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" A properly conducted statistical investigation

has all the spirit of the chase, amplified by the forward-
pressing human curiosity in the search for knowledge, which
'in success brings great and rewarding satisfaction.”

W. J. Reichmann, Use and Abuse of

Statistics, Methuen & Co. Ltd., 1961
p' 240 ’ : :
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ABSTRACT

Slope profiles uwere meésufed at systematic interuéls
along the sides of a former glacial spillway in south west
Manitoba.:The profiles were grouped according to their location
or relation to various physical conditions. A normal distribu-
tion analysis of the Frequency of occurrenée of the maximum
éngles present in each profile of eéch group, plus an analysis
of the variance between the means‘of these groups enabled. the
variables which had influenced the development of the valley
slopes to be determined.

The results indicated that the profiles located'on lake
bordered (riparian) slﬁpes were significantly different from
those profiles bn sldpes which are not adjacent,tb lakes. With;
in the riparian profile grdup, those proFiles which are orientated
towarde either. the prevailing wind or the secondary wind are
significantly different from those profiles not facing these
wind directions. | | |

A statistical analysis QF selected profile parameter;
revealed that i) there are basic correlétions betuween parametéré>A
and these Corfelationsbarel common to all the neasured profiles,
and b) that each of the significant profile groups have correle
atlons which are unique. It is likely that these resulus may
apply in other landscape conditions, but the universality of

these conclusions requires further investigations.
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CHAPTER 1
THE PROBLEM AND DEFINITION OF TERMS
This thesis is a quantitative study of selected geo=-
morphological characteristics of the valley sides of a former

glacial spillway in southwsst Manitoba. |

1. THE PROBLEM

Delimitation of the Broblem -

The abjectives of tHe-study were, 1) to measure pton,
files of the sides of the valley, 2) to apply standard statis--
tical techniques in the analysis of the data to determine what
relationships and differences exist in the morphometry of the
valley sides, 3) to attempt to relate any significant differences
found within the data to possible-slope.Forming processes or
other causal Faétors. |

~Importance ef the Study

Quantitative methods and the use of statistics as a
tool in the analysis of daﬁa is a rabent development in geo-
morphological studiés.z The aim aFAthese new techniques is
to express the relation of process to landform development.3

Systematic measurements of the landforms are necessary if
y .

1
2
Geograohy," Canadian Geographer, V11,4,1963,p.154~155,

See the location map, page 2.

S Arthur N. Strahler, "Davis' Concept of Slope Development

Viewed in the Light of Recent Quantitative Investlgatlons," Ann.
Assoc. Am, Geog., 40 1950, p. 209.

.

Tan Burton, "Tha Quantitative Revolution and Theoretical
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reliable comparisons are to be made between the different parts

-of the lahdSCapes.

| It is hoped that the results of this study will provide
some insight into the relationship which exists betuween process

and landform development in southwest Manitoba.

2., DEFINITION OF TERMS
The following definitions are adapted from those of
Anthony Youhg,4 R. A. Savigear,S or R. S. Waters,6 unless

otherwise noted.

Slope segment. A slope segment is the rectilinear
portion of a slope profile.

Slope element. A slope element is the curved portion

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

Micro segment or micro element. These are segments or

elements which are too small to be represented on the field base

map .

Slope profile unit (or slope unit). A slope unit is
either a slope segment, a slope element, or a micro element or

micro segment.

4Anthony Young, "Some Field Obsevations of Slope Form
and Regolith, and Their Relationship to Slope Development®,
Trans. & Papers, Inst. Br. Geog., 32, 1963, p.3.

SR._A. Savigear, "A Technique of MOrphological Mapping",
Ann. Assoc. Am. Geog., 55, 1965, p. 517.

_ 6R. S. Waters, "Morphologicel Mapping", Geography, 43,
1958, p. 13. , o




Maximum slope unit (maximum slope). The maximum slope

unit or maximum slope is the unit in a profile which ccntains
the steepest angle in that profile,

True slope. The true slope of a slope unit is the

direction and/or the angle of slope which is measured perpen-
dicular to the contour lines,

Break of profile slope. The break of profile clope is

‘an angular discontinuity betueen slope units,

Change of profile slope. The change of profile slope

is a -curved discontinuity between slope units.
Riparian, The term riparian, as used in this study,

refers to the porthH of the valley oldEQ which are adgacent to

the small lakos Found along the valley bottom,

Nonwrlparlano. Nonnrlparlan'ln this study refers to the

- portions of the valley sides which are not adjacent to the lakes

found within the valley.

3o ORGANIZATION OF THE THESIS -

The text of the thesis is in general divided lnto three
parts; The first sectlon deals wlth the lntroductory materlal
“andAincludes the location, pnySLCal characteristics of the
study area, and the méfhods used in collecting the slope data,
Thé second part describes the methods used in preparing thé data

~for statistical analysis by computer, and the theoreticel

7 Note that Uebster's New Collegiate chtwonary (Thomas
Allen Limited, Toronto, Ontarioc, 1960) defines rlpaﬁlan as "of,
pertalnlng to, or living on the bank of a river, of a lake, or
of a tide water®,




Justification for the statistical tests used in the
the data. " The final chapters of the thesis contain

a discussion of -the results, and the conclusions,
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CHAPTER II

DESCRIPTION OF THE STUDY AREA AND THE
FIELD TECHNIQUES

This chapter includes a description of the location,
the general conditions of soil, geology, climate of the
study area, and a complete discussion of the methods which

were used in the measurement of the profiles,

1. DESCRIPTION OF THE STUDY AREA

‘Location and general features

The valley is located just to the north of the small
town of Dand in south west Manitobaj The "former spilluway is
twelve miles 1059 and approximately-a qdarter mile wide, At
" the present time there are only intermittenﬁ streams flowing
‘into it via tributary gullies. There is a minor discontinuous
channel cut in tﬁe vélley floor. It is understood‘froﬁ talks
Qith the logcal residents that water flows in this chandeivand

in the tributary gullies only during'the'épring‘runmoffo

Withih the valley are found four small lakes which are

known locally as the Chain Lakeso

Selection of the Study‘Area;

“=* - a portion of the valley about eight miles long was

chosen for the study bscause it met the following conditionsaz

‘3888 Figo 19 page 2.

25ee Fig. 4, page 12 for the extent of the valley

considered in the study.




a) lt-is‘aouarea in ohich the bedrock is eosentiélly
onifofm,z | | | | |
| b) it is an area which has one predominant soil type,4

.c) the relief oF the valley appears to be fairly constonﬁ
on a 1:50,000 scale topographic map,>? °

d) the vegetation in the Qalley is mainly grasses and low_
shrubs which would allow easy measurement of the valley side
'profiles,7

e) there is enough voriation in the orientation of the
valley to allow an examination of thé‘effect of aspect on the
formation of the valley slopes.

It was important that ﬁhere should be uniformity in

the varlables of llthology, soil, vegetation, climate and rélief

since in a small reglon "slopes tend to approaoh a certain

| equmllbrlum angle approprlate to those controlling Factors“,B

3 For the general geology of the area see Map 1166, Geology
Assiniboine River Sheet, Geological Survey of Canada, 1965.

4 See Fig. 2, page B.

5 National Topographic Serles, Map s 62F/7 East (Hartney)
“and 62F/8 West (Elgin).

6 Subsequent analysis oF the valley side heights has shown
that there is no significant difference between the means of
the various portions of the valley. See page 55 for the. results
of this analysis. ' :

7 See Fig. 3a and 3b, page 9.

8 Arthur N. Strahler, "Equilibrium Theory of Erosional
Slopes Approached by Frequency Distribution Analysis, Am.
J. Sci., 248, 1950, p. 681.
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The limits of the study arsa were determined by an.
inspection of thelreliéf during the field work. The valley
v stobs rather abruptly at the southern end and the boundary was

sasy to placs. 'Therévié a section which has considerably lower
relief in tﬁa northeastern end and the limit was placed before
this section was reached, |

Within the limits of the study area the profiles wers
‘measured'ﬁ«regardless'of the 1oca1 relieFo' This was done in -

‘order to maintain a fairly uniform spacing between the profiles.”

