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slope proflires uere measured at systematic interväls
along the sides of a former graciar spitruay in south uest

lrlanitoba. The profliles uere grouped accordi ng to their Iocation
or rerat,ion t,o various physical conditions. A normal distribu-
tion analysis of the frequency ofl occurrence ofl the maximum

ançles present, in each profile of each group, plus an anarysis

of the variance betueen the means of these groups enabled. the

variabres uhich had influenced the deveropment of the valley
slopes to be determined.

ïhe resul-t,s indicated that the profÍles rocated on rake

bordered (riparian) sropes r.uere significantly diflferent, from

ihose profliles ûn slopes uhich are not adjacent io l-akes. U/ith-

in the riparian proflile qroup, t,lrose prof iles uhich are orientat,ed

tauards either the prevailing uiind or the secondary uind are

siçnificantly differen'r, from those profiles not facinç these

ruincl directions.

A stat,istical analysis of selected profile parameters

revealed that i) there are basic correlations beLueen parameters

and these correlat,ions ?re common to atI the r¡easured profiles,
u.no b) that each of the significant, profile groups have cûr¡el-
ations u.rhich are unique. I i: is tike-Ly that these results nay

apply in other landscape condj.t,ions, bu'u the universality of

these conclusions reclui¡es flurther invest,igations,



CHAPTER 1

ïHE pROBLIlì1 AND DEFI NITIUN ûF TERffiS

This thesis is a quant,itative study of select,ed geo-

moxphological characteristics oí' the valley sides ofl a fcrmer
glacial spillu.ray in southuleåt l¡lanit,oba,1

1. THI PRÛBLEftl

Delimit,ation o.f l:he ÞrgbIenl

The object,ives oF t,he st,udy tuere, 1) t,o measure pro-
fil"es of the sides of the varrey, 2) to appry "tandard statis-"
t,icar t,æchniques in the anarysis of the dat,a to determine u¡hat

¡alationslrips and difflerences exist in the morphometry of the

vaIley sidesr S) to at,tempt t.o relate àny significani diflferences
found within the dat,a to possible srope forming processes or

other uausal factot.sr

Impo::tarlce of the Stuclv

Guaniit,ative met,hods and t,he use of statistics as a

tool in the anarysis of data is a racent deveropment in geo-

morphological studi.".2 The ,aim of these neu/ techniques is
to express t,he relation of process to landf orm deveropm"nt,. S

Systematic measurements of the landfo¡ms are necessary ifl

1 S"e t,he location map r page 2.
2_Ian Burton¡ "The Quantitative Revolution and Theoretical

Geographyr" Canadian Gsoqrapher, VI1 r4rLg63rp.154-iSS.
nu Arthur N. Strahlerr 'rDavist Concept of Slope Development

vietued in the Liqht, ofl Recsnt Quantitat,ive I nvest,ígations¡ " A nn.
4ssoc, Am" Gqoq., 4O, 1950, p. 2O9.



il
ir
l,t

fl

ü
I
it

iÌ
it¡
ii
lr
ll

iì

ij

r
fr

ll
rl

rl

I
fl

r "aardi -I."ÉR,j 
-n-rfirl" 

Rt'

ì ñttt*''i-/q)
I/
i)il
I ,4rtiJ\t/i2i/i)vi
i\ n¡nrN e Y

\.l
I

Scole l:250,000o5

-,,.."'

!'Lr l

Lr A. Jgo -L

Locaì;ion Íllap

WHITEWATER

LAKE



reliable comparisons are to be made be'c,ueen the ciif'ferenL parts

of t,he Landscapes.

Ii is hoped ihat, the nesults of tlris siudy uilI provide

some insight into the relationship u;hich exists betu.reen process

and Iandform development in scut,hwest, ffianiioba.

2, DEFiNITTÛN OF TERIYÌS

The follor.uing definitions are adapted from those of

An'"hony YoungrO O. A. Saviguu"rS or R. S. l]Jatersr6 unless

otherrLlÍse noted, -

Slope seçlment,, A slope segment is the rectilinear
port,ion sf a slope prof iJ.e.

Slope elemeryÞ_, A slope element, is the curved portion

of a slope profile and may be either.convex or concave.

fllicro segmenL or micro element.. These are segments or

elements urhich are too small to be repxesented on the field base

map "

5-l-ope profile r¡nit (or slope un.i.t). A slope unit j.s

eit,her a slope segment, a slope element, or a micro element or

micro segment.

4Anthony Young,r¡Some FieId 0bsevat,ions of Slope Form
and RegoIith, and Their RelatÍonship t,o SIope Development'r,
Trans" & !aperso Insta" Br. Geoç., 32, 1963, p.3.

Sil" A. Savigearr'rA Technique of lriorphological täapping,,,
.r 55r '1965, p. 517.

6R. S. lUaters, t'lilorphological lìlapping", Geoqraphy, 43,
'1958, p. 'i3.



ftlaximunr s]-op_e unit (maximum slope)" The maximurn slope

ilhich coniainsuni.l, or. maximum slope is the unit, in a prcfile
the steepest angle in thai profile.

ïrge s.l_ope" The frue slope of a sJ_ope uniL is the

direction and/or the an¡J-c of srope urhich is rneasurecJ perpen-

dicular to Lhe contour linese

,Br.eak*qi" p.rofJU: s.l.oFç.o The break of profile slope is
an angular c.lisr;r--¡nûírru-iLy ljcbuto'Jn sJ-upe unÍbs.

' Chance of profil-.e slolæ, Thg chançe of profiJ-e slope

is a.curved discontinuiLy between slope uni'bs¿
.7

Siparian. ' The i,erm riparian, as usecj

refers to the poriion of the valley siOes uhich

the smaLL Lakes found along t,he val}ey bottom,

No-n-riparia.no Non-riparian in this st,udy refers to tl-re

portions ofl the valley sides u;hich are not adjacent to the iakes

found r.uithin the vaI1ey.

" ORGANiZATION OF THE THESTS

The text, o i the thesis is in general clivided inlo Lhree

parts. The firs'b section deals uitl-r t,he i ntroductory material-

and includes the location, physical characteristics of the

st,udy area, and t,he meLhods used in collecting t,he slope daLa"

The seconcj pari describes the methods used in preparing the daLa

for stat,ist,ical analysis by computer¡ ãfld Lhe theoretical

in .bhis st,udy,

are adjacent, to

'7
ALlen Limi
pertaini ng
of a i,icie

f'loLe that Uie bst,err s lJeur Co.Llrg,tqt_g Dic,tignery. (Thonras
ted, Toron às',of,
to, or living on ihe bank of a river¡ of a l-ake¡ or

uJaterrr.



just,iflication for tne sta'uistical

the da'ua" The f inal- chapiers o fl

a discussion of the resr.rJ.i,s, and

'r,ests i.lsed in the

the thesrs cûniaÍn

the conciusiong o

anaiysis of
.ihe result s
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C!.IAPTER I I

DESCRIPTIOI\J TF THE sT'UDY AREA ANÐ THE
FIELÐ TECHNIQUES

This chapten ineLudes a description of, the locat.ion,

the genoral co¡'¡ditions of soil, geologye elimaÈe ofl the

study area, and a compJ.ete diseussion of the methoos uhich¡

urere used in the rneasurement of the profiLeso

1" DESCRIPTI0T\J 0F T'lìE ST'UDY AREA

Locat.ion al¡d qensrFl^__:fgq$rye s

The valley is located just, üo the north of the small
A

toun ef, Dand in south uest trlanitobaj Thd 'f o¡mer spilJ.uay is
tuelve miLes .Long anci approxirirately a quarter míle uide" At

the present tÍme t,here ate onJ.y intermitÈent streams fllouring

into iË via t,ributany gullíee" Thare is a minor discontinuous

channel cut in the valJ.ey fLoor. It is ¡¡ndersÈood fnom talks
r¡ith the loca.L residents that urate¡' flotus in this channel a¡'¡d

ir¡ the tributary gulJ.ies onty during the spcing EUtÌ-affo

llJithin the valley atre for¡r¡d four small lakes ulhich aîe

knor¡n locally as the Chain Lakee.

SqLee t,io!_ gl Èf¡E__S_tÈ¿gly_ 4ÐgC

' '=u' A portion ofl the uaJ.J.ey abou.t eight, miles long u,as
.t

chosen for the study because it rnet, the fol.3.owing conditions.'

15"* FiE" 'l e page ?"
,osee FiE" 4, page "i2 flcr Èhe extent of; ühe valley

considered in the studyc

6



a) it is an area in whích the bedrock'is essentially
3unrr orm t

TLb) it is an area uhich has one predominant soil t-yper-

c) the relief oÊ the valley appears to be fairly constant

on a 1:50,000 scale topographic map,5t 6

d) t,he vegetation in the valley is mainly grasses and lout

shrubs which ruould alJour easy measurement of t,he valley side
7pror rre s ,

e) there is enough variation in the orientation ofl the :

valley to allow an examination of t!,* effect of aspect on the

flormation of the valley slopes.

i t u¡as important t,hat there snouf O be unif ormit,y in

the variables ofl lithology, soil, vegetat,ion, climate and relief

since in a small region rr slopes tend t,o approach a certain
(]

equilibrium angle appropriate to those controlling factors".'

3 For t,he genenal geology of'the area see fflap 1166¡ Geology
Assiniboine River 5heet, Geological Survey of Canadar 1965.

4 See Fíg. 2, page 8. :

Êo National Topographic Series, fYlaps 62F/? East, (Hartney)
and 62F/8 lllest (er9in).

Ã" Subsequent analysis of the valley side heights has shoun
that, there is no significant difference betu.reen t,he means ofl
the various portions of the valley. See. page 55 for the results
of this analysiso

7 Su* Fig.. 3a añd 3b, page 9.
t O"thur N. StrahIer¡ "Equilibrium Theory of Erosional

Slopes Approached by Frequency Distribution Airalysisr @"
J. . Sci. , 249, 'l 950 r p' 681 .

,rl'"
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Scale 1:126 r720or l inch to t,ulo miles

&
LEG END

Dark Brou¡n soils developed on t,i11

. llJct¡ tlJaskada Heavy Loam to Clay Loam
(undulating phase )llJcs LUaskada Cj-ay Loam (smooth phase )

BLack Earth soiLs developed on fllixed TilÌ and lllater Deposit,s
Hx Heasli.p u (gravelly ulater r¡clrked t,ilI and

ueathered shale )
Lacustrine Soils

Cc CarroLl (clay loam to fine loam)
CI Carrolt (very fline sandy loam)

J+ Aflter the Reconnaissance 5oi1 ilìap of South-llJestern û1anÍtoba"

Figo 2'
5oi1 fYlap of the Dand Valley

and Surrounding Area.
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F_i_g. 3 (o). A t¡i.eLu ol" tire'
Danrl ValJ.ey"

norLheasi. part ol' l-he
I'Joie typical veSeteiiorr.

Fi0. ¡ (ir). Gull-), dissr:ci..i-on Dn the norLir valley
s.ide. I



The limÍts of the study area u,ere dstermined by an

inspectÍon of the relief during the flíeld work. The valley

stops rather abrupüly at the southern end and the boundary u,ag

Êasy to place. There is a eection ruhich has considerably lower

relÍef in th". northeastern end and the limit u,as placed before

tÉie eection uras tEachedo

tllithin the limits sf ühe study aDea the profiles uer6

measu¡ed j. regatrdless of the loca1 reliefo This u¡as done in
oorder to maintain a fairly uniform epacing beüu,een the profiles.v

G eoLoqv

The Dand Valley is located in
titl overlying ehale bedrocko

an alea u¡hich hao glacial

The shale is the hard eiliceous Odanah beds of the

Riding fllounüain Formation, Ehich aleo forms the cap rock of the

lllanitoba Escarpr"ntol0 Kirk states that¡ nruith the exception of

the underlying RÍding fllountain Beds uhÍch are uncovered in the

deap valleys of the Aseiniboiner. Sourie and Pembina Rivers, and

of overlying beds in the TurüIe fïlountain, the Odanah Shale is the

on1ybedrockseeninthesouthuesüernpartofftlanítobao'11

oJ See page 15'ín the section on field techniques for a
description on the spacing of the profiles.

10 J;Fo Daviesr et al.1 Çeglogy and fnine¡al ResouFces
q_l_t{anåtol31o Prov. of fllano, Dept. of lTlines and Naf o Resources,
p '-î4;-',Te62.

11 S.R. Kirkr i'Cretaceous Stratigraphy of the lllanitoba
Escarpmentl, r parü 8,
p.126, 1929;

.1"
t
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Nea¡ Dand .these shale beds haue a thickness of about
fiue hundned fleet,12 and have a flairry uel.l deveroped joinë
sys Èem Ò

rn generar tha cret,aeasus shale bede have a st,rike of
be{:ueen N{zlJl and N48tij and haue a uery gentJ.e dip to t,he southurest
ofl approxårirateJ,y BnB t,o goS fleet, per. rniJ.e.X3

The èiJ.L overryirig the shaLe is described as being aå

concrete-like nrixture sf, cray, silt, sand, gcaveJ. andbouldecs occurríng a6 gFGUnd- ñ¡orainéo 
-Àno-s¡õra¿nã, -ã.u

reeessional. monaineoou The uppeÐ zs i,o g0 feet or'tiïrj.s a çleylgh buflfl ar¡d is conrinonSy knourn-;"' ooeriår-Ëiuy'"
seneatl¡ this í" 3 *r'e cornpact ?iy" gney tilt ;;ilonrykc?orljn a-$.sbLure cray0o Boti-¡ contain ieÀåes or sand andgeavei. u f 4

A more

is given by ELson

V:i.cden tilap Shoei.

page 12"

According to Ej.srn, thE

area consísÈi.ng niainly of ridged
deposit as beÍng a sandy to si1Èy

¡¡¡inor ridges S to ZA feet high"

deÈailed ciescription of, the surfi.ciar deposits
on !:is rnap of" the sueflicial geoj.ogy of Ëhe

¿!qts A s¡.iü-ûmary of ð,his is presented Í¡r Fíg". 4u

Dand t/a1ley is sitr_¡ated. in an

morain"nl6 He describes this
tÍL1 u¡hich is characterized by

x2 personaL cosimunicatlons .¡966¡ B" Bannatyne, Geologist,fl?anitoba fliines Brancho - ---'-7 '- --'
'i3 R.so Kirkr opu ci.to p Fotg28"

.f 
4 RuAo Fneeze, Gror.¡nd Uater prebsÞilj.ty_&gg, Uirdensheet (easÈ hatfl), î9éZ-

15 J"Ao EJ'sonr-Ê*ç"ËSågL$ssÅ*.gx,, ui rcen shesi'e pre.t-imi-
naÐy seei e s, fytap $Jo o gg-j f6ï;*TèË*Fil;- 4, pag e 42.

16 -' . .ïbidð .
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Fig. 4 ;'

. Surficia1 GeoJ.ogy of the Dand Valley
and Surcounding Areax

l.utt - u.,atetr r¡orked till
'lgm - ground moraine
'l rrn ridged moraine
'l Isi silt
log - outtuash cont,aining pabble, gravel and sa¡-¡d

3si/'l rnr ; silt, overlying ridged moraine
3sí/1gn silt, overlying ground moraine
5a

R

aIIur¡i um

- êÐee of, shaLe outcrops

The portion of the valley considered in ilhis study
is indieated by the dark hachure lines"

After J" Au ELsonu Surficial Geology,
Uirden 5heet, Preliminary Series fYlap 39-'f 96'l "
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Soils

The portion ofl the valley on u¡hich the profile Deâsurê-

ments ü,ere t,aken is situated Ín an area ruhich has tu¡o soil t,ypes,

the llJaskada and the Fieaslip ComplexolT

The tllaskada covers the uhole of the mapped area except

in the northern típ ulhere the valley extends into the Heaslip

CompJ.ex" It, is int,enesting to note that the boundaries of the

out,¡¡rash (1"g) ar:ld the SÍJ.t over ridged moraine (SSi/trm) on

Elso¡ros map of sunficiaL guol"gyng ane almost the same as those

bor-¡nda¡j.es ofl the HeasJ.ip CompJ,ex ir:r t,his part of the valley"

Acconding to the report on ¡rThe Climates ofl Canada

for Agricultr¡retr. t,he Dand Ualley is si{:uated in an area u¡hieh

has the follou¡ing chanacberisticsilg i.) Èhe rnean January

Ëempenatu¡e is appsoximaÈeJ.y 2sFos ii) tf¡e rnear¡ July tempeeatura

is appsoximately 67oF"e iii) ttre ar¡nuaJ. pneeipit,ation is about 19

inchesu and iv) i;hene is an overall yearly moisture deficiency"

, FIELD TECHNIQUES

filethod of Pro.fil"e [Tleas.r-¡E'erâenü

The va1J.ey side profiles ütere measured r¡it,h a clÍño-
meÈer by uhich Ëhe sightings and the reading of the slope angle

are done simultarìeouely. A poJ.e u¡ith the eye level height, macked

n7 see Fig" 2s page 8o

'î8¡v Elsonr .S.. É!"
'f I ARDA, T-fre- ÇliqaËes ¡f--Q-gSeCq@, Canada

Land Inventory R eveJ.op-
ment, Table /11 , p,2O-21, 1966c
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on it uas used for the sightings to ensure t,he accuracy of the

measuremenLs. i; takÍng a slope reading the pole uas placed at

t,he lower limit of the slope unit and the sighting to the eye

leve1 mark on the pole r¡as taken from t,he upper limit of t,he

".toOe 
unit. This uas t,he procedure folloued in obt,aining the

angles for each of the srope units in each of the valley side

p ro flile s.

According to the manufacturers of the clinomet rr21 the

accuracy is such that, ihe angles can be read directly to one

degree and the angle can be estimated tc ten minut,es of one de-

gree. T n practice it, uas flounci t,hat, reliable esiimates beloul

one half a degree uere diflficuli to make since even a fairly light
u¡ind uras enough to cause the hand to movc slightly tirhieh in turn
uould cause the indicator. to move. Fol i,his reason t,he slope

readings urete taken only t,o the nearest haIfl-degree.

Air pl-roiograph enJ-argements at a scale ofl I:4r90û u.rere.

used as a field base mep îor t,he plot,ting of t,he upper and louler

limits of the prof i1e unit,s, ancl t,he recordi ng of t,he angJ-es of

the slope units" Conventional symbols urere used to record, i) if
there uras a break or a change of sLope betueen the proflile uni-ts,

ii) the nature of t,he surf ace of each unite i" eo urhet,her it, u,as

irregular or fairly srncoth, iii) uhet,her the unit ruas a segmenL,

a convex element or a c,3ncave element, and iu) t,he angle and the

direction of t,he t,rue slope of each unit.2I

2a^--Suunto Co, e

2r^-*See the maps
of each profile and t,he

Heisinki, FinIand.
in the folcier ai t,he
posiàion of .the uniis

back ior t,he 'l ocaiion
in the profliJ-es.
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For this study the top of the valIey side oD top of a

profile uas considered to be eit,her rf,""" there u,as a zero slope

reading or uhere there uas a reverse slope reading. ïhe base of
each profile u,as considered to be uhere there u,as a zexo sÌope on

the valley fl-oor. In some instances it was necessary to change the

orientation of the slope units in order to have t,he profile extend

from the top to the bottom of the val}ey side. This procedure is
justified since th'e slope readings are taken orthogonal to ühe con-

tours urhich means that the traoe of the profile represents the most

probable route or llne of movement of mdte¡laL doun the valJ.oy Elde.

The profiles uere measured only'on parts of the vaj.Iey

sides not directly under the infJ.uence of gullying. This procedure

uas adopted t,o ensure thaü none of the profiles had been modified

by the process of gullying, thus simplifying t,he analysis and in-
terpretation of t,he datao

An attampt u,as made to have a fairly uniform spacing of
i.the profiles; app'roximately 250 feet betueen âdjaeent pro'îiles ifi

the area occupied by gu1J.ies is neglected. It uas not possible to

keep a strict spacing due to, i) the presence of scrub or brush

ruhich blocked the line of sight in sorne cases, and ii) the size

and positions of the gullieso Noüe that in many instanees a pro-

file uas measured on a nearly süraight portion of the valley side

ruhich uras bounded on both sides by gullies. In situations. ruhere

the¡e u,as a choice bettueen spacing the profiles either too close

together or too far apart it u,as the practj.se to adopt the closer

spacing, (i o eo they ur€rre s.paced closer than the 25g fooü int,erval ).
The spacing of the profiles ruas impori,ant since the sta-

t,istical analysis of the data ideally requires a random sampleo It,



j-s felt that the measuxements obtained from this modified system-

atic (i.". rEgular interval) method ofl sampling meets the statis-

tieal requirement of randomness.

There are smaII u,ave cut vertical clif f s ( segment,s) ab

the base of most of the riparian profíles. Although they urere

usually only three t,o four feet high, these uere measured and

uere t,aken into account in t,he calculation of the total heiqht

of lhe valley side at the point urhe¡e the profile u,as measured.

Problems Encountergd Durirlo the F.ield ljJorl<

The problems uhich u,Bre encountered during t,he fieiO

work uere as f ollouls: a) It u,as very difficutt to keep the

cLinometer sufficiently motion-free in gusty winds to get a ra-

liable slope reading and even in lighter u.rinds it' u,as felt that

readings ulould give a false impression of accuracy if they uere

taken to more than a half-degree, b) The problem of the propex

spacing of the profiles, c) The problem of the location of the

boundaries of the. slope units uhen t,hese had a lou angle of slope

and u,Bre gently convex or gently concave.

The first points have already been discussed under

the methods of profile measuxement,'t,he third requires flurther

el ab orati o n.

In the Dand Valtey the usual situation ruas that the unit

containing the maximum. slope angle u,as rectilinear uhile the units

near the base of the profile or near the üop of the profile uere

concave and convex respectiveJ.y. This means that t,he problem of

the location of the slope unit bóundaries u,as also that of the

correct locatÍon of the start and'finish of each profile. It is
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recognized that the subjective nature of the placing of these

boundaries might result in their béing placed in a slightly diffe¡-
ent position by someone else measuring the same ptofíre.22 Th;

ehanges in the profite paramet,ers, such as the rength of the maan

valley side gradient or the lengt,h of the slope unit in question,

¡¡.rould not be very great in most cases and probably uould not sÍg-.

nificantly affect the results of the analysis of the data.Zs

22Cuchlaine A,lll. Kinq, (Techniques in Geomornholoev.
London; Edu¡ard Arnold, 1966, p. SS åtrr"s
are very distinct and all surveyors ulould place them identically,
but the more subtle changes couLd be mapped differently by differ-
ent uorkgrstr.

23-hor a
boundaries, see
delimitation of
NfBd I0, Haft 4t

discussion of t,he problem of
A . F. Pitty r 'r Some problems i n
slope-profilesrr, Zeitschrift

locating profile
the location and

Fur Geon¡orpholoqie,
L966, pp454-61.



CHAPTER I I I

ANALYSIS OF DATA

This chapter is divided int,o three sections. The first
deal-s u¡ith t,he calculation of the various parameters ulhich uere

used for t,he statist,icat analysis. The spcond part describes t,he

theory on r:¡hich the st,atistical tests are based and outlines the

steps of t,he st,at,istical analysis. .The 1ast, section consists of a

description of the reasons behind the select,ion ofl t,he profile

groups for t,he analysis.

1. Preliminâry Analysis

Calculation of the Profile Parameters

The basic data u.¡hich uJas collected in the f ield, consists

of the angle of slope for each unit in the profile and in" locations

ofl the upper and the louer limits of each slope unit. This in-

formation uas recorded on aj.r phot,ograph enlargements of t,he

study area. .

