !)• Else¬ 

where the southern margin of the upland and the rnajar drainage 

devide practically coincide» and the edge of the plain Is 

abrupt and clearly marked» 

To all sides the Audrain Plain la bonded by more 

thoroughly dissected country» but in these neighboring a reas 

numerous patches and fingers of smooth upland remain» Around 

most of the perimeter the smooth tracts are many and large 

and the depth of valleys is small» so that there is a circle 

of what may be temed irregular plains (Map 7, p» 24)» In 

the southeastern corner» however» the ring is missing» and 

the plain ends directly against deeply and strongly dissected 

hill coiaitry of the Osark Border (Missouri River breaks)* 

Somewhat similar hilly land exists beyond the ring of irregu¬ 

lar plain everywhere except In the north» There» beyond the 

main stem of the Salt River valley» the upland re-eetabllahaa 

Itself to form the 3ht by Plain» a similar» but less exten¬ 

sive counterpart of the Audrain Plain* 
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APPENDIX 9 

3om Bããlo Land Fona Typ*« and 0ocurrano» 

For nurposoa of COTinarlaon and experimentation» a 

mnber of areas ln the northern Oreat Plaina and Rooky 

Mountains were analysed In a manner similar to but much less 

than that employed In Missouri* They were studied from the 

contour maps and were reeonnoltered In the field* The 

terrain Involved was highly diverse» as will be evident 

from the following listing (See also Fig* 1)* 

1* Worth-Central Hebra aka - 118 wit areas (7¿-«lnute 

rectangles) In the Sand Hills and Loess Hills* 

2* Southwestern South Dakota- 97 unit areas» mostly In a 

strip along the nhlte River» ineluding part of the 

Badlands* 

9* Central North Dakota - 111 unit areas In till plains 

and marginal moraine land» on and east of the Coteau 

du Missouri* 

4..Üsat-Central Hvomlng » 142 unit areas oo'iprlslng most 

of the Hind River Basin» much of the Owl Creek end 

eastern Hind River Ilts*» and parts of the Rattlesnake» 

Sweetwater and Oreen Mts* 

5* Southwestern Montana - 90 unit areas Ineluding much of 

the Beartooth» T4adlson and Jefferson Ranges and parts 

of the Tobaooo Root» Gallatin and Centennial Ranges» 

together with some bordering areas* 
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Pig. 1. Test areas In western United States* 

While it haa not tasen nosslblo to prepare regional 

analyses of these areas oonparatale to those for ’tlasourl* ^ 

has prored Interesting to extend to then the classification 

scheme enoloyed In Missouri# with an ere to detennlnlng what 

basle similarities and differences occur* Since In Missouri 

there ere almost no local relief values above 1000 feet# It 

was necessary to add fire higher cíaseos to acconodate the 

mountains of Hyoraing and Montana. Tha boundary between 

classes 4 and 5 waa also lowered from 800 to 700 feet* 
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The added oleases are * 

6- -- 1000 to 1400 ft* 
7- -- 1400 to 2000 ft* 
0--- 2000 to 3000 ft* 
9--- 3PCC to 5000 ft* 
^--- 5000 to 7000 ft* 

On this basis 130 types are theoretically possible* 

The number actually encountered in the tost areas ( including 

Missouri) is 78* Of these* 34 occurred more than 10 tines* 

23 occurred more than 25 times each* but because of the much 

larger asmóle from Missouri* those are mostly typeo that are 

cannon there* 

In addition to the data for r«r oent of gentle slope* 

local relief* and profile type that were used as a basis for 

class If 1 cation* data were also collected for percentage of 

steep slope* It was originally hoped that this fourth ele¬ 

ment could be added to the classification* Howewor, it re¬ 

sulted in such a proliferation of classes and such a frag¬ 

mentation of areas of occurrence that it was decided to emit 

it from the type characterisation* However* it* together 

with various other characteristics* as sugceoted ’n the 

brief summary descriptions of regions in Appendix 2* can 

readily be added for more detailed* but s till concise 

characterisation* 

It is felt that the simple three-element classifica¬ 

tion employed here is a valid and useful one for a general- 

purpose regional subdivision* It must be reiterated* how¬ 

ever, that it is not intended to serve for more specific 

purposes* 
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Belem le a list of thirty land fona t'rpea found 

recurrently within the teat areas« All of those typee 

occurred in slseable contiguous patches In one or more of 

the areas* and the principal regions of their occurrences 

are named* together with one or nore tonogranhle sheets 

that exemplify the type in that region* 

Should this sinole general-purpose classification 

prove useful for large-aroa landform ma oing and generalized 

regional study* it shoulJ prove valuable to extend the 

following catalog by analysis of other areas* In any event* 

It serves as an example of the way In which a land form type 

catalog nay be developed* whatever the nature and number of 

the elementa used in the classiflcation schere* 

Type CharacterisstIon Type Localities (end duadrmglaa) 