"Geologz
. The Dand Valley is located in an area which has glacial
till overlying shale bedrocka |

‘ The shale 1s the hard siliceous Odanah beds of the
Riding Mountain Formatlon, which also forms the cap rock of the“

Manitoba Escarpmento1q

Kirk states that, "with the exception of
the underlying Riding MQunﬂain Beds which are uncovered in the |
_ desp valleys of the Assihiboine,'30uris and Pembina Rivers, and
of overlying beds iniﬁhe Turtle mountain, the Odanah Shale is'the 

~ only bedrock seen in the southwestern part of Manitoba."?!

9 See page 15in the section on field technlques for a
,descrlptlon on the spacing of the profiles,

g 10 J.F. Davies, et al., Geology and Mineral Resources
of Menitocba, Prov. of Man., Dept. of Mines and Nat. Resources,
pe145, 19620 »

L SeRe Klrk,fﬁretaceous Stratigraphy of the Manitoba
, Escarpment‘ Geological Survey of Canada Summary Report, part B,
“po126, 19290 , :

g



Near Dand these shale beds have a thickness of about
five hundred ?eet12 and have a fairly well developed. joint
 system.

In general the Cretacecus shale beds have a strike of
between N42W and N48UY and have a very gentle dip to the southwest
of approximately 8.8 to 9.3 feet per milee13

| The'till’ouérlying the shale is described as being a:
concrete~like mixture of blay9 silt, sand, gravel and
boulders occurring as ground moraine, end moraine, and
recessional moraine... The upper 20 to 30 feet of till
is a greyish buff and is commonly known as fyellow clay?,
Beneath this is a more cempact blue grey till commenly
known as Yblue clay!, Both contain lenses of sand and
gravel,l : :

A more detailed description of the surficial depasits
is given by Elson on his map of the surficial geology of the
Virden Map Shesto?s A summary of this is presented in Fig. 4,
page 12,
According ta,Elsqn, the Dand Valley is situated. in an
area consisting mainly of ridgéd mc:raima.,'56 He describes this

deposit as being a sandy to silty till which is characterized by

. minor ridgés 3 to 20 feet highe

12
Manitoba Mines Branch,
13

' 14 ReAs Frseze, Gruﬁnd Uater Prébability flap, Virden |
Sheet (east half), 19625 . . :

15 JeA. Elson, Zurficial GCsolooy, Virden Shest, Prelimie
nary series, Map Naoo. 39~1967. GSee rig, 4, page 12, ‘

16 -

ReSe Kirk, ope Cite, pei32B.

Ibid.

Personal communication, 1966, 80'Bannatyne,.ceolcgist,-
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Scale 1:126,720

or ‘1 inch to two miles

Fig. 4

Surficial Geclogy of the Dand Uélley
and Surrounding Area¥

1wt - water workad till

1gm - ground moraine

irm - ridged moraine

1lsi - silt '

(=1 ~ sutwash containing pebble, gravel.and“sand

3si/1rm = silt overlying ridged moraine
3si/1gm = silt overlying ground moraine
5a = alluvium

R - area of shale outcrops

The portion of the valley considered in this study
is indicated by the dark hachure linss.

* After J. A. Elson, Surficial Geology,
Virden Sheet, Preliminary Series flap 39-1961.



Soils

The portion of the vallsy on which the erofile measure=
ments were taken is situated in en area which has two soil types,
the Waskada and the Heaslip Complexs'’

The Waskada covers the whole of the mapped area except
in the northern tip where the valley extends into the.Heeslip
| Complex., It is interesting to'note that the boundaries of the
’outwash (log) and the Silt over ridged moraine (331/1rm) on

18

Elson’s map of surficial geology are almost the same as those

boundaries of the Heaslip Complex in this part of the valley.

Climats
According to the report on “The.ﬁlimates of Canada

for Agriculture" the Dand Valley is situated in an area which

19

has the following characteristics; '~ i) the mean January

temperature is approximately 2°F., ii) the mean July temperature

is approximately 67°F., iii) the annual precipitation is about 19

inches, and iv) there is an overall ysarly moisture deficiency;
2. FIELD TECHNIQUES

Method of Profile Measuremsnt

! The valley side profiles were measured w1th a clino-
meter by which the sightings and the readlng of the slope angle

are done simultaneously. A pcle‘with‘the eye levsl height marked

17 See Fig. 2, page 8,

8 .
L Elson, op. cit.

19 ARDA, The Climates of Canada for foriculture, Canada
Land Invenueﬂy Report #3,; Dept. of Forestry and Rural Develop=
ment, Table #1, p.20=21, 1966.




onvit was used for the sightings to ensure the accuracy of the
méasurements. 15 taking a slope reading the pole was placeq at
the lower limit of the slope unit and the sighting to the eye
level mark on the pole was taken from the upper limit of the
slope unit. This-was.thé procedure followed in obtaining the
angles for each of thg slope units in each of the valley side
profiles.

According to the manufacturers of the clinometer20 the
accuracy is such that the angleé cén be read directly to one
degree and the angle can be estimated tb ten minutes of one de=-
gree. In practice it was found that reliable estimates below
one half a degree were difficult to make since even a fairly light
wind was enough to cause the hand to move slightly which in turn
would cause the indicator.to“move. For this reason the slope
readings were taken only to the nearest half-degree.

Air photograph enlargements at a scale of 1:4,900 were
used as a {ield base mép for the plotting of the upper and lower
limits of the profile units, and the recording of the angles of
the slobe units, Conventional symbols were used to record; i) if
there was a break or a change of slope between the profile units,
ii) the nature of the surface of each unit, i.e. whether it was
irregular or faifly sﬁooth, iii) whether the unit was a segment,
a convex element or a concave element, and iv) the angle and the

direction of the true slope of each'unit.zl

2OSuum’:o Co.,; Helsinki, Fiﬁland.

2lSee the maps in the folder at the back for the lccation
of each profile and the position of the units in the profiles.



For this.study the top of the valley side or top of a

profile was.considered.to be either where there was a zero slope

. reading or where there was a reverse slope reading. The base of

each profile was considered to be where there was a zero slope on ,
the valley floor. In some lnstances it was necessary to change the
orlentatlon of the slope units in order to have the profile extend
from the top to the bottom of the valley side. This procedure is
justified since the slope readings are taken orthogonal to'the-con—b
tours which means that the trace of the profile represents the most
probable route or line of movement oF material down the valley side,

‘The profiles were measured only on parts of the valley |
sides not directly under the influence of gullyinge. This'procedure d
was adopted to'ensure tnat none of the profiles had been modified
by the process of gullying, thus simplifying the enalysis and ine
terpretation of the datao

An attempt was made to have a Falrly unlform spa01ng of
the profiles; approximately 250 feet between ad jacent proflles if
~the area occupied by gullies is neglected. ’It was not possible to
keep a strictuspacing due to, i) the presence of scrub orvbrush
which blocked the line of sight in some cases, and ii) the size'“
vand positions of the gullies, Note that‘in-many instances a pro-
file was measured on a nearlybstraignt portion of the valley side-
which was bounded on both sides bv oullies. In situations where
there was a choice between spacing the'profiles either too close
together or too Far apart it was the practise to adopt the closer
spacing, (i.e. they were spaced closer than the 250 Foot interval).

The spacing of the'prOfiles was important since the sta-

tistical analysis ofithe data ideally requires a‘random>sample;> It




is felt that the‘measuréments-obtained from this modified system~
atic (i.e. regular iﬁterval) method of sampling meets the statis=
tical requirement of randomness.

There are small wave cut Qertical cliffs (segments) at
the base of most of the riparian profiles., Although they were
usually only tﬁrea to four Féét higg,'these'were meésured and
were taken into account in ﬁhebbélculation of the total height -
of the valley side at thevpoiﬁt mhere_the profile was meaéured.'

Problems Encountered Durinag the Fieid Hork

The problems which were encounfered during the field
_work were as follows: a) It was QeryidiFFicult'tolkeep the
clinometer éuf?icienﬁly motion-free in gusﬁy winds to get a re=-

~ liable slope réading and'even in lighter winds it was felt that
ieadingé would give.a false.impression of accurécy if they weré
taken td more than é HalF-degree,_b) The problem of thé proper
spacing of the prdfiles, c) The problem of the location 6? the
boundaries oF the slbpa units when these had a low angle of slope
‘and wers géntly.cgnvex or gently concave.