The first step in the calculation of t,he slope parameters

uas to measure the map hori=onrur' dist,ance (ffl.H.D. )'l ofl each

1_,
I ne map horizontal- distance u,as measured in units of 1/20

of an inch and estimated to t,he nearest half (i..". 1/40 of an inch).
At the scale ofl'the air photographsr 1241900r 1/2O of an inch is
equivalent to 2A.4 feet on the ground. Since the distances uere
estimated t,o the nearest l/qO of an inch r this means t,ha! at the
most a ûreasurement, ulould be out 5''l feet, if the slope u'nit
boundary ulas located at point f,..{,or,/^o"=_.1
B in the diagram. Generally t_--_______-____ lthe slope unit limits ulould t t ,_5,rt_¡
be aù some other point, and lo'L--'-t 

'n--

the accuracy u¡ouId theref ore
be u¡it,hin 5.'1.
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sl-ope unit. These measurements uere ial<en ulith

angular engineering rul-e from the air photograph

used as base map s in the iield uork. The ft1. H. D"

converteci to distances in feet. This method uas

Lhe author uas unassisted in t,he field urork and

critical flactor.

unit containing Lhe
Iengt,h ofl the maximum

maximum slope unit"

amplit,ude of relief )

a standard tri-
e nl argeme nt s

values uJere t,hen

adopted since

time was a

maximum slope
sI ope unit, "

of the valley side"

unit,

each

slope

liJith i,he lll.H"D, anci the angle oto the slope for eaeh

it uas possible io calculate the flollotuing inforrnation for

(distance on t,he ground) of eaeh of the

b) t,he height of each slope unit,

c) the height of the valley side at, the point, urlrere t,he
profile uas measured..

d ) the angle of t,he average or mean valley side graciient
bet,tueen the top and t,he base of the profile. This tuill be'referred to as the mean v.alIey side gradient,.

e) tfre length of" t,he mean valley side gradient.

From',.he above¡ añd from the [11"H.D. values and the

slope angles, the f ollouring profile parameters u,ere selected

for statistical treatment. 3

2pror J-Ie.

a) the true length
units.

a) t,he maximum slope
t,he maxirnum slope angle.

b ) tfre lengt,h ofl the
angle, feferred to as the

c) the height, of the

d) the height (i.e.

angle in each profile, referred to as

õL2

Appendi
a table
fortran

3- These .ealcuJ-ations ì.uere done/.\x B, Section (i) f or 'uhe deiails
of the compuier output, of slope
program"

by cornDuter. See
oi t,he cal culat,ic ns ¡ f or
parameiers, and the
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the angle of the mean valley .side gradient.

the length of the mean valley side gradient.

2. STATiSTICAL ANALYSTS

Theorv Behind Lhe Analvsis

As a basic premise, it ,å= assumed that a hiltslope is :

essent'ia1ly an open system in which the,forces removing material
are adjusted t,o t'he forces supqlying mater íaL.4 ïhe steepest

part of a slope profile rru¡i11 ref tect the maximum angle ruhich

can be maintained, and is an indication.of the opposed forces in
the equilibrium relationship.SS

The maximum angle can be considered to be the basic para-

meter and it uill provide an indication oF the processes ulhich

have operated to produce a particular srope. The processes arB

dependent on many physical conditions, such as climaüer lithologyr
.îsoil type, and vegetaticlrì. o

,,,ì,

St,rahIe¡ has stated that the frequency dist,ribul,.ion ofl

the maximum angle uhich is developed in an area ulit,h similar
lit,hology, climate, soil typer vegetation, relief, and stage ofl

development, wiILbe characterized by a normal distribut,ion.T

' 4AlIan D. Hor¡a¡d,rfGeomorptiological Systems - Equilibrium
and Dynamicrr, Am. J. Sci. , V.263, 1965 ¡ ,p. 303.

e)

f)

51ope.s
v. 248,

5A"thu" N. St¡ahler, ,,Equitibrium Theory 0f
Approached by Frequency Distribut,ion Analysisn
1950, p. 677.
6Ri"hu"d J, Chorley,ttClimate and

E rosional
, Am. J. Sci.,

fllorphometry'f,
1957, p.628.

TStrahIer, 0p. Cit., p.675 & 685. See aIso, StrahIer,rrDavisr Concept of 5lope Development Vieruedin the Light, of Recent
QuantitativeInvestigations||,,V.4o,1950,
p.212.

J! GqqJ. t



c1LL

This concept provides a iheoretical foundation for t,he analysis

of t,he the slope data. By grouping the slope profliles on the basis

of t,heir relationship bo various knourn physical conciitions, or

Gn the the basis of suspected uariations in process, and Lhen by

testing to see if t,hese groups have normal dÍstributions, it
should be possibie t,o determine ulhich variables have been import-

'l'ant in ihe formation of the slopes in a given area" Thisiis
especially true if, as in the study area, it is possible to keep

some ofl t,he variables consLant.

It, is hopeci t,hat if Èhe passive variables, such as

1iì:hoì-ogy, soils, etc. , are cons'r,ant but there are dif f erent

processes ûperating, that.changes in t,he processes urouid be r,

reflected in the naxj.mum angleé which have been formed. Further,

-ifl t,he processes uere constant, but t,he passive variables urere

io change, this change uould also be reflect,ed in the maximum

angles" ú

For example, i n an area uit,h Èuo dif f erent, rock t,ypes

and ulith ail- oiher factors constantr profliles located on each of

thq rock types uould develop a set of maximum angles with. a

normal dist,ribuiion, of their f requency of occurrencee but t,hey

r.uould each have a dif f erent mean maximum angle" Eaeh mean value

tirouLd be characùeristic of the rock type on uhich it, uas devel-

oped and they uoú1d presumably be significantly difflerent, flrcm

each other.

The next step urould be to test to

ihere uas a significant difference betu;een
,t

Ii there are more than tuo prcflile qroups,

see uJhr:tiier c,r not

t,hese mean va.iues"

sucl-r as tire¡e are ,
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in f his stuCy, the best Lest, f or a diflf erence bet,u.¡een means ís an

analysis of variance. .

If i,hese hypoüreses are ccrrect, then, in a given area

r¡hich iras several oî the variables cons'tant, by a caref uI seLec-

t,ion of the profires int,o çroups it shourd be possibre to deier-
mine uhich of the'rernaining variables are importani in tire slope

f orrnatio n.

The fcllouing ccmbinations betrueen the passive variables
and prcrcesses are possible:

1) tnat the passi\re trariabLes and the pÐocesses a¡e both

cgnstant thrcughoui t,he st,'¡cly aree" This j.s de-fÍnitely nc.ü the

case as there axe diff,erent surficial deposits, Iake bordered

ancl non-Iake bondered slopes, and difflerent orientations oi the

profiles.

2) ihat the passive variabtes ar€ constant but processes

change, Ê"Qc riparian vsn non-riparianô
a\

J ) !nat pracesses are const,ant lrut the passive variables
change.

4) thai; both the passive variabres and the processes vary

r¡it,hin the study erea .

Each of ihe above possibilii,ies could have a bearing on

the development of the slope prcfiles" The serection of -uhe

prcfiÌe Eroups u:as done uiiili tl-¡e aim cF testing these varj.ous

possibitities.

Statisticai Tesis and The.ì.r L.ise

ihe foilo'uinç is a sumrflery or''the s'teps of ihe siatist-
ical analysis of* llre ca -a
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1) a chi-squere test flor t,he goodness of fit t,o the normal

ciisiribu'tion.

2) dete¡mination oi'the ritean va..lLles oi t,he maxiinr-.¡m an9)-es

in each of t,he orof ile oroucs"

' 3) un anal-ysis of u]"run"" and an analysis of i,he least
significant difflerenccs betu¡een the means of the maximum ançle

in each proiile group.

4) a f act,or analysi.s flor delermining the clegree of correl a-

tion betueen select,ed vailey sície profiie pararßef,ers.

ïhe chi-sQuare test for the goociness of iit, lo the

norrnal distribuLion uras useii i,o de'berrnine the prof iJ.e group s

that, had normal dis'r,ributions of t,heir maxinum angles.0nce this
uras est,aL-rIj-shed, the mean uas calcuLaied f or each of t,he prof ile
groups uit,h a normal frequency cJist,ribut,ion" The anal-ysis of

variance anC the leasL signiiicant difference tesi urere usecl to

deterrnj-ne urhich proiile groups had a signif i"ànt di f f erence

bet,u.reen the mean values, FinaLJ-yr'ihe degree of correlation u,as

determined flor selected pairs of valley side profile pararäeters"

Since the deqree of, cor¡åIat,ien is in part, dependent

on the type of distribution present in.lhe tuo variabJ-es in
question, al-i the selected parameters u,ere anaL yzed to ascertaí n

r¡hich -of four diffe¡ent, i:¡,,pes of normai distribut,ion (arbitrarii¡r

chosen) besi, describeC'uhe l.requency distribulion of i:,he data"

The distribuiion uhich besi fit the daia uias used for each

parameter in al" corre.l-ation analvsis" This choice uas ¡¡ade for.

each parameter in each ofl the profiJ-e Eroups icunC i'; be e prob-

able statistical populaticn"
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,

Tlie -lype c? disiribirticns tesi:eci foi- ''-,gie: -l) eiriihr¡erÍc

nolrnai, ii) ioçarithnj-c noÐire.r.'1, iij.) sqLjare rcci nclrnai¡ anci

rv) rec:i.prccaL. ncrr;ai."

Iach of lhe above siai:i:;:icai tesis i€is bccn;::i-eflJ-,v

Cescribei i¡ lippenciix Ë.

3" SiLiITJIIJ ÛF'TI-JL PRCFILi G,ICUPS F'31
AiriAl-YSIS DF lriAXIir'iUil Ai',iGLtS

The grcupinç rj¡o the pro'iile f cll s-ba'¿.isticeri testi ng

uras cjone cn t,he basis of -tire l.ocat,-i-an of ihe proî.i-l-es rq:-'l"a'bive

io ,va::.i-or-is ciraracterisiics or variai¡'l es. These variables i ncl-ucier

fliocess, rnicrocli-iirzr"c, ¡ocl< t;rpc- scil iyi¡e, ani surÍ'i.ciel-

geoloüy, Each afl thsse '¡iii- be ccnsidererJ in turn ruiih a descr:-p-

tion anci Lhe rûasons i'cr'flre sel-eciicn of the prci'iie !rûups"

Froce ss

i t, uras ncticeC during t,he f ield uork that ihe riparian

siopes had an overaJ.I convex profliie, u¡hile lhe ncn-iipali-an

profliles urere trypica,l.Ly crnveX-concâveo This obse¡vation suqgesl.eci

that possibly Cifl'erent processes may be operating to procìuce

t,hese characteristic f crms;" I t, orovicied a basis flor ihe division

oi'the profiies in'Lo türo nlain groups - riparian and non*riparian"

ïi-''i* divisi.on ,¡as considered to be i.mport,an',. and r.rhere possibie,

every other profrle groupíng uas also divicied on this basis"

fiìi crocl-imate

Tho role ofl niciociimate in t,he deveiapnrent ofl slope

prcî-:ll-es ãi¡cl it' :lt{jcuc: r,-: ciy:i,i.igt-' j' :iri va,'1..ì.y :-. ill e; ;-:- "ì.ai1e i y

und=ieli:r;i".nec ar¡d r:; ri^,i:rvi.¡ìti.-r, Packcl, l:, iirs sli,C;, of illa sir'¡c,s

-in southern Cn'tario, crrr c-i.i-¡d:r ';irat i-r::-ai¿aticl ( il-, : l"urìr.j e-i'ÌlÈi,-3-1.
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í'ac tor of microciima'ce ) naa no beari ng on t,he angre ofl slope
r¡hich uras deveropedo' tilel,ton suggests that no quant,itative
ev:.cence has been offered to suppori or reject, an)/ one hypo-

athesis" - He points oui thai there urere enly t,u;o quantiLative
siudies cf this quest,ion up to 1g6a and t,hat they produced

opposite result"" 1 0

In'¿he current study, the first divisi¡rn ofl the profliles
uas a general grouping accoiding to i,hei¡ location on the north
vaJ-J-ey sicie (Nl"V"S") ûr on ihe south valley side (S"V.S").

The effect, of orientaiion uas then exar¡ined in,iro""
detai r.11 rt uas decided to group t,he profires according to tu;o

factors in ulhich slope orientat,ion exerts an important iirfluence,
firstly uith regard to insoLation receipts, and secondJ-y uit,h

regarcj io exposure Lo ulinds"

For the analysis -of t,he prof iles with respect t,o insor-
a'bion receipts, it uas decided to group them arbi'brarily accord-

ing i,a t,he forrouing crit,eria, a) t,hose proflires facing betr¡een

15o and 225 degrees azimut h12 (LhÍs urouLd only appl y to t,he north

8R. UJ" PackEry ,,Stability SIopes in an Area of GIaciaI
Depositionrr, -Cgn. G.eo_çÄ" , UII, 1964, p" 150.

9l,1" 
A " irlertsn,

Related to filicrociimate
V"71, 196t, p. '134.

1D_'-ïbid,, p" 134-135"
x1^' '5ee Appendix A, Seci:l_on

orientat,ions.
12-, 

(

"-These 'orient,ati on uJere chosen since the hotiesL palb
of the day is often in the ea.rl-y afternoon ûr míd-afternoon, The
ef f ecL oi the sunst ray s uoulc be 'b,he çrea'r,est during thi s period
for ihe profiles at, these orieniaLionso

'¡Intravalley Varia'r,ion. j.n SIope Ang1es
and Environmefltt,, 81111" GeoL SoÐ* Am"

{ii) flor a iist ofl profiJ-e
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vaiLËy siiie), b) iircsp i'i"U,S" irî;î-i*cÈ,.ri:: î¡çir-rç b'.'i,¡ee,i '16û

and 2?5 ciec,lees, c) Ln¡s: S,\.J"S, l;:3:'ilss facin¡ br;ii,i:r:¡. S/iC to C

t,o lr5 deç:eús, -¿ltr: c\ :l-,,,-,:,¡ 3" Li. S. rirl j-:-cs t;ti ii:;:.;-,-l lei:,¡een

34t -tc 0 ta 4û iegrÊes.

Th* seccnd ¡-:i"eni:rj; oî *:;i-¿n'1.,;:1.'ionr !.r,z-,; ûi= i-,Íncl direction,
uas sundivi¿Jed intc p:iri'ia::-iin,¿ üinis and secrnciaî\/,cinus" The

eîflect of ujr-nc diiscii¡n ún sin;:e ,je,;e-l*c!i..eni :L¡, '¿i:r eiui)/ araa

is difircr¡Ii: to essÐss accu:îã;ej .j"), si.¡-¡ ce ihE r.tr,i,,t r.ueail-; er records

avai labie I'o¡ anaJ"i/sis a:çj j-n '1 c,.;¡s ii;hicÍi arê ai:cut th-i :.i..; r,r.i I =s

ìorom Danci "

A çrouping LL,as iicne crn't,i-r; i:as-is cf tlie rÊ!-rrnai. niÊvail.-

ing u;inCa i-*e. from the nortir uesL" ï'b j.s possibJ-e ì:hai, the sJ-opes

facing the urind u.roirid be subject'Lc a greater clrying eflîæct in

lhe summer" Duri-ng i,he urinter ihesæ.=:.op"" woul-d be scrept ciean

cf snour r¡lricir uoulcl leave Iess i-,leìt, uater avai J-al¡l-e ior the

process of f reeze-t,hau: in ',.he spr:'-ng, bui tlrere u.rouLcj a1 so be

greater fros'u i:enet,rat,ion due ì;o ihe iack of snouJ covero Ti'ie slopes

not f acì ng Lhe prevailing r¡inds may receive more snour accumurlaiion

due to t'heir more shelt,ereci position, This,¡ould resuii. in less

fiost, peneb,¡a'¿ian since t,he snc$, uauld act as ir¡sulation, but

there u.rould also be mûre mei-t, uaLer avaj.iable during the spring

uhich miçht, increase ihe efflect cf ihe freeze-Lhau piccessc An

aibii,rary 5n degree range in or-i entai,íon uras chosen,, flsr groupinq

tirese prof;iies; this neans tlraL 'bhere is 25 ceclrees on eacÌr s-icje

oi'bhe e-,ri-entaiion cî the pieva-i1iiç uÍnd"

Tl-i e preveii:Lnç uind ,-:lnbar:J-y i:auses uj?rvs el*s; ic, r¡ íjiì t,he

s.v"5' riparian prcfiies" Á cj.vis.icn oi tne aboL¡e r:::cf--r-j-,:



g¡oup inia ripalian and non-ri.¡:arian fiiay dei.er¡ri-i re riìG: eflf ect cfl
'bhis rjrínd direci,ion ûn 'r,ne csvel-conent oi. 't,he s" V. s" rii:arian
slopes" I t' is also reaiizecj thaL there may be ccnsi cerabJ_e

funneJ.ing of uinds (nctir pievaiiinç àncj seconcary) cicun the

valiey. 3ut t'his is not, oî concÊrn in t,his study, since the resul!.-
inç urevs acl-ion uoul-cj be cci-;centrated al the ends cf i;:e iakes
raLher than aiong the sides,

Tlie folIo".¡inE grrfuss ruere selected on the basis of t,he

prevai'1 ing ui nd direetion; a) [j" v. s. prûf iles f acing bei,uee.n lhe
azimuihs cî 1iJ anc '160, b) i\i" u. s, prof il-es uhich are !o.i iacing
beluee¡i the azimut,hs nf 1io and iScr'c) s"v.s" profi_tes facÍng
be'1,i,;:en azinut,hs 2c)t and S4t, d) S. V" S, prsfliies u,rhich are ,lcf

f acing beiu;een the azi muihs oî zgo and s4a s and e) t,he riparian
anC non*f i-parian cjivis", ons ofl the,above groups"

The Souris u;eather reccrds 'üere exami neC to cietermi-ne

ilre secondary uinc cii¡ecLronurlS ai-rd tu-ro Eraphs ,üere prepared

uhich conDared Lhe maximurn anqles anC the ar/eraqe mexinrum ançi-6

uíth ilie orìent,aIicn cf each pror" trol/' cne qraph of the norrh

13^ /---\'-See Appendix A, Section (iii) îor a descript:i.cn of Lhe
anal-ysis ofl the u;ind dilect,i ons in t,he Souris area"

1 4-,-The avÊraçe na)<imt-lni anqJ_e uas cal-cuJ-at,ed fo¡ each
azimut,h cn urhicl¡ a max-irnur¡ ancì e uias pJ-ott,ed, This vaLue ,üas iiei,er-
n-i-ned by averaqing a]1 Lhe rna>rimun angle locaieci uj-inin 5 degiees
aziriut,h on each sicle ofl i:he oi.ientatio¡ f n questi on" For exañple,
on the norih vaj-Ie,v sj-de Lhere i-s a maximum angie ¡i in, xe!rees
af az.imuilt 1'19. AiL ih¡-: vaiur:s uf che ma><i.mum aneì es l-lcaceci
br:'buieen 11¿t and 124 uiere aueraQÐci and ihrs va-l-ue ,ir¿s plc'L'bcd at
azirnuih 1i9 "ihis r¡ei,ircd ie a noCi'fl j.cci versian af tnai r_ised 'by,
J, T, i*iack and f " C. Gcodìiei i, (_L':gg"_ipl1g*_q?L-q1|iffi
l'¡'la--iriaii; iìeljcn in ihe üsi-ìt,:a.i ,t:,raiãuillf¿-l,s, U._qlûecl;-Su.t,,r,T;æ"

-æ
Peíler;rJ¿l/, 'l 93úr po.ib")



vall"e)/ sj-de ii-pa:rian prafl;iJ-as anc one of ':he sruth var,i,?y sicie

riparìan proflil.es" tnJ.y the ¡icarian pi'c1;'les irete çla:pireci since
a seÐûndarlz ruind u.¡ouId a1"'iect these prcfl.l.es tnrough increasecj

uave action"

Tlrese çraphs i-ndic?,tir: ii-iat, tí-reie ¿s a d:s t j-rci incr ease

in the value of t,ire averag.e ma>rirnurn angS-e of 'the north valiey side
prof iies ceLween the azimr-:ths cf iJ5 anrl 145"i 5 ïh=*u ¿izrrnuchs

are nearl"y coi.nciden'u iuith a south east secondaly uinrj direct,-icn

uhich is indicated i.¡ the resuits ci' che analysis ofl ihe Souris
urearlhel claia. I n cont.rast, the aveïage ffiaximuin anqJ,e rn the scuth

vail.e)/ s:Lde rei'nai neC neal.Ly tJn.!1crin" There is a prontL.jnced dip

in ihe clrrue at azinuih 33c, bul ?,s this couLd not be ieLated io
any physicai- feature and since there uera onJ-y four prcf_iJ_es

invo.ive,3, j.t uies disreçardaJo

The foJ-J-cuing proflle grcups uere separat,eci ûn the basis

of ihe results of t,hesa studies"

a) N" u. s. riparian prof iles r¡hich f ace beLueen azimuths

'105 and 145.

b) N" V" 5" riparian prof i"Ies tuhich do not f ace bet,ueen

azimuths '1 05 and 145 "

c) al-1 t,he 5"U"S" ripariar: profiJ.es " (triote ii¡at, i:h.is aireaci¡,

constit,utes a grou,l -;h¿ri, uJas sel-ected i:lrsviousiy" )

d) al-L ihe 5"v"5. riparian profiies p.lj.l._q- those i!.u"s. riparian
profiles r¡hich flace be'bu:een az-inu;hs'ltl5 and -445. These ¡lcijles
have simj-l-ar aveiaEe äiaxirr uil :.n¡i_es, .r o3, t,its aveteee i:fl the

5" U" S" r.ipar-i en proi".:-ies i;'i 7" S arrd the ave¡an¡ ci. iiie ¡,j, L/. S.

15ttl"i.e ihal there ãte nû N"L/.S, iicarien pro'li1.es having
,rn'o"ientation l-ess than azi f-rruth ',i û8.
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riparian proiiles facing betueen azimuth 105 and 145 is 19.4.
f 

-.(The average ofl the f!. V" 5. riparian profiles not facing betueen

azimuths 105 and 145 is 14.2).

The non-ripari an profiles uere aLso grouped on ihe

basis ofl those azimuths t,ha'u urere.f ound r-o be impcrtant f or the

riparian profliles. A graphic Ínterpreiation u,as not attempted

since any diflferences uhich might be presenL r¡ould probably be

too small t,o be adequaieLy poÐt,rayecl by this t,echnique.

The flotlouring list of profile grcups is presented as a

summary ofl the microclimatic conditions which urere considered

in seleciing groups t,o be t,ested for normal distribuiiot-ìso

I " Gener,ai Lacation
i ) Nort,h ValJ-ey Side

n) ali profiies

2) aIl- non-riparian profliles

5) alL riparian profliles ;'

ii ) Sor¡th Ualley Side

1 ) ail profiles

2) all non-riparian profiles
-\3 ) all riparian prof iJ-es

II. Drientation llith Reqpect to Insolation
i) liorth Uai-1ey Side

1) a]l profiles uihich face beiu.reen azirnuths i60 and 225

2) aIl prof iie uhich do not f ace betr¡een azimuihs ''l 50
and ?-25 .T

3) the iiparian prcfil.es uhich face beir¡een azimu-uhs
1 6û and 225

¿,) lhe non-¡iparian profiles urhích face beLu.reen az'imulhs
160 and 225
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5) the riparian profi-les ulhich cjo nct face betueen
azimu'uhs 16ti and 225

6) ttf'e non-r.l'.parian profiJ.es uhich do not face beiueen
azimui,hs ''i6û a(¡c: 225

ii ) South Ualley Sicie

1) aLI profliles tuhj.ch face beiueen azi"muths 340-O-45

2) all- profiles uhich do nc'u face betr:jeen azimuths
340-tJ-1r5

and 'uhe ripar ian and nan-ripar.''an cíivisions ofl t,hese
groups, similal to part i).

IIT " 0rient.a'":'.on lijiÌ:h ße snr:ct to iJJinrJ Directj.on

i ) hlorth VaIiey Side

1) ali prof iles uhich Í'ace beiueen aTLitiu'"hs 1'1C and 160

2) alL profil-es ulhich dc not ìoace betueen aTimuiha 11t
and 

.160 i"
and the riparian and non-riparian divisions of'these
çroupsD

3) i,he f\" V. S" riparian profiles urhich f'ace betúeen
azimuths 105 and 145

4) the N" U" S, riparian prof ile uhich dc not f ace betu.reen
azimuths 105 ancl 1,45

and the FoFr-Fiparian counterparts of t,he above tuo groups"

ii) South Valley Side

1) al-i the riparian prcfiles

2) all profil-es ,uhich face bet,ueen azimut,hs 2gA and 34t

3) aLi t,he prof iles rL.rhich do not flace betuee n arimuths
29O and 34A

and t,he riparian and non-riparian divisions ofl the above
tr¡o oreup s"

iii) Lhe lri"V"S" proij-les'¡l-,ich face betueen azimur;irs'?û5 and
'145 piue all the S"V"S. riparian profil-es
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The Dancj arca rs uncierlai n by only one roci< iype,

the ûcjanah 3lra1e ( 5ee cirei¡ier 2 f ar a Cescripi-',cn oi 'chc; ¡eoloqy
of tire s-uud;r area)" ït, is oni,v necessai)/ ;o cxar:j-ne one pr,:fiIe
grouping ì:ha.L of ail the profiJ.es measurecl j-n bhe siuciy area.

