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PREFACE

This paper was prepared for presentation at the Army Science
Conference held on 20-22 June 1962 at the United States Military
Acadlemy, West Point, New York, and for publication in the proceedings
of the conference. '

The paper is based on work done for the Office; Chief of
Engineers, and summarizes, in part, data published in Technical
Report No, 3-506, ''Handbock, A Technique for Prepariang Desert Terrain
Analoge," published at WES in May 1959.
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TITIZ: Clascificstion of Lspdscspe Gecoetry for Milltery
Purposes . S S
CHEARLES R. K0I3
U. 8. Ary Englncer Haterwayw Expericent Station
Vickaturg, Misaiseippi

ABFTRACT: e T

~ Onc ¢f the cost perp esing prodlems fasing the militery
 analyst in attecpting €0 asidnd the effect of terrain cn uilitary
asti-itles {s the gqualitativeness ‘of ¢ladsical terrain descripe
ticn, perticularly the ecnfiguration or goosstry of the land~
scape. The lack of & useful and objectivaly ariented classifica-
ticg of lapdscaps gecuetry (s felt {a almost all military 2errain
effocts gtudles) e.8., eatimiing tha irpact of varying terrain
typus b @lrficld ccnstrusticy effort, sarrelating the reeults of,
vehicle trallicability data aneng videly separeteld areas, seleyt-~
ing sites for parechmte-drop tasts Wiich reproduce cenditions
found in stratezically or areally significent areas of the sarth.
BRIE ATV g 4 N1 SR
A nethcd of classifying laniscape besed on relief,
slcpe, slopa ccemrvence, and plan«profile 1s pressatod. The
{ntoriclaticn of thnse parsceters in landscapg dufinitfon, ©odie
Picaticn in dafinition dre t0 sculs difference, und symidiesia 'of
- Yheac parauzlers in u single Sexiquantitative landscnpe ‘myddholte

~ satien are focuised. landocepe Foaratry classificatiom 18 lﬁfb

“'ited to torrain axhibiting woro thad 10 Tt of reliq?,  Torreli. ;‘;

+* gmaties exhibiting less Aban 10 £t of relief are clussified wg "":

*durface rovghmess or widvorslict. ' The ‘goal haa been £O S

o ag ¢-:olate o landacape pecndtry definiticn ss pqqpnah'w.( a2

Pl - S ',."9

¥ 'as olioly a freoeverk a8 po”%;‘ bt e gesadil, bt RITILG 2!
P AR SISV &g T 08 | - {9

-

; g T 1 Liriea, 1B TAda rest, Sow
oL Depand Stater, euf Viodao i te g ko

: ’ i 3 . " o v . Ay -
DYOCRAPHYs: o o W ervuis Ylacgl Moatifgy o e

proARI ASSTONMERT:  C L T M 52 el b g e T fmteak
e il i 5 . ) . ) JAEQ L. .
P AV of ¢ Gae S .’L"r;.‘,*k‘
. P -. AAR Y. ik ’ > ——p S o o W e —er - .?}r

¥
and Cl.ic?, Geology Brongh, Eaginaer “W'..W .
8tativn R e N R AL R A S s PN Grope i
e Y atvoibuian o7 the oA thet drenelide e, -
S ke vn slbr iyt 6 tdmpelp ot an olaps) Tatlut, st
. Tt s Sty L8 of o hdsbimasde of Teniwd o wa St~
Il e RALIL AR il 8 CTORB-Sstley MLl €03 -~
- . . . P 2 4 2., - . . . ¥, g 308 g
| Cte DA3EEs NEIDr Bachelar (Y Nelend, JAD, Master of Salambe, "
; 1985, Pn.D., 1962,  Loulslens Bty Talvereley, - - - PAY Tolidase s
o Y Vikerem TowmAREE, sOPSEAlLl, yanhr ey sies
b oy hwkiegrp gl RostiEs 2 el it 108
, Bi - cieenui aigs Lo Finsuin eAl3ilon o0 & Tesig

. STETEON S AR L . cdl A v?
O8p.4. s wedy gRijekds s decsgin feabay PRERINE Y
Real I e LA G U I .

L)

2 t" ; .f .
; V oy At - S " : Matte 1,},;:'-" s
At allabf?f'%?z’*.(‘;’l e S AR A N . Wy i‘sl.i L
) e C " o zE R 9:_"‘& " {,‘1;“ '{:a’ﬁ‘;‘:: 5 ',,' )
: . opy - e -';;*1«;;,;,4:,:}',},;‘;'&;§’~§ﬁt,%;;»'.;,;-f;,- A
e e LT O N
e IR LI SRR R )

-



i -
. B m;.,,i?,:" kﬂi&&m S M
—— -

DT ey S Me sonlloraiian G Sy of e

Vo4
it e . JEE RN SN EPEY) 4"‘.'_’3&'\} ":( : o *?"’1(:& !’ﬂ z’ﬁﬁl -. ""pl \d‘ chl' iA. -.;"2
Kl . . I J . .
- R 5 ich P4 Ie gomyregdy I8 dwopan sbrrours ed waovo