The first two points havebalreédy been discussed under
the methodsvof p?dfile measurement,“tﬁe‘third requires further
elaboration. |

' In the Dand Valley the usual situation was that the unit
containing.thé maximum;slope énglevwas rectilinear while the units
near the base of the‘profile or near the top of the profile were
concave and.convéx respectively. This means that ﬁhe problem of'

- the location of tﬁe‘slope unit boundaries was also that of the

correct location of the start and' finish of each profile. It is
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ifecognized that'the.subjecfive naturé 6f.the placing of these
boundaries might result in their being placed in a slightly dlffer-,
ent p091t10n by someone elsa measurlng the same prof‘lle.22 .Thé'
changes in the profile parameters, such as the length of the mean
valley side gradlent or the length of the slope unlt in question,
would not be very great in most\cases and probably would not sig-

nificantly affect the results'of-ths analysis of the data.23

22Cuchla1ne A.M. King, (Technigues in Geomorphology,
‘London; Edward Arnold, 1966, p.55) points out that, "Some features.
are very distinct and all surveyors would place them identically,
but the more subtle changes could be mapped differently by differ=-
ent workers",

, 23For a discussion OF the problem of locating proflle
'boundarles, see A.F. Pitty, "Some problems in the location and
delimitation of slope-profiles", Zeitschrift Fur Geomorphologie,
NfBd 10, Haft 4, 1966, pp454—61.




CHAPTER III
'ANALYSIS OF DATA |
This chapter is divided intd three sections. The first
deals with the caléulation of the various parameters which were -
used for the statistical analysis. The second parf describes the
theory on which the statistical tests are based and outlines the
steps of the étatiétiCal ahalysis. ~The last section consists‘oF;a
‘description of the reasons behind the éele&tion of the profiie |
groups for fhe analysis. |
| | Te Preliminéry‘Analysis

Calculation of the Profile Parameters

The basic data which was qollected in the Fiéld‘cbnsists’v
of the angle of slope for each unit in the profile and ﬁhe locafidns;
of the upper and the’iower limits QF each slope unit. This.in-
formation was recorded”on‘air.photograph enlargements'of the
sﬁudy area. | n

v'The Firét.step in the calculation of the slope parameters

»

was to measure the map horizontal distance (m.H.D._)1 of each

1 The map horizontal distance was measured in units of 1/20
of an inch and estimated to the nearest half (i.s. 1/40 of an inch).
At the scale of -the air photographs, 1:4,900, 1/20 of an inch is
equivalent to 20.4 feet on the ground. Since the distances were
estimated to the nearest 1/40 of an inch, this means that at the
most a measurement would be out 5.1 feet, if the slope unit.
‘boundary was located at point ot oy Va0
B in the diagram. Generally . ‘ ‘nmi G ﬂ
the slope unit limits would
be at some other point and
the accuracy would therefore
be within 5.1.

1
= v

« =1
TP S




slope unit. These measurements were taken with a standard tri-
angular engineering rule from the air photograph enlargements
used as base maps in the field work. The M.H.D. values were then
converted to distances in feet. This method was adopted since
the author was unassisted in the field work and time was a
critical factor.

With the M.H.D. and the angle of the slope for each
unit it was possible to calculate the following information for
each prof‘ile.2

, a) the true length (distance on the ground) of each of the
slope units.

b) the height of each slope unit.

c) uhe height of the valley side at the point where the
profile was measured.

d) the angle of the average or mean valley side gradient
between the top and the base of the profile. This will be
~referred to as the mean valley side gradient.

e) the length of the mean valley side gradient.

From the above, and from the M.H.D. values and the
slope angles, the following profile parameters were selected

for statistical treatment.

a) the maximum slope angle in each profile, referred to as
~the maximum slope angle.

. b) the length of the unit containing the maximum slope
angle, referred to as the length of the maximum slope unit.

c) the height of the maximum slope unit.

d) the height (i.e. amplitude of relief) of the valley side.

25 3 These .calculations were done by computer. See
Appendix B, Section (1) for the details of the cGlCulatlons, for
a table of the computer ocutput of slope parameters, and the
fortran program.




e) the angle of the mean valley -side gradient.
f) the length of the mean Valley‘side gradient.,

2. STATISTICAL ANALYSIS

Theory Behind the Analy31s

As a-basic premise, it was assumed that a hillslope is
essentially an open system in which the'Forces removing material
are adjusted to the forces supolyingmaterial.4 The sfeepest"
.part of a slope profile "will_feflect the maximum angie which

can be maintained, and is an indication of the opposed forces in

: : : . [
" the equilibrium relationship. o

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

meter and it w1ll prov1de an 1nd1catlon of. the processes which
have aperated to produce a particular slops. The processes are
dependent .on many phy31cal condltlons, such as climate, llthology,_
soil type, and vegetation.6 | . | |
Strahler has stated that the Frequency dlstrlbutlon oFu 
the maximum angle whloh is developed in an area wlth similar |
-rlithology, climate, soil tYpe, vegetation, relief,‘and'sfage of

development, will be characterized by.e normal distribution.7

. 4
and Dynamic", Am. J. Sci., V.263, 1965, p. 303.

5Arthur No Strahier, "Equilibrium Theory Of Erosional

Slopes Approached by Frequency Dlstrlbutlon Analysms", Am. J. Sci.,:

'v. 248, 1950, p. 677.

: 6Rlchard 3. Chorley, "Climate and Morphometry", J. Geol.,
1957, p.628,

"Strahler, Op. Cit., p.675 & 685. See also, Strahler,
"Davis' Concept of Slope Development Viewedin the Light of Recent
Quantltatlve Investlgatlons" Ann. Am. Assoc. Geog., V. 40, 1950,

p. 212

Allan D. Howard, "Geomorphological Systems - Equilibrium lf
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~ This concept provides a theoretical foundation for the analysis

of the the slope data. By grouping the slope profiles on the basis
of their relationship to various knouwn physical.conditions, or

cn the the basié'of suspected variations in prooesé, and then by
testing to see if these groups have normal distributions, it
should be possibie to determine which variables have been import-
ant in the formation of the slopes‘in a given area._This?is
eépecially true if, as in the study area;, it is possible to keep
some of the variables conéﬁant.

It is hoped ﬁhat if the passive variables, such as
 lithology, soils, etc., are constant but there are different
pProcesses operating, %hat.changes in the processes would be
reflected in the maximum angles which have beén formed., Eurther5
if the processes wére.bons#ant, but the passive variables wuwere
to change, this Changé would alsb.be,reflectéd in the maximum
angles. o .

For example, in aﬁ area with two different rock types
and with allether factors constant, profiles located on each‘O%
thé rock types would deveiop a seﬁ of maximum angies'with’a
normal disfribgtion.of_their fre@uency of ogccurrence, but they
would each have a different mean maximum angle. Each mean value
would be characteristic of the.fock type on which it was devel-
oped and they would presumably be significantly different from
each othér. |

The next step would be to test to see whether or not
there was a significaht'differencebetween these mean values.

N 1 4
If there are more than twe prcfile groups, such as there are




in this study, the best test for a difference between means is an
analysis of variance.
| I these hypotheses are correct then, in a given area
which has several o% the variables constant, by & careful selec-
tion of the profiles ihto groups it should be possible tq deter-
mine which of the remaining variables are important in the slope
formation.
The ?cllowing cecmbinations be%weén the passive variables
ahd processes are possibles
1) that the passive variables and the processes are both
cgnstant threocughout the study area. This is définitely nct the
case as there are different surficial deposits, lake bordered
and non-lake bordered slaopes, and differeht orientations of the
profiles. :
2) that the passive variables are constant but processes
change, e.g. riparian vs. non~ripafian.
'3) that processes are constant but the passive vériablesA
change. | | |
4) that both the passive variables and the processes vary
within the study area. e T
Each of the above possibilitiés Coﬁld have a bearihg on
the developmentvbf the slope profiles. The selection of the
prefile groups was done with the aim of testingNthese variocus

possibilities,
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for th

1) a chi~sqguare test

e goodness of fit to the normal
distribution.
2) determination of the mean values of the maximum angles

in each of the prd?ile grOUQs.

© o 3) an.analysis of variance and an analysis of the least
significant differences betuween the means_of the meximum angle
in each profilelgroup.

| 4) a factor analysis for determining the degree of correla-
_tion betﬁeen‘selected valley side profile parameters.