Iî ihese do nci, have a normal- riisiribuiion o1= ihe ma><i¡nun

angles then ii can be conciudecl t,hat Lhere ul" other conirols
ovef Lire cevelcpnent oî the maximur¡ angle in a plofij-e,

5oi1 Type

Soii type r'.jas alsc used as a bas-'Ls f or the !roLlDì nn

of prof iIes. Ttre st,ud¡r area 'i s .largelv -locateci in one so-l'_I

type - ilra.b af the Uaskada (See Firrure 2,\ anci ail proîiles
t¡hich are si'cuat,ed tnereo n urere tested f cr normal cii siribution"

A srnall portion of the noriireast end cf the sbudy

area cantains soi.is belonçinq'¿o the äeasì-ip Conpiex" Un-

f criunately, t,here uere too f e,u pro,"iIes on these soì J-s tc perni't

iestin!. Houever, t,hese profl.iies uiere onritted fror¡ atI other

proiile groups s-iLnce profiles on ciifferent soils couid be

exPecLecl io cieveiop a differeni, set of naxiinirm angJ-es tuhich

nright, adversely af flect thc resillts .i..f iha¡u uere r'ncLuieC.

As uiih the othel r,ajcr !roups, t.ire profil_es on

ti-re ijjaskada soil- t."pes ujere'al-sc Cir;:,'-ciecì j-nto'i"hose on Lhe

north va j-j-ey sicie and thos,:ì on il-''e scuth vaJ-1e;z s:'-cje ¡ os

uelL as ihe riparian ani: rfon-iipar-i.an subdivisions ofl each

oi' ihese.



Su¡flic j-al Geo'l oe\¡

EIsons å mep of 'the surîici al geo.loçy j.n ihe area provid-
ed a basis for iesting tc see ii 'bhe '"ype o1' suri'ici¿-i clepcsic

has piayed a roie -in siope flDrlr a:¿Lol': in ihe Dani Ua.i-l- oy"16

Profiies ujere çrouped according to theil pcsÍ'¿icn on the valj.ous

deposiis. Thcse cjeposits ruhich ujeie considered are; ground

moraine, ridge moraine, and an area described by Elscn ?¡s shale

ouLcrop covered by a ihin layei cf tirL. There rirere tco ferLr

profiles rn any oî the oihcr depcsits to uarrant j'r:rther sub-

divisions. Also, tire additicnai. conìplicat,icn of grouipinr] on t,he

basis oìo microclimat,e as ueJ-L as surf icial ¡eoIcg y t)ras noL

att,empted"

The follorlinq are ihe profiie groups selected for
normal distribution analysis on Lhe.basis of surficial- deposits,

X) all- profiles on ridge moraine for i)aII the study area,

ii) the north valley side, iii) the sot-¡t,h valley sÍde5 ênd iu) ihe

riparian and non-riparian subdivisions. ofl t,hese çroups.

2) aI.l profiles located on ground moraiüìe. These are aII
flound on the south valley side and they are all riparian except,

o ne,

3) aLl profiles located on the ale of shaie covered urith tili-,

These are all on the south valley side and are al-l non*riparian"

4) alL non-riparian prol.iJ-es less t,hose profliles Iocated on

the area of shale cûvereci u;ith tiI1"

D i scr-rs si n n

iL is obvi.ous on examininç the vari.ous prcfiJ-e çroupsr

u;hich uere selec'ued fo¡ normai dist,r'-ibution a;raiysisr-i:hat, r,lany
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appear -,.r.uo or nìcre times" ïhis is due primar:_iy io having

selected the s'cudy a¡ea uhere 'bhere .,üjas uniiornil,,¿ atrcut ser¡era.l
physicar variabres. The¡e is no pc:'-irt ,in iisting aJ-i.;he qioups
f or uhich 'chis dupl:Lcation cocurs, bui i*. is necessary tc men,c.i on

those groups flor uhich chis sirniiarj.ty is not reacii-ly apparenL,

For example, t,he g¡oup'EalL non-riparian proflires less
t'hose on the area ofl shale covereci uiLh 'r,i1L t cont,ains eêsentially
t,heSa¡Îeprofi1esaStheqloUp'a]-1non-riparianpIcfi]-eslocat,ed

on ridge mora-iLne Ín the s'budy area r o the excepiion is prof ile
#ssinùhe1atter91olJptlhichis1ocai,edonEroundmoraine.These
t,iuo groups are consi cered as being ihe sane f or Èhe purpose ofl

the statisLical analysis.

Alsr:, the groups sarl north valley side non-riparia" 
,

proi"iles located on rÍcige morainee anci rall the north valiey sicje :

non-iiparian profiJ-ess contain the seme, profiles,
By eoincidence the fol-louling profí1e groups uere discov-

ered io contain essentialry irhe same profires, although Lhey

urere sel ected for compleÈeIy ciiflferent, reå"ons,

1) ihe groups tali- S" L/" 5. profiies ruhich f ace betueen azÍniut,hs :

2gO and 340r and 0aII S.U.5" proflilel urhich do not flace betueen i

azinuihs 340-0-45¡ cont,ain the same prof iles ritilnu exception
profliJ-e ll23 uhich has an azimut,h of 287 degrees" These tuo gÐoups,

uere consiciered to be t,he same fcr statisbíca1 purposes"

This means ihat the forlou,i-ng qroups al-sn c¡niain t,he

same profii-es, 
' - --rr v¡'E

a) t,he s s" v" s p"of ries nct. f acing be'cu,reen azimuths 290 ancl

343a and ¡ the S" U, S. Frof iles u;hrch f ace bet,Lleen azir¡uths S4û-0*45 Ê



b) ail- the r5.par.lan anc ro¡*:itarian subCj-visicris oi t,hese

groups"

e\ ih- -. ?-l,- i, r! ^zJ ui¡u Urûulis ?al-i i"i"V-S" rlci.iles u,h-ich flace i-.el.r:re¡n azj_nuihs

110 and '160! and ¡all i\,i"\/,s" prcîiJ-es ,.ylicih dc nc.í; ?¿:.ce rciu;een
azimuths 16A anci 225a conlain essen.b,itr]-lyr the sarìe piof-i-l-eso The

exceptions are proîil-es :in,c, uriih an azLr,iu'uh cf g0 degrees, and

í126, u-iih an azimuth of 1tg cie!rees" These tua !roiips Lre¡e consici-
e¡ed to be iden'bicaL îcl iha st,at:'.sí;.ica1 anaiysisr äE aræ their
riparian and non-riparian sui:grùrJils"

- t\oie that proii3-es uhj"ch coni,ained a rnaximum angle of
greater ihan 35 deglees, rtiere om:'.lt,ed f'rom arl- of t,he prof:..ie
groupsc These uJere removed for ihe reasûn Èhat,, since these angles
are much higher than any of the ot,her varues, if the¡r urere

inciucled i'i; iloul d resul-t in a clistorted var ue nfl i.he mean and

al-so possiblrv disioit t,he frequency distribu,cion of t,he maximum

angJ-es"

A complete l.ist oî ihe proi"i.1e qrrup s uhich uere anaL ¡rzeö
f cr a norrnal- f requenc,v cìi.st,ribui:ion is f.ounc in f igur e 7,

chapier IV" The results of t,his anal;,s!.s and a list sfl the proi:--.ì_es

in each grorrp are also fcund in ih-:"s tai:le"
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[tJa::na-'j- D i- s ¡ I i bui-..: r-: n:]

Each ofl tiæ piofiJ"e ij!nLj;ìs. süLe crer-i -i ¡r the previous

clrapter uias tesied l-c see j-î í:ire îleqLrenc)/ cf occurience of the

maxinun anE-ì-ss in each ci'ihe:tiËr.rps hed a ncriral- distribut,ícn"
The resulis cfl ihj-s i:ri.\li1-;zsj.s ':. s pîeEe nie i in Fiiuie 7 "1

These resl-l-ts:-nd-icate ii-r:lt a-i] cî thc ¡-:r'cf:iie !roups
thaL uete selectgd Cc not have a noltriìãi cji"sLribu'Lion oî the

frequency of orcu¡lrcnce ¡:f thej.r r'raxii¡um angies (henccî¡::'uh

referrei to as nor¡nal ciisi:ribution of ihe naximur¡l angles). 
,

ïhis r¡cu'l d suggesi cha-i: there rnay be more t,han one stai,istical
Ipopulaiion of 'Lhe r¡axinum angles i.n ihe stt-;dy arsa o 
I

ï do no-b propose to ciiscuss in clelail each one of 
l

'b,he prol'iie grruils, h:ut to describe enouEh r:f the¡-n ic ill-usirate
:Lhe value ofl t,his analysi s"

.) :

Since all t,he prof iles -(lroup iiz)' clo not have e

normal discribution but alt the nan-riparian (group;,ji3) and all 
I,

'Lhe riparian profiles (group ä4) do have a normal clisi,rrbution

of their rnaximum angles, it can be expected that any subdivisions

of t,hese turo later grcups uilL al-so be ncrriaily distti¡ut,ed ancj

tirat any groups t¡hich are corfiposed ol'orofiles frorn boih riparian

t'̂ A rjescliciion of the chi-square t,esL for the gcodness of
flit i,o t,he nornral dist,rii:ution :.s given in Api:endix 3j secticn ii.

ô- Tlrese iefler r,o t,he nrofiie çroup nu¡nbers listeci in Figure
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hav.ì.ng an orientation be'i;ween
azimuùhs ?-9O and 34t (less
exLrer;res)

-l-cilä;;;

o ÊiÃ

l;*;;;;

27

37

S"V"S. I bo 2?-,
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19 Ai.1 tlie S. V. So ñofl-tiparian
prof iles having a.n orj-entaLion
Lretureen azinlutlrs 290 and 34D
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and non-ríparian Locales urill not be normalry distributed.
This r¡as Índeed the case and almost alr of the deviations
from this generarity are readily expJ-ainable on a closer
examinatj-on of these proflile groupso

. For example, consider the follouing groups!

i) All the north valrey side profiles which are rocated

on Elsonsr 1rm surficial deposit type (less the extreme values
on the riparian profiles). (Croup #3O).

ii) Atl the south varrey side riparian profiles on the

'lrm surfieial deposit, (c.roup #SZ).

iii) All the south valley side on the 1gm surficial deposit.
(Group #ss).

iu) All the south vatrey side profires not facing betueen

azimuth 290 and 340. (croup '#22).

v) Alr the south va}ley sÍde profires ruhich are facing
betueen azimuth zgt and 34O, (Group #21)

The first group, since it contains bot,h riparian
and non-riparian profi.les, coul"d be expected not to have a

normal distribution and this is indicated by the x2 varue.

The seeond groupr since it is focated entirely on

a riparian location, could be expected to have a normal

distribution and this is the câspr

The third group, although Ít, eontains both riparian
and non-riparian profiles, has a normar distribution, but j-t, has

only one non-riparian profile in the group.

Both of the last tulo groups could be expected not

t,o have a normal distribut,ion, sinôe they both contain profires
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flrom riparian and non-riparian loca.Lions. But one Qroup has a

normal d.istribution and the other groLrp d.oes not. Tiris is an

exception uhici-l can be explained onry 'oy chance, i, e, the
f requencies of occurrence of ihe maxirnurn anEle s í n ,chc tuo
groups coincide in such a uray as t'o give a nornal d.ist,riiru.Lion.

The results of this anal-ysis seem t,o inciicate Lirat

a) t'here is a possible difference betueen the profiles on the

riparian Iocati ons as cornpared t,o those prof iles on i:he ñon-

riparian rocations, b) that, the surficiaL deposits irave at,

best only a minor infruence cln t,he fo¡rnation oi" t,lre maxinlum

ang-1es, and c) that, orieniation may not inflIuence ùhe 1=ormat.j.on

ofl the maximum ang.les.

For exampre, if th ere u,as no1!hing special about the

profires located on t,he riparian situaLions as opposed t,o ihe
profiles locat,ed on non-riparian positions, then qroups contain-
ing profiles fron both'uhese locaLions slrouid exhibit a normal

ciistributionr providing af course t,hat t,here are no,¿ any ogrer

infltuencj-ng factors. This is not ilre "u"" as uas shouln by

group /f5.

I f the surf icial deposits u,ere a dorninant, control
in the formation of t,he slopes, then all subclivisions based

on t,his criterion shoutd have normal ciist,ributions. Buù ll-ris
al so is not t,he case. The same arguments can be st,aLecj f or t,he

profile grûups based according t,o orientations.
The anarysis of variance of the mean varues oi ihe

rnaxirnum anç1es Ín each proflile groL¡F should substan'¿:f-ate tirese

airove rnentioned conclueions.
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?. A nalys-is .of .V?ti_anc,e

The analysis of= variance uas carried out on t,he

rnean varues ol't,he maximum angres of .t,he various profire
qrCIups ruh:'-ch had a normal- disiribution. Thi.s analysis
indicatecj i,hat, alr these groups uere not from a single
sta'r,isiical popurat,ion. tl" resurts of this test are as

fol 1 ou s:

Sor.rlce of vari-a'cion Decree ol f¡eedom Sum of Sr¡uare s i:îean uar e

I
0

-J

J

2

bettueen

rui t,hi n

grouP s

9roup s

27

116t

7894.7 6

24 r596.gg

2ot

21.

value of F = mÊan squqr.É oÊ !.lrB bg!,urg,en gr_oup.varia.bion
mean sguare of the ulithin group variãti-on-'

= 13.79
Fig. B

Anaiysis ofl .Variance oi"'the lllaximum Angles
uheret a) the betuleen group degrees. of the f reedorn is

qual Lo the number of groups tested
minus one.

b) t,he uiihin group degrees of freedom is equal
ùo the t,otaL nurnber of replicates less t,he

number ofl groups u¡hich uere tested.

c) the sum of sguares is the square of t,he
dii'flerence ofl each term fron the mean adciecl

toget,her.

d) the value of tire mean square is the sum of
squares divided by t,he degrees of freedom.

A't 'r,he . ú5 level It probability the value of F

indica"es that blrere are signiflicant, differences betueen ther
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means of some ofl the g"oup=.3

3, Least Siqnificgrt Differelge Anatvsis

The next stage in the analy sis of the data ruas to
det,ermine uhj.ch of ihe profile groups could be considereci as

represe nt,i ng statist,icar populat,ions, anÇ urhich are onry sub

qroups of the same populat,ions or contain profliles Êrom tu.ro

or more cjifferent populations, Thip uas accompli.shed by an anal-
)ysis of the Ieast significant differences (L.S.D.) as calculated

by computer fnr aII possible different,pairs ofl group mean values
(maximum ang.les) for the groups ruith a normal frequency dist-
ribu'r,ion (figure g).4 Figure¡¡shous the results of the L.S.D.

tru-.analysis.- The computer uas programmed t,o print, 0.0 when there
'was no signiflicant difference betu¡een the pair of means in

question, and to print the actual value of the difference uhen

tlris diflference uas significant.

it, r¡ould j.nvo lve an extremely lengthy and burdensome

discussion 1f each of the pairs ofl means (a totar of 3g2) uere

to be described as to urhy they have or do ngt have a significant
difference. ïnstead, only the major trends o'r sub-divisions

3 R table of F values is in Croxt,on and Coruden Apptied Ge neral
Staiistics,Neu.York:Prentice-HatIInc.,1939,p.8ffi
Using n = 27 ( tfre number of prof ile çroups mj-nus' one) anC n., =inf inity ( tfre urit,hin groups source of variat,ion), Lhe vþiuetof
F at p.05 is betueen 'l .000 and 1 .517 . The F val-ue calculated flor
the profile groups is greater than the value in the t,able, therefore
it indicates that significant differences exist betureen sofiìe of
the profile groups.

4 Rs an aj.d in t,he interpret,ation of
profile groups üere.arranged in order ofl
iheir rfleans.

5" A descri¡:t,ion
of Appendix B.

oi

the L.S.D. tabIe, the
increasinq values of

t,his test i's present,ed in secùion (iV)
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Crçup No.

1.

'10.

4F2

l.

n

4-

a

o

Figure 9.

l(ev 1'or.the L.S.D, Anal.'¡sis

Title of Prof"ile fìrot.rp

A,l1 Èhe north va.lley side ( t',1. V. S. )nün-riparian profiles facinrJx
bet,ueen azi.nutirs 160 and 225"

N, V.5. non-ri¡raiian prof iles rint
f=acing bet,r.ileen azimuths 105
145

Soutlr valley sicle (S..V.S.) ñon-
riparian profiles not îacing
betueen azinut,hs 29õ-and S4A.

5. V, S. prof iles on the area of= shal_e
covered by a thin layer ol tiII
5" V.5. non-riparian profiles
5,V.5. non-riparian profiles located
on ridge mr:raine

5. V. S. non-riparian prol"iJ-es f'acing
betueen. azimut,hs 29A and 34O

4I1 the non-ripa¡ian profiles
( uotrr s, V. S. anci 'N. V. b, )

All'ulre noD-riparian profiles except
those Iocated on t,he area of shale
covereci by a t,hin layer of t,i11

All N.U.5. profites betu,een azimuths
1 60 and 225

ll. V.5. ñor"ì-riþarian profliles

All S.U.5. profiles not faci
[:etueen azi¡;iuths 290-'ñ'd 340

N.V.S. non-ripar-ian profiles
Í'acinq beLri;een azirnuLirs 16A

ng

not
anü ¿t5

[:le a n

4n aaIU.JL

10.68

1D.69

11.18
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The profliles on the Heaslip

wiih extrer¡e values ofl t,h e nlaximum
aì1 of tlrese proflile groupso

Soil Complex, ancj
angles have been

thc profliJ.es
onitteul froin

i
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Group hlc.

14.

iÐr

'l 6.

I lo

¡ (j.

4A

2t.

21 .

22.

23.

24.

25.

26.

27.

28.

ïi'cIe ofl P,rofliIe G::oup

[t. V.5. r'ìon-riparian prof iles having
an orientat,ion beturee n azímuihs
105 êìnci 14Ê

5.V.5. locai.ecj on ridge morainÉ

I'J. y. S. riparian prof iles noL f acing'betu.reen azimu'chs 10S and Tffi.
t'J. V.5. pf oflÍ1es not, flacinq betueen'azimr-rths 160 andZs
S.V.S. riparian profiles Iocateci onridge moraine

Riparian profiles on 1 rm

N.V.5. riparian profiles
N.V.S. riparian profiles located
on ridge moraine

AIl riparian profiles (N. V. S. ancl S. V, S)

!.l/.5. riparign prgfiles no.t l"acing
bei,ueen azimuths 160 and %
5. V. S. riparian profiLes

Th9 5, V. S. riparian prof iI.es f acing
betu¡een azimuLhs 2gA anc.l S4A

N.V. S. riparian prof iI'es f acing
beLrueen azimuths 10S and 145 pius at1the S. V. S. niparian profiles
N.V.59 riparian profiles facing betueen
azimuihs 105 and 145

All profiles on ground moraine

13. 48

14.18

:'' 14.50

15. 81

1 6. ?_2

16 .24

1 6.50

17.03

17.22

17.86

18. O7

40 a,IU.LI

19,27

'14.53
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T,re neans are Iisted in the rouJ maii<eii XB.
See Fig. 9 for the key to the profile groups
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indicated by the analysis are disclosed, along urith Lhe exception
'¿o l,lrese trends" Both of these situations are irrus Lra.í:ed by

a selectod nurnber sf examples.

0n examining t,he L. S.D. values it uras qu.ickJ.y

::earized that there uas a general clivision bet,ueen the riparian
and the non-riparian profiles. For exampre, there is nÌo.

siçnificant difference beLuleen the means of the N. u. s. riparian
prif ile s (it'zo)6 and ût. v. s. non-riparian prof iles (1þzo) and

similarly flor t,he s.v.s. non-riparÍan (//s) and ilre s.v.s. riFarian
Ufzq) p"ofile groups.. This rerationship is true for nearly arl
the va::ious 

"Tb-groups of t,he riparian and non-riparian p¡oÊires.
The f oll-ou.ring exceptions .occur: i) N. v. s, riparian prol=iles
nnl facing [:etueen azirnuth 10S and 145 (ll¿tA), ancj (ihA) rv,V.S.

non-ripari-an profli).es having an orientation betueen azimtsLh 10S

ancl 145, ii) (ífia¡ and (l/ls) arl N.v.s. non-riparían nÉ facing
L;etueen azimuLhs 160 and zzs, and iii) (¡ila) and (ífll¡ arr f,t. v. s.
non-riparian profiles. These exceptions uilI be discussed Iater,

The second feaLure shoun by this anaJ-ysis is thaL,
tuithout exception, t,here are no significant, diÍ'flerences rLlit,hin

all the non-riparian sub-groups, This means t,hat, the micro_
climat:"c conditj.ons of orientat,ion uith respect io ruind direction
or uiith respect ùo insoiation, there is no signiflicant, difference
botu¡een the r"unu of the N. v. s. flor-l-riparian prof iles f acing
L:etu.reen azimr-rths 160 and zz5 (lila) and the N. v. s. non-riparian
profliles noL facing betureen azimuths 160 and 2ZS (älS;. Simiiariy

,6 - ïhe numbers i n t,he bracket,s ref e¡ to t,he corresponrJinçproflile group numbe¡ in the t,able ofl L. s.D. varues, Fi'gr"" B:
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no signÍficani, dii'ferences exist betureen t,he profile groups

seLect,ed on the basis ofl uind direction.
For the riparian proflires, Lhere are too i"ew profires

for an examinat,ion of orientat,ion u.¡it,h respect to insolation.
It' can be leasonably assumed that ühis has no signil"icant effect
on ühe riparian profiles, since non-riparian profiles in similar
ori.ent,ations u¡e¡e unaf f ected,

Houever, the ot,her aspect,s of micro-crima.Le, 1.e.
urind direction, do have a pcrssible influence on the ripar.ian
profliIes. Again there is t,he probl.em ofl an insufficienL number

of prof"iles in one of t,he groups. This lpRlieo onry to i,he

examination of the prevaÍring u¡inds on the s. v. s. prof :..r8s.

This evidence is: a) t,here is no significant difflerence beLween

those profl-i-1es directly under t,he infruence of the prevairing
u¡'.ncls (s.u.s. riparian profj-les facing betueen azimui:hs 290

anci 34a - lfzs) and all the s. v. s,. rÍparian prof ites (íÉ24). The

profiles directly under the infru.ence of t,he prevairing uind
cJirection can not be compared u.¡ith those profÍIes urhich are not
undel the influence of that, uind because there ale too feui

profires in that, çroup for statistical t,ests; b) t,he graph

of the maxirnum angles versus their orientation indicates that
a sinrilar average maximum angle is produced irregardress of
orientation.

0rient,ation ulit,h respect to secondary ulinds may be

'r'.mportant in ihe deve.lopment of maximum angles in bhe ¡lo¡.Lh VaI.ley

side" Prof -i.1e groups (;/fi e ) N. v. s. riparÍan not I'acing bei:ueen

105 and 145, and. (ífza) N.v.s. riparian flacing bet,ueen azimuths
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105 and 1/+5 shour a sj-gnificant dj.fference j.n 'bheir mean values.

Such a.Jifference could arise from i:here being a

decrease in the eflficacy of a process uhich ruill t,enci to produce

louer slope angles, i.e. that, the balance betueen ilre rate
of ¡emoval and tire supply of maberial (tf,e steacjy state conclition)
uli.l.1 occur at a louer maximum slope a.ngle.

This ulould also explain ulhy there is no significant
differencebetueenLhj.s9roUp(íila)andSome(butnota11)of

the iìon-riparian prof -ile group s.

I-."t.uou1dseemthattheçombinaiionofproc.eS5eS

ulricil operata on the riparian slopes not facing bebueen azimut,hs

105 and 175 produce a mÊan maximum angre uhich is only sright,ry 
,

greaterthanthefneanproduceddntheriparj.anprofi1es

The f act tl-rat the riparian prof iles not f aci ng 
l

betrueen azimutlrs 105 and 145 (tfia) and (iÍsz) s.v.s. riparian 
:

'profiles on ridge rnoraine shou a significant difference seems 
l

to be fortuitous, sj-nce t,his particular grouping of 5.V.S" profiles 
'

contains several low maximurn angles (these are at azimut,h 330,

-\$ae Figure 6) uhich cannot lre relat,ed t,o. a particular cause. :

Since these angles represent, nearly one sixth of the sample

size of 21, it is ljkely that if they were omitted t,his

clil'l'erence would not exist

Finally, f here is only one remaining except,ion t,o

the above rnentioned significant profile grouping. There are

i:hose which coni,ain a combinaLion of the signficant grotìps,

sucli as tire 15.parian profiles afflecteci by uave action and t,lre

ñon-riparian profile. Exarnples of t,fiese groups are: a) all 5.V.S"
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pxofiles not facing betueen azimuths zgt and ,340, and b) aII S.V.S.

profiles Iocated on ridge moraine.