N L PN A
PUPIR s I;‘,»L.\«‘;'

e cmsszrrcmda CP LAMOCAPE GOMETRY PO * =% ¢ 1w 13

v ¥ 7

R “ o . N - . wTay
~ LV LI ANt oo A d v ::(‘ L4 %wi e the e, Lot s‘h‘w ) Te

-
e i oo ow ':.-’\_").“ *_‘;y‘f’,‘ ’_ “r — o ., ‘ ;" PR L W SN “
‘ o - v - ‘.p‘ 'ynn &om Ry .
~ . . N - e cu E & -~ -
Tor h ey SN O e w-g,. e:.'rn ~’* 3 EoG Yoy Q% o 23

w o V‘caﬂmﬁ' m TN ?ms. "::«-' B VI AN

v. 8. Am' EMGLREER mmm EXPERDART smmm O

't YICESBORG, m:ssxssmz o
, .. l ' .. - ;
L. % T e PR M»f av‘* B i ST X oo -l
° - o . .- - . > » . N > N . "
L - . Lo . i' Yror EN LAl a':.u;,.w» S A U Vil R 5 IS
. @:;i;-.‘.‘:‘.‘ PR .l 2RO R ST .'1-“4*..-.;‘
Ll 0 ;ntro&wtion m, ' f e
M R B N L YR A eE R T T e Y ey
Vs R X - . Lt
ST, KRN SR SN L Ve

This paper autiines the method of clu-iryim hndnawpan o
terraln gocuetry developed at the U. 3. Aruy Engincer Vatervays Ex-
periment Station, Corps of Engineers W‘.’S) The classification was
develcped a3 part of e rors couprchensive gystes of terrain d.cscrip-
ticn used to compare the terruin et the Research and Development M
Staticn at Y, Ari-cpa, with ths terrain of variocus desart “areds
throughou® the werld. - Limited muwders of cap-folio reports bm‘q béen
prepared vhich wtilizs this elasasification in mapping the dasex 8733~
regiony of Hortlwest Africa, Fortheast Africs, the Middle Pags; Bonth
Central Azla, Scuthvest United States, and Mexico. Dotails'od the
capping techunlques, the cemplete terrain classification, snd the” B
cathods usad to preparz terraia aamlogs are comtained in WES ‘I‘echnic;l
;nzcrt Bo. 3-5C6, A 'fadmiqw tey Prepgrlng_murt rcrvain Amlogg‘

.-:: ‘.’fﬂf:‘,",l!u,u( '37'~' l"~t ! p’:. ;,;}-.;,,.g’,zt1.&;

In th!..s peper terraln 1s eansidersd to be the sz of thc v
miou.z physical attributes of the land that des¢ribe an aree. A
terrain factor is ‘on attribute of terrain such as siope,’ relier, sho."
e efract of such a fadter 6F of '@ dcubimaticn ¢f factors cm sm' indi-
+idual nilitasy a.ctiv!tf emh a8 croes-co\mtry wrmt, air-drop

potentinl, etc., is 2 terra AL 19 & qonvenient
grouping o terraln twctm % VES & z rive mwr ‘fanilies
are scaiidered: landscape mwh'y nicremuer, surface ‘actpusition
end ccnaistency, hydrogrephy; and —umatiw. “R ma anly 44087
specific class of valies or'y dafinable subdiiision of & terrain '
factor, For example, relief is'a MMM and 0210 :t of ‘fe
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syt fw I5toag tho. nbpato oo Ppselfioation Aile wyirs sy thed
it iy dagertRnd M JABGAIeFE wir e vae st Rgoprnsled
m 4 SuILMIAL ARA SROWNIXS Sesraln Tpchaty thab, W erw
AR 17, S e ave YoV winmllesd avdd nadnll Au s Awb 0
ot L iam!‘m@a goczatry 18 ¢the coafiguraticn or gocwelry of the
apa vithout regard to the vegetation that grows o3 it or the
gold or poik typo of valsh 1% - epnposad. &‘biﬁwm‘n’m of tere
raip that hae long been qualitatively end foprocicely cotegorised iu
sarme such a2 billy, movatsinous, rolling, ets. Dut vhat o3y be hilly
to the pamtaivenr may ba movntainous to the fistlasder. Alne, the -
sans lopdscape may de deoeribed by e boerver uslng cae ooh of .
torms, ond by another observpr-or gVQR W pcmz oYsoRVEr OF & lator -
datoe-using on cntively differcat pob of torme. Reomvag thoye le mo
wnlforn ayates of desoripticn, the chserver 19 foreel to 0o gualites
Alve terminodegy that vories to suit the wtasion. Fov deny o need
for & yresico, guamtitetive deseription of terrain. fuch a daoorip-
ticy io eseemtial 1if widely separsted arpas aro o bw comgared, amd if
the effeet of the configuraticn of tho londscepo ob various nilitary
aotivitics {2 o be eritically assegsed, This would 4ir twrn Sxpaove
tha applicaviun of operational. apd tosting expsrience to cthierr arcas
of the world, cud make poosidle batter estimations of oporatiomal cae
pabilitien spd requiramuta. )
Golestion of terrein fesboys - ouiring n WrAd S B, BE VAT A
PRI R TN LY (D RREDA SO | H RTT PRI % DI SRR ke RASE CL T ¥ P9
we oo Ths obvious adventegea of & quantitative epprecli or0 S0 GBe
Joetdvity and the fuct that espping vaite can be rigerpuely dadinsd.
& pore aubtle, but equolly fugaztant cdveatagn 1s thal gramddiiative-
fastors offer the possibility ef bolng wsnipuiated mathomatdically in
guch 2 way thab the effeats of individual terzain fastoro cadleq iz
sezsert vay boe doternined. Iu woab instances stoh quamtitative Gfed
feots havz svulsed from stulies adecd ab doternining doyrsia offcete -
{n speaial fields such as hydrology and egricuiture. 4o 0 fesuld,”
quantitatively exprecaed {eectors useful in proscuting a2 agrognte or
entire ploturs of terrein have aot beon sxplored to exy great oztent,
Usually tho process of quantitativo enalysic recults in e multiplieity
of quantitutlive mossurcuenis bo oxprese o olmls dozarigtive cpalitaw
tive teem. Thus, tho quentibatl.e gysten gitne in presisian, tud .
fozes ia oimplicity. Quomtitative teswoln desoripdicn Kas 483 ed
tiea and shuald zot Do espluyed wnices §%5 coatrilmtica eutwalns the
¢omplexitian At Antorodvogle ., b seand SALILY 8 WA w6t T
wig! o0 . R IR LI LA Y, YN AL R € R R R Y A
. & exJor probles in dovelsping tho WES oyrten & karficooye
elacaiflcotion waa to ahowse simpis desoriptive toryain Aackers wiildh
could bo meacu. «4 and which deoordiba o given lenfiseape o2 cosmistaly
0a puosiblo, Thers are zagy coosurable properdlon rmalatinz to ow
fare gowuciey that oma bo widlined (n a geentitative gyctcn ¢F dors
goin essoripiden. In foot, 3T cuch properties ave cuplayed Yty cmo
azalyos 1n desaribipg fluvially areded arces alemo, Rigo o rroblen
ie oo of Mndtleg the musker of footend vhile oBild yrovdding & woow
auzubly couplate pletuns of the torwedn. Cuooidamble [se (reg R ows]
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. fastens dxuly icportent in landscapo deseription were mot disrogarded,
oaty, mmmmmmmmtmmrmmmﬂm,mw ..
L slécred 18 ccmeers, are mam vamuwa and rosult in & sdniwsa of
omogrmin WWMW VR ALY T Bl e T e il te
“4“:’5‘1 'r' ST A T S-U Ry f‘“f"* (TTVRTY AR . ;
e NN 3 aonammm 1m;}crtan"@ in the salection of tamia rnae
T gors 1o thelr "mappability" in pocrly mapped or unmmapyed arcas of the
Tewd vorld. In cthar vords, the fsators chosen for mepping ruat de so
Ce chosen amnd 8o atratified that valid essumptionz can be made ewnsorning
uinie houw they are to dao mapped in greeas where data ars soevcs. Thus, a
ot knowledge of the basic roak %yps of e urea often perwiis falely acoue
'j“ rata estlmates of the denth of dissastion, the density of dogp draln-
il sgewaya, and vhethar the topographic bighs are flats-tegped or sarrate. '
B The genarcl geologle structurs often omables en evalvation of parale-
- 83 leltem of the topogmbia fours and of vellef and slope aspeetss A
# - knovledgs of tha geowcrphic biubory end landforn dsvalopront of an
S ares may permit the enalyst o c¢raluste such terrain factors as arsal
< axteut of the topographic highs which rise abcve a plam ur the slopaes
Y vhiok are ezmmtermuo of these m@m S Lt
-_' ‘N'K- S.... .""',',"’c‘)
il Selmiztm of mapping \mits . -.: o Vi oo Ce oy,
. ' R 7 SV
. ~ 8m11nrly, natmlly veauering ywpmaa or wngea af ‘terrain