114 Plat Plains Missouri - Delta Flats (SDceston) 
2. Horbii Dakota - Ground mors Ins 

In Carrington-New Rockford* 
-bssenden area (New Rockford) 

124 Smoothly Undulating Plata 1« north Dakota - Ground moralna 
about Devils lake (Devils lake) 

12B Undulating Plains 1* Miasoyl - Chillicoths Plain 
(ftale* exc* STJ) (Note also 
Sweet Springs XE)* 

12C Smooth Lowland Plains 1. Ulsaourl - Roclq^ort-Crslg 
Bottoms (Crslr* exc. 3E) 

2* Missouri • Butler Plain (flats* 
Horton* Harwood) 

3. North Dakota - gheyenne R«, S 
of liewila bake (Tokio SV.'* 
Horseshoe L*) 

12D Smooth Upland Plains 1* Missouri • Plattsburg Plain 
TPlattaburg) 

2* Mlsaouri - Audrain Plain (Mexico) 
3« Mlaaourl - Pattis Plain (Green 

ÏÏidgs* exc* SE) 
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14C Opon Plain ^ th Hllla 1. Wyoming - Wind Rlw Basin W: 
or Riverton (Oosan Lakm9 
Loot Walls Butts* RItsrton 
HR) 

223 Rolling Plains 1. Mljaourl « Oallatln Section or 
GranoLowland ( Pat tons burg 
SW» SE, Gallatin W¡, SW) 

22C Irregular Lowland Plains 1. Missouri - Carroll-Chariton 
Section of Grand Lowland 
(Rothvllle* Indian Grows» 
Bossorth) 
Also many rather scattered 
exnples In eastern Sand 
Bills or Vebraska (e«g* 
Long Lake» exo. MW)« 

22D Irregular Upland Plains 1. 
2# 

Missouri - Polo Section of 
Northwestern Upland Plains 
(Polo)* 

Missouri - Edina* Monroe and 
Pulton Sections of north¬ 
eastern Upland Plains (Edina* 
SE quartan Mlllersburg* exo* 
SW). 

23C Plain with Low Hills 

23D Low Tableland 

24C Plain with Hills 

1* Missouri - Louisiana* Kaskaskla 
and Dexter Sections of 
Mississippi Margin of Osartcr 
(Bebo IW, SB; Puxico HR* MB). 

2* Nebraska - Nortlsrest edge of 
Loess Hills of C* Neb*- 
(Anselmo* Mema» Broken Bow) 

2» Nebraska - Bast-central Sand 
unis (Seneca BE* SB; 
Rvowitw SS?» SB)* 

1« Mlasoyl - Neosho and Sprlx^- 
rieid Sections of Spring- 
field Platform (Nlangua) 

1« South Dakota - White Riser 
valley* just east of Badlands 
(Cenata NE» Literlor» Wsnblee 
NE). 

27C Plain with Low Mountains 1« Wyoming - Sweetwater Rocks 
( split Rock NW, Savage Peak* 
Ft* Ridge) 

32B Rolling Very Low Hilla 1. Mlasourl - Bethany and Un ion- 
▼llla""Sectlone of Orean Bills 
(Bethany exo. sw* Galt NW). 

% 
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S2C 

Char* etarisa ti on 

Spaoad Vary Low Hills 

32D Broad Vary low Hills 

Typo Looalitlss (and quadranglaa) 

1. Hlaamirl • Tarkio# Milan and 
r*8oonTllla 3aetion* of Oraan 

Billa (Tarkio axo. N”# ««w 
Franklin)« .. 

2. WétPMk* - S«nd 
™aná nõrthaaat of Biodford 

(Moon Lake axe« SBf Sanaa* 
4 SRp SE)« 

i - Miaaouri - Lanosa ter 9 Wyaconda 
and Columbia Saetiona of 
Oraan Hilla (Edina# Wijl 

W7 * SH j m 

33C Spaoad Low Hilla 

39D Broad Low Hilla 

L. Nabraaka • Horth^oautral 
landfills in araa* about 
Mullan and in SE Gharry 
Co« (Purdun axe« HE# Sanaca 

Habráal»)* riuoh of Loaaa Hilla 
^rfoStral Habraaka (Lillian, 

Brokan Bow HE, Anslay, 
Bddywilla)• 

Also ijnwinn in aoattarad saetiona 
Bordar it« Missouri« 

1. Miaaouri • Moat of Oaark Bordar 
auDragian (Long Lana axo« SE, 
narranton axe« SE)« 

2« • Most of Central 
^^5i*r6^>lwide (Bado axo« 

Redbird axo« HE)« 

34C Spaoad Hills 

34D Broad Hills 

35C Spaoad High Hills 

i_ ao- Dakota • Hhita R« Badlands 
(Í¿*ap Mtn« Tabla, Stirk Table. 
Rookyford)« 

1« So« Dakota • Mhit# R« 
south or Kurdo (Murdo 
Haatower) 
Also soattared 
eastern Osarks 

Valley 
SE, SW J 

throwh South- 
in Missouri. 