It is completely fortuitous uhether or noi groups of

tlris type shou.r a significant difference betueen any of the other
g ro ups.

For example, (iÍlS) all S.V.S. profiles on ridge noraine

and (ifZA) all profiles (5.V.5,) in ground moraine shour a signiflicani
difference betu¡een t.heir mean values. But this is a chance occur-

rence due t,o the flact that t,he 21 profiles on ground, moraine are

nearly all riparían ruhile half of t,he 43 of non-riparian profiles
has Loulered t,he mean value ol' that group to a point, u;here it slrous

a signif icant, dif f erence on the L. S"D. anaJ,ysis.

From t,he foregoing discussion on the L.S.D.. values it
can be concluded that profÍle groups may belong to t,hree separate

st,atist,ical populations of maximum slope angIe. These are listed
in Figr-rre 1I ulith thei¡ means and standard deviations.

Profile Group No. of Profiles filean
S t, a ndard
Deviation

1. All the non-riparian
profiles Iess those
profiles on the Heaslip
Soil Complex.

2" The north våttey side
riparian profi-les facing
b et,uee n azimuth 1 05 and
145 plus all the south
val1ey side riparian
profiles

3. The north vaIley side
' riparian prof ile s ulhich

are not facing betueen
azimuth 105 and 145.

124 11 .51 3. B9

18.27 5.37

14.18 4.23

52

22

Fi gure

Profj.le Groups Found t,o
from t,he L,S.D.

11.
be Significant
A nal y sis
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ïhis analysis also indicated ihat liciroIo,..t;, is not

a dominant co¡-rt¡oJ- in slo¡:e forrnation in the Dancj val.le¡r since
'Llrese prcl"ile groups have been cieveioped on the sanle rocl<

type

One of the assümpij.ons aL the beginning ol'the
analysis uas t,hat, the relief in the valley uas ne.arly cûnstant,
sj-nce this appeared t,o be the case according Lo the conioi_jrs

on a 1:5i1r000 N.T.5. map. An anarysis of variance of t,he mean

varley side height,s of t,he above 'uhree profire groups u,a

conducLed t,o determine ifl reL.i-ef uas in fact the same in the

different groups" The results of t,his test supportecj ilre

originar assumption. ïhe anarysis gave a varue ofl 1.CIg i=or F

urhich aL the p.05 Level of significance indicates that there

is no si-gnificant difference between the reliaf of the various

9roup s.

4., Cc¡¡:rei-ation Anglvsis

Tlre finerl step :'-n the statistical ana.Iysis uas t,he

dete¡minat,ion o1'the degree of correlation urhich exis'us bet,ueen

the prcfile parameters selecied in Chapter ïII. (Tiresc paranrecers

a¡e l-isi,ed aqain in Fiçure 13).

Bef ore the correlaLion test ccruld be p eri"ormed it uras

necessary t'o det,ermine the iype of normal frequenc¡; cjistribution
wlrich eaclr pararneLer exlribj.ted.T For this stud,v, iîcur t,ypes

of d:'-stribuLi-ons uJÉte arbi.trarily selectedl- a) an ariiirnletic

7 _..' This step j-s necessar)/ s-i-nce tlre coirelation coefficientj.s in ¡.rart dependen.b cn tliæ t5rpe, *f r:jisi,riL:uiion ¡-irr:sei'i1; .i.n ihe
ci ata.
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normal dj.stribution, i.e" no data transformation, b) a logarÍthmíc
normal clÍstribution, c) a 6quare loot normar dist,ribution, d)

a reciprocar normal dist,ribr-rt,ion.B ïhe chi-square vaLr:cs

for eaclr distribution are presented in Figure 12.

lJote that t,he lrl. H.D. of the maximum sJ-o¡re uni,u ujac noL

included in the analysis for iypes of. normal distributionso This
parameter, prus t,he maximum angle, f ormed t,he basis i.rom ulhiclr

the remaining parameters pertaining to the maxÍmurn slope unit
u¡exe calculated. l-loulever, it uas inclr.¡ded in the calculation
of correlation coef f icients and the. rotated f actor n:at,rix f'or
checking purposes. In ilrese tests this group u,as considered

to have an arithmetic normal distribu t,ion.

0nce the typ.es of distributions urere det,erminecl iL uas

possibre t,o caiculate the correla.tion coefficient r for each

pair of parameters by the facto¡ anaj-ysis method.9

As urell as correlation coefficients this program calculated the

standard deviations and means of the paramet,ersr l 0 and providecl

a pri nci.p1e f actor rnatrix and a rotated f act,or matrix

The principle factor loading matrix and t,he rotat,ed

ôu _,- These operati ons u,ere perf ormed by cornputer, Tlre test l=orthe various types of normar distributions is t,he same as that
ruhich tuas used -i-n determining tlre dist,ribution oÍl the maximum
ançJ. e "

9 A brief description of ilre factor analysis testthe flac'bor analysis program ("rpplied by Lhe Co*puter
Universit,y r:rf lilanitoba) ¡ ,and the f ortran steps in t,heare provided j.n Sect,ion (iV) of Appendix B.

10 Thesc values could nob be used since they rucre
after-L,he cia'r,a transfltrrnaL:ions u,ere porfo::med fôr the
t)rpes ol' rrorrnal disbricui;ions. The neans and standard
urerB carculated separatery and are present,eci in Fiq. 1

, a copy of
CenLre,
program

':"

c;aLcul-ated
cJ if flere n1"
deviat,ions
I Élo



Profile Grou

1. llorth valley sirle
riparian profiles not
facíng betr¡een azimuths
1 05 and 1 45.

Fis. 12

Resu.l-t,s of t,h: ilafXs-ls r:L.thq Ivpeg.cl lj*rmarl .FJLeqLrqLXL
D iml5 r,r uir s .

, A.tt south vaIley side
riparian prof.iles plus
the north valley side
riparian profliles
f áci.ng bet'uee n ezirnuth
1 05 arrd 1 /+5.

Þ a¡ameter

Height,.of ihe max. unit
Le ngth of t,he flãX. uni t,

l-ïaximum angle

L/aIley rei.ief

Length of t,he mean s.lope

lilean vaIIey side grad:'.ent,

Height:of the rrâX.'unit

Lengt,h of 'the max. unj-t

l:laximum angle

Valì-ey rel.iefl

Lengt,h of Lhe mean sJ-ope

lilean val1ey side gracl-ient

+*

Ä 1-1 t,h e

er? r.lerl'lecì u,ith

3. O2

1t .22

4. A6

5.60

5,28
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ô. Ðí¡

chi-square values are

an asterisk.
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3. All non-riparian profiles
t,hose on the Heaslip
soil con¡:lex..

Profile !ror-r

4. A1i the proÊiles measured
in the Dand VaIley.

Paranret,e¡

f-lei.çht of the iTrax. unit
Length ofl the nax" unit
lilaximurn angJ-e

ValIey releifl

Length of the meen s.lope

Itiean valJ-ey side gradient

Height cf Lhe rì.ìãX. . unit

Length of the max. unil:

l¡laximum ang-1e

Valj-ey relief

Length of the nlean slope

lriean valley side grac!ient

Fil. 'i2 conr t.

nt.-st]il?.L¡e
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l,¿4
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t. t9

4.98
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Profli 1e [ìro'-l

1, A1-t rron-ripzirj.an
le ss tl-rnse on t,he
soi-ì- i:;cn¡;Iex.

/-o Souit¡ valley
profiles pJirs
sicJe riparian
az.imiltl-rs 105

proflil-es
lieasJ.ip

fTiee,n

Standard Deviation -

3. NorLh vaJ.ley side
profli.le s urh-i ch do
bei,Lleen azimuths

side riparian
tf-re north vaJ-ley
proflj-.les baLu;een

and 145.

4. Ati. tfie rreasured
lhe Danci VaJ-l e,¡r.

[1e an

Standard Deviation -
riparian "
not face

lFnacl 145.
[f]ean

Standard Deviat,ion -
profliles in

Fi-9" 122,
irleans anC Ste-,nda::ci D*ui-ati.nns nf t,he

@

[i]ote that the standard cjeviation is an indj.cation of the ancunt of cJj.spersion
abirt;t '¿ire irrean. That' is abouL 68"í, ofl the dat,a fal-is utithin * 1 starrdard deviai.ion ofl
ancl al¡cul; 95/41 of the daLa faIIs uiithin I 2 starndard dev-iations oi ihe ilean.
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Fi!. 13,
l(ey for the Parameters in the Anal,rsis oÍ'ihe

Çox

\/ar-iab1e

1

2

3

4

Profile parameter

The height, of t,he rnaximum slope

The iength of the maximurn slope

The rnaximum anç1e

The map horizont,al. di stance of .bhe

maximum slope unit

The valley height,, i.e. relief
The Ienqth of the mean valley sj.de

gradie nt

The angJ-e of the mean va1ley side
gradieni,

unit

u nit

5

6
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f iq. 13 f or t,he key ùo these parameters'

Fis. 1 5

Correlation Coefficients and Rotated Factor
lrlatrix of the North'VaIIey Side Riparian
Profiles Facinq Betr¡een Azimut,hs 105 and 1ltS
p.lus aIl t,he 5out,h VaIley 5íde Riparian
Profiles
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l"acj:oi nairix contain th'e same information, bui it, is in a rirore

meanirrgi=ur fo::m j-n t,he J-a'¿i:er rnaLrix, i.e. tlre DoiììDuter ,.uas

proeraiíìfireci to adjust the principle facLor rnatrix, by a sinple
rotaiion atrout an axis, in orcjer to facilit,aie tlre inierpreiaiion
of' t,lre results (rigures 14 to 17).11 0nry tire ro{:aied f act,ar

rnaLr'i>< is included in t,he results. These Lests uJere conducteci

on Lhe tliree prof ile groups selected f rom Lhe L. s.D. analy5is
as represent-i-ng individual st.al"ist,ical populations (o" at least
san¡:1es flrorn such a population). In order to compare 't,ire resri.lts
fronr these groups u.rith tire results from a thei,erçeneous¡ sample,

arl bhe profiles measured in the Dand valrey iuere sinirarly
iest,ed.
n\

l'"
A ) ïhe correlaLion coef f icien'L nratrix

I n t,lre correlation coef f icient mat,rix any value of

r uhich is 0.5 or great,er uJas considered as inclicating a prsit,ive
ccrrelat'ion. These values have been underlined in eaclr ofl the

tabl-es. Values under 0" 5 uJere consÍdered as having zero correl-
ation.

No1!e t,hat a high p,o,sitivq correlation bet,iueen two

parameters indicat,es tha'r, urhen the value of one parameber increases,

the value oF ihe other paramet,er also decreases.

Conversely, a high negative correlat,ion inciicaLes

tlrat uhen the value of one parameter decreases, the other piarameter

wiIl increaser ot vice versa,

11 ^ ;5ee Appendix B, Section (iv) for a brief description
ofl factor analysis.
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The levei of si.gnificance of r u,as calculai.eii
(ot tha 5/, level) nor each prof iJ.e group. Trris ind.icaies
the prot:abil.ity ol'another sampre, of the same size ancl f¡om

thr: same area, having a correiaiion coefficienL similar to that
obi,ained. For exampre, in Lhe profire grouir rnorilr va.lrey, side

r.iparian prifliles g[ f acing bet,uleen azimuths 105 ancl ,l/+5 r Lhe

critical r val-ue i.s O.42.12 For another sample f'rom àhe same

area there ruould be about 95 chances in 100 ofl havinç siniilar
values for each cor¡elation coefficient, ulhich j.s çreaier than

t.42. There is'.littte chance of obtaininç similar valr-.res l'or
',,hose correlation coefficients belou¡ O"42 and as a rest.¡LL l.hese

can be considered as having zero correlation .

The crit,ical r values I'or the ot,her proi=iIe group s

are 3

a)

b)

all the non-riparian profliles - âu r ol'O.zt.

riparian profiles plus t,he

north val1ey side riparian profiles bet,rueen azirnu'bhs

105 and 145 an r of 0.40Ò

f or all Lhe measuxed prof iles - an r less than 0.,i û.

These values indicat,e Lhat, for t,he larger samples,

a greater probabiliiy'of obt,ain-i.ng similar correl.ation

ents. NoLe that all of 'uhe crii,ical r values are Less

c)

there is

coeflfi.ci.

than 0.5

The results ofl t,he correlaùion analysis tui1l be

cji-scei¡;c,æiJ unrier t,he flollo,uing ireadings; a) si.milarities bebueen

12-,.'- ïhis test is describecl in Appendix B, Section (it¡)"



thr-= ihiee rnain piofii-e riroi-rrs. b) cr:)tte,j.a'bicns Luir.ici'¡ ¿ì¡e uniclue
'i:o part,icul-ar grcups, an.J c) a rlofipariscn i¡e'tu;een'che,¿l-¡ree

main grùL,ps aind al-i ti¡e me¿:suled prciiias.

i) Lii¡j-l-ariì:-ies be';r,reen tire lhr.aç: r¡aii.ri niçi=il.c

çìro.!FS" Tire 'îol-1-cuing ¡:airs oi' pe¡ar'reters si¡ou a r)os.r'.tive

cor¡e'l i:iticn in each of tirese profii_e groLlps.

a) ihe ireigi-it oî tire nraxirnuäl unii a:nci t,he iennLh ofl
ti-re ma><i-nrn un":t (Uar" 1 and 2).

¡\ t¡o hei2hl c;f lhe naxin:uin unÍt ancj .t,he lrj.!-1"D" of
Lhe n-rax j-murrl uni-L iVar, 'i ancj 4) "

^\ .l-L... ì ^--J-L -^ )-t,uJ u¡r{j j-englh cj' Lhe rnaximilrn unit and ihe l:'ì,il"D. ofl
'che maxirnur¡ un:i¿ (Var. 2 enci 4).

:\ LL-dj Lne flìa)(:l'-nr.lrn an¡J-e and t,he an¡-re of the nean valle\¡
side çr.aci-ien'b,s ( Var" 3 ano 7j "

' Consicjei ãr b, arrci c, j-t is nolicerJ thai; ,riih an i ncrea:ìÊ

in the J-engtir r.,i' i:hc max-i-n:un slope uni't, 1-lie¡e is a coîresilûnclin¡
,incrsase in Lhc hciçirb oi' 'Lhe unit," Tir_¡l-s sitr-lei;icn ri_rculc cccLl¡

ruihen ihe iì'ì .il ,D. is conLì'¿an';

Ïn conparrin¡ Var- ?- an-i t¿¡ uJe fincl Lhat urliet-. Lne L.er-rçbir

of the slcpe oi'lhe nax'imun unii: is j.ncreaseci ihe l:i.il,D. is

al-so.i.ncreased" This uoul-cl occur u-rhcn t,he heiglil uas cûnsiant.

These seeni'ngJ-y conl'l-i.ctinç resui Ls sr-r¡çest t hai

.tuhcn tiiele I s an increase in ârìy one cfl those patariteters, r!lrere

j.s also a corresponding incræase in the ctire¡ 'bir.rc pafaneLeis,

as in Frgure 18.

ThÍs:is sLi,ill)¡ri,ecj:y ti-le iaci iirai tiie corlelaiicn
f' t 4 ^.-¡ ¿\ :-r-'--{.betr'rjeen i-/al.'i a¡ü a,t l-ncj-i:aies i;nat i,;hcr.L.h= jtej.,¡l.ii oi ì;hi:

nia)<--',1-ilr.i;l i:n-i.i increasos r3c cl¡e: i;lle irl"i-l -D.
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t.rpr" of correlal,ion urhich existsheiqlrt, and the length oí. the ¡-naximum

He-içht r

l'rl .

Th-i-s uoulcl aJ-sn exi:J-ain Luh¡z i;hsre -is no cûrre.Lation
bet'Li.reen the rna)<:-mu¡-n an¡In atid ii¡ E;se pprrenrJte¡s since j.ncri:asæs

ot ci ecreases i ¡ the na>(ii','un aì.,^J-e uoul-cl cjiroen¡l on ,¿he ¡e l-a.Live
chanqes oi' the other itarãritìei,qrs. Frnn these obr¡.i ous oeoriletiicaj
rel-ationsiril.rs jl uoul-cj not he cj)(ljrJc,cecì t¡ have i.hc na:<imui,i

ançre aependeni on '¿he irci.¡irl" Thi-s .i.s suirÍlo¡red b), .Lha corre-
.l-a'cicn coefflicienis l:hici i.,r¡icerie ti:at there is eii.irer
ccrreiat:'-on oj: ai i¡es¿ a r.en,Jency (par1,ia_1, ne¡atrve crr¡:laij_on,
i"e" a neqaLive r vaiu,.l i:c;ì;l rr.r) fcr the inaxj.¡¡ul¡ angl.¡ t,o de-
crease ,¡it,h an increa:_lÉ in il¡e iç-r._]i;,u cfl the; i¡;l .x_il.lr-lnl unii.

Fina.l"'r-¡r, ;-hr: -r,ast l,,crs_:Li.i ve coîi.ej-ariorr u;hici-¡ :r-:;

cclnüon t,o all ti-¡res ¡--roi=iir-: cì:oups _.i-s beL,¡;een ii-le riraX-i.niui¡

annla and ti..e angi.e cf ít-r.11 aiì 1::liij-;ni" îirj-s incj .,.-ca;tes tjr¡l-- rrr.ihv¡¡uçi Li-LUtt

an increase in the iira)<:i,¡iiui¡ ar;;ì-c, the:e is uìn ini;¡eas¡: ji-i ihe
ançie of the me:ri-i elai:.' cnt" i.i.ti ce l;i-r ,: ls;_ì-:ie i îí. iiir._: v¡riì e),

has i:een ci cc'¡ ¡lrstrat,;:i tc -lc ¡ril:.îcrri-. (:,. "l) 
.ilre ;,_-,.i:¿1 i..-iln _,ls

sin:-l-¿ir i:o '"irai i_'1_li"rr¡-i;lai;¿ :_n ii.;irlr.: ig_
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F.iq, XU,

The ¡elaLionship betu;een the maximum anç1e anC the
í.¡eän valley síde qradient, ilhera

a - the maximurn angle

B the angle of t,he rTìean qradienl-

L - the Iengi;h, of the mean çradient.
This also accounts fo¡ ilre negative coriel.ation

betureen t,he mean gradient, ienqth ancl the angre oi'the mean

graciient. Since the valley relief is constanL, i:he rengih

of'L,he nean gradient, wiIl decrease as t,he angie oi'the mean

gradi.ent, increases. An examination oi Figure 'trÇ ¡.niicat.*s i;l-,i:i:

there shourd also be a negalive correlation betureen'bhe anele

of l,he nean gradieni, and ihe t,otar lij.l-1"D. ofl t,he profile.
ii) C.orrel.,atíons unictue to pa¡tintilar !:rofile orr:uns.

a) There is a posi'uive correlation bettueen the

relief ancl t,he tength of the mean gradient in onry one profite
group, t'hat ofl L'he ¡s.v.5. riparian profires l:.Lus ilre ü"v,s"
riparian profires facinq betr¡een azimuths 10s ancr 1/+5t.

This seenìs to indica'¿e t,hat t,here are ftucLua.t.íons



p¡of iles, z\Jeii '3iicu¡,-t :i,3 aLríjia.i'j¿ i3i..Lei
':¡nî.1 l.-- i---jit,.\c. l-.ír^----.-.Jr J¡ j.,!5 

rrt-rLj'_,:i+ .1úl-,-:_-9ilù; ;O l,;J

i--'s lã..ta:ìl ::l;:: (il-'_1 .- iZz.) s,,j:r_ìftlc iir-is
cce l.iicicri,- ci elioi-r sirrrie :; ilr¿li; iiriren i ncreascs
n\1 155 (:Lr-(_'r..:J,:ìlì ei.: i.,'.t _:i-t llij;a:_.iC _i-n ;:lt?

Ien'" ,.\isc, ar ihe re i s no cDrrelat,i¡n
s-, neern veileyr s-ii.ije -îracien.i-. ai,cl i:he reì-ieî,
.l..l ,tî oci:lji i;:crenci eni:iy ûi cì:3r¡ -.,-^ in lhe
i:.,-!.' í:; -,,--, ,)n\.
--.i:.v \i,.1. ,_.jlt:! .,_U.lo

7?,

qraLi i: is ti:rolc zr

[;a)(; i:.:rJtÌ LJni.i afc

a,',i;es i.l-:ai: ¡'-ihen Ì:iiit

also i.ilcrceses

abou'.:'ii:.::, ã\i cuar:ì il

.in ii'ie relie¡" oi rúl-r _-sc

is srmrl-ar bo ihe cthel

si:ancia¡d ciev:_aticn cf i

v-ieu,'. Tha coi¡¡:l-aL:lirn
j-n lhe rel-iei cc:r-jl, th

i.enSih of t,ire Í-ireAn !r:rcj
brLtu-rcen fhe ancl-e oi. .il-l

+h- i ^^-^Lliij i-irul-'ti.lSgS r n b.if l :i-e

len.jih oî ihe frûâjn îti:ìi

ùt

The reiaiio nship
height of t,he maxirnum

Fiç, ?_t).

Demonstra:;i'q irie :ciai:-c nshi-n i:eiuee n tne ançr sc¡f the rlean val-iey s¿ Ce !lre,jie iìt (n) ,À¿ che I enOLh-;ft'he nean valiey sidr: Çrad:-eri (l), åssui',ring ihai., tiro
ge|:-efl (l:) j-s consiant. Tì-ie ei'fecL af an inccease in(H) is indicateC b-v iiic ccc:,cci iircs"

r-r Cn-lrrai:'-¿;n r:f lîii C

cen the isiçiri ci tiri:

i|-r is ccii:3i.e:r¿roiì i:¡tli.c

'lni;lea:jûs il-re ralieî

elrnû thai f.'l-uciuati-ons

b) Ont¡, j_n il-:,,:

ccrrelai:'-cn (posii;ive ) lciu

the rel-l-e-F ci' '¿lrc vaJ-j-ey,

heigirt o-i' t,he rilaxin,-lr¡ i-li-r:'-t.

ancj v:-ce vrts€-ì (fi3r_ire 2i),

retief n-r usi occLtt.

Þ\
-^-l -Àt\

rrll" !_i"

betueen re
unit (n).

tief (r') end the
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c) The ii" V. S. ri¡rari

belueen azinLrths 1û5 and "i15 is ii-re

neqaiive coireiaticli-t i:etui,-crr relieJ.
iììeans chat, es'"he relj_cf i¡-,ctÐases,

a nç1e decrcase s ( ni gu::e 22) .

an prof i.ies nc l" I'ac-i-rrç

oiiLy rr-¡OLJ[] to iraye ð

and f,he nax_i¡'nuiii anç1.e. This
tlrc valul e ofl iii* nt¡:xi,:lur,i

Fig. 22.

(u) .ndIl*:";:Î;å;i ålãrå.tii:onship 
betureen ihe reljer

This profile group is also the onry one to exhiL:'i,¿

a necative correlation betuieen the Iengtlr ofl the meiìn gradient
and the angle of iire mean gradient. Thus¡ âs the angre ofl the
nlean gradieni increases, t,lre lengt,lr ofl t,he mean gradienL decreases.

Th:'.s urould oDcr-rr ifl the relief uas constant. Reí.erence to the

si:andard elevia'r,ion in Figur e 12a indicat,es that this is gre case"

, d) fi're flina] unique correlation is one uhich

is found in tuo profile groups. raLl the non-riparia.n pr¡fj_1es;i

and rt.he Í!.V'S. riparian prof iles not flacing betureen 1t5 anC 14;-t"
1n 'chese !ïoups i;here is a neg.atitre correration [relwcen Llre

r-¡ìa;(irirur;r angle and ihe renSt,h ofl t,l¡e maxi;irrL:n urit. Th¿iL:-s, ,¿.n

i.ncrease in i.he ¡raxinium anqle resul-is in q clecreasrJ in ilre Ir:ngilr
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-t?-

{rf max.'í-mLfm Linit,. Sucir a coi-relation uloulcj occur ie t,i-re ire.i¡ht
oro't,ire maximum r:nit, uas constani. Since.bl-lere is a lz;rr;r: sì:.ancj arcj
devia'tion (rigLrre 1?-a) of tlre heighi;s i:f ihe maxirirunr u¡it, g-ris

cjoes not, appear to explai-rr tire correlation.