feadors played an important role in ¢stablishing the varlcus mapping
o vnits, For oxample, dotailed roports denling with alluviel fams qons
AL elude that the slige of @ fen is olvoys leos than 17.5%, end in the
O vast miorlty of casea, lens theg 10%. Studles of baschon Guwnes ive
L dlaato thad vindword slopes rongs from 9 to 25%, Theso, andl edfle,
r.. tiomal dats indicuted thot velid buundaries botween sltpsemapping
e mits could bo set at approximtely 10 and 259, e of sueb poturale
2N istlo bronke pormitied raximm wie of Jasdformstorrain feotoy B4cs o»
oo ascceintions in mapping arcas 'amm umc q\xwtimtave or dotellod
tnfornation ves amnam.e. - v ™ o en
A ’ rﬁ\j .) A e '*'h et
v Avawmmw ol' aa%a vao spothor %etmninam st wm&{m
‘ wapping m’dta. The sawe wilis cf broakdowm had to bo utilized in mape
ping all the vorld desert srous. Unless this system was adhered to in
the cndire wapping progran, 4.2 mappiag of ons area would have 50 yoe
1ation o that of another, epd 2o eouparisone ccwdl te wade. I¢
should be capharized, howovar; that nvoatlability of data wag wod pove
alttcd 40 waduly restriet the meder of unite with vaich cech mm
Lastor was popped. Individual tevrain faotors wore sublivided iﬁo
uniss curficlioxtly detoaiicd and reatrictive to viesonsbly dofime &
given lamicoepe from Buth 8 silitary end get.crphic standpcint., Fhers
these rongw onld zot e magped SV avallabla dala, inferonse &
bedgoent booefl ¢a 2oils, landforzay, o gthsr joyoelaticons wis mlﬁ.ci
Gﬁ.\‘ . _’,l.i,« IR o O A A Y B VO R A byl eoval’
o ",‘cw-‘ e & 3k, T ae( e IR AN R R W R W
N %@Wa, Yednenna Eovvatyy foatore ware chosen 0o oape
ping s the basls of (a) tholr Lopcetanco, Ludividunlly, & basia