1« Missouri - Arcadia Section of 
St« rranoois Country (Ironton 
axo« SH) 

42C Very Low Hills (valley) 1« M^i «> Chariton Hills 
__old in, Bucklin Ml, Hew 
Boston, Haw Canbria H)« 
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Typ# Characterisation Typ» Localities (and Quadrangle«) 

43B Lo» Hill« 1. Ulaaaurî - Northern Osark Hille, 
asp* between Oaage and Gasconade 
and between Gasconade and Karaitee 
R« (Linn exo* SF| Union) 

43C Low Hills ( »alley ) 1« Missouri • Lower Osage R* and 
Nerameo-Mls 

44B Hills 

44C Hills (»alley) 

_ souri seotlons of 
Northern Osark Hills (Meta, St* 
Clair esc* N")# 

2» Hahneaka - Hhsdford-üalsey 
se ex ion of Sand Hills (Ihedford). 

5« Nebraska • Soutosasteni part of 
Loom Hills of Central Nebraska, 
west of St, Paul (Loup City 3t, 
Ashton, Mrwell, fysted), 

1, Missouri » Central part Hitts 
Rlwor Seat ion of Sue them Ossrk 
Hills (Awe, Thsimftsld)« 

% - le lagarto* te «4 tea of 
Southern Peart Hills (•eiaftartea 
ose, NT.)« 

1« • Kaatem Arrest ttwar 
Motion ef Seathera osart Bills 
(ftoMd Lp^. eae, *r | U*ter»Uis 
080« V)« 

44D Hills (ridge) 1« Bissoyrl • jr as! It rafts 0 tu 
HI wer SSettea of teet^em osera 
Rills (Nsroeadt 

B*, B )« 
a* 

45C High Hills (ealley) 1, 

48C Mountains (valle») l. 

aiaaeurl - itest ioek «set tea ef 
IfTrWeete Cmntr? t*o# Are et». 
S*f Znmtoo H*. 

__ • toIVa»» mn is get 
en: HIa era ( • 

lirdeeye fees« HeeseterU 
Als« frequent eeaurraneee st I 
■are ins sf HeartoMh, oellstla 
and Bftdleon Nev ee, ^«ontsm, 

49C High Moisitalns »el%l NvobUm • lästern e% e^«a. em * 
River apuntatne (*%eeeeIn Lake' 

2. Boa tens • Outer r»erte Hesrteeth Nie. 
ist« TiellsM ese, 0t Ht« Cewen « 

3«Bontens • Tobacco Host nto« 
laerrieon ese« B*), 

r>« Bon tana • Centennial Hans« I moor ^ed 
seek Lake 9n,8S| Coper Bed Rook 
Lake 8% SB). 

•j*i 



Armeil Services lecbiiical Information Agency 
ARLINGTON HALL STATION 

ARLINGTON 12 VIRGINIA 

ron 
AOCRO-CAftD 

COMTROL ONLY 

»»oncK: wnt oovummcr or onn« PRAwwofc. spbcificatiqmí or other data 
AU UKD FOR ARTPORPOn OnPCR TRAM Dl CXROI1CTIOW WITR A DEPDOTBLY RBLATED 
ooviRRiiiRr PRnrmnmrr opkratior, tr» ul «. oonuanam thrribt iwcurs 
wp HIPnRMnJTT, WOR ART ORUOATiOR RRATIORVRR; AMD TU FACT TRAT TU 
OÛJfEW«|ßfr MAY RATI FORMPLATRD. FURMMRID, QRDf ANY WAY 8UPPURD THE 
!ÄS gPKCg>CAT>0—» OM onhgR data a mot to m rioardkd ry 
mPUCATKEf OR OTRERWU AI Df AMY MAMMU UCRNBNG TU HOLDER OR ANY OTHER 
mmi OR C0RP0RAT10M, OR COMVEYMO AMY RRRR8 OR PBRMB8I0N TO MANUFACTURE, 
USE OR SELL AMY PATENTED DCTRMnOM TRAT MAY Df AMY WAY RE RELATED THERETO. 