The colrtelal;ion coefi.icienLs indicat,¿ i,lraL Lliere is
an increase j-n tlie lengt,h or the maximum unit uith.increaÊLìs
in 'bi-¡e heigi'i'b anci llj.l-1.D. cf .Lhe maxj.muilt unit. Therefore, :.-n orcier
to have a clecrease in the max-i-rnu¡n anç1-a as ureII, t.iie situaiion
could be as Ít, is illust,rat,ecl beIou.r.

--8=Ì-

Fiç. 23.

Tfu. possibre relationship ber.u.,een ihe maximuniangle (A ) , ihe 1enqilr of t,he maximum unit, ( f_ ) andthe map horizontar crisLance (r,r.H.D, ), The à"!n"¿
rinas indicate the possible increases in Lhe lenqths
of t,hese parameters.

E ) The Rota'bed FacLor irlatri><.

+-------->

|r1.H.D.

A preliminary ana.ì-y

in uhich fcur I'actors lrad l¡een

groups. An examinaLion of the

of tlrese accounted 1"or, shoued

t+ti!, îact,or 2 aúout stit, f act,rir

2-3;:1". S.j.nce tlre Fnuri,h í'actor

[,l1.H.D"

sis produced a iactor malrix

re¡noved frorn each ofl the prof ile
amouni of variability uhich each

thai factor l accounted for abouL,

, ^ ^..ì3 ai:oui.2A;:,, ancì flacior 4 on-l-y

accounted fo:: oi'rly a snali- anir;unt

of the total variance, iL ujas cjeci.ded to re-teet Li-ie cJal:a îr;-J



aal-l

:'
extract on.ly three facLo"u.1 The j-nterpretaiion of thc resLr.lLs
uas al-so simprif ied by having onry ''he three flactors.

The high 1'aci,or loading vaLues lrave been uncjerlined
in the matrix f o¡ each ofl the prof ile grcups (r.::.qure 14 ta 17).

. The paranrete¡s opposite .t,hese high varues in a factor
colurnn can be groupecJ toçotnu" and are independen.c ofl simirar
0rorjrls in acljacent' corumns (see Appendix B, section iv, for a nìore
coaplete rJiscuss:Lon ni the rot,ated flactor matri*).

The f orrouing pattern ofl parameters is co nsicie::ecJ

as beinq basic to al.t the profire groups. DifflerenDes betr.leen
'Lhe ¡:roflile qroups -is ref'l.ect,ed in acldition to ths basic paitern.

a) Lhe Í=¡'-rst !roup of parameters consist,s of the height
of the rnaximuin unit, (var. 1) t,he 1en.çt,ir of t,rre maximun

'

unit 1uu" z,), and the i¡i.H.D. of .Lhe maximum r-rnit (var . 4).
This group u¡ili. be reflerred t,o as the lenqth ofl Lh e

maximum unit, since it, is t,he paramet,er with t,he highest
factor Ioacling value in each case.

b) the second group consists of thó maximum angre (var. s)
t,he rength ofl ihe rnean gradient (var. 6), and the angre

. ofl the mean gradient (var. 7). since uresè are. rerai,ed

In the original t,est,, f actors account,ing f or Iess than
Ey ulere not retained. In order to reduceit u,as necessary to arbit,rarily incr"u"õ

o.o3,/,'/, of t,lre variabili
the number of flactors
this c;onstanL io 0.0S.

ïlre amount of variabirity accounted for by each of theneu, factors is 55'/, in tire fli¡sb factor, ?4,Å in *e 
"e"on.t,and 16ìl: in the tiiirrj. .
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to the qenera.l steepness of the proflire, ii tuir_L

be referred io es tire generaJ- steepnerìs ÇroL.rp

c) 'uhe lasL group consisLs clf one parameter, i,rrelt oí.

the vall-ey refief.

Eaclr ofl t,he profile ,roups u.¡itl

and the parameter g¡oup s ruhiclr are peculiar
ur.itli separately.

be

t,o

cii scLlsseci i- n turn

each ',ii.IJ- be cJeal.t

a) Al.l. Lhe non-ri.parj.an profliles
Ïhe pailern uhich u,as outlined above is presenL in t,his

groui-l tui'L'h only ninor modii'ications. Paramet,er number S, Lhat of
the rnaximur.r angJ-e, has values urhich indicat,es that, ii is a mixed

v¿rriabie. This means that, .it can be correl-ated,uritir the oLher
parameler groLipsr ioe. it is a function of the general steepr-less,

lhe-' J.ength ofl the rnaximum unit: êrìd ihe varrey re1iefl.
Arso, there is a negabive value for the leng!ì,h oi'the

mean g::aclient. This indicates ilrat as the maximum airglec or {:he

angle of the mean gradient, Íncreases then the length of Lhe

mean gradient decreases. These relationships are also indicated by

the cDrrelation coefficients of these paramet,er pairs.
b) if'.re north va1ley side ripar.ian proFiles facing betueen. az.imut,hs 105 and 145 p]r+g all the south valle¡, sideriparian profiles..

I n addition to the basic parameter paLt,ern, the J"engi,h

Dio t,he mean gradient is rerated to the varLey rer:'-efl. As this is
aJ-so indicaLecJ by Lhe correJ-at,ior-ì coePfÍcients, it can be consicler-

er.j to L¡e a chatacteristj.c feature of thi.s pariicular profiJ,e çroup.
This corielaiion is such t,haL as t,he reIiefl increases so ui.ll t,he
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length ofl ihe mean grerd-ieni. Since the ançj_e oÍ. t,lre mean ¡rccj:-ent
is nab part r:fl ihe samo Í'actor !rür.rfì. as tire reiiei'oì Lhe Ien;ti-r
of í:he nrean Qradienl;, it srrt0estç; t,lrat birere is a pc;i-;sinlc hor¡ro-

geneiiy ofl tlre angles ofl the irïean graclient., This is ill,ust,raied
j-n í=igure 19, i.e. if t,he mÊan Eradient angle :'-s corlsLan.b an jn-

crease j-n ¡el-ief ui11 result in an increase in the J-ength oî the
mean grarì-ient,

I t uill be noticecJ t,haù t,lie rnax.inr..rm anç1e is a pure

Variabj.e, ioe. .it is not correrabed uiilr any oilrer !rouÍ-.r (there
are no lriçh f aclor IoacJinn values in t,he other f actrr ,;r,rups).

Thus, f i:r t hj-s group it, is a characterisLic val.r-.¡e or paîarieter,
Also¡ ãs rui-i,h the non-riparian profires, t,rrele is a

neSab,j.ve factor.loacjing val.ue for the length ofl tire mean graclj-enf,"

Tl-lese tlrree fleaLures can be consiclerecJ as heing i,he-r

icleirt,if;ring cl'laracteristics urhich clist,i¡guish it fron lhe other
pirrfli.ì.e oror..rps.

c) The norih val-ì-ey side r-i.parian profires not flarcing
be'turcen azimuths 10S nacl 1lt1.

The rnaximum angle is a r,'rixed variable'in ihis rJrorril.

as i'r uras in'r,he non-riparian profj.Iç group. Buü unliice ì;he other
iuo profile qroLrpsr t'he angle ofl t,lre mBan vaÌ1ey side gradie¡.b is
.in the fact,cr !roup containinç the re-lief urhiclr also iras t,he high
r;a:<ir.¡u¡-n angle value. Tlris, means that, in thj-s group t,here is an

i-nter-relationstrip i:etu.ieen t,hese t.hree varia'bles, arthough ii is
on'ly a !artj-a1 re-l-¿iLionship. l,Jot,e that, the angle oi t,he ineaì¡ vall¡¡y
s-;cic ç::zl.Jir¡nl, is alsc ?¿ nl:-xcd iariai:Ie

Thr.: angle r:ll" t,hr: Êtoan çraclient has a ni:caiir.¡¿- í'ac'bor

J.oarcJi.n¡ va.lue in i:otil'i-i:e ¡enerar slope ancl lhe vaile',, r,:l:,ef
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factor gxoups. This indicat,es that i) as the mean gradíent angle

decreases t,he relj.ef urill increaser'or vice versa¡ and ii) as the

lengt,h ofl-.f he .nean gradient increases t,he angle of t,he mean ,grad-

ient decreases. This must mean that for these proîiles, there is
also an increase in t"he fl1.H.D. of the profile urhiclr accornpanies

the increase in relief.

here is also a negative value for t,he maximum angle

in the varley relief factor group. This is associated uith t,he

above considerations, io p. as t,he rerief increases the maxj.mum

angle decreases. These ielationships have already been described

( see f igure s 22 añd 23 ) and t,he f act,or roading values support the

conclusions drauln from the correlat,ion coefficients.
d) nfI Lhe profites measured in the Dand Valley.

The basic factor groups are flound in aII the proflj.

This adds support t,o.the idea that these fu"to" groups reFlect
fundamental attribute of i,he slope=:n the Dand Valley. ft is
possible that, the pattern is common to every valley or slope uhich

has been developed under t,he same conditions as the Dand VaIley,

o¡ possibly it is common.to every landscape.

In summary, the discussion of the correlation matrix
and the rotated factor matrix indicates that certain relationships
b etrueen the parameters hord true : regardless of the locat,ion of

t'he profiles. tllosù ofl t,hese are expecüeci since they are governed

by geomet,ry but'some are unexpected such as the eorrelation
betueen the maximum angle and the angle of the mean valley side

gradieni. This relationship seems to negate the theory of paral-leI

slope retreat since it indicates that as t,he va1ley sides are

Ie s.

a
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erocjed dourn and the varrey is j-nflil.l-ecl the maximum ane.ì.e u.;il_l-

decrease in vaIue.

The fact t,hai there.is a basic pattern ccii.ìiTìorr to a.l.i

t'he profile Qloups, and that oach profile group has characte;:istic
dj-fflerences supperiinposec-ì on the basic pattern, si.rggests that, bhere

are dífPercn.l- processes or other variables operating ruithin the

vaIl.ey.

The differences in the r values and the flacta¡ loadincì

values can be consìidered to be indicat,ive of the conditirrns in ilre

Dand Val.ley. tiihether or not these feaLures are characteristic of
othr:r landscape L¡,pes or occur onj.y in the Dand valley is a

quesLion u¡hich requires furLlrer investigations to ansuer.

The resr-¡lts i,n the ro.tated factor matrix indicate iliat'
:l-n triro of the profire groups, the maximum angle is not a pure var-
iable, This sugçests that some other variable or combinat,ion of

variauies niight provide a better basis than Lhe maximum angle for
determininç those slopes urhich have deveroped in response Lo

¡:art,:'-cular condiLians (of soil, microcrimate, etc.). Tlre results
i=rcrni 1,h:i-s stucly indicate'uhat t,he follouring parameters and norrnai-

distributir:n types may better refrresent slope deve.loprneni. in a

Ç-i.vert area!-

a) the length of tlre n.ìaximum unit, ulith a Ioq normal flrequency

ciistribr.rtion

b) tire vaIley relief,, uj-ùh an arithrnet.ic normal i'reqLJency

cjisir-i-but j.o n. . ¡,¡

"\ 'i-lr;, ,.nearì çrad:'-ent arnçle, ulitir an arit,l'rmeb.i.c nori,laJ.

f requenc / dj. stribu.b,j- on.
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end d)

sQriare ltoot

the maximuär ang j_e, ui Lh e ither
ncrmal f requency cJist,ributi on,

an ari-thmet_i_c Dr ?:,



Chapt,er

C ONCLUS Ï OI{S

1'. The analysis ofl varj.ance indicat,ed that there urere sig-
nificant clifferences betueen proÍ=i1e gDoups uith a normar dis-
tribution of the maximur¡ angles uhich uere selected on the basís

of t'heir relationship to variou.s physical conditions in Lhe Dand

VaIley.

There is a basic di'fference bet,ueen t,he riparian and

floñ-riparian profiles. lUiihin the riparian profiles, it, is con-

clr-lcled that those prof.iles urhich are afflected by urinds (i.". urãve.

action) are significantly different from those profj.Ies rLrhich are

noL unde¡ the direct influence'of ulaves. AIso, 'bhese clifferences

in ihe maximum angle reflect differences in the process (o" set, of
processes) or the intensity of the p¡ocesses in eaclr of these tb-
cations. As st.lch, these turo riparian profile groups and t,he rìoo-

riparian group can be considered to be from separate stat,ist,ical

popuLaüionso These are a) alI the non-riparian profiles, b) the

south valley side riparian profile plus the'north valtey side ri-
parian prof iIe f acing bet,ueen azimut,hs 105 and I4S, and c) the

north valley sidè riparian profiles which do not face betueen azi-
muths 105 and 145.

It, is probable t,hat, local conditions influence the effecL
of the r¡ind directions (prevaili.ng and secondary) ancl that the par-

ticular proflile orientat,ions r¡hich are important in t,he Dand ValIey

ruill not apply el seuthere.

The exact importance of the efflect of ühe secondary urind

is not knoun" Since it is flrom a direction urhich is almost, opposite

to the prevailing wind, and that th'e vaIley sides under t,he influ-



ence oil llrese uinds have a qreater maxÍmum ançJ-e

t,lrat polti-on o1" ii¡e vall'ey urhich is not.afîected
it seems Likety ihat

.ri-J

tavilraqeJ ¿,-ìíln

b), t,hese u,ri-ncìs,

a) these u.rinci s j-ncrË?¡3Ê the rertc of rernoval c;f nla'r-er j a.l- f ::¡rii

the base oF i:he vaJ-ley sir-ie by increased uave act,ion. Tlr-i-s nla)/

accoulnl, for the sieepor ançJ-es floL.lnC in these posicir:ns. The va"L-

ues of the means of the maximum ançIes suçgesi, that'"he seconCary

uind Ína)/ be nore ei'fleôtive than the pr*ovaí1inç urind since the)¿ ¡ave
produced steeper maximum anqles.

b) it would folloul that Lhe proi'iies uhich are no'¿ efj"ectcd
by Lhese uincJs lrave a lou.rer rirean rnu*j-"r* angle due ùo a lou.rer rate
of ¡eincvar of rnaterÍai" flror¡¡ the base of these profires.

The hypoilresis thai urave action is the meciianisnr uhich

rnayz crruse tlrese stee¡:er rnaxirnurn angles is supporied by the fact
tlrat neithcr the prevailing '*j.ncJ not the secondary u.rincl have any

a¡r¡:arent el"fect on the sJ-ope fornation of t,he non-ripar:l-an ¡-rroi'iIes.
r)
Lt o The analysis ar so indieated that surf icial ger:logy and c)i-

iæntat,ion ulith respect to inso-lation recej.ved have not ¡:roduceci sig-
nif icant clif ierences in the maximu¡";r angles r¡lrich uere cjeveloped in
the Dand Valley.

3" There is no significant, d-i.fflerence in Lhe reliefl uithin
the sbudy area. Thus, chanqes in the maxinrum ançle can not be re-
i..a'¿eci to tiris variable.
,+" Tl'le analysis of the i,y¡res cf normal dist,ribut:l-ons present
j-n ihe se-l¿c'tecl vaJ-J-ey side íraraae'¿ers. of eaclr profil.e cttùufr j-ndi-
^--.-L-.-- !l.---LU(ir,lili L¡ìc.ll-l-

a) tire maxi.rnur,r anç1e iras a Log nornial dj str.ibu'¿iori in ihe
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profj,l-e qroup conta.ininç eii ihe profi-ies iìe¿-,s¡¡¡C j-r ihs Daircj

ValJ-e¡,' Tliis iìla)' bc cha¡--c'tc::j-stj-c ,cí' ¿ìnv iie tr:iijCcni:1.Ìus sell;rpl e .

b) tilc c-j aLa D1' r,:osi cf '"hc ilaríìi;cLcrs i:as ;,,o:í_ì thun riiì¿¿ l;,pc

oÍ' nornal i:l.st,rj.bulion in any ûne !ìtclup of prr_;fiJ_es, indicirtinq
that the tlz¡:e oÍ'dj.stribuij.on is no! impnrtant (it rì:i)/ also indj,-
caie lhat, Lhe sarnple sizes a¡e not large enouglr fcr if'r-i.s typc oj'

analysis. ) ,-lourevel, pa¡emrlie.rs fronl iliflf ereni groups are no'¡ al--

urays characterizeil by Lhe sanle trvpe of .ciisirii:ut,ion wh-icir .r-s i'e-

1a'bed io ii¡e operati.on cif ciiîferent frtDCessiss or vai-i.abir. s, orl

ihat ceri:ain clistribu'¿ions are more usel'ut,i-n dersc¡ibrng d.i.flfleren.i:

paraffiet,ers. No cJefl-inrte cûnclr-lsi.ons Díln lie m¿ide on'Llrese t.l-lcor:i-es;

on the basis of'ulie resutLs of this study.

5. The correlation anal.ysis indicaied thai 't,here .i.s a i-rasic

set of'relartionslrips ulhj.ch are conlmon t,o a-'l-I of i,he proí'Í.le ûrouils.
Thes-- are:-

'\ â nñ'ilive correlatj-on bet,ueen Lhe height of 'blle rnaxinurn¡.,UU

un-it ancj 't,he lengLh of the nlaximum unit.
ir) a posi-t-r-ve cottelai,j-on betueen tl¡e heiqht of the maxirnr-rin

uni-t, and the l:'ì. H. D. ol' 'bhe rnaximurn uni-t.

c) a posit,ive correlation bet,'re'en the length of t,he maxi mun

uniì: ancJ the ii. H. D. of t,he maximulrn unit.
d) a posS.i,ive cDrrelat:'-on betueen the maximun ang.le ancl tire

an¡1e of 'r"he mean valley side gradient.

e) a negaiiLve correlat,iorr Lleiureen Lhe mean graciienù tength

ancj 'llre an¡J-e o1' the nrea¡-r q"1dj-ent.

It is concluciecÍ tiral thi:se are a common i'eature tc thr,.

slopes CeveJ-o¡:ecl underblre parLicular condi'b,io¡rs 1.o'-lnd ,i_n 'uhe
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Dand \l aLLe,,,, ¿rni:j possi-b1e ,¿i-i¡,iL tír,;;r

at ieatt, to sJ-opes; ulh:'-cii have cjevej-

ofl cl-ímat,e ¡¡nci liihology,

are cúnmon t,n al-I slopes, or

o¡rec1 uncler- sir¡i-l- ar coi.lrji,¿inns

iacii ¡:lof,ile qroull has correlations bet,¡een ilerri.:i,rÊ'ue:ls

uhiclr are uniqr:e io that qrcLrp. ï'c is concluded tiiat tirese cor-
relai:-i.ons ate ci-raracteristic of the condi.t:.ons r.rncJer uirich ilre
çroup in auest_j.cn has deve.loped, Äs suclr, ifl siäriJ-ar rej.ationslrips
a¡e founcj in oLher areas, it can i:e suspectecl thal the¡r are ti-re
¡esuIt of conditj.ons corresponding to tlrose in the Dand Vaiiey.
6. IL is concluclecl.tirat, 1,here are'Lhree basic parametErs

f Iom Luhich the [:asic clraracter:'-stj-cs of aII thr: profli].es c7¿, be de-
rivcd. These ar€ j -

a) t,he lengLh of the maximum unit,

Lr) tne vaIley, re1-i.ei

c) ti:e mæan çraclient, angle

It is pr:ssiirJ-e that t.hese may be basic to all- landscape,
or aì; Ieasi; t,o 'Llrose areas u.rhich have similar climate and l_ithoI_
oq)/ to thr: D¿lnci area.

l'lre diff=erencËs urithin the study area. can be comptet,ely
clescribe':d hy a consicjeraLiotr oi tuo aclditional paramet,ers (i-n adr:l-

ition to t,lre i¡asic pararneters) - the maximum angle and the Iength
of the mean gradient. 

,.,
7 " This st'udy has indicated that, a comb:'-nation of þaramet,ers
may ¡:rovide t,he best means ol" evaluation ofl t,hose slopes uhj.ch

irave flo¡r"'ecl :Ln response to var.ious condiLions. These paraneiers
ar.e the nlaximr-:m angle. ancj Lhe'-l.eng'ch of the mean vaJ-ley side r;rad-
ient. In anal-yzing profile !rDUps urhich have been seJ.er:Lecl on the
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basis of t,heir reration to various physicar variables it, may pro-
vide a more sensítive test for selecting the impo.rtant groups if
both of these paramràters u,ere examined for normal frequency dis-
t,rib utions

, B. The ra.i that, the lengt,h of t,he mean vaLrey side gradient
increases ulhen t,here is a deerease in ihe maxinrum angle has sev-
eral geomorphological implications.

' If tlre j.ncrease in the length of the mean val1ey side grad-
i"nt has result,ed from colluviaI depos:l-tion at the base of the slopes,
then t,his correlation suggests that parallel slope retreat is not
occurring and that the maximum angle decreases ulith time.

The correlation could also indicate that there has been.a
change in the relative .rate of supply and removal oi ma.berial, if
t,he st,eady state condition is assumed to be true. These results
suggest t,hat, there may have been a decrease in the rate of refirov-

ar of mat,eriar or an increase in the rate ofl suppry, since both
of t,hese conditions ulould 1ike.ly produce Iotuer maximum angles.
Changes such as these may be ã reflection of chançes in climat,ic
conditions, possibly from a more humid climate to a drier clima.te.
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B4

i) A Summar of the Pleistocete Historv of south luest filanítob a1

The south uest, port,ion of lÏlanitoba and the
northern part of North Dakot,a uere'covered by ice originatíng
f¡om the Keeu/atin'ice centre which uas located to the uest

ofl Hudson Bay. :

0n deglaciationr' many, lakes-f ormed at t,he

edge of the ice sheet uhich uas brocking the normatr drainage.

One of t,he first lakes to form entirely,in manitoba ulas in
t,he uJhiteu¡ater Lake Basin n€rar Boissevaín. This smalr i.ake

discharged eastulard into urhat is nou, the pembina River.

Glacial Lake Souris uas in existence in
North Dakota at this time - discharging through the sheyenne

River to the south. A slight u¡ithdrarual of the ice caused

the rake to expand into lflanit,oba and also opened a rouer,
ruestern outret of the lake in the tuhiteu¡ater Lake Basin.'

ttretreat of the ice margin north uestuard to Dand ¡emovedthe source of this small rake (in tne ujhiteruater Lake
Basin)3 and uncovered an outlei (fne Dàno 'Spilluay)....
through ruhich Lake Souris discharged north east iätocarrorr gracial lake .... formed bettueen the retreating
lfloose fflountain Lobe and the ice flouling westuard up t,hã
Assiniboine Valley. (See Fíg.24). -

1 Tni" j-s largely a summary of J.A. Elson, "pleistoceneHistory of South li/estern fllanitobarr¡ p.62-73. rn Guidebookr,
.Nin!h. AnnuaI Field Conference of the fllid-l,Ue_stern Friends.gf t,he
P1

2 ',ì'l John A, E1son, rrsouris Basin G1acial Lakes, South"
[Uestern illanitoba¡ Canadatr, (abstr, ), Geol. Soc. Am. BulI.
68, po 1722, 1957.-

3 Brackets are the authors.
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..\ii) Profile 0rientation

The orientation of each profile unit cont,aining the

maxiinum angle u,as mBasured aFter the profiles had been plotted
on a map. The azÍmuth recorded is the direction u¡hich the

slope faces¡ie. as if measured r¡ith your back to ühe valley
side. The follouing table lists each profile number and the

corresponding azimuth of that, profile.

South .VaIlgy Side

Profile No. Azimuth ofiLe No. Azimuth Prcifile No. Azimuth

1

2

3

4

5

6

7

o
L.)

I
10

11

12

13

14

15

16

17

300

293

3gs

305

301

300

30s

304

318

316

318

325

32s

320

315

313

321

312

306

300

300

307

282

392

299

s16

392

301

308

310

298

322

322

347

35

36

37

3B

39

40

41

42

43

44

45

46

47

48

49

50

51

340

342

,347

341

342

350

345

3s0

360

333

343

345

330

332

360

337

327

1B

19 
\

20

21.

22

23

24.
,:

25

26

27

2B

29

30

31

32

JJI

34
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ofile No" Azimsrth rofile No" Azimuth Profile NB, Azimuth

52

53

54

55

56

57

5B

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7?