The chi-squarevtest;For the goodness of Fit to the
normal distribution was used to determine the profile groups
that had normal distributions of their maximum angles,-ﬁnce this
was established, the’mean was calculated for each of the profile
groups with a normal ffequenby'distribgtionf The analysis of
Uariancé and the leaét sighi?icant difference’test were used to
‘cetermine which profile groups had a significént difference
between the mean values, Fihaliy,‘the degfee of correlafion was
determined for selected pairs of valley side profile parameters.

Since the degree of correlation is in part dependent
on the fype of’distributionipresent in the two variables in

guestion, all the selected parameters were analyzed to ascertain

which of four different types of normal distribution {arbitrarily

bhosen) best described the freguency distribution of the data.
The distribution which best fit the data was used for each

parameter in the correlation analysis. This choice was made for
L

L

[

geach parameter in each of the profile groups found to be a2 probe

able statistical population.




briefly
described
The greuping of the profile for statistical testing

was done on the basis of the locaticon of the profiles rslative
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Drocess
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t was noticed during the field work that the riparian

1=t

slopes had an overall convex profile; while the non-riparian

D
L]

that possibly different processes may be operating to produce

hese characteristic forms.

2 |
e

w

t prov

o

ded = basis Tor the division

.}

of the profiles intoc two main groups - riparian and non-riparian.
This division was considered to be important and where possible}

every other profile grouping was also divided on this basis,

s
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profiles and in pgroducing asymmetoy in valley side is largely

L - + - i - % e g ~ i~ e - ks ~ £ LI - e~
undetermined and controversizl. Backer, in his study of the sloap

geology. Esch of these will be considered in turn with a descripe-

ofiles were typically convex-concave. - This observation suggested
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factor of microciimate) had no bearing on the angle of slope

which was dleveloped.8 Melton suggests that no quantitative
evidence has been offered to support or reject any cne hypoe
thesisag He points out that there were only two guantitative
studies of this question up to 1960 and that they produced
opposite results.qo
In the bﬁrrent study, the first divisioﬁ of the profiles
was a general grouping according to their-location on the north

valley side (N.V. S.) or on the south valley side (S.V.S. )

m

The effect og orientation was then examined in more
detail.,11 It was decided to group the profiles according to tuwo
factors in which slope orientation exerts an 1moortanu 1nfluence,

Flrstly with regard to insolation receipts, and secondly with
'.regard to exposure to wlnds. '

For the analysis,o? the profiles witﬁ respect to insol-
ation receipts, it was decided to group ﬁhem arbitrarily accord-
ing to the following cfiteria, a) those proFiles Facing between

160 and 225 degrees azimuﬁh12(this would only apply to the north

8R¢ W. Packer, "Stability Slopes in an Area of Glacial
Deposition", Can. Geogr., VII, 1964, p.150.

9ﬂ° A. Melton, "Intravalley Variation. in Slope Angles
‘Related to Microclimate and Environment", Bull. Geol. Soc. Am. ,
Ve 71, 1960, p. 134.

10_

ldc’ po ?34‘“1350

1 . i fii a Nian e o
1 See Appendix A, Section {ii) for a list of profile
orientations.
¢

1ZThese'orientation were chosen since the hott
of the day is often in the early afternoon or mid-after
erfect of the suns'! rays would be the greatest dU&lﬂQ t
for the profiles at these orientations.
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ing wind,
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facing the wind would be sub

the summer. During the winter thess.slopes

cf snow which would leave less melt water

£

process of freeze-thaw in

greater frost penetration due to the lack

not facing the prevailing winds may receiv

due to their more sheltered position. This

ja\]
3
.
Z

dry
would be
available for
there wpuld also be
of snow cover. The'slopes
2 more snow accumulation
would result in less

as inswlation, but

frost penetration since the snow would act
there would alsoc be more melt water available during the spring
which might increase the effect of the freeze~thaw process. An
arbitrary 50 degree range in orientation was.éhosen,fcr grouping
these profiles; this means that there is 25 deorees on esach side
of the orientation of the prevailing wind.

The preveiling wind orobably causes wave erosion on the
S.V.S., riparian profiles. A division of the above orciile




group intc riperian and non-riparian may determine the effect of

h

this wind direction on the development of the S.V.S. tinarian
slopes. It is also realized that there may be considerable
funneling of winds (both pifevailing and secondary) down the

valley. But this is not of concern in this study, since the resulbe

ing wave action would be concentrated at the ends of

The Following grougs ware selected on ths basis of the
prevailing wind direction; a) N.V.S. profiles facing between the

azimuths of 110 and 160, b) N.V.S. profiles which are not facing

between the azimuths of 110 and 1685;0) S.V.3. profiles facing
betwzen azimuths 250 and 340, d) S.V.S. profiles which are not
facing between the azimuths of 290 and 340, and e) the riparian
and non-rip urLén divisions of the-above groups.

The Souris weather recofds wvere examined to determine

A

the secondary wind directions, and two grapghs were prepared

),

which compared the max

e

mum ancles and the average maximum anglse
14

with the orientation of each profile - one graph of the nort

13

“See pjendix A, Section (iii) for . a descrintion of the
analysis of the wind dir Pctlons in the Souris area.

P

14 .
The average maximum zangle w

as
azimuth orn which a mchmun ang %e was plot
mined by averaging all the maximum angle

calculated for sach
ted. This value was deter-
located within & degrees
n guestion. fFor

azimuth on each side of the orientation i example,
on the nozxth valley side there is a maximum angls of 41 degrees
at azimuth 115. A4ll the values of the maximum ancles located
betwsen 114 and 124 were zueraced and this value was clotted at
azimuth 115.

This method iz a modified v of that used by
J.T.Hack and J.C.Goodlett, {Gecmorphol Forest Ecology of &
flountain Region in the Cantrel Snpala .Seols Surve Prof.
Paper 347, 1960, Doelb. )
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riparian profiles facing between azimuth 105 and 145 is 19.4.
Y(The average of the N.V,S5. riparian profiles not facing betuween
azimuths 105 and 145 is 14.2).

The noneriparian profiles were also grouped on the
basis of those azimuths that were found to be important for the
-riparian profiles. A grgphic interpretation was not attehpted .
since any diFFerences which might beipresent would prObébly be
too small to be adequately portrayed by this technigue.

The following list o? profile groups is presented as a
summary of the microclimatic conditions which were considered’
in selecting groups to be tested for hormal distributions.

I.Generzl Location

i) Nor%h Valley Siﬂe
1) all profiles
2) all-nbn—riparian profiles
3) all riparian profiles
- ii) South Uailey Side
1) all profiles
2) all non-riparian profiles
3) all riparian profiles

II, Orientation With Respebt to Insolation

i) North Valley Side
1) all prdfiles which face between azimuths 160 and 225

2) all profile which do not face between azimuths 160
and 225 - ‘

3) the riparian profiles which face betwsen azimuths
160 and 225

4) the non=riparian orofiles which face betwesen azimuths
160 and 225



6) the none-riparian
. D 3]

5) the riparian pLo files which do not face betuween

azimuths 160 and 225

ofiles which do not face between
azimuths. :

1i)} South Valley Sice
1) all profiles which face between azimuths 340-0-45
2) all srofiles which do not face betusen azimuths
340=-0=45
and the riparian and non=riparian divisions of these
groups, similar to part i).
III. Orientation WUith Respect to Wind Direction

i) North Valley Side

1) all profiles which face between azimuths 110 and 160

2) all Droflles which do not face between azimutha 110
‘and 160 @

and uhe riparian and non-riparian lelSlDﬂS of these
QT ouUpSs

3) the N.V.S. riparian profiles which face betuesn
azimuths 105 and 145

4) the N.V.S. riparian profile which do not face between
azimuths 105 and 145

and the non-ripazrian counterparts of the above two groups.

ii) South Valley Side

iii

1) all the riparian profiles
2) all profiles which face between azimuths 290 and 340

3) all the profiles which do not face between azimuths
290 and 340

and the riparian and non-riparian divisions of the above
TWo Qroups. ;
the N.V.S., profiles which face between azimuths 105 and
145 plus all the S.V.S. ripariah profiles




33

The Dand arza is underlain by only one rock type,

~1
)]

or a description of

m
W

fooloﬁy

t is only necessary to examine one profile
grouping - that of all the profiles measured in the study area.

If these do not have =z normal distribution of the maximum
'angles then it caﬁ be concluded that there are o

over the development of the maximum angle in a profilse.