a8 gh ored of & glven rengs 6f olopes, velief, and alope spasing. Cone
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plevants of o gived lovdeoans, (b)) holr capenily, iudm vicind:ie eon»
oo, 40 proTide a reasenally eoplots plotuze of a given toryoin; end
{a) tWwair "zappenility” in poow.y wopped orens of the wil2, Tho goe
mmwmmgmm for cooh of thosd laniscape Sactors vas baeed
&n cueh comniderations as {a) voturalietic bicals, and () adipdobile
gty of be Wil to presich ¢nd, ulisrovey pasaiale, %0 w’cﬁaﬁw
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Y anscepa cr soputuh of Jsdedape eon Do mmeﬂ iu *
s of slope, wmolief, wed dlocestitm o slepe apaeing. Thua, doe
goribing o aves as having goaily sloping, moforately spesed hills
pisiong 4o cousiderndle hadghnts obove the currounding plain gives a -
venoopsble plature of tho landscape. iHher A reglon 13 domyibed as
Boving hidls with slopes wanging batvecr 17.5 and 35%, zpaced abuad
2000 £ apard, and rising to haighis of 50 £%; a wore quantitative aad
slzaver pleturs of the landreaye 1% provided. Therefoure, wssigning a
reasonabls purarierl range to thone thros fastors ol cetalozing vartie
¢us coabinations of ranges of thage tRred fecters are ogical steps in
landscapo dafinttion. A lege Sangitlde but equally irportant proparty
Racessary to cowplote this dafinliion iz the gpatial distriduticn of
thene thres factora, callsd, in this systes of classificsticn, the .
wloasprofile. To illustrete, conoidor a gently sloping plalp dige 1
820%64d by & vunuer of Geup, norrov Gvaiuagewsys. This vonld be wappsd 3

glday ancther pently sloping plsin.with.o geriex of morrow dikan o 3
ridgas orcecing it. This wvould b wopped with amstly ¢tho smro ranges )
of slops, wallef, end slope rpocing, yst tho disposition of Loatures
eozpoding thg landscaps in each dnctanca would bo Affferunt. A puoe
£1le of the two landscupon worid appeor'as "V V-V i ¢he firad
ipstance, and a8 A__NA_A_ in the cocond. Ia addliticnm, 438 is dee
airable %o know vhother the pidges or drainagovays i9e paralial o
{nteraceting, omtimous o dissegtlmwusy dn othey wvoids, o pisn vicw
of the arsa 18 needed. Ths plur profile ths boguses a noosaceyry pust
0:‘ landn.m d.ei‘inl‘oicn.

C?mae‘saristia alope
A halvt a2 ng el e A4

' Aa&@emymammawaea?fmmmwmmof
ma Aeviation froo the Lorizcatal, Tho axomt ef doviation 45 ¢one
=3mly opresced ag 2 rato of vortlesl #igo por horiuentol indervel, 4o
& pareantage, or in dagresss 8lopas {p valaro are caraeterived by en
iarinite muber of sush doviatisas fren the horizeial, cad 40 rep
thase chonges 18 8lopo cone atandand of puostalfiaticn tust o edopted.
Damotericlis sl ., thorefirg, 416 Gafincd 1n tovng of a oot otandard g
o2 cemorsdimation. © Privovily, this stecdnrd is tho cooftour dmtaevold :
fard on svallstlo vap soversne, the eirtouy {otatwol m &sﬁmmma
o qul.b 135 tcpwagma BASIMRQ €3, ”m&m. SRR
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L2 5 o Dol exatpls,” 6 E2 WS 0 cuodolr dotowvel &P 200 3 gives' a
el nege goneralised topogrnrbic plotvre ¢f a reglon thon & map of
the cane nvea uiill:ing & 29«£% ecotwwr imterval. The mep with the
coaller condout dmtorval will fpdicste may uedre slopes tina 18 200«
£2 etavderparsd, and thowefora, the Charegisristle or mwat Jyoguently
epscurlared giope woeuld Aiffer, It follsur Wi, W 0 & oiat, the
poallcr ¢ contour inmterval the fruor 4 ressiting pleturs of the
curfoon. (b 18 imgractical, Bovever, So gonsidar 8lope brooks appare
oot only on mape wita le, 8a, op Jeft contour intervals. Doslles the
almoot dnswromountable probdlems fnherent in maoping surfases (o such
pinmuto Gatall, thisz dstall often odbocures slopas of mjor Liporianae
genarated by larger comtour iptervely. Por the systea dssoribed in
this paper, 4t was foupd ccnvenient to arbitrarily oot the limiting
scale of geoorallgation as thst dafining landsecapss and assodisdted
8lgpas gensrabed by a 10-£% eumtaur fntarval. Drreguliriliscs sppare
mwmmumwmmﬁmammnwa cunsidared
83 m»rmhui «ana, RE auan, EAppel esparately as & aiaﬁrﬁ%i‘*a Pachor
fw TN ECRE AL RCNS-W I T
R T N R R I Js LR OELTT e ¢

Churactoristic ehpu i éiemwd as ﬂza mrrw x'am oﬁ' elnpaa
%&t predominates or is wosh comson vithin s reglon based o2 an ¢aonie
pation of tho surface ganoreted by a 10-£t comtour imtoerval.  Tho wtie
Ased otratificalion of charastaristic alope 1s shmm io £fig. 3. Thae
broaks or boumdaries are primarily "paturalistic” im that thay help to
Qarine sertaln cormonly vecurring feosort susfoces. it 1a (O to 1%)
t8 dypicslly associanted with vory fint swfacss suslt 29 playast unil
3% (1 to 3-1/23) often 1dentifies tho very gamily ¢11ted valleyverd
perighories of elluvial fanz or alluvial 2laue eoxmen in deserd Poe
glaso; mlt 2 (3=2/2 to MY} braskets the slepun typleally Toanod by
alluvisl fons; uweit 3 {10 to £5%) reprosecate the novpal zange of -
elopos forming the windword 2ides of sand dunes and oamaq,x.wt forma
the choractaristic slope of vwet dums fields) wnit & (25 vo 50%) chorw
eotorizes soany hill reglons and ﬂm upper dweok approximates the limid
of many subdusd "anplo of mposc Qspoesits ouch ez talug. The 100%
break bedwoon untts § and 6 1s quite arbitrery; Rovever, tho charastere
istic slops af mmwizwus y@g&m m‘ly czeoods tale vzmm

e [ : Yow M N "1&. S O 1
Ohmctgﬂatm xe'uef M TR L et BB ke ek i AL T .
A O et [N P 1%-‘.1« 3&.’"‘45 " IR ﬂle' !