315

318

31s

34A

360

3?3

340

342

34?

345

510

323

328

308

306

297

313

315

298

295

31e

310

315

312

317

328

320

31s

340

293

320

324

330

346

350

360

10

17

25

40

15

'17

5

360

3s3

342

340

325

356

320

315

318

'lo4

105

106

197

108

109

110

111

'112

113

320

330

322

s25

338

344

346

354

335

360

78

79

8û

81

a2

B3

to,

85

B6

a7

88

89

90

91

92

93

94

95

96

97

98

99

100

101

1s2

103



North Val"ley Side

Profile No. Azimuth Profile Noo Azimuth

¿i ù1

Profile No. Azimuth
1

2

3

4

5

6

7

I
I
'¡0

11

12

4Z

14

15

16

17

18

19

2.O

21

22

2s

24

'124

126

114

136

130

1',|1

131

148

135

135

130

14t

'130

127

125

90

119

1'18

123

12s

12'l

125

123

118

25

26

27

2e

29

30

31

32

33

34

35

36

Jf

\gg

39

4A

41

42

43

44

45

46

47

48

111

109

"114

138

160

150

157

180

158

162

162

161

lA,g

' 'l?s

180

155

155

15s

162

'l49

165

16s

145

155

49

50

51

52

53

54

55

56

57

58

59

6rl

61

62

63

64

65

66

67

68

69

70

71

72

147

tr4s

14A

152

140

162

'165

157

147

14t

148

168

180

151

143

'136

114 ¡

123

132

'!32

140

'! 38

'i 38

120
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Profile Non Azimuth Þro fi eNo Azimuth file No A zimuth

73

74

75

76

77

TÖ

79

BO

8?

82

ort

84

85

125

146

f65

167

167

168

f55

182

180

180

185

188

194

86

87

88

B9

90

91

92

93

94

95

96

97

9B

284

186

'¡ 80

175

178

183

175

17A

160

'åse

f60

158

145

99

100

101

102

103

1A4

105

106

187

108

109

122

132

14t

't45

145

"143

173

188

'¡ 8t

189

295
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iii) Uiind Frecuencv Analr¿sis

Souris, [/rerit,a, and Boissevain are t,he onry ueather
stat,ions which are located in the vicÍnit,y of the stucly area.
UJind data is unavailable for the t,oùn ofl Boissevain. filelita is
locaf;ed to t,he r¡est ofl Turtre fllountain uhich probabry has a

considerable ef f eci on t,he uJinds in t,he surrounding districb,
and for this reason the'data from this'station u¡as not consi-dered.

The tourn of Souris is north of il-re study area , but sj.nce it is
locat,ed on a similar position tuith respect to ïurtle lïlountain
as bhe study area, it uas felt, that, an analysis ofl the flrequrencies

of tuinds at, Souris might provide some indication of the tuind

conclít,ions in the study axea.

Fig. 25 is t,he result, of t,he invest,igation of t,he

uieather dat,a flnom souris.l The t,otal f requency of occurrence of
uincls from eight'compass directions uere caLculated from these

records. The period ofl observation u,as from 1g1z to 196g, but

the ¡ecords are not compret,e. There are onry a t,ot,al of s,410

ulind observations or about 135 observations per year.
.,.."

The t,able indicates that most of the time the u¡inds in
the Souris area are from a uesterly direction, ruith the prevail-
ing rtind from the north r¡est. There are secondary urinds from the

t,he south east and Frp m t,he north east.

lThese u¡eather
by R " Iì,l. Sanderson, the
Plai nsde aler.

re cords ulere
editor of the

made available t,o the author
SourÍs neu,spaper, The
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Fig. 25,
tiJind Frequencies at Souris

Frpo-uencr 
-, 

q{FlerqgencJ,ææ

ßti

5E

SIU

235

571

425

813

298

B9B

BBB

1?O2

74

5r4O4

4.3

1t.6

7.9

'i5.0

trtr

16,5

16.6

,cc

42lo.J

I,U

NI.IJ

Calm

Tot aI gg,g

Since Souris is to the nort,h of the Dand

and ühe ureather dai,a is incomplete, it is realized

analysis can at best provide only an indication of

actual uind conditions in the study area.':

Channel

t,hat thi s

t,he
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i ) Preliminary Calculai,ions

The measured slope angJ.es and the corresponding map

horizo¡rtaI clistances of each slope profile unit u/ere t.ho basic

cia'¿a l'¡:om r¡¡hich the follouing morphologicar paramet,ers uera

caLculai,eci by comp uLu r. 1

1) the height, (fr) of the slope unit containing i;he
maximum slope angle.

2) the height (H ) of t,he valley side u¡here the proflile
ulas measured.

3) the true slope length (l) of the slope unit containing
the maximum angle. 'i''

4) ihe Iength (f-) of t,he hypot,hetical mBan vaIIey side
gradie nt,.

5) t,he angle (e) of the mean va}ley side gradient.

As ure1l ae the above inflormation, the computor was

programed t,o print out t,he value of the maximum angle in each

profilerthe map horizontal distance (*) of the slope unit,

conÈaining the maximum slope angle, and the'tota1 map horizo.ntaL

distance (X) of the entire pro'file. This additional information

uras prinLed in order t,hat' all t,he data u¡ould be available in
convenient form for subsequent analysis. The compUtor output,

is flound at the t,ab1e at the and of this section, as is the

fortran program used in the calculation of t,hese parameters.

paramete"::" 

fol-loruing formura u'ere used rn calcuLating the

+ .cÒoo

+ ooe ao

xn

h
n

X=x1+x?
H = h1.* hZ

1S"" Fig. 2'o f or an
of each of t,hese parameters in a

illustraLi on
profile,

ofl t,he position
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h = tan b, note that
parãmeùer s.

ì-¿,\XSêC
õF6'

tanB= Fi

^

x and b are the measured

L= X;æ-E- =XsecB

1r

:
I

i

,

h2

:

.i, .i,_-.__/.-_-.1_

X

Fig. 26.

A Hypothetical. Valley Side Profile Illustrating
the Posi t,ion of the Various fYlorphological Parameters

b - is t,he angle of a slope unit.
The remaining symbols have been defined in the text"

The subscript numbers refe¡ to t,he position of thq slope

unit in t,he profile, for example, b,, refers to the angle of t,he

slope unit at, the top of the proflile.

I

Utl

*1
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DiSK OPERATING SYSTËM/3óO FORTR,ÁN 3óON-FO_45i 2C

D ii'i:¡isItiN x(7 ), At7 )
l0C FCd,,v;ÁT I i,3r7(Fó.irF5.L) )
zOL FC:li/¡AT { iH, L3¡ZX¡4F15. ir ?_FL5.l?F L5.4rFL>"L/,t202 FO;l¡1AT ( i3t2X,4FlO.Ir 2FLtJ.IrFi0.4)

F ( S, T i =S8RT ( S*S+T'¡T)
G ( U, V) =U'r.SIN { V) /COS ( V )
c- :ò. L4I59 / L80

I R.EAD {t,I00) N, (X(I) rA(i)rI=lr7)
IF (N) 20"20rz

2 XSUM=0
l-iSUM=0
Á|.'iA X = O
D0 i0 I=lr7
IF (x(I)) 11rll,7

7 IF iAMAX_A(I))B¡9T9
8 AMy\X=A(I)

Xi4AX=X ( I )

9 HSUùi=HSUM + G{X(I)rC*A(Ì))
t0 XSUtì=XSUi4 + X(I)
I1 TANA= l-iSUM/XSUM

HirîAX= G {XtqAXr C'FAMAX)
YMAX= F i XMAX, HMAX )
YSUM= F { XSUM, HSUM )

.'y,lRiTË (3 r20L)NTHMAXTYMAXTAMAXTXMAXTHSUMTySUMTTANATXSUM
l'¡tìi rE {2,202) N rHMAX rYMAX TAMAXT xMAX r Hsutvlr ySuMTTANA
GTTCI

20 CALL EXIT
ENù

i.Iiì. ,/-/.



å. Sout,h V alley Side

Prof iIe l-lt. of lflax. True Lengt,h
No. Unit of fflax. Unif

2

24.4

36. 3

+1 .9

34.6

41.5

17.3

/t9,4

30. 9

18.6

47.2

24.8

5'l .4

3

Fig. 28"

C o mp u t. o_q;Qgt ggj j.lJFJ o p e F. ¡ !.f i t e*LaJ am e-t, e r g-

4

5

6

101.0

199.3

219 .6

199,0

433.2

99.5

473.4

295.6

119.1

492.3

158.0

453 "7

7

B

lrlaximum

I

Ancle

10

'14.0

10.5

'11.0

10"0

5.5

10. 0

6.0

6.0

9.0

trÊ

9.0

6.5

11

fll. H.D. of ValIey Length of

12

filax, Unit

98. 0

196.0

215.6

196.0

431 .2

98" 0

470"4

294.t'

117 .6

490, û

156.8

450" B

tiìerfler t¡ the key at'che
abbrcvia b j-írns ø 5ee Appendix
of thc palai,..eLe¡s in a slope

Heiqht

48. 5

39.1

50. 5

4¿t.2

55. 0

69 "'7

62.3

47.3

60. I

51 .5

53. 6

59" 6

fllean SIooe

27 8.7

219 .1

492.6

433.5

883.7

806.6

766.9

726.7

747.3

5g0. 2

668"6

844,9

fflean Gradíeni Total I'll.H.D.r(
Tanqent ) 0f Profile

end oi- Llle l;al-¡-i.e. .\B, seciion i) i=¡r
profiJ..:..

a .17 69

0. 1 813

0. 1 030

t .1 024

o. t624

0,0B6B

0.0815

0, 0653

0.081 6

0. 0875

0. 0804

0. 0707

274.4

215.6

490. 0

431 .2

B82. O

803.6

764.4

72s.2

7 44.8

5BB. O

666.4

842.8

t"or c,ì- ¿rri f -i- cation
a diagrarn iuhich

of the slope parami:t,er
ii.IusLrates tha pcsi.t,j.on

\U
Cr



Profile I'lt. ofl 01ax.
No

13

14

U rr¡'. t,

31 .7

34"6

22.6

s7 .4

22.9

27 "5

14,3

55. B

19.1

/t9.. €'

27,9

/t'l "2

/r9, B

12,A

21 "lt

13"5

6.7

19"1

15

16

True Length
ofl filax. Unit,

17

1B

140.8

199.O

'¡0u" 6

179.9

119.8

197 .g

41 "7

2BA.O

61.8

221.3

1'7 B. 6

259.1

22'l "3

41"t

62.6

41 "s

2t,7

6,1 " B

19

20

21

22

23

24

2s

¿o

27

2B

29

30

filaxinrusr
A ncle

'¡3"0

10.0

13.0

12.O

1'l .0

8.0

20"0

'11"5

18.0

1q.0

9.0

10.5

13.0

17.t

2CI.0

'19. 0

19 "D

18.0

ftl.H"D. of ValI'ey Length of lrlean Gradient
liiax" Unit,

137.2

196.0

98"0

17 6.8

117 .6

196.0

39,2

274"4

58" B

215 "6

176.4

254"8

215"6

39 "2
5B. B

39 "2

19.6

58" B

F'leioh.i;

48. B

58. 7

63. 0

63"1

77 .1

44,2

7i.7
66. 3

69.5

76.6

45.4

67. B

65. 5

55.4

68" 1

60*1

66.4

66.2

lilean Slo

336. B

629.9

494.O

513.1

534.9

472"5

476"8

436 "3

436.9

534 "?

707.1

572"4

494.4

532"1

417 "2

338. 6

378 "3

378"2

T anqe nt

0"1455

0.0936

0, 1 286

Ð " 1240

0"1459

0. 0939

0, 1 65'l

0. 1 537

0. 1613

o.1 447

0. CI643

0. 1 193

0. 1 337

o.1a47

0. 1 656

0;.1 8CI3

o.17 84

o " 1778

ToLal ifl. l-1. D.
of Profilcr

333.2

627 .2

490. 0

509. 2

529.2

470.4

47A. 4

431 "2

431 .2
qDo a

705" 6

568. 4

490. 0

529.2

411 .6

333,2

3'12. lt

372. " 4
(f
-J



Profi.re lllr" ofl filax" Tr-ue LengLlr û]axinrum û1"H.D" ofl
--.---i!-e-,-- : . =_,Ut.t lç= .="=eL"ilg"ll*__,ú.n,j,-..r=,-,".."=+J}ç'"1.,,i._*="_flsx.,..=ifni l"

31 7.5 21 .A 2'l .o 19.6

32 6.7 29.7 1g.0 19.6
33 24.4 101.0 14.D gB.û
'34 23. O 13g .1 g. 5 137 ,2
35 7.5 21.O 21,t 19.6
36 12.7 41.2 1B.o .sg,z
37 47.5 126.8 Z2.A 117.6
38 16.4 25.6 40.0 19"6

.39 14.2 24"2 g6.0 19.6
4t 6"4 20.6 18.0 19.6
41 

1 . 34,3 179.7 11.0 176.4
42 21 "7 1?7.7 7.0 176.4

43 10.3 9B.S 6.0 98.0
44 18.6 119.1 9.0 117,6

45 4"2 2A.O 12.0 19.6

Va-'l--1ey [-cngl.ir of [¡]oarr Grar.J-r'-ent
I Lr L.1i i ¡ L ._.jil q..r L -gl!i? q._,,. "JIg!'rj:r[ç ) .,,

49 "t 2g8.1 0. 1 66 7

¿i6': 5. 3 20.3

47 16.7 BO.2

48 27.5 197 ,g

38.1 354.9

62.7 630.3

28.1 236.9 0. 1 1 95

54.6' 41 S. 2 A.1326

55.7 241.7 0 .237A

60.8 186.6 0.3445

70" 0 302.2 0.2381

54.8 _12g.7 0.465i
52.0 453.8 0.1153

39.9 . 530.7 0.0755

52.5 'i 85. B 0.0669

20,1 353.4 0.0569

46"O 4g2 "2 0.0940

41 .2 530.8 0.o77g

49"5 51.0 0.CI90g

25.5 139.5 0.1855

0.1081

0. 1 000

'foÌ:al lÍl.lJ,D,
.si- il¡llii i i¿ _,

294 .0

352. B

627.2

235.2

411 .6

2s5.2

176.4

294"O

117.6

450. B

s29 "2

784"O

352. B

490, 0

529.2

5¿+[]. B

137.2

509. 6

1l.o

12.O

19"6

78" 4

512" 8 0 "112t
\l



Prof i.ì.e ll'rr, o1' lila;<, T:i:ue Length û1ax.i.nrum
.-."..-=i[p."_.=--._ -". .U.f ,] "q"" ...--...."..,,9.¡"_..fttg,x".--.!lti, .ü--.-..".,1j1çì.1,,,q=..

49 6.9 39 "B 1 0.0

50 13"0 50.2 15.0

51 '10"5 40.6 15.0

52 12,4 ?9.¿; '. g.0

53 9.3 21 "3 23,A

54 41 "3 50"4 55.0

55 11.2 40"8 16.0

56 3û"CI 66.0 z?.Cl

57 
.11"3 22"6 30.0

58, 3/t,2 75. 3 27 .O

59 31 ,7 84. 6 22.O

60 41 "9 143.5 17.O

61 38"2 123.7 18.0

62 31 ^7 84.6 22,O

63 11"2 40.8 16.û

64 4t. ¿t 2SB "0 g.0

65 3¿t" 6 199 "O .l 0. 0

66 :J6.2 160.9 13.0

li'ì"1-1"0" of' Vaj.-1.ey Lengrilr of l¡lean Gracjient, Toba_l lil.f-ì"D"
liler.?"-J"r.1'1".-.Lle-i.f-rlÉ*-".i{"ç:¿l_,,-_s"lep.ç-._..J,1_q:r"rçJri)= _..,,".e.i ".e.iei"i:s".-_
39.2 ?.1 59 "2 0,1 205 58, B

48. 5 17 .1 Bg.4 0. 1 953 g7 .7
39"2 10.7 5g.B 0.1815 5B.B

78.4 12.4 79.4 0.1584 7g.4

19.6 12,g 50,2 0.2659 48" 5

28.9 /r.5,8 66.7 t.9443 4B.S

39.2 24.1 1.59.6 0.1539 156.8

5B,B 32,7 ,1u3.3 0.333? gB"0

1 9. 6 55" 3 1 4? ^g 0" 4030 137 .2
67.1 44.6 152.2 0.g064 1/+5.5

78"4 3g"7 1ltt,1 Û.SS7Z 117,6

137 "2 52.3 2û2"g 0.2669 196.0

117 .6 43,3 239, A 0 " 1 843 235.2

78"4 62"5 2'51 .4 0.2565 243"5

39 " 2 64 "7 262.9 0 
" 
25gB Zït+, B

254.8 tt]"A 258"0 0.1584 Zïtt"B

196.0 68.5 63t,9 O.1tg2 €t|7.z

156.8 50. 3 317"6 0"1604 313.6
ú :.iu- .l'



Prof'-i..ì-e ll'ú " ofl
No " tJ n-r. L

67 42.8

68 36.6

69 27.{+

70 25.0

71 15.5

72 6"?

?3 
^tD 

.6

7tl , 29"3

75 .18.2

. 76. 1s"2

77 20.81

78 39"1

79 13"Él

B0 45"7

81 12"5

82 41 "'.l

B 3 34.8

84 /t1 .7

ftlax" True Lenqth l'ila;<imum iil.l'1,D" ofl Va.l.J.cy lençl,lr oF üearr Grar:J¡-r:n{, ïotirl lil. f l"D,

125.1 2o.8 117,() 62.4 20s.? 0,3181 196.CI

53.6 43.0 3g.2 77.5 229"1 0.3596 215"6
' 64.9 25"o sB.B 44.4 163.0 o.z}S/t 1s6.B

63.9 23.O 58, B 45. S Zt,l .Z A"ZS1Z 196.0

31 .g 25.0 2B"g 58"? 194.7 0.3160 185.7

20.7 19" 0 19.6 40.6 171"0 O.2tt43 166.1

162.o 1tt"5 156.8 46.7 zJg.B b;1986 zss.z

198"2 8.5 196"0 41r.tr ' 414"O 0.1ü78 411.6
gg-? 10. s 98.0 44.? 76s.4 0.0s8s 76¿t.1

60.? 14.,5 5B.B 55.2 'l(+6"8 O,O?AZ 744.8

1Ot"2 12.O gB.0 64.9 g03, g 0 .o?2o 901.6

161 .6 14.t 156.8 4g"2 492,5 CI.,100/r /190.0

79.6 1 0.0 78.4 33.3 628.1 0.0532 627 "2
239"6 1 1.0 235"2 5ü" ? 531 ,6 0" 0958 5 29"2

6t,1 12.t 5B"B /t1 ,6 256.8 0.1642 ZS3.¿t

2oo"4 12.o 196.0 41 .7 ?-ot,/t 0.2126 196.0

160.6

20a.4

12.5 156"8 34"8 16t"6 a.2217 156.S

12.O 196,0 54"? 356. 9 0. 1536. 352. B

-J
C:)
CJ



Prof'i.-l-e tlL, of
.-.-:l!.p-:.-,-. . -__.U.1,,'.!=-

B5

B6

B7

BB

89

9CI

91

92

93

94

95

96

97

9B

99

100

101

1t2

4t "7

37 ,6

41"9

26.2

24.4

35. 5

25 ,8

12 "5

2A.6

16 .7

22"4

27"6

22,9

18"6

40. 0

19.7

19.3

?.6 "5

ù1ax, Tr-ue Lengl-h äaximum fìl"l-1,D. oÊ Va-l.1ey
q î.-.!'!gx-:-...Un,i-li_-=.,,A-t:qJ..c*.. *_,iíi,qu-:*..U=itil"_,jJe, þI

181 .0

161 .3

143.5

'159" 0

'101.0

141 .7

11t"6

60.1

158.2

BO,2

128.g

159 "2
119"8

119.1

219 ,3

62. t
158" t
tt4 n ô¿II"L

13.û

13.5

17.O

' 9.5

14"O

1tt"5

14"O

12, O

7.5

12. t
'10.0

10.0

'¡1.0

9"0

'lû.5

18.5

7.t

7.o

176.4

156. B

137 "2

156. B

98. 0

137 "2

1t7.3

58" B

156.8

78" 4

126 "g .

156.8

117 "6

117 .6

215"6

5B"B

156"8

215"6

61 .6

49 .3

50, 2

26.2

29.2

50"2

7B "2

57. B

32.6

33..1

27.2

43"2

41 .4

43.5

41 .2

38"6

43.9

47.5

[_errgt,h o
lrlean S.1o

7tB. 3

648 ,7

2t2.3

159.0

237.O

414"7

641 .3

590. B

647 .6

393.4

265" 5

570.0

6{ð7 .7

687 . lt

35s.2

29t"6

707.o

fl

P,=P*

lilean Grarl,i.r:nL,
."". (J-.'11îl.rl!,),

0. 0973

o.0762

t "2562

4.1673

4.1243

o.1220

4.1229

0.0983

0 " 0s04

0 " û845

o,1t2g

o"0761

o . 0621

0. 063/+

t.1167

O.13/i2

o . o622

ïoi:a.1. [í1. lJ " D,
r:f'Proí'i-te

705. 6

646," B

196.0

156.8

235.2

411.6

636. 5

5BB"O

6/16 . B

392.o

26/¡.1

568.1i

666.4

686" 0

352. I
2BB. O

705" 6

569"4570. 4 0.0836

J

.l



Proîi1e Ht'' oF [iax' True Lengüh. fi]aximum lt.lo H'D' of varlcy Length of lrlean Graclient Total tr].ll,D.
--Ir-q:--*-.uril*-"-o-l-!1er,,--u-rlg:*-årg}s-*-:,t.eð ::r,l*-.-rþ:-s!.1:-.-l.r.ggl"--ÞJseu*-.*-us:-qs$)__*_qt*p*rs_tll_q*_--

'¡03 36'3 1.99.3 10"5 196.0 56.5 r 
551 .-/ 0",iû3CI 54A.g

104' 31 ,'r 'r7g.1 10.0 176.4 5g,7 805.7 0.û731 803;6UUU!

105 3g"g 200.p 1'¡.5 196"0 50.1 492"6 t.1a23 rrg0.0
'106 45.8 220.4 i12.t 2,15.6 51t.1 512,5 0.1t51- 509,6

1t7 15.5 gg.Z 9,0 98"0 51 .Z 746,g 0.068? 74¿t.B
108 3?.2 ''218"A 8,5 215,6 55"5. 10/10"3 0.û53/1 103Ð"8
1og 3'¡ '3 276'2 6'ti 274"4 .4.2"n Bott.7 0.0:i2s 80J"5
110 34'6' 1gg'o 10.0 196.0 sg"z 1118.8 - 0.0sg0 1117.2
111 32 " 

p,. 1g8 .7

.-112, 11"7 ?g.3 g.5 7g,4 2B"g 354..0 0"0818 352.8
113 24,9 'r5B"B g.0 156,8 51 .,r 453.7 0.1133 /150,8

*s
if :,
\J :.



,B " Nort.h Val -ley Side

P¡:ol'i.l-e l-11;" of. fr]ax, Ttur: t-enqttr fi1axinlur¡ frl,Ì-1,D. of Var]-ley Lcrrrgùþ ol. û,learr Gratlj.snt, Toia] ftl.ll"í)"

1 13,6 60"3 13"0 56.8 3g"B '277.1 0,1415 264,2

2

J

18. B

31 .0

37 .6

aa,l.U ¡ L

'15.0

?-2"6

4

5

6

80. 6

198.4

161 .3

120.9

42.O

100. 6

14t,2

41 .O

20 "7

143 "9

200; B

21 ,O

2t.7

180.0

80. 0

123,7

41 "2

B

9

.2n"9

12.O

6.7

/t3"3

43 "5

7.5

ãt-

J:]"9

16.0

39.2

12.7

1CI

11

'13.5

9.0

'l 3,5

'13.5

21 "t
13.0'

12.O

'l?.o

19" 0

17 "5

12.5

21 "O

18" 5

1'1 .5

11,5
,I B" O

1B"u

12

13

1¿¡

7B"t+

196."0

156"8

117.6

?oo

98. 0

98.0

39.2

19"6

137.2

196.0

19 .6

19"6

176.4

78"/+

117.6

JY. I

15

16

17

38"4

tt6.5'

5'1 .1

64.1

56" B

47 .7

47 "3

58.2

54, 4

62" 1

65 "7

65. 3

á,4.6

55. B

52"0

6',1 .B

5'1 .51B

238,3

f, ta.z a!lrJrJ ¡ Z.