~of profiles. The study area is largely located in one soil
type - that of the Uas skada (See Figure 2) and all profiles

which are 81uuated thereon were tested for nermal distribution.

A small porticn of the northeast end of the study

O
’—JO

area contains soils belonging to the Heaslip Complex. Un=-

fortunately, there were too few profiles on thess soils to permit
testing. However, these profiles were omitted from all other
profile groups since profiles on different solils could he

expected to develop a different set of maximum angles which
might adversely affect the resulis if thay were included.

As with the other major groups, the profiles on
J = i 7 ! + 3

north valley side and those on the south valley side, as



Surficial Geology

Elsons! map of the surficial géolooy in the area provide-
ed a baéis for testing tc ses iF the
has played a role in slope formation in fhe'D@nd Vallev.
Profiles were grouped according to their positicn on the various
déposits° Those ﬁeposits which were considered are: ground
moraine, ridge moraine, and an area described by Elscn as shale
outcrop covered by a thin layer of
profiles on any of the othér denosits to warrant further SQba
divisions. Also, the additignel complication of grouping on the

o
Ea
i

basis of microclimate as well as surficial geclogy was not
attempted.i
The following are the profile groups selected for

‘normal distribution analysis on the basis of surficial deposits,

1) all profiles on‘ridge moraine for i)all the study area,
ii) the north valleyvsides iii) the south valley side, and'iu) the
“riparian and non-riparian subdivisions.of thesé groups.

2) all pro?iles lbcated bn ground moraime. These are all
Found on the south valley side and they are all riparian except
one. |

3) all profiles locatedfon the are of shale cerred with till,
These are all on the south valley side and are all non-riparian.

4) all non-riparian profiles less those profiles located on

the area of shale covered with till.

Diecussion

]

It is obvious on examining the varicus profile groups,

which were selected for normal distribution analysis, that many




appear two or more times. This is due primaril

/ to having
selected the study area where thsre.was uniformity about several
physical variables. There is no point in listing all thes groups
for which this dﬁplicaﬁion coccurs, but it is necessary to mention
those groups for which this similarity is not readily apparent.

For example, the group ' 'all non-riparian profiles less

those on the area of shale coversd with till® contains essentially

the same profiles as the group ‘fall nogn=riparian pro

£
’ i

iles located

#65 in the latter group which is located on ground moraine. These
two groups are considered as being the same for the purpose of
the statistical analysis, |
Also, the groups 'all north valley side non-riparian
profiles located on ridge moreaine' and fall the north valley side
non=-riparian profiles! contain the same.profiles.
By coincidence the following profile Qroups were discove
ered to contain e@sehtially the samé prdfiles; although they
were selected for completely different reasons:
1) the groups‘“all S.V.S5. profiles which face between azimuths
290 and 340' and 'all S.V.S. profiles uhich do not Face between -
‘azimuths 340-0-45' contain the same profiles with one exception ;

profile #23 which has an azimuth of 287 degrees. These two groups,

i

were considered to be the same for statistical purposes.

)

T

This means that the following groups also contain the
same profiles:
a) the ' 5.V.5 profiles nob facing betueem azimuths 290 and

3437 and 'the S.V.S. profiles which face between azimuihs 340=0-45

£
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0) all the riparian and noneriparian subdivisicns of Lthese
groups.

2) the groups fall N,VU.S. orofiles which face betuscn azimuths

110 and 160*% and *all N.V.S. profilss whcoih de not face between

azimuths 160 and 225°' contain essentially the same pro

exceptions are profiles 16, with an azimuth of S0 degrees, and

s,

#20, with an azimuth of 109 de

4

=4

=

Nese TWo QroupsS Weres conside

ered to be identical ag are their

riparian and non~riparien subarcups.
§ b = h

Note that profiles which contained a maximum angle of

greater than 35 degrees, were omitted from all of the profile

Fad

for the reason t these angles

8y
i
-
O]
l—l
3
¢
[}

groups. These were removed
are much higher than any of the other values, if they were
included it would result in a distorted value . of the mean and

also possibly distort the frequency distribution of the maximum

.angles.

R complete list of the profile grou?s which were analyzed
for a normal frequency distribution is found in figure 7,
chapter IV. The results of this analysis and a list,of the profile

in each group are also found in this table.

]
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that were selected do rot have & normal distribution of the

freguency of occurrence of their meximum angles {(henceforth

e’
°

referred tTo as normal distribution of the maximum angles

L]

This would suggest that there may be more than one statistical

population of the maximum angles in thes study area.

I do not propose to discuss in detzil esach one of
the profile groups, but to describe enough of them to illuétrate
the valuevo? this analysis,.

S s S . 1 2
Since all the profiles .(group #2)° do not have a

‘normal distribution but all the non-riparian (group #3) and all

e

the riparian profiles (group #4) do have a normal distribution

L

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

of
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mn
3
R

hese two later groups will alsoc be normally distributed
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m
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that any groups which are composed of profiles from both rip
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Fig. 7

Profile Groups Selebted for Tes

ting for Normal Distributions

of the Freguency of the Occurrence

of the Maximum Angle in fLach Profile

Chi=square .
No. Profile group Title Profiles in Group Total Value iSignificant at P,Q!

1 Ali the measured profiles North Valley Side, 222 70.24 § No
| (MelleS.) 1 to 109 ;
. South Valley Side ? §
| (8:V.8.) 1 to 113

2 All profiles except those - P NeV.S. 7 to 109 208 48, 45 ? ‘ No
: - located on the Heaslip Complex " S5.V.5. 9 to 113 : |
-~ swil type § § N 5

3 All the non-riparian profiles g NeVeS. 7 t0f22} 28 to ?128 i 7.79 5 Yes
' except those located on the . ¢ 30, 39 to 41, 68 to i g |
Heaslip Soil Complex i 109, , ( i
o ' S.V.S. 9 to 25, 32 to 5
P34, 42, 43, 65, 73 to ! :
1130 : ; ,

4 ALl the riparian profiles - MNeV.S. 23 to 27, 31 | 74 1.29 3 Yes

: except those with a value
- greater than 30 degrees

(except those with an extreme

~value),

to 38, 42 to 67, less !

extreme values of
profile ngs. 61 and
630 ‘
S.V.S5. 26 to 31, 35
to 41, 44 to 64, 66
to 72, less the ’
extreme values of
profile nos. 38,
54, and 68,

39,

]

%Theee refer to the

back of the thesis.

profile numbers as shouwn on the maps (Fig. 32 )

in the pocket at the
’ 3

ORI



10

11

—rnP31n Group Tille Il Profiles in GOroun Tat
*A11 the north valley side (N.V.S) N.V,S. 7 to 109 101
profiles less the riparian. Téss nos. 61 and
extreme values. 63.
All the sputh valley side S.V.5 89 to 113 101
(S.V.S5.) profiles less the less nos. 38, 39,
riparian extreme values. 54, and 68,
All the chesa non-riparian N.V.5. 7 to 22, 28 64
' profile to 30, 39 to 41,
i 68 to 109,
ALl the S.V.S. non-riparian V.S, 9 to 25, 32 64
profiles to 34, 42, 43, 65,
73 to 11Jo
All the N.V.S5. riparian. profiles NOU°§&’23 to 27, 37
less the extreme values 31 to 38, 42 to 50
58 to 60, 62, 64 tqg
; 67.
!
I All the S.V.S. riperian profiles| 5.V.S. 26 to 31, 37
less the extreme values ‘ 35 to 37, 40, 41,
44 to G4, 66, 67,
69 to 72.
all the N.V.S. profiles having N VoS, 29, 32, 34 39
an orientation between azimuths To 38, 43, 45, 46,
160 and 225 54, 5@, 60, 75 to
94, 96, 105 to 1009.