Boiles oy by Getinsd oo the paime 448¥croneo in alevation
m unit arca. Although this dafintticn Lo cdoguitd in avears of
fatrly hich charecteristic alope, 4% 4o fgadoquate g regicns ahilbite
ing lov charasteristis siope cr poorly daveleped dvalsaga. If, for exe
cxplo, vo Qefing reolief as tho maxirun &lffercace in olevotion por
oquare nile, the surface of 23 oliuvial fom vith & s)ope of spproxie
rately 10% oould cxhibit “rolicg” of ovor 500 £2. Iz guoh 0nseo tha
Septh of inolclem of the drafmagosoys 18 the dmportant rolief ¢anpide
2xadion rather than Afforomed in ulevation par walt oyea. Oiatlavly,
i1 gan? s arsen tha impoatzat relief comsidogaticn, ‘eﬁa mz@a o
e Sums cbovo tho interdmes tweunds3, 18 wsiwlly nissed ko solf 1o
efpRacced as olavatless ALfforcatind por orall wait anod. e&mwtly,
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£r aordoin iupostan? senaidezati 39 axe €O ho praverly emgz;aoxma,
fixidle dafindilon of relief 1o Beedode: . wivme. v ha el

A &xal definttion O ¢lasaification of reliaf wug, therefore,
utidised in thoe WES oysten. - Chareateristic zelief 15 considexed $o Ve
{a) the modal vertical dlotunee fruva interfluve orent to tha immedis,
atoly edjacsat flovw lne 4o loveslopo (less thap 10%) aress, and (b)
tho maximm Qiffercnce iB elavation puw sguare mila in hisa«elope
(wora than 10%) aress, Zigs 1 sliowd tho rangss of roliel valnss vsed
mm&msm@o s S »-\'v\"(" o] ol ' i et $ Ve

> . Povdamcent o Clihtead Ty Aow e
(*emmme af alopee gre-nzcr thav 505
P -‘,“s N S L?,‘g’z' -

. %:wm mcurmace mvidm £ TRSZUre w dssentior or what o,
night be tarmed "lamicesps corpartscmtotion:” Por exanpls, ctneldsy
o woll ascwed surfeca of an alluvial fan, %he characstesiavic slopa.
of the fan aprroxivatos T% and the codal dopth of the vashes ia 18 £%.
48 12 usually the cass, tho veshebank slopes are ald stoeysr than 50%.
In thio osse tho lendsospe covpurtuontaticg ¢evsiets of a sqries of |
Plat-topoed interfluves espurated by pairs of steqs slopes dsscending
into sarrow, shallow washew., Ancther typse of cospurivantatlon 48 exe,
ivited in o £ield of complaxly overlapping barchan dupes. The chave,
acteristic slcpe of the £indd falls between 10 and 25% (tau wintuard
alope of the d\mes) and the medal relief is lesa than 50 .t. Berz the
landacape is "cumpartmented” by tho stusp (greater hun 50%) slipefase
alopas of thic dumen. In ccntiwst to the vashescored glluviad fen sure
foce, the stoeu slopes of tho dupe field do not coeuy (p pawvs. CoRe
sequently, in sows cases ib 15 deairable to dzacribe gampurtuentaticn
in toxa of the frequency of cecurrense of "caupartaenting” olopag par
vatlt of longsh, end in other casoes im terms of ewmge ov rodal, dis-
tance MMW such s).cpem ’ PR 'w Lo i e ?h'-

T

In the WES syat;ma, a comwmenting al&pa Ly maidemﬁ 'w b2
eny alopo atoeper than 505, Herw sgain the it or boumdary wos ofe
Wnbiishsd on the besia of matwralistic and nilitwry coneiloragtlions.

I dacarsd rvegionn wmost streans or wash banks and the wwlacss of -
Pamgla ¢f Yepoda” doposits axeced 50%. Thio slops thus Slvides tha
Sendczope into compartmeate almg sueh paturaddotic Teusks af atroom
banka, tarvase cocarpmentd, moontaln alopez, Gwme Aldp Fa0ea, g,
Partharoors, except vhea vot, elopes leass them 500 are of mintr oo
sequence fxon the stendpoind of mmy rdlflesy aativitios. - FiGe L:ve
wm%amm o’ m*mtme; values used in tBn seroles eyoben. b, s
' B Y0l gaaata L Te X, weat L e e ]
mmmmo plan-pvmtla v ARk s ey, ?';,-‘- A »
D [EAPRY S : ""(