395"1

591 .5

280.,2

317.2

317.1

357 .6

357..0

377.5

630.6

378"1

47 2.5

45tt.2

453. B

377 "5

337 "2

o " 1634

0 " 1031

A.1/t56

.0.1090

o "2071

0. 1 521

0. 1 508

CI, 1 650

o.1542

0. 1 669

0.'10/+B

o "1754

0. 0949

4.1237

0.1153

0. 1 660

0"1546

235.2

450" B

392 "rJ

5BB" O

274.4

J IJ¡ Tì

313,6

nç.t .J
tJJ¿. Ll

352, B

372. /¡

o¿t.l

372.4

47t"4

/r50. B

450.8

372.4

333 "2

J

C]
(.,1



Prol'i.l-e ilt" ol'
--*". *.N. 9".,,..._. ....._ _l.,l.tt:,'- !

19

2A

21

22

23

24t

25

26

27

28

29

3û

31

32

JJ

34

35

.1 b

irl ax ,

'7 CtÌ

lt2u O

oduc I

/t,A,'7

/t9.,ã

'¡3"5

19 .1

si| "2

25"5

26 "2
52.5

30"/t

4n 4luo I

l¿jca

nn âgJU o I

24."O

cíl øJ

True LengLh fiia:<-inlum lll.lJ" D" oP VerIJ.ey l-engi;h of l¡iean Grac.l-i.¿nt

41 "5 '19"CI 39"2 5t.4 356*/1 0,1/+30

21 .1

1 62.3

21 ,2

181 
" 

0

259,6

4.1 "5

6,1 "B

87 "2
82,4

'159.0

2A2,9

12.1 ,5

B 0..5

83"/l

84, 0

e2"0

.164 
"O

22 "t
15"0

22,5

13.C

11"O

19.0

'18. 0

26 "t
'18. 0

gu5

'15. 0

14.5

13"0

20,4

21', A

17.O

17.A

19"6

156"8
' 19,6

17 6.4

254,8

39,2

5B"B

/Èle¿*

78"lt
,156 

* B

196 "o
117 " 

(t

7B,4

7B "4
7'B,4.

lAø4

6,1 .5

640D

7 C,4

73 "7
65 "7

61+"6

69"2

7 4"6

( /.oÐ

26."2

61 ,6

51 ,6

40.8

45"3

52.. !+

.7t"7
50"0

/+15 
"2

n Ì-\,-l .)
J2 t c L

709"1

C)OË 4UuJo I

*)Y¡lrb

397,3

436.6

2X8 ,4

36A "2
159"0

4.55,0

3t7 "7
2Êr8 "1

7_11,2

241 "O

31'.| "4
4 CtF2 .2
lLJrJogì

ti 
" 

1z¡99

u"1633

CI, 0998

0.0835

0.1677

o 
" 1647

0,'i 582

0,3635

0 * 2053

4.1673

o 
" 1366

o "17't3
o "16{Jz

0"2195

t.2227

o.2331

0" 2834

ÏoLa-l- [Íl"l-1"D"
r:fl [:rot'-í.-le:

aÍ- ñJ-lá o Cl

1+1t 
" 

6

392, 0

705"5

OtJl. o U

392" 0

392"C|

431 .2

¿u3oJ

.7 ç:a n
JJI-o(-l

156"8

/rii0.B

303.3

.1-¡¡,l.Ð (-t

2[]6.3

?.35.7_

303"3

4'7 Ê, /tI ¡ UO*i156"8
f:)
;-:



Prol'-t-le
ttlo,

37 11ç.7

llL" of"

?o

39

/tCI

41

42

4J

4¿t

45

lt6

47

4B

4ç)

50

51

5?

53

¡i4

Uni- b

f'lrv

9,4

40 "7

1-9.0

1ã,2

l¿lo I

1t_).,,9

'7.íl 7

Jløl

/-Li e I

40 c:lL.oJ

'i I "'i
J-l a rJ

7.5

Zli ,2

'f¡:ue Length friaxÍnlum lll.l-1.D, ofl Vallcy Lengì:fr ofl [¡lcan Gra.Jienl,

60"fr 1/t.O SB.B 58"8 338,4 t,1766

30"4

181 " 0

99. u

79.9

70"6

1ü0"0

217,7

393,8

1g7 "5
60"1

80.5

'i 60.3

21 .tJ

?3"5

1B'i " 0

4A"6

41"A

'18. 0

'¡3"0

.11"0

f1,0
'l?.0

'l'l 
" 

5

LëoJ

'176"4

9B,t

78"{t

69 "1

98"0

215 "6
392"0

'¡ 96. 0

58.8

78.4

156,8

19 06

69 "1

176"lt

'40 )

'1 (] c

52.9

5'i .0

67 "7
2€r"2

27 "1

4û" 5

31"7

37.7

28.9

3.5,2

44 "5
43 "3
43.6

5/-1. 'l

5t,c

37 "7
A'1 2

40 "7

8"0

505

in"5

7.CI

12"O

't3"0

12.O

21 .O

20 *o

'T3,û

15.0

17 "A
4rJ n
12,øt.l

492.6

n2Õ 44t Jo t

7tg"B

0.1103

o"'îB6o

0"û960

û" 1 338

0 
" 

0890

0"1ó¡s

0"1077

0.0963

0. 061 3

0.1156

0" tB1 2

0.08/i9

o,1412

A "157 
lt

0"1700

o "2272

a "?_475

197 "7

3û5"5

39{+,1

?_95 "7

393. 8

471.3

315.7

5/t9 .6

511 "4
/t33 

" 
(+

s41 ,7

2gB,2

17 4.3

181 .7

ïota.l. iii" H. D 
"ofl Proí'i.'! o

333 "2
479 "7
274,4

705-6

196"0

30/1"3

392 "O

294..r)

392 "O

470"4

313 ,6

547 "B

509,6

tt31 "2

J¿I J.5

294t, , O

166 .1

1? 6.4.

j
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Prof'-i.Ì-r; ll{:" ofl
lJo, U ni. L

55

55

57

5B

qct

6D

61

62

OJ

64

65

66

67

6B

69

7t

71

72

'i3.1

fïlax 
"

15,2.

1|i."8

lóo I

21 "fi

True L'cnq'bl-r Û1ax-imr-lm ftl'H"D. c¡Ê VaJ.ley [-errgt,h oÍ' li]ea¡r GraclianL, l-oÌ;al1 i,ì"ll.D:

BC'5 13.0 78,4 /t6,6 '268-2 0. 176fr z6tt*1
'7A oI ¿oJ

nA,7

65"/+

53. '¡

4A "g

2{¡,9

21 .O

" 34.2

21 ,A

63"0

42,g

:3ú 
" 

4.

BO "2

217,2

6e'9 '2
5g"g

157 .7

I lcìf

I i,r ,. ''

l*il

!.'J 
" 

¡-)

7"5
Â^1/.rû

j I 6'\i

Q"lt

4U. t7
I iro I

.C E

66 ,1

11 "/t
'¡6,5

x.1 ,t)

17 "A

26"0

24 "n

16.5

38.0

21 .t
55"0'

21 ,A

21 ,t
24,,ù

1B"u

12,o

7"0

5.5

11"0

6o0

78.{+

48"5

StoB

/lBu5

39 *2

, '19"6

'tg *6

'||9,6

19 ,6

5B"B

39 "2

28 "g
7 B,t¡

215"6

696" 0

EO O!UoU

'¡ 56,8

37 "3
Lúa(,

40,tr

39 "2
lt6 "2
ltlt.8

/J"J

68"5

43,1

/tO t)-lLraLl

4Cr" B

/t6 ,6

4t "4
46 "g
qñô
lao{

6t, 5

39.9

29.5 
" 

tt

'168,5

96"5

'l L14. ,6

2'a1 .4.

It23 
"3

322,1

262 "g
zno.7

356 "2

;'156 
" 

5

365"1

277,lr

550" g

'¡08i.J"9

7 AB 
"?.

629,5

o.126e,

o,1696

t . lt6t'l

O ,4¡ff|¡Ç

8.2357

0, '? 064

0 
" 
2338

o "27 BA

t,22A'l

il"13B3

Q 
""1 

/t,Qt¡

0.1 268

O "1/t7 2

û 
" 

08511

0" 07/+0

0. tB 57

0 
" 
0637

294, û

1 {¡ô ,1

ç11 "7U¡ O ¡

97 
" 

['t

'196"0

4?.o,g

'i13"6'

atry ñ.'.J.JoC)

1?i5"0

?Lì.) O
L,\J4 G L,

i':ií3 "2
362"1

:¿?4"4

5/lB.B

à ¡1¡- -tlt_tloþt-J

/ tJLl o fl

627 "2



Prol'i-ì.e tllr" ol'[1a><" Trr-lr: t-engl-h [¡]ax.i-rnum fü.1-1"D" of Va1.-ley Len¡th of' []eair G_,-.¿rdj.r:ri:

73 1'1,3 99,5 '¡0"0 gB.û 4b.s 6/iB"/¡ 0.u?00

74 ?-9"4 '¡88"0 9.0 185"7 56.8 g3?.2 t.0611
75 99" B 255" s zs"o zss.z 1sz,g B/t6.4 0.18iz
'76 33.5 257"t . 7,5 254"8 58"? 1001.3 û.058?

77 27.5 159,2 .10.0 156.8 62,9 903.8, 0.069g

?B 38"1 1gg.7 11.0 ,196.0 67.2 689,3 0"098t
79 54.2 260.5 12.o 254.8 7g"8, B¿t5,5 o"og47

B0 36.5 .142,0 '¡5,0 137.2 47.7 346"8 0.1388

81 36.1 218.6 9.5 215.6 50"0 ¿t7S.D 0.1O62

82 /16./+ 355.8 ?.5 sïz.B 62.0 6s0.3 0.10s6

83 23.t 139"1 g.5 137.?- ?4"2 5?3, 2 0. 1305

84 /r5"ll 2o1 .2 '¡3.0 196.0 65"7 600,9 0.1100

85 52"1 240,9 12"5 235.2 '78.g 671.1 0.1184
86 53,3 279"5 11"0 27/t.4 6G.? 552,8 0.1216
87 17 .3 gg. 5 1 0. 0 gB.0 56,4 532 "2 0. 1 066

BB 41 "5 433 "2 5. 5 431.2 ',57 .1 gen ,7 0. 0585

B9 -l.J o .J 160.5

ïotal lil" l-l " D 
"

q il. .ll *¿1..:,1,?._._._.- -

5/i6. B

93û. 5

832 " 
r¿

999" 6

901.5

686"0

842"8

3/.r3"5

47û; /+

646 "B

568"1r

trfl? 2¿) I . \)

666"4

51+[]. B

52c) " 2

980.0

793"312"ú 156.8 65, 1 796.A c. 0820 -rcl\]



Proflire Ht' ofl filax' True Length. fiTaximum lÍ1'H"D" ofl .vaflev Length of lriean Gradient ïot,a1 ,,].'.D;*J!":_*_.*U-lå!_ " * __glJe¿:_$Ll.__.."¿lõ1" __-rfiqx" Unir_ lt_e-r-qt_,t m"ql*.elope (ra¡_q_anr) or prol.i_te
90

91

92

o?

94

95

96

97

9B

99

100

101

102

1û3

104

1û5

106

22"6

40. 0

4t5 ,7

61 .9

12.lt

otr'U o sJ

35 "O

LUèO

13..8

13" !
.2t"7

29. t
30"9

JOc I

2/¡, B

19.7

36 "2

1.00.6

219 .3

375 "2
' 47 4.5

118.2

69"6

413, 2

156.2

72" 6

70.4

'119 . 4

256.4

295"6

257 .6

17 8.1

119. " 2

160"9

1 3.0 98.0 46 "B BBg,2

'i.0"5 215"6

7.t 372"4
' .7 .5 470.4

6. o 11? .6

7.O 69.1

5" 0 411 "6
6.0 254"8

10 " 0 78,4

11,O 69,1

'10.0 '117,6

6. 5 254,8

6 . 0 294.a

8.5 254"8

8"0 176"4

9¿ 5. 117 "6
'¡3,0 156"8

54.2 7 66,3

45 "7 375.?_

66"8 6U2" 0

53. B Bti\ "F
59.1 104û"5

5/r. 5 266. 3

53"8 805.¿¿

56" û 1û2t "7
39. B 492"6

25 .9 3g2 " 
o,

4A"7 5gg,ti

52.8 746"7

't2.û 945, g

58"2 84/+"8

59, B 649.6

57."9 483" 5

0.0530

0. CI709

o.1.229

t " 1117

0. 0638

0 " û569

0.0713

0.0b70

û. 05/r9

0. CI81 1

û.0i560

0.0692

0,0709

0, 0854

û " 0690

t "t924
0"12û5

.882" 0

7 64. ¿v

372,1¡

598,3

A¡1 LJ(,-¡L+ 4 ¿ U

1tJ-38" B

( ö¿.." ¿.!_

Bü3,6.

1A1g " 2

It91 
" t

397- " tl

fi aì fr r-ìJLJLJ. LI

74.1+"8

O /,O f!

8!+2 " í3

6/i6"8

480.0
J
il
L),ì



Prol.ire l-lt'" 9n lilax' True Lengt'h filaximunr ¡1.H"'0. of val-ley Lengt,h of lriean GrarJicnt*l!.e-:**-":U.ni.L*--*p.'Î".lûex.:*u-!l*t:_=_nlõ.-.le_*_--L,iax*-.lllrg_*ffsÆhtr_.*U-"_e!..__glS,p.9_ 
* _ .(.I1t,"-.rsl!Ì-*.107 39"1 1.61 "6 14.O 156.8 62.1 4g3"g 0.1267

1CI8

10s

19.5

38.0

.BO. B

218"9

14" O

10.û

78" 4

2.15.6

54,1

6û" 3

ltBZ "7

474"3

o " 1128

o,1282

Toi:al [l"ll,D;
o f P rof',i- i. e

/190.0

t+7 9 .7

47O " ¿t

?



n' 1û

!C

l. l-r

;¡

Ò

ll

."31':l;¡:,;:r:

ï!.- -l-il riL t-i;i-:-

ibL-l tion

e 1n ¡i-i
4

¡ â n¡'

iroipi-ìOirì

Tec'¿

This -ler.:l: ciJ'1,\)îires

[ije!] Li3û:_i

iJ¡

r,i-rc oi: sslvs:d

'fi

norÍlìaI riis¿i:

r:raXiiìruiìì an!l-

cìra:piei iirre

i.ne varioit s

?
-.r-. 1.,,-.i ^q¡ lQ: '/ J J- ù t

cccL.rîren{la urit.h !i-ra i:irnc::eticai ilenur-ii-'c',, oir

,ir¡l-;-ì-C be expecií:jd;Í-i ihe si:ìl;ìîi-i:'dJäe froi,; L,s

.., ----,---. I --1.' .--t^-'t-..-,- -'- ^cf I ILJ* lird.l (i-l-¡::L-" í¡JU e-:,1-li;ù

The i=tir';ui-e; l'û:: i:l-e r:l¡i-s,,_-rL;are Lesi it
õ

# -f 
t-;

ir;he¡0 i:'Ls ì:he ciisorvecl

fc is -bhr t,i-i etieticari i::Êi ,.r!.ic:-) c\,/ cf

f ierl¡-J{:ìncv ü1. ilct{.jitÊ nc ? î=1,:i

-)
U U L, U À L L; I II.J E 6

?

The ii-r aorei:i-c¿;l- i'reL;uæncies u.'Flrí: cl t-.ïerit¡-nac flnä ?)

/,'1,¿rble ü1 í-Ìúrf;rai cL; r\"/.1 ãieíii¡:; a? :i:il+ Z i.j.sir j-lrili:.o1,. " Ìr,, Li s-j.ric

ihis¡ r,ietl-iod tho lheott,ti:'.c¿.i. flcc; uenc:.e$ oi'Llücr-ritencc rlen t::

easiiiy ca-i-c,..1 .ì-e*'ci+cl fr-r I ?ln)l s';lìíìili,3 size. -l-iie f,oimuia i'ci coi-rvrltiing

an oi;servelC va-l-uc to ?: Z s.ioræ ,lr Z va-l-i--rc -i.s:

f.i F¡i cl-,,ì.s i;:Lris sûc Ceo:rl.: i-ì" iije.iniie::g anC --Ìr.;hn,q.5ci,-i.¡rirari.<s1.Siet:_si:lcs: i+i ir-,i1.¡r:.ii.¡¿ ;:_.¡,:l¿i.ai¡_ci-r, lljai:sucrlii pui:-iisiri_rr! C,, 1962,p'-T

i^ s: Õó r¡tñÕC 1/ tlñ.- -l \.J r_¡ (_. i-i u \J u /_ L, o

2 The -b;rpes nf ¡or¡nal Cist::j-bul-i.nns luiricii ilj,:re exarnintij r,jj¡t:e
i,he arithrnebic nnrmal, ii¡e "iogaij.th'nric nornial, ihe sqLra¡e rooL
nclnaJ", and the ieciprocerl. nninai-, See pate 23"
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¡¡l

7 vûiucs = äìrrìn.* nilsrtuer-i ver -l.rlii5

TI-,i.s t,abl.e çjives cÍre irprcentage ofl are¿r ruirich ruil.i

be in each cl-ass of a nori-nal disir.j-bution curve. ?,'y nuli:1¡:l.yinç

tlris perce nLage by the saniple size, the Lheorelicai flreqLiencies

can be arrivr;'.i ¿i',. fc¡r each class inio uhich Llre nnimal cJ.Lçt::i-

br-lt.j-an has been subclj.viclad. A cj.ass interval of 0.6 arlrl s-ì;.1

cl.essìes u.Ìeie arbi Lrarily chosen f'or all ihe tes-bs flol norn¡al.

r.lisLribuLions"

oi' t. hi n

\a)

For lhi"s

cI asoe s

DIass

The f=ul.i.ouing exarnpJ.e presenls tiio siequent,iari cltlt,aj.l.s

rnethod oÍ' det,err¡inj-nç phe theclret,ical i'requcnci-es.

Chooee iire class ii-rì-erval anci thp nuriri:ler of classe,,s"

e><ampJ-a t,he class interval j.s û"6, and the nt.l¡ri:er ol=

is six" 5ee rC:'-agram"

23/t C
J

;'l

Z vaiues -1,2 -0.5

In Eeneral,

no theoretj-ca} frequency

b) Read from the t,

7 = û.6 Luhich is t"2257

0urve betri;ee ¡-ì 0 a nd n. 6,

ruiìt irave 22.57';!, oÍ' ilre

these values shouIC be chosen so tl'¡at

is less than five for any sarnple size.

able oi= norrnal curve areas t,lre val-Lie fcr

or 22.57T/,. This is t,he percent area 'f
and rneans t,lrat each oi'c.Iasses 3 a¡ci 4

sarrpie s:'.ze fo¡ ihe theoratice;I flierr,li-rãrrci.,lr:l

l-L-,ul¡ç

5 U,i*nberg and Schurnakero op. cit. " p. /t,4.
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c) Read from t,he i'able the value opposit Z = 1.2 u¡hich

is 3e,.49%. This is i,he area bettueen O and 1.2. ThereFore,

ihe area betueen 0.6 and 1.2 urill b'e.38.49 minus 22.57 or ,1,5.gzi/o.

This is the percent area in classes Lwo and five .
d) Since t,he perient areÍì of each side of ì:,he distrj.but,ion

must be equai io 50 .AAî/', the perceni area in classes one and six
uilt be equal to 50.00 minus 38.49 or 1 '¡ . 5 1fr.6

It is realized t,hat, some of the profile !roups have

a small nurnber of proPiles, .and that i!'is diflflicul'c to cle'¿ermine

accurately the type ofl distribuiion for small sample sizês. But

the analy sis uas .at,t,empted flor 'uhe f ollouri ng teasons:

a) ii, was'impossible to increase ,the sample size a'" thÍs
point, in t,he st,udy. l'

b) there is the possibilit,y ihai; an increase in the sample

size r.lould noi appreciacly alter the relat,ive flequencies of

occurrence of 't he,maximum slope angles uhiclr ruere alread¡, obtained¡

That, is i'fl t,he numbei of profiles uere increased by four t,imes

ihere good oossibÍlity that the frequency ol' occurrence

ofth3maXimr".lr;lang1esuou1daIso,beincreasedbyafact,oroffloul.
...For example, consider prof iles in the follouring posit,ions

uith the slope values shouln.

2. 
1

tÒr

,* 
|

'I

2-lll13

", I t I .t,¡
| '¡ I I 

"sl,

,I
,l

I

I

'l
I

I

I

tt
lr
Itl

' 6 
t{o'L,e

of classes
each class.

that ilre values of the class
det.ermines the percenf area of

inteival and ihe number
theoret,ical flrequency ofl
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1_.' This ilrouì cj be especially f rue aiter 'r,he nrof j.ies Lrere
grcuped in'Lo classes' f or the nornal dis'cribuiion ies'i:.

o
'' R. A" Fjscirer, S'Latist::.c?.1..!'inïhoçl_s For leseerc,h liiorlÍer!,

þ r.idj-¡:r.:ili-,: Ciiver an¡i .?c.vcj, 195O2 jr" 8il.
ct- Þ¿lsonal. Col,;l¡;¡;-ce,;:-nn., Piofessor Chebib, aLai-,¡:ri:i;,: l.:¡i:r

Un.j-vi:rsiì;y of irianiici:a, 1-qSi o

3y i:al<ii-rg îcui ct .ijlo:a'i'i;r:s ¿-is l,î..ny ¡,riî:i.ie
íiee.sui¿,rei'¡'ts (incj'i caiecl by '¿ire casheij l-ines) th¿ ej.a¡o rnii=

ci ii,e acjaci;;-,; ur,its lr;.; --l-¡-:e .-,,-¡ e sci¡J cr vel)/ s:i;,;.i,,_¿l .;ô;j-r csa

aLî,=ai,r, irleasuiei. The ovc;aìi eîîcbt oi i,he -i_ncrú¿,secj s:an,¡;ì i:

si.zct ir,'cul.d proi:abiy be ñÊ?:i ::lLy tirc sciíije ai i:o i, lrc c;r.i.¡j.nrl
sei;ri:ie va1¡-.ies icl ihe flrequenc)/ cio occurtence of Èhe r¡: axirium

'7aintJ-¿ u.i¿re jusf ,¡;lu-li,iplied by a í'ac-t,cr of f oui" '

ïiris is e çencral-izaË.ion, but ii j-s lropec that i-¿

tuiir ;us;if y, sul=iicienll-y, ti-¡e use ofl'sma11 sanpre sizc in '¿he

nol¡¡iai cìrstlibu'¿ir:n ana.L,vsisl and'tc allou a reasonê-rly accurate

:ncei1:rebation o'¡ i,ire res'-¡iis ofl ',.lris analysis.

l'he iev'al- of signi'licance used for rejeci,in¡ o:

eccepL,inç lhe Xt vaiue as incJicatinç a nornai ciisi¡:-buiion is
a _.P"0:r"" Ti-:e nurnber'cf Ceçlees of lreedonl l'orbhe conpui;er chj.-

-qscìL,a.i:e vaiues in n - n,, ulrere n t: i,he nurnbær Ð-l classes.-
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HE/IDER CARD l'lUST PRECq.fO', ËaCH DATA SE.T-

i.F NÛî LAST OÀiI¡ 
'SETI.IT:IiÊI'I 

BLANK C41D AT^END OF DATA

IF LAST DATA. seÏ iHer.l -vE, lio- IN coL;,i,,1'3,AT, u*o 0F DATA

ì D iMENS I0N A{ i,5:),,F8.{ 15 t 'Ñiå,15 ) r Sf 6 ) r SS ¡ ó) tCH'I ( ó) I T ( ó ) I X (6 t25o)
r I ÊE(1"5¡ " i''""

i VAR '=ó
1l-fI l'={f
R.EAD { I'i02) (B( I ) ¡I:lrIVAR)

IA2 FORMAT { IOAB) :

RËAD { I' I0O ) KrA( ll 'D' {EE{ I ) ' I=lrKl
lo0 FoRMAT {r2t 2F5.0r ( 8FB.O) ¡

Dû I I=2,K
i Aii)=A{I-I)+D

.A(K)=I0
22 READ (1'I02) (Hl I)'I=1r5)

DC 2 J=L,,25O ",,, '
,R.EAD ( 1,10.i) NFIN, (X(IrJ) ttr=fiIVARl

lOl F0Ri"lAT \L3,z]Xr3Fl0'0r l0Xr3Fl0'0J l

I.' {NFIN) 313¡2 'i. ,.',

2 CON T,I NUE
3 NCD=J-l

tiRiTE f 3,202) (H{I)'I=lr5)'NCD
2OZ FCRMAT (rITEST FÛR NORMALITY r'5ABrr NO 0F PROFILES t 

'I'V//
T ' CLASS NO. UPPER CI.ÁSS BD' EXP FREQ 

. T 
'6XI 

ILINEARII5XI

2 ¡LOG,r7XrrsORTrróxr.RECIPrl ',rr

D0 4 I=I'K
4 FE(I)=NCD''EE{I) ' ::

DO 20 M=], IVAR '

1 DO 5 J=l'IT
S{J)=0 l

SS(J)=0
5 CHl{J)=0

D0 42 I=l,K I

42 N(i,I)=O
DO 6 ¡=1rNCD
CÂLL TRANS(XÍM,J),T)
DÛ 6I=IrIT :

siI)=S(t)+T(i)
6 SS{ I)=SS{ i)+I{ I )*T{ I)

DO i0 I=LiT
ss{ i ) =sonr i r ss { I )-S ( I ) *S( I ) /NCD ) / ( NcD-r ) )

I0 S( I l'=Sf I )/NCD
DO B J=1'NCD
CALL TR.ANS{X{M'J)'T¡
DO 8 l-'=I'IT
/=(TfL)-S(L))/SS('';
DO 7 I=l'K
,IF {z-A(i¡) B'i

7 CONTIf\UE
i=K

B N{L,I):äii"l}+i
D0 9 J=i'i;
Do 9 J=I'i' J)*FE(J))/FE(J)c*i il l'=ði;i i I )+iN ( LJ)-FE ( J ) )rt(Ni I I

UTsK"üPERA J Iì\G-5'Y5I EIV¡/JÕU I-'UK ¡ KAN

ì-l
P.
r¡

\Il

i1

'.1

1l

JþUI\-TLJ-Ti2I L L

l. l
I *t.l
-1 ri: J

l
I

03 / 04 /,67 F
' IF {M-1+') L3tLZt

L¿ l^,.RIÏË l3'202't (

Lì D0 Il I'=I'K
li liRlTE {3,2AÒ) I

200 FÛR.riAT {¡Ü"I5'
,tlRiTE l:"ZCtL) ii

¿A'L FOil'iAî /rer¡Àor
20 t/iRi Íï- {3¡2Ot)

2'i3 t-OLMAT{' ''t
iF (NFlI\) 2L,,

2L CALL ÊXiT
- \l^
i1 i'; J

'.',..ii'i.¡:... ¿i,' r"lt.t'-)it:..1i\,
: , .,,ài'. .. :,. ,.'