*The profiles located on the Heasli

groupSe.

p Complex are omitted from this group and all subsequent

Phl square
colinlve  4Siinificant at p.09
12.51 No
15.83 No
7416 Yes
1,92 Yes
8.51 Yes
3. 46 Yos
4975 YQ-S
[ON)
@

o




113 B

? Chi-square '
Nos Profile Group Title __Crofilesin Group Total value 'Significant at P,05
12 A1l the N.V.S. profiles having CNeVeSG. 7 to 28, 62 9.55 ' Yes
: an orientation not between 30, T 31, 33, 40 to
azimuths 160 and 225 (less 42, 44, 47 to 53,
extremes) 56 to 59y 62,64 to
74, 79, ©5, 897 to
104.
13 £11 the N.V.S5. non=riparian NeVo5. 29, 39, 75 - 27 4,46 Yes
profiles having an orientation to 78, 80 to 94, ‘
between a21muth 160 and 225 96, 105 to 109,
14 ALl the N.V.S. non-riparian NeUeS, 7 to 22, 37 6.41 Yes
' - profiles having an orjentatlon 28, 30, 40, 41, 68 ‘
not between azimuths 160 and to 74, 79, 95, 97
725 to 104,
15 ALl the Ne.V.S..riparian profiles Emy&’& 23 to 27, . 25 2,78 Yes
not having an orientation 31, 38, 42, 44, 47
between azimuths 168 and 225 to 53, 56 to 59,
(less extremes) 62, 64 to 67.
16 All the N.V.S. riparain profiles _
“having an orientation between This group contains too few profiles |to test.
azimuths 160 and 220
17 All the S.V.S. profiles having 5. V.8, 9 to 22, 71 13.01 No
an orientation between azimuths 2% ta 33, 35, 56,
290 and 340 (less extremes) 44, 47, /?, 50 to ;
53, 55, 57, 58, 60, §
62 to 67, 69 to B4,! {
98 to 108, 112. ‘
18 All fthe S.V.S. profiles not S.V.S, 23, 34, 37, = 30 3.18 Yes
having an orientation between 40 to 43, 45, 46,
azimuths 290 and 340 (less 49, 56, 59, 61, 85
extremes) to 97, 109 to 111,




: Chi-square
Moo o Peofile Crous Title ‘ Profriles in Groun Tatal | value Significant at P,05
19 All the S.V.5. non=riparian S.V.5. 9 to 22, 43 2.86 Yes
profiles having an orientation 24, 2b, 32, 33, 65, : '
between azimuths 290 and 340 73 to 84 98 to
' - 108, 1’@2e
20 All the S.,V.5. non-riparian S.V.5. 23, 34, 42, 21 4,86 Yes
profiles not having an orienta- 85 fo 97, 109 to
tion between azimuths 298 and 111, 113o '
340
21 All S5.V.S. riparian profiles - 5:.V.5. 26 to 31, 28 2,73 Yes
having an orientation between’ 35, 36, 44, 47, 48, '
azimuths 290 and 340 (less 50 to 53, 55, 57,
extreme values) 58, 60, 62 to G4,

66, 67, 69, 70 to 72

22 All S.V.S. riparian profiles nof
having an corientation between This group contairjs too f
azimuths 290 and 340 (less :

extreme values)

o]

5 praofiles 1o test.

23 ALl N.V.S. riparian profiles N V.G, 25,to 27, (K

5 2,01 Yes
having an corientation between 47,750, 51, 53, 58
azimuths 105 and 145 (less 59, 64 to 67. '
| extreme values)
‘24 | A1l N.V.S, riparian profiles NeVeS, 31 to 38, | 22 ! 4,06 Yes
not having an orientation 47 To 46, 48, 49, ;
Tetueen azimuths 105 and 145 52, 54 bU 57, 60, g
' 620 i




No.

Profile Group Title

25

26 .

28

29

30

31

32

e

ALL N.V.S, riparian profiles
having an orientation between
azimuths 105 and 145, plus all
the S5.V.%. riparian profiles
(less extremes) -

All -H.V.S. none=riparian profiles
having an orientation between
azimuths 105 and 145

ALY NoVo.S. non=riparian profiles
not having an orientation
between azimuths 105 and 145
ALl profiles which are located
on Elsons® ridge moraine (lom)
surficial d@pOSlL

profiles located on
moraine

- ~
e VQ\(-:‘O

ridge

!\"J'O\AIBSG
ridge

profiles located on
moraine

S.Ve5. nNnon=riparian profiles
located on ridge moraine

S.V¥.S5. riparian profiles located

on ridge moraine (less extremes)

Nole S
loca

nonriparian profiles
ted on ridge moralne

i

1

“ iﬁhimsquare

Profiles in Croun | Total | value Sicnificant at p,05

NME;2° 23 to 27, 47, 52 1.97 Yes

0, 51, 53, 58, 59,

64 to 67,

S.V.5, 26 to 31, 35
to 37, 40, 41, 44 to
53, 55 to 64, 66, 67,

69, .
N.V.5. 7, 9 to 22,28, 30 3,46 Yes
68 to 74, 98 to 104,

NoVo.Se B8y 29, 30, 44 4,06 Yes
35 to 41, 75 to 97, '
105 to 109,

NoV.8s 7 to 50, &8 37 “17.49 No
to &0, 62, 64 to 10%,

FoUe8.9 to 37, 40 to

JJO R i

S.V.Se 9to 37, 40 to 43 6.49 Yes
5%, -,

N.U.S. 7 to 50, 58 94 | 15,37 o
to 060, 62, 64 to 109,

:ESW:U‘;‘::‘@ 9 to 25, 32 22 3,10 Yes
to 34, 42, and 43,

S.V.5. 26 to 31, 35 21 272 Yes

Sy 40, 41, 44 to ,

This group is the same as all the N.V.SJ noneriparian

profiles (less‘tho§e on Heaslip Eom:lox)

.....




Noe

Profile Croup Title

34

35

38

LLess

NoVeSs riparian profiles located
on ridge moraine

All profiles located on ground
moraine, These are all on the
5.Ve8. and are all- riparian
except for one profile (#65)

scated an the

irock caovered

f till = the

map of surfilce
h

~

ALL riparien profiles loos
ridge moraine

R Ty

Profiles in Croup

Total

Chiéséﬁaf

value

ey

(=]

Significant at P.05

NoVoSo 23 to 27, 31
Lo 38, 42 to 50, 58
to 60, 64 to 67.

Selle8052 to 72,

S.V.S. 80 to 113,

25, 32
43, 65,

to 22, 28
41, 68

to &Y, 40, 41, 44 to
-
JJo

NolleDo 23

30

=
i8]

48

2
Y

o
-

4'0 8-'.7)

0,44

9.84

« 08

2]

Yes

Yes

Yes

Yes

-
@
0

1




and non-rlparlan locales will not be normally distributed.
This was lndeed the case and almost all of the dev1atlons~
from this gensrality are readlly explainable on a closer
examination of these profile grouos.

For example, consider the Followlng groups:

i) All the north valley side profiles which are located
on Elsons! 1rm surflclal dBDOSlt type (less the extrems values
on the. riparian profiles). (Group #30).

ii) All the south valley side riparian profiles on the
1rm surficialvdeposit;"(qfoup #32). |
'ili) All the south valley side on the 1gm surficial deposit.
(Group #35). | | ' |
iv)ylAll the south valley side‘profiles not fscingvbetmeen‘
azimuth 290 and 340. (Group #22)

v) ALll the south valley 51de proflles which are FaCLng
between azimuth 290 and 340, (Group #21).

The Flrst group, since it contalns both rlparlan
and non-riparian profiles, could be sxpeoted not to haVB<a
‘normal distribution and this is indicated by the X2 value.

The sscond'groop, since it is Iocated éntirsly oo
a rlparlan location, could be sxpected to have a normal
‘distribution and this is the case..‘

The third group, although it contains both riparian

ahd non-riparian profiles, has a normal distribution, but it has.

only one non-ripariannprofile in the group.
Both of the last tuwo groups could be expected not

to have a normal oistribution,asinoe they both contain profiles




from riparian and non-riparian locations. But one group has a
normal distribution and the other group does not. This is an
exception which can be explained only by chance, i.e. tne
frequencies of occurrence of the maximum angles in the two
groups coincide in such a way as to give a normal distribution.

The results of this analysis seem to indicate that
a) there is a possible difference betwsen the profiles'on the
riparian.locations as éompared to those profiles on the non-
_riparian locations, b) that the surficial deposits have at
best ohly a minor influence on the formation of the maximum
angles, and c) that orientation may not influence the Tormation
of the maximum angles.

For example, if there was nothing special about the
profiles located on the riparian situations as opposed to the
profiles located on non-riparian pbsitions, then groups contain-
ing profiles from both these looat;pﬁs should exhibit a normal
distribution, providing 6? course that there are not any other
influencing factors. This is not the ca;e as was shown by
group #5.