Tun thres mm Ew’wxa aeounned wuar arg Q&zfm
roaseecs of myeedfic mrapeetics, Wb ovea Palen in sup iy i) ‘
Yzourey oo dopressles of Wit paesatyy of ¥ owlese 22 & viola, - It 18
pocadidle, uvsing any Alvin eddoation of mapping wnito of thoop fese
tors, o vicwallae a laego oy o quits AMfforent Covedtria oonfige
weallosa.,  Eocovae ovorall eofigmrasicn 18 vital o moay addddawy
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gatdvicies, £% 18 proesexry WO provido o deseriptive fabric vacroln
the -wgaitm of alopo, relief; and alopa ccourrense cen be mm&isea.
o LEBANIDD SN LA IRV A ofF aZpld ot Sla B L W o0
L Poom examigaticn, 246 was éeémﬁ.m& st 8 winlmm of fouwds
tosrain footors vas roguired o previde on adequate deseriptive Vabe
rie. Thoge Loup foactors conadrn WMo spatial distridutics end coufisgs
wration im Both plan and profile of the topographic hz@a and lwa.
Gha four faokors celootod asé weesuvas oft (a) the “peakodnege”
e dopographte highss (b) the aresl gecupanca of the hichsy (o) t&e
dagree of alongation or planay shipo o2 ¢he highes apd (4) the origse
tation v dﬁgmo of alignmont caniditcd by the m@m. e
| PRI HEIG TP 3 [ R CIC FI LT S The P N TS XTES A 3% TR R RS T ‘)(.’Vihviﬁ
- - E0 folloun thet for ecxplote wsﬁmw o? aurfoso gt
try the desepipbive cystem chould imeltde four edditiomal umits, canch
. indicating the dlsiribution of ons of ¢hoe terraia fastors moendioncd
ahove. Hintavor, tho mental intogration of thece foup footord intd o' -
vimuzatm: s the landsoaps 49 so Aifficult that thoy have Boos:
cubined oy the purpanss of thise ntuly into a singls composite depe
rain fastor called the plan-mrofile. Thie hea boen done by Glassifye
$ng cach of the frur c.oposite faadors in euch a way thad, comdined in
the varmer shoewn In £ig. 2, they identify &4 basie variations of 2anls
toape eonligurution. Each of theae 2k types, pius one othor samelous
tvpe; hus boen assigned o t:ym'bol m! thm tyyoa hm bczea mgtmi e@ *
mwe < b
- Sa tas v B e e B o
NEE TR ﬂl& plan<profile i3 & qu}osi"te terrain faetor cm&
c2oh cospornt faetor malking uo the cemposite 18 wuzeeptibls f quane
tltative treatrent. It should Do vioted, however, that “ha Linel oo
lection of the coapunents of {h2 nlan-profilee«avenr though ansd. can Yo
measvred quantitati relye«ls & browd ored vie., the highs are either
wovrallnl or they ars not, thay era peukad or they are not, cta. Bos
cavse of this broed atratification .r alassificetion, o oholed of
the planeprefile type can often Ye radc by efwpls exaduaticon of &1
murtul photogruyh o2 o topegyaphie rap. I8 18 erly inm those dvetanses
Yasra ope of the corpunent fogbors, el b lnzavity, 19 Gouhiful
that 2otunl measurements st be wels. e polnd 1s, that the Jonle
sion a3 %o whother the highs are Ilrcar o nod can Do wads, uhareey
Bosencary, by quzsatttativeiy Wl ohje .t.ivm,y mwéz;? th»w g, - M-
Wapaﬁomw. e B R ah T
KA o YRR AN oa 1'* L S RS
- o &Lnxmaiom of tho lendncape M\Az’im W e mng@fﬁa
aye. dommiamt upon the wogntivds of rulaf ol gloPs IQEUTTCRAT. P
araeplv, alluvic) feps caorod by sboup-albed, AaVioy vathes are '
apped with the edme plan-prefila as eutezpive, kigheotanding, dis-
pettad istooua, Thic ie ecsidercd wst @iy praicaidle btab desive
&ale, becauss vith werastrictel dbucnsions, the plan-rrofila affore ¢
sepvondent fxamework within vhich a4 lmovledzn of the values of slupe,
relief; wod elopl oasurivROR mita & voalily mawﬁm mal .o
mm of tho m,&@aepo. LA M' R 3
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el 2 ra, etoet Sofined by XMelt statiur g anel .
vooe 2053 Brtioad by XM crmttrr dacepual mona, W 1aa

W Mg

81008 CICUETCREE, Alopa, onfd relief berraim faotors, Tarough
positicn of the various rape, coubleaticur of {hese fectors evolve, ..
each Fupesaiing a dletinciive landscape. Aa the murbar of puseidls
eoubinsticns of the four facturs.is yather appalling, it wap o¢anide
cred, lxpractionl, Guring carly gtagea of the WIS studies, to tay to
davelop o nolieme £or dolinesting individval landacapes. Multiplying
the nwibor of walte of breabiown within cach fastor (23 x 6 x 7 % T)
results ip aver 7000 mathenatlcally pezaidls soobdinatioss. Fortue
ez’ 24y, hovavar, nature has bown far more calsotive, end cuporpositica

¢ e teps recsulte in enly 18 lamdocspo types ocowrving ot Yuom epd
'-“&\‘V‘ '!3 in tkﬁ mm m Ata:i%a W‘i' ,Lc.’:: . sha > v-:xg-.a;‘.zr.e g

L A L T N LT R T R T e DI R VDU U NS
Ting the ¢mnd of the four dasic goouetry or Som fogtors
s vesvlied in a convenlent method for cztaloging lendseopes. - The
meathod 13 belleved ¢o b2 a2 mlupls o stxalsghiéforvard g possible,
Any lwdccupe can ba designated by o conbimation of four mumber of
muligrelotter syobols, sach representing a particular renge of valucs
of rlan-pvcfile, alope ocourrvan:e, slope, and reiiecf. Tas godinatica
shov in the wpper Glagras dn fig. 3 (11//=hedde2), for exarple, doe
tines & plain vith a slope of 1 to J«1/29, dlssected By roughly parale
12l waahes svem 10 to 50 £4 dewp apaced fyom 1000 to S000 £4 cpavt.
The lover diagran slso derined a lendecsps type--in thie instacce type ;
B/ /e2lieb o yaralle) ridge ares with ridges from £ to 10 pides 3
epart, thelr hoights ranging botvecn 1000 cxd 300 £, and thele . . o £
sharactaristic slcpes botweor 23 amd 50% . oo, © "t cLao o ot