CR
l3
H(

,A
r-1
{i4
)L

J

i'-

TMA ] T.

l)ri=-n5)rNCD

{I)rFE(I)r(N(JrI)r
4.r,t-I8.2'3X'BIl0)
),(CHiiI)rI=lrIT)
Xr 4FLO.2tr CHI-

I

J=lrIT)

SQ. GOODNESS OF FIT' )

0 002

l.



'. . . \ii j. ) Analysis oi' Uariance

The analysis of va¡::iun"å Ís a statisLical test. ulrj.cli j-s

usec t,o deteinrine u¡hethel ûr nai siçnif icant cl:'-f flerences exi sL

betueen tuo or more sample äiearr s.

A computor proçtãnr - t,he factorial. anallzs-is cfl varianc€

was used io compare the means of the prof ile grouF s uhicir urere

found to have normal dis'r.ributions of the frequency of occurrencÊ

of the nraximum angles, This prûgraril indicated that, there were

significant d.i.fferences between the meäns of these qroups bt.rt
I

it did not'provide t,he information needed to det,ermine tuhich
4groups had a significant diflflerence. between them.l

ln order to deLermj.ne those pairs of means which have

(o" do not have) a significant difflerence, a second program uras

turitten uhich calculated the least significant difflerence (L" 5. D. )
^ z.sfor eaeh possible diflferent pair of means.''"

1Thi" program u/as ruritten by Professor Chebib of the
Department of Computor Science, U niversity of lllanitoba. I t is
made avaj-Iable to reseach sLudent,s ruho are ulorking under a
faculty member. A cCIpy of the program descrj-pt,ion is at the end
of this section, but ühe for'uran steps in the program are not
available.

2^-See figure 30 for the fortran steps to this progrânìe
, 3_.-The least significant difference is equal t,o

T x E.|il.5. + E" ií]" 5"
I., f^.-l¿

uhere:- r-is the numbe¡: of replicat.es, i.e. the sample size,
of the groups u.ririch are. being compaied.

E.llî.5. - is the'error mean square and is equal to
21 .2C) in t,his case.

, T-is a constant u.¡hich rrras taken to be ?.O in this
t,est (ut the p.C5 1eve3-). S.ee the tabLe cf ï r.¡aIues
in CroxLon a¡rd CouCen, ApBiied GeneraL Sl-at,isiic_s*
G* York: Prentice HaII, lgS% p.BZ5.
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ïhe L"5.D. is subtracteri from the absolute diflference

betureen 'bhe means of the pair of prof i1e groups in question" I f'

t,he absolute uulu" of the di.fference betueen the tu;o means is
greater than t,he L. S.D. value f or t,hat pair ofl prof ile çrûirps it
indicated Lhat the difference betu.¡een their means is significant,

The computer u,as programed to print, û:0 if t,here uras no

clifference betueen the means being comparedr or the actual value

of the difference uhere the latter uas significant.
As an aid in the interpre'r,at,io.n, the means of Lhe profile

çÐoups uere arranged in order of increasing value (fiçure B).

A üab1e of the results of the L.S.D. analysis is presented in

Chapter IU (figure 10).
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i'ïhe tjniversi'cy of ì,tanitoba
putcï Centre ir;oril , 1967

Thís pi'ogram Îs designed -l'o analyze inultifactoriai expeiiments wi-lh
oqual or unequal sutrclass nurnbers. if v¡as v¡riften r.or the IBM/i60'using
FORTR^N lV. ft consists of a main proqram and 7 subroutines. !î requirÊs a
co¡-o s'¡'o,-age of approximafely 110,000 cores and three external s-iorage dovices.

îhe dirnensions are set up so fhaÌ-'r'he progrôm can handlê expê¡^imonts
up -io l0 facio¡-s. lts Limïtaîlons are as fol lows:
(i ) l{¿xinum nunbe¡- oí- facfors 10.
(2) Maximum nurnber of levels for facio¡-s

112,3 = 999

4,5 = 99
. 617,819110 = !
(l) i.iiaxîmum numbe¡- of obse¡-va-iions per cell ggg,
(¿,) Maxímum nurnbe¡- of cel is 16000.
(5)l,lhensecondaryepsilonsa¡.êi-equii-ed,iheywillbecalculafedonIywhen

-ihe pi-oduc','of -lhe number of ieveis of tho tv¡o facr'o¡^s involved does not
exceed /¡000.

'OUTP|'iT consísis of :

(1) Å l'is-i oi' inpui da'Í-a, for purpose of checking.
, õ\l¿i Ê' ¡isi- oi' means, standard deviafions and standa¡'d ei-rors based on both

pooled an,C unpooled daïa fo¡- each level òf each possible combinai-ion of
ihe factors.

(3) A complete analysis of variance for al f . rnain effeci's and înteractions.
'(4) Values of îhe F va¡^iance ration for all main effects and interacfions,

based on the wíthin cel ls'mean square as îhe erro¡- term.
(5) The cooí"f ic I ent of variab i I íty,
(6) Vatuos of epsÌlon and epsi lon squared í'o¡^ each of the main el.{-ects (prímary

Epsi lon)

Q) Values of epsÏlon ancj epsi lon squai-ed i'or each 'iacÌor within each ievel of
all oiho¡' factors (opfÌonal) - Secondai-y Epsi lons.
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DATA SET IJP ior each experiment is as f.ollorvs:
A. Ff ,RST HãADqR CARD

,- irnenf (a lphanumer lc) .
Coi. 41 - 4? Number of factors.
Col. 43 - 50 ii ís prefe;-able io lnciude in tiiis 'i.ield a value (r,rith

' decimal) vrhich is cioso to the r¡ean'of tho da-ia to reduco
roundí ng oi-;-oi-s du¡-ing ccnrputations.

Col. 51 Secondary epsi lon opfion:
Leave blank unless 'ihe secondary epsi ron varues aro fo bo
o¡nitfed. ln thís caso, inserf any varue from i fo 9 in this
co I umn.

Co!' 52 T¡^ansfo¡-maiion option acco¡-cjíng to'the following codo: .

0 o¡- b!ank: no i-ransformaTion
I :,/x
2 z'ç+.i
3 zã+.ñt
4 : Log,O(x)
C . r ^^.) :Log.,o(x+1)
6 ¡ i/x
7

B

9

1/k + 1)

Arc sin lx
Arc sin /x$)ã

Col. 53 - 80 Leave blank.
B. SECOND HEADER CARD

Col, '¡ - 3 Nameof factori(alphanume¡-ic).
Col. 4 - 6 Number of levels of facto¡- 1.
Col' 7 - 60 Repeat the above :lwo entries for the remaining faciors
C. DATA CARDS

Each cell ivill have a cell identif icaiion ca¡-d and one or more data cards.
The format for the cel I ideniification card is:
Col. i - 3 Level of factor 1

Col. 4 - 6 Level of factor- 2

Col. 7 - 9 Level of i,actor j
Cof. î0 - i1 Levei of factor 4
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Col. 1? - 73 Levei of factor j
Col. i4 Level of factor 6

Coi. i5 Level oi. facior^ 7

Co¡. 16 Level of facto;- B

Col. 17 Level of factor 9

Col. 18 Level of- factor i0
Col. ig - 22 Numbo¡- of obsorva-iions în tho cel l.
ïho f'orrnat for fhe da-ia cards is:
Col. i- 4 Obse¡-va-iionl
Co¡' 5 - e0 îhe above entry ís ropeafed for'each remaining observation. ,

::r: ::::,ï'":ï:J:;: " 
observarions' add an addii'ionar

l;,-
;Ð. Tho pi'ogram handles MIJLTIPLE JOES so any number of experiments may bo

stecked and anatyzed wiih one run of îhe program.
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i,' l'.i!-.:t;Î 1,'lrl Y,t\( ?31 ¡ ? (.28) r l-)lF( 2nl
r-11S-fii.)'t:¡ .-1

P.l/iÐ(LrjíJl lxß(I )r r?.(lt, T=1r2t]l
l'if:lrt:: (:l'51 I

i^jírlrr: (?,,r21 .(tr Xß(l)r R(Il, I=l.rZBl
,JrjTrr ('.t,51) (Ir f=lr25l
t'c IIF ( 1r 5r: ) ( Xrl( I I , I=l,Z5l
nfr l.? i=lr2fì
.l =l

I iì=Âíìq ( Xrì( I I -X'-l(.J I l
stì=2. f:\QRT(Ei,tslR( I I + Ff¡S/R(.¡l l

. n=l)-Sn
TF(ilì 2rl{ìrL0

I r1 ñ I t- ( .l I =rr
Gll rn lì

? DTf (.1)=n 'r'

I I .J=.1+!
Tr(..1-25i 3,11r4

3 :rr( l-ll l.rl,4
1+,t=.1-l

' l.ifìJTr (1r.,2*) ir(i)ÎF(Klr K=lr.i)
1.2 f^rìlrTIritt[

r'JP I If: l?'55) (Xn( I l, f =?.6¡281l-riITF (1rq3) {f r[=2(!r2t])
Ílf-ì li [=lt!\

.j rl fr'{ Tfì l?.tqh}
f'lÍ'q l=)/,q?n .

l)íl rì .l=?6t?B
r')=Aiìq { Xß ( I ) -X,q(.J) I
Sñ:-/.r;: SîRTtFt{S/R (f } +EMS/R(,t) I
lr=Í)-S il : .

Ít: |.1 ) (_¡7t-l .. .. .

t', fìIi-(,f )=fi,
lì l-ì Tf! r:l :

7 ¡1 !c(.Jf =r) t'fì cntlTIhtilF ,

'fìl.l|'J¡¡(..l'54.)l'.(nÌË(t('lrR=26'.I)
r,.1 c,/,tl- Eyl'r ,

51 FlrírM^T{2Fl0.C)
'rl F¡0¡i4¡1 r ('r't Ii\IPUT D^TAr/tC TRf:ÀTMËNTr 6Xr¡4ÉAN!.3xrN0 REpLIC^Tf:Sr/)
5?rrìi:il"1^T(1ltlT10lF:[C.?,F],0.0',.,'..
,; ¿ rrirìttAT ( ' L c.Dl"f pARISf:jN nF TREATMENT MEANE,,vIA,,L.S.D. r/ r0! 3x25I5l
5¿+ Fflllr'1^T (lll r Iir 2X, ?5Ëç;21, ,.,',,,
'i5 Ffttt'4nï(t{)Xß r25F5.l/l:, 

:rÀ'i) , ',

'Fig,30.
Program for the L.S.D. Analysis
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iu ) Correlation .

The dai,a ga'bhered during this study j.s r¡el-i suited for

ccÌ't'elaLion analysis sínce as Fisher stai,es'rthe principal

rutilit y of t,he correlat j-on coef f icient, lies in it,s ap¡:Iicalion

io sr.lbjects of u¡hiclr liitle is knoun, and upon ull-riclr tlre daLa

is relatively scanty,ril

The dogree of correlat,ion betureen t,he various parameters

u.,as determined by t,he f actor analysis method by cornpu'.u".2

i¡li1ler and Kalrn give the follouing descrÍpiion of the flactor

analysis teclrniqu"r S ';r'
.

' I n -it,s most restricted sense ure may consider f acto¡
analysis to be a consideration of the deçree oí'
association bettueen pairs of variables. UsuaIly a
nurnber of variables is involved and the deçree ofl
association is tal<en betueen all possible pairs"
This ass'ociation is usually measured by t,he corr€-
Iation coefficient¡ r.....

A second part of t,he factor analysiq is the extraction

of variables or rfactorst (fact,or loadings from the data)'

The¡e are usually several fac'bors for each of t,he variables, ulith

each of the factors being completely independent (tfre factor

are in the vertical columns in figures 14 and 17). The inter-

pretation of the results of t,his analysis is discussed in

Chapter 4.

1 R.A. Fisher, llgls.bicaI--t)]eJfrcçls For Research J[gåjler*,'0liver and Boyd: Éd

2'This program uas u.rrj-t,ten by Proflessor Fn Clrebib ofl tlie
Computer Center, University of lrlaniioba. A copy of'thc pr.oür.am
clescrip tion is provided at bhe end oí' t,his section along uj.1"ir
t,he flortran sLeps in the program.

3 R. L. îrliIler and L. So Kahn, @sis:l-n the
Geoloqical S,eiences, Jglrn i.ililey and 2.



a) Correlation Coel'flicients

The stat,ist,ical siçnif icairce of th e cÐrrela-bion

coefficients uas calculated for each of the profile çrorrpsô

Si,atist,icaL signiflicance ind.icates the probabil"ity oi' obtainin,3

similar trr vaÌues if another sample of the same size tuas Laken

from the same area. value of the correlaLic¡n coel'l'ici-ents

uas determined belou whiclr there is no likelihood of obtaining

similar txr values in another sample.

For example, in the group -tnorth valIey side

riparian profiles gg! facing betuoen azimuth 105 and 14n8, there

.i-s 1itt,1e f-ikelihood of obtaining similar valr.¡ss in sr:bsequent

samples flor those correla'bion coeffli"i"nt,s u.rhich are loes t-.iran

abnut A.42. For pract,ical purlioses, these values inrlicate zero

correlation since they have no statistical significance.

, tne signif icance test, used is a stucJents t't t f;est,

the f ormula flor ulhich i s4.

t=r u;here N = the sample size

r = tl're correlation
coefficient

re

122

and t,he degrees of f'reedom

a table of t values gives "the number

drawn f rom a population Luith zeîo

in a cornelaLion coefficient as hiqh

of times in

correlation

Referenee to

100 a sarnple

ulould re sult

4

Generai
Freder.ick E. Croxton, and Dudley J. Cowden, AppIågi

iüeu York¡ Prantice-Ha11, 1939, p. 68'i .Statistics,
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is lor¡.r t,he correlationas t,hat, actually obtained. If this chance

Ís assumed t,o be signif icant'r.5

For the purpose of this study ¡ any r value ulhich

gives more than 5 chances in 1CI0 (p =.05) of the sample having

been taken from a population tuith zero correlation u¡as rejected.

b) Principle factor matrix and the rotated factor matrix

The values in the principle factor matrix represent

the degree of correlation r¡hich exists betueen t'he data and

hypoùhetical parameters. The purposÊ 3f this is t,o reduce

the dat,a so that variation within the data can be explained by

a few common factors. Each factor accounts for one or more

varj.ables in the original data.

The principle factor matrix can be considered

geometrically. Each pair of factors (vertical rou,s, F1, FZ and

Fg, Figure 14) can be referred to a set of horizontal and

horizontal axes as follouls: '

F\

F+-g ' 31 '
An Illustration of the Rotation

ofl the Factor Axes

The results in the principle factor matrix are

dif flicult to interpret, but Íf the main .axes are rotated so
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that one of them coi ncÍdes urit,h a cruster of point,s, Èlren the
tabulated resurts become more meanÍngi.u1. This is r¡hat is
meant by a rotat,ed factor matrix.

since eaclr fact,or can be representeci by a different,
axis, ihey are indepencJent of each otirer. For practicat
purposes, tl-re rfac'bors0, utriclr are removed fronr Èhe data,
can be consiciered t,o be the parameter correspondi ng to the
I highost I f actor'1oad.i.ng value in a f act,or loading corumn.

iJote that the flact,or J-oad:i-irg varues are only relai;ive
varues and do not represent actual ,units, such as perqent,aqes.

The results i.n a rotat,ed factor maL,rix are useful
ifl there is onLy one ¡ high I f actor loading valua oppris.i.t each

þarameter, ancl ii the pattern formed by these high varues is
. repeateci in ot,her groups.



Th'í;s program is desiEnec to calculate means, siandarci cJeviaiions,the intercorrelations for'any ãu, of daf¿ anci io perform a princíple factoranalysis and varimax ro-iation. ii'consists of one nilin program and 6 sub-routines, 5 of which ai'e irom Ìhe scîentif íc subrou-iine po.Ëog" of wh ictt 2(cøRRã and'TRACÊ) have been modified. The proj.ur requires a core storage ofapproximaiely 100 thousand cores - --

The dimensions are set up'so fhat the proqrôm can handle a maximumof 90 variables.

OUTPII| cons ists of i

l¿J

The Uaíversity of ì{anitoba

Computer Cenire

, FACTOR ANALYSIS PROGRAM

By: F. Cheb it:

'i

A list of the input data, for purpose of checking (opiionar).
The mean and lhc standard deviaÌion for each var.iable.
An nl x m mafrix confaining ali possible infercorrelations betleen thern va r i aL¡ les
The principle factor loadings mairix and the percent variability explainedby each factor. r

The rofafed facTor matrîx and the commonality for: each variable..

1)
2)
3)

(4)

(5)

DATA SËT UP, for each set of dafa is as follows:

A - HEADËR CARD:

Col. 1-
Col. 41 -
Col. 46 -
Col. 48 -
Col. 56 -

B - DATA CARDS

Each card will normally accommodate one sample and will contain mvalues. The usual -formaï is 4 columns J-o a value (Cec¡mats may be included).lf the number of variables is greater fhan 20, add an additionål data cardfor each 20 additional variablés up to a maxiÁum of 5 cards to each sample.

This forrnat may be'changed to suit individual user (Format 50 ofsubroufi ne DATA).

40 Title of experiment (alphanumeric)
15 Number of samplcs (N).
47 Number of variabl es (m).
55 constani (sucir as 0.0i). The factors which accounf for less

than this constanl wi I I not be retained.
58 lnpuf data option; 'any varue în this f ield vri I I prohibit the

output of'thc Iîst of inpuf data (see il) above).

The program handles i\4uLTlPLE JØBS so any number of sets of da,ra rnay
be siacked añd analyzed with one run of the program. lnsert a
blank card aftor the last set.

c-

i(rÉ;É-x*x.t+



C FAC TÛiì ANALYSI S AND VAR I MAX ROTAT I ON
C.OililtjN i 0, T I TL E { 1 0 ), V ( 8000 ) ;;ì.V-VJ 

"B*0 
29 ), SD I I27 ), B ( I 2 7 )c cdr{vrC,\ Lç_jr¡-!4o95lr5D{_lq_i'ts(90i.;XrB{90),v(8r00 )rD(90),TV!9ciL.---*-.-__--*D-arr;Ëîslcñ rì(srzel,xar tLzT)

ti

--.*- .3 hrll-l-q-L3-!-É-1-l--l!-I

R E',,J I ND B

I READ {1,50) TiTt_Ê

,i4¿'

2 lF ( rû, 1,3,4
IF(N) 49,49t2

tJR. I_T_E { 3, 53 ) ( I r I= I r M )

IJRITEI7,52)
CALL C0R,íìE lNrMr0,0. rXBrSDrVrRrDrBrTV)'

L=l-+1

D0 5 I = 1;M
5 r{RITE{ 3,52) ïrX8( I ),SD{ I )

ißl-W1NrM ::

S YS i EI4/3-6-O -F OR T R AN

Ë'N'M'(irI=lrM)

6
7

ctNrI0

ts(J)'=R(L)
'wRiïE 13,54) i' (B(J) rJ=lrI )

cÁLL El-GÈru tn,v,rr,JCÀLL E IGEN (R,V,I"'i,O)
CALL TRACE ( 14, R, CON,
hrR.ïïE 13,55 )K, (D(J ) r
CÁLL LOAD (M,K,R,V)
hRiTE (3'5ó)(IrI=lrK)
DC 9 T.= 1"M

l- = ¡vi i, (J-1) + I
B D(J) = V(L)

D0 B J'= LK

ç liRITE 1,3,57) I'(D(J)rJ=lrKl

360N-Ë0:4'5t -21

CALL VARMX (M,K'V'NC'TVTBTSD'D)
I^IRITE(3'58) (I ' I=l'K)
i.JRiTE(3'59)
DO II I - I,M
DO IO J _ I,K

K,D)
J-IrK)

L - 14 {. (J-l) + I
iO D(J) = V(L)

tJR,ITE l?,57 ) I, (D( J) r J=l,K)
rl ttRiTE{3-,óoT-Sti( I )

49 CALL EXiT
GÛ ÏO I

50 FCd,¡4AT ( i0A4, 15, I ?_,F8.O, I2¡
5i FCRMAT ( IIFACTOR ANALYSIS PROGRAM BY F.CHEBIBI/IHOlOA4/IONUMBER OF

I SAMPLES =rI6l

,t
tll

I

rxr0ii2))
54 FORiJiAT { tFioI 4,4XI0F 12.7 / ( 9X IoF L2.1l',t-..-.'..'.......'..."'....-..'..-.,'.....-.."..::---
55 FORIlAT,(¡LNUili3TR OI- FACTORS iìETAINED =II3l'OCUMULATIVS PER.CENT tIF V

IARiAEILITY ACCOUNTED FOR BY FACTORS' /IHO5X?P1OFII.3/ (6X2P1OFII.3) )

?
3

52
¡ OVAR I ATLÉ'IóX I ' I'1EAN ' I5X I STANDARD DEVIATiON' / LH )

F0iìÞ1AT{1H r Í5, 2(5X,F20.5)',t
53

5ó Fû¡ìr"ìAT( T0PRINCIPLË FACT0R MATRIXT /lH03X10iIl/{ iH 3Xl0I I1) )

58 FOr{i,4AT(IiII 'ROTATED FACTOR MATRIX' / IH03XIOIlI /(IH 3XIOIlI} )

59 FI]KMAT ( IH+ I I2OX'COMMUNALifY' }

' NWBER O

F0rìMAT (' IS I14PLE C.OR,RE LATI tN C0EFF IC I ENTS I / T0VARI ABLE ¡ I I r9 I 12/ ( IH 4

ó0 FcRt4AT ( 1r-i+, I lSXF I I. 5 )

L4/O9/67 FORTMAIN
6L__F_üj!ôf!_I!¿Iic fij I NÎ_V I o4_I-4jl_l_U_Q_l_9414_Q_N

19I I3 ) )

E Nt)

J
¡,ì
3r
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