If the sufficial deposits were‘a dominant control
in the formation of thé slopes, then all subdivisions based
on this criteri0n shoulq‘have normal distributions. But this
also is not the case. The same arguments cah be stated for the
profile groups based abcording to orientations.

The analysis of variance of the mean values of the

P

maximum angles in each prafile group should substantiate these

3

above mentioned conrnclusions.
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2. Analysis of Variance

The analysis of variance was carried cut on the
mean values of the maximum angles oF thé various profile
groups which had a normal distribqtion. This énalysis
indicated that all these group% were not from a single
statistical population. The resglts of this test are as

follows:

Source of variation Degree of freedom Sum of Sguares flean Sguare

between groups 227 - 7894.76 292.39

within groups 1160 . 24,596.98 21.20

value of F = mean square of the between aroup variation
: ' mean square of the within group variation '

%

13.79

]

Fig. 8 )
Analysis of'yariance b?‘the Maximum Angles
,where; a) the between group degrees_o? the freedom is
| équal to the number QF groups'festEd[ | |

minus one.

b) the within group degrees of freedom is équal
‘to the total number of replicates less the

number of groups which were tested.

c) the sum of squares is the square of the
difference of each term from the mean added

together.

d) the value of the mean square is the sum of

squares divided by the degrees of freedom.
At the .05 level of probability the value of F

indicates that there are significant differences between the




means of some of the groups.

3. Least Significant Difference Analysis

The next stage in the analysis of the data was to
determine which of the profile groups could be considered as
representing statistical populations, and which are only sub
groups of the same populations or contain profiles from twb
or more different populations. This was accomplished by an anal-
ysis of the least significant differences (L.S.D.) as calculateé
by computer for all possible different pairs of group mean values
(maximum.angles) for the groupS‘with a normal frequency dist-
ribution (Figure g).a Figuré 10 shows the results of the L.S.D.
analysis.5 The computer was programmed to print 0.0 whén there
was no significant difference betweéh the pair of means in
" question, and to print the actual value of the difference when
this difference was signifibént;

| It would involve an extremely lengthy and bufdensome
discussion jf each of the pairs of means (a total of 392).were
to be described as to why they have or do not have a significant

difference. Instead, only the major trends or sub-divisions

3

A table of F values is in Croxton énd Cowden Applied General

Statistics, New York: Prentice-Hall Inc., 1939, p. 878~870.

Using n = 27 (the number of profile groups minus one) and n, =
infinity (the within groups source of variation), the value“of

F at P.05 is between 1.000 and 1.517. The F value calculated for

the profile groups is greater than the value in the table, therefore .

it indicates that significant differences exist between some of
the profile groups.

4 As an aid in the interpretation of the L.S.D. table, the
profile groups were .arranged in order of increasing values of
their means.

: > A description of this test is presented in section (1v)
of Appendix B. :




Figure 9.

Key for the L.S5.D. Analysis

Title of Profile Group

All the north valley side (M.V.S5.)
non-riparian profiles facing,
between azimuths 160 and 225

NeVeS. non-riparian profiles not
facing between azimuths 105 and
145

South vallsy side (S.V.S5.) non=
riparian profiles not facing
between azimuths 290 and 340.

S.V.S. profiles on the area of shéle
covered by a thin layer of till

S.V.S5. non=-riparian profiles

§.V.S5. non~riparian profiles located
on ridge moraine

S.V.5. non-riparian profiles facing
between azimuths 290 and 340

All the non-riparian profiles

(both S.V.S. and'N.V.S.)

All the non-riparian profiles except

those located on the area of shale
covered by a thin layer of till

All N.V.S. profiles between azimuths
160 and 225 '

N.U.S.}non~riparian profiles

All S.V.S. profiles not facing
between azimuths 290 and 340

NeV.eS. non-riparian profiles not
cing between azimuths 160 and 225

[

4

10.69

11.18

11.19

11.25

11.43

- 11.51

11.69

11.78

11.84

12.65

12.66

The profiles aon the Heaslip Soil Complex, and the profiles

with extreme values of the maximum angles have been omitted from

all of these profile groups.



Crouo Na,

14.

19.
20.

21,

24.
25,

26.

27,

28.

Title of Profile Group

N.V.5. non=riparian profiles having
an orientation between azimuths

105 and 145

S.V.S5. located on ridge moraine

N.V.S. riparian profiles not facing

‘between azimuths 105 and T45.

N.V.S. profiles not Facing between

‘azimuths 160 and 225

S.V.8. riparian profiles located on
ridge moraine

Riparian profiles on 1 rm
N.U.é. riparian profiles

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

All riparian profiles (N.V.S. and S.V.S) .

N.V.S. riparian profiles not facing
between azimuths 160 and 225

S.V.S. riparian profiles

The S.V.S. riparian profiles facing
between azimuths 290 and 340

N.V.S. riparian profiles facing.

between azimuths 105 and 145 plus all

the S.V.S. riparian profiles

N.V.S. riparian profiles Faoihg between-

azimuths 105 and 145

All profiles on ground moraine

iean

13.15

13.48

14.18

14,50

15.81

17.03

17.22

17.86
18.07

18,27
19.27

14.53
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indicated by the analysis are disclosed; along with the excention
to these trends. Both of these situations are illustrated by
a selected number of examples.

On éxamining the L.S5.D. values it was quickly
realized that there was a general division between the riparian
and the non~riparian profiles. For example, there is no,
significant difference betuween the means of the N.V.S. fiparian
prifiles (#20)% and n.v.s. non-riparian prbéiles (#£20) and
similarly for the S.V.S. non-riparian (#5) and the S.V.S. riparian
(#24) profile groups. This relationship is true for nearly all
the various sub-groups of the riparian and non-riparian profiles.

"The following exceptions -occur: i).N.V.S. riparian profiles
~not facing between azimuth 105 aﬁd 145 (#16), and (M4) N.V.S.
non-riparian profiles.having an orientation between azimuth 105
and 145, ii) (#16) and (#13) all N.V.S. non-riparian not facing
between azimuths 160 énd 225, and iii) (#16) and (7#11) all N.V.S.
non-riparién proFiles.' These éxceptions will be discussed later,

The second feature shown by this anaiysis is that;
without éxception,vthere are no significant differences within

all the non-riparian sub-groups. This means‘that the micro=-
climatic conditions of orientatioﬁ with respect to wind'direcfion
or with respect to insolation, there is no significant diFFerence'
between the meaﬁs of the N.V.S. non;riparian profiles Facing
between azimuths 160 and 225 (#10) and the N.V.S. non-riparian.

profiles not facing between azimuths 160 and 225 (#43). Similarly

6 , CL , ' .
The numbers in the brackets refer to the cerresponding
profile group number in the table of L.S.D. values, Figure 8.
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o significant differences exist between the profile groups
selected on the basis of wind diractiéh.

For the riparian profiles, there are too feuw profiles
for an.examination'of orientation with respect to insolation.

It can be reasonably éssumed that this has no significént effect
on the riparian profiles, since ﬁon-riparian proFiles in similar
orientations were unaffscted.

However, the other aspects of micro-climate, i,e.
wind direction, do have a possible infiuence on the riparian
profiles. Again there is the problem of an insufficient number
of profiles in one of the groups. This applied only to the
examination of the prevailing winds on the $5.V.S. profiles.

This evidence is: a) tﬁere is no significant difference between
those profiles directly under the influence of the prevailiné
winds (S.V.S5. riparian prdFiles facing betwesn azimuths 290

and 340 - #25) and all the S.V.S. riparién profiles (#24). The
profiles directly under the infiuence of the prevailing wind
direction can not be Cbmpared with those profiles which‘are ﬁot
under the influence of‘that wind becéuse there are too fewv
-profiles in that'group for statistical tests; b) the graph

of the maximum angles versus their orientation indicates that

a similar average maximum angle is produged irregardless of
orientation.

Orientation with respect to sebohdary winds may be
important in the develbpment of maximum angles in the North Valley
Side. Profile groups (#16) N.V.S. riparian not facing between

105 and 145, and (#26) N.V.S. riparian facing between azimuths




105 and 145 show a'significant difference in their mean values.

Such a difference cogld arise from there béing a
decrease in the efficacy of a process which will tend to produce
“lower slope angles, i.e. that the balance between the rate
of removal and the éupply of material (the steady state condition)
wil; occur at a lower maximum slope anéle.