. 4

. S T L OV L S I

] he flgure aleo illustrates eonditions uwndsy wiich A dugd o

eonluX alazsi{licaticn iz mappede-the grosostooponmt ccploxewuiriol a .
oo nt's retloitica » i1l reveal as boing neceosan , Each izndsaans 48
cose? ol smaller lseiscapes and 48, in turm, part of a larger ov
next urdev l.odsrape. Che lower diegran is referred to &0 o greas
landszape. It 13 detertined wiilizgng o $5-mils-diamotor coarpling
eirele, and i the lanlscapo generatod by a A00£% somtenr fmtcrvale
The wpper dlegram Lllustrates the yostrictive landscops, a lepdsseps
deterrined by utilising & leullo-dinmator pampling cipole wilh & Llest
scnicus interval, KRolief less tham 10 4 falls into tho. codelory of .
aloyorelis” or evrface veugbuess. Phie 42 o scavenient, 4F arvitrary,
Gubdivic’ . of terrain envolopso which hao 4urnsd out o Lo of grest
valus in b problem of lamiacepe tAPPIBZe WhErawar & Lreoce@ponent
Telation wxiste, such sa that chown 19 fig. 3 viers ths vppor lands
etapz is o smller, rostristive, or coupeseat part of o larpor ov
gross luatecope, cach 4s waprod with an eppropriate ayvbol end
fdentiricd, .o Nt AL
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Preliningry studies {ndionto that voiid ood wrtihdlle iufsss .
Crras crp be psde of the landnoopa goomotry of & portlonler aczies
Pron va, 8 o ploying a 509-£% comtovr lnterval. Theso oiudicn fse.to
2ot rews. nably valll roladicns ean By estodllabed soonn Cozdeczo
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3afirnd by such vaps, surfesds dofimed By L00-£¢ comsour imtesvel -~ -
gupd, aad ose defingd by 10-1¢ conbour interval maps. Dadallied -
gtullon are needed to grepl apd ocmupare gaumetry factar values of cee
oted rosicns dstorsined oF mappad ot different contovur intarvals and
goslos. Relutions armg the hiarurchy of surface envelopes covld then
be ezmputad Cfor all arec s magped, @l hypotheses derived and tasted to
caplain simflcant vwe'ations in these reiatima-wury pwsibxy
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Ammgh the eyswn csf umapm emsmoauoa O.emribea i3
this poper vas dovelopoed for decert Sarxvalm, 18 has beon uved with ’
resscnably god results in tamperate end dreploal arcan. Homd chenges
in the mappin:® units used for ench of tha factors may bo neceszary v
reflect wor: closely maturalistic Wreaks commom to hanid srcas. To
date, the systam has deen uaed prinecipally in developing Gasert snhw
iogs ©f ths terrain at the Rosocarch and Doveloyment Tesy Facility at
Yusa, The vur,use of this wnlog development 48 to asseas the scitse
bility of Yuma u3 a dssexrt desting eite for men and vaterisl., Aftur
tho tethed hus beon applied t5 the vorid dsserto. under eunsideration,
1% oy be found that the Yumn Test 3taticn lacks zerte.n rangas of
conbinaticns of terrainetactur songos found {n other descst arens.
Applisaticn of tho techniquo to the dssert of vestorn United Jates
should peralt un euluation of arens within the United Jtates thet nay
bo nur2 wmalesc:  to eggrogats world dasert sonditions than the foxe
area, r which, wbon ccnsidered vith Yura, will cover a wich mire rope
resen..iv g range of desert terrain. Such sreas eculd wall Ho wdi-
= 3 sunlerentary testing sitos. (I8 should be ressbersd ¢thud
anali s desolo went end the etudr of the effect of twrrsin ont miittary
aetl 11 o in Joneral wust bo dased on il the terrain Sector fenilies,
nob 5ol 'y on the landscape gecmetvy Tactors discussed in this peper.)

. O A P E T e | e T g e
L S 2 S YR A P Y S I S N R I X T D RS S T s e e BRI
NN S SO A s .

e detorninatiog of %erraln analogs s only 2 prelimivary
step ¢ L the lnportant gual of predioting quentitative lvmacte of
tare.in o tndividual militory astividties. Thess eetivities ore ooch
gandesr: L with difforont torrain fastars and vwith varying dagyoes of
refiine po oF the mapping wmits within cash factor. Toua, eftor the
varicu. tarrain facters have bece suddfied 0 mect the meods of a pave
Siculs - [ ovblou, tests can Ba smmfucted in aveds charactorised by dise
Sinctl.e co.binations of the 4. 1sed xapping wits. e ivpoviant :
point ls thal the game oyuter o cheroctoriaing the teotivy twvircne
ot ba Laed in all arsas se thuat wm in oud axen & ba m&&%&
gpeal Menlly 0 wem tn am%hu-. L

eride (.’" S Lk

Av an ezas@m, a @mprehawiw %031 yprogram emama vit%a
devalopiny methade v predi $lug soll wistere for traffieabdiity par-
Pose: I5 presently belng undertaken by the Arvy Mubllity Rocesroh Cena
ter .2 the UES. Sollszolsty e<prodlabion sites ata secblesss thvontiie
o3t t9a Unlted States amd othar parss of %ho world, o of €9 poraue-
tars a..coting &,11m1m~ veriation vileh 3o bafeg eccallaped e
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the lonioeape type vathin whick cach olde falls, Sintlardy, the mﬁ“
gaapo @lnsoificaticn 1s boing considered for goloction of parcohutos C?
drop test altes snd for estimating the fmpast of varylag mm m@é

e alrfiald eonmucuoa effort. ;2“ >
An inters ting applicaticn prosently (fiscal years 62.53) :

upder voy 18 the rlecticn of courves st tha Mums Teot Faollity for
tooting the mobility of the Overland Praiu, o logistical eargn cmicr
bullt for the Transpertatica Corps nnd dosigned $or orowamutryw
pomt. It hes 10efo-dinmster dires; o longth of Y67 £, and ochoiste
of 37~£i~long individual carvriers capable of hunlinz & total of 136 ..
tona, A mumber of test couraes, epproximstely 200 Tt 1ids o totale ...
ing nore than 50 miles ia leugth, gore sslooted for the {eot rvms. §~“
These aournss cross torrsin thot 4s-aveally significsnt 1w dopexts of '
Rorth Africa, the Middle Ecsb, trd South Contrald Adis. Tho tost proe .
gram 38 &simwmwwemmwwmmwp@m*mmw Lo
the sross~country performance ¢f tha Overlspd Train,’ Parfdrpsnce ézata’
to be collected elemz emch 4eryaln type will imglude draking, steering, . )
and rivieg cnersys efrects of’ vertical and horfsontal accoleration on,

8 cwgo sar and & supporting axles fuel connuption) and Qust denqz—
tico dgvoloped. It is anticliputed that grouping certain of the tep- b
ralr uspplog units vithin selected terrain factors vill ba required td--
sec nat for the perforsence date. Oupversaly, {t noy bo foupd thedt !
performaneg variations will oseur {n response 24 conditioms vithin o t’
singls mapping wnit. For ezmuple, it moy ds found that a covbdain =
slope valng which lles within oo of ¢he established slope wayping L'.J
units 18 erdtical in tha perforvcnze ¢f the Overland Train. Yu this 4-7'
event, 1t zay be nocessary to subdivids the axiasting mappma wits i m‘
crder to adequately deseriba the effsats of terrain on performonce. ;"3
Ultizately, these data will bo 2uployed to etmstruct o torwadn ‘effects: Y
aep, in vhich runges of effects i the Overland 'I‘rain viil bg used as > A
mapping units. e

Surmmary and Cemelusgions

Iandscape degcriptiss to date has been almost eatizely gvbjooe
tive, or vhere 1t is quamtitative, often designed vith a specifie. And
felrly limited purpose in mind. The systom cutlined in thia paperjape
proeches an objective framework ca which to heng terrain Qeseipticn
vilersver and for whatever purpyoae 4% is mooded: dstornininy the Auite
ability of desert tustiny sites, assessing alxfield ccastrusticn, aiffi-
culties, soll-moisture slts olasnificntion, Ovoriesd Train z(ute stisce
ticn, 40 meptice iopertant ailitary getivitics o vhich the 1gthed is
presezntly baing applied. RAorther, this frazavork 45 in the lom of
sposific ond definable physical proporties or Gimomeions., o dlaims
are mde that this landscape slassification is the ultirate 13 either
sophlstication ~r utilty. Studles now wsler vay, feg cxampléy prwe
laa cemaiderable improvemeut ia quentifying tho olaseificatiogy Hut
the eyston en cutlined 18 a yoesible approsch axd, 1t 1s will
help to bring scme ordar into tha chaod of eubjeativity with foh
lavdscaps and terrein foberipticd; iy gracrdl, Whut doaterd,
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CHARACTERISTIC PLAN-PROTFILE

The charactaristic plan-profile {s the most commonly found plan-profile within a region. It
may be either gross or restrictive, A gross plan-profile is one that can be subdivided into two
restrictive componcnt plan-profilen each exhibiting relief of a lower order than the gross plan-
profile. Random sampling with circles 35 miles in diameter is used in determining the gross :
profile. Random sampling with circles | mile in diameter is used to determine the restrictive !
plan-profile. Local reiief of less than 10 feet is not considered,
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REPRESENTATIVE PLAN-PROFILES : :

h of the followin biock diagrams illustrates & landscape representative of a specific plan-profile type. It shoul
E:ccm;hauiud th!..ﬁlmu the ﬁcl‘uud limits of a3ch type, a wide varisty of landscape configurations are possible.
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FIGURE 2
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COMPONENT LANDSCAPE

A PLAIN WITH A 1 TO 3.5% SLOPE DISSECTED BY‘ ROUGHLY
PARALL EL. WASHES FROM 1C TO 8 FY CEEP, SPACED

FROM 1000 TO 3000 ET APART

~ L0 V" ~
awss - an < (2 ;
PLAN-  OCCUR- SLOPE RELIEF /
PROFILE RENCE !
!
’

(sL/) (2) : (4) (&)

-] PLAN- CCCUR- SLOPE ' RELIEF
PROFILE RENCE
b GROSS LANDSCAPE ;

AREA WITH THE RIDGES FROM 270
EIR HEIGHT RANGING BETWEEN 400
CHARACTERISTIC SLOPE BE-

‘A PARALLEL RIOGE

10 MILES APART, TH
AND 100G FT, AND THEIR
TWEEN 23 AND 30%

FIGURE 3
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