This would alsoc explain why there is no significant
difference between this group (#16) and some (but not all) of
the non-riparian profile groups. |

It would seem that the combination of processes
which operate on the riparian sldpes_ﬂgz facing bebween azimuths
105 and 175 produce a mean maximum angle which is only slightly
greater than the mean produced on the riparian profiles.

The fact that the riparian profiles not facing
between azimuths 105 and 145 (#16) and.(#32) S.V.S. ripéfian
profileé on ridg@ moraine show a sidni?ibant diFFerence.seems
to be fortuitous, since this particular groupiﬁg of S.V.S. bré?iles
contains several‘low maximum éngles (these are at azimuth 330,
see Figure 6) which cannot‘Be related to a particular cause.
Since these angles represent nearly Dne-sixth’of the sample
size of 21, it is likely that if they were omitted thié
difference would not éxist. |

Finally, there is only one remaihing exception to
the above mentioned significant profile grouping. There are
those which contain a combination of thevsign?icant groups,
such as the ripérian profiles affected by wave action and the

non-riparian profile. Examples of these groups are: a) all 5.V.S.
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profiies not facing between azimuths 290 and 340; and b) all S.V.S.
profiles located on ridge moraine.

It is Completeiy fortuitous whether or not groups of
this type show a significant difference between any of the other
groups., |

For example, (#15) all 5.V.S. hrofiles on ridge moraine
and (#28) all profiles (S5.V.S.) in ground moraine show a significant
difference between their mean values., But this is a chance occur-
rence due to the fact that the 21 profiles on ground moraine are
‘nearly all riparian while half of the 43 of non-riparian profiles
has lowered the mean value of that group to a point where it shdwé
a significant difference on the L.SOD; analysis,

From the foregoing discussion on the L.S.Q. values it
can be concluded that profile groups may belong to three separate
statistical populatiohé of maximum slope angle. These are listed

in Figure 11 with their means and standard deviations.

A v - Standard
Profile Group No. of Profiles. [lean Deviation

1. All the non—ripariah -
profiles less those ' ‘ : ea .
profiles on the Heaslip _128 . 1151 3.89
Soil Complex.

2. The north vélley‘side ‘ :
riparian profiles facing , ' , -
between azimuth 105 and 52 18’27 5.37
145 plus all the south
valley side riparian
profiles '

3. The north valley side ‘ .

' riparian profiles which : o
are not facing between 22 14.18 4.23
azimuth 105 and 145.

Figure 11.

Preofile Groups Found to be Significant
from the L.5.D. Analysis




5[‘

This analysis also indicated that lithology is not

a dominant control in slope formation in the Dand Valley since
these profile groups have been deveioped on the same rock
type.

One of the assumptions at the beginning of the
analysis was that the relief in the valley was nearly constant,
since this appeared to be the case according‘td the contours
on a 1:50,000 N.T7.5. map. An énalysis of variance of the mean
Qalley side heights éf the above three profile groups wés
conducted to dé?ermine if relief was in fact the same in the
different groups. The results of this test supported thé
originai assumptiun. The analysis gave a value of 1.09 for F
which at the P.05 level of significance indicates that there.
is no significant difference between the reliaf of the various
groups. '

4o Correlation Analysis

The final step in the.statistical arnalysis was the
determination of the degree of correlétion which exists betweeﬁ’
the profile parameters‘selécted in Chapter III. (These parameters
are listed again in Figuréy13), | '

| Before the correlation test could be pérformed it was
necessary to determine the type of normal frequency distribution

. R 7 ' .
which each parameter exhibited.  For this study, four types

of distributions were arbitrarily selected:- a) an arithmetic

-
7

Lo 2

[u}

This step is necessary since the correlation coeff
Lo e e

is in part dependent on the type, of distribution present
data.

e

cient
n the

g
3}
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normal distribution, i.e. no data transformation, b) a logarithmic

normal distribution, C) a square root normal distribution, d)
a reciprocal normal distribution..8 The chi-square values
for each distribution are presented in Figure 12.

Note that the M.H.D. of the maximum slope unit was not
included in the analysis for types of hormal distributions. This
parameter, plus the maximum angle, formed the basis from which
the remaining parameters pertaining to the maximuni slope unit
were calculated. However;.it was included in the calculation
of correlation coefficients and the rotated factor matrix for
checking purposes. In these tests this group was considered
to have an arithmetic normal distribution.

Once the tyges of distributions were determined it was
possible to calculate the correlation coefficient r for each
pair of parameters by the factor analysis methad. ”

As well as correlation coefficients this program calculétea the
-standard dauiatiéns and means of the parameters,jo and provided

a principle factor matrix and a rotated factor matrix.

‘The principle factor loading matrix and the rotated

8 These operations were performed by computer. The test for
the various types of normal distributions is the same as that
which was used in determining the distribution of the maximum
-angle. ‘ ‘ '

? A brief description of the factor analysis test, a copy of
the factor analysis program (supplied by the Computer Centre,
University of Manitoba), and the fortran steps in the program
are provided in Section (IV) of Appendix B. -

10 These values could not be Used since they were calculated
after the data transformations were performed for the different
types of normal distributions. The means and standard deviations
were calculated separately and are presented in Fig. 1ia.




Results of the Analysis of the Types of Normal Frequency

Fig. 12

Distributions of the Parameters of Selected Prorfile Grouss.
I

-
<

T

Chi~spouare Yalues pf the Distoi tion Types
Profile Group Parameter Arithmatic Laog Sguare Roolt Reaciprocal
1. North valley side Heightlof‘the max. unit 3.02 3.25 4,58 &.78
riparian profiles not : %
facing between azimuths Length of the max. unit 10.22 5.41 3,99 11.94
105 and 145. o , #
Maximum angle 4.06 8.11 4,21 12.92
Valley relief 5,60 2.46 4,80 2,30
Length of the mean slope 5,28 1.66 3.27 5.43
lean valley side gradient 4,42 6.82 4,86 7.18
2. All south valley side. Height of the max. ‘unit 24.58" 6,72 4,55 30,76
riparian profiles nlus ‘ : % %
the north valley sidse Length of the max. unit 21.11 8,76 14,62 21.50
riparian profiles : ' %
facing between azimuth flaximum angle 1.97 7.39 1.92 13.12
105 and 145, % : "
Valley relief 7.21 25.45 12.78 112,06
Length of the mean slope 3.89 4,36 2.45 23.29°
flean valley side gradient 8,86 5.1%1 5.52 5.33
*All the chi-square values are significant at the p 05 leval except those which
2 marked with an asterisk. 2

~1




Fig.

12 contt,.

5.18

Chi=-square values of the Distr 1on Tvpe:
Profile Zroup Parameter . Chpithmetic - oo Square Ro eciprocal
3. All non-riparian profiles Height of the max. unit 7.24 12.64 5.27 49,25
those on the Heaslip ' " % %
soil complex. Length of the max. unit. 13.20 18,85 13.87 107. 40
Maximum angle 7.79 12.24" 6.03 8.31
Valley releif 4.98 8.33 6.21 43,65
Length of the mean slope  1.45 4,13 1.70 47.68"
ean valley side gradient 11.35 2.82 4,61 23,22
* .
4. All the profiles measured Height of the max. unit 32,94 28.46* 7e51 138,09
in the Dand Yalley. ’ % % ' %
' Length of the max. unit 52.04, 46.84 8.80 204,18
. . * * *
Maximum angle 63.24 3.44 28.44 28,85
Valley relief 12.48" 36,43 17.32 155,70
Length of the mean clope 11.72* 11.89* 5.45 127.66%
fMlean valley side gradient 59,93" 32,27 29,41

1

o




. Parameters :

Profile LGroun ' ' 1 2 K] 4 0 6 7 ;

1« All non-ripzrian profiles g §
less those on the Hesslip f :

s0il complex. ; ;

flean = , 28.6 ;167.5 1.5 164.5 4.3 1 564.9 'Uo1086§

Standard Deviation - | 14.6 .103.6 3.9 | 103.1 15.6 | 219.6 {0.0417 |

2. South valley 51de riparian i ;
profiles plus the north valley | ; §

side riparian profiles between . § : b :
azimuths 105 and 145. ' g . v : f

| | Nean - 120.5 1 73.3 | 18,2 70,0 | 49.7 | 287.5 |0.2038 .

Standard Deviation - | 12.8 | 58.8 5.4 | 57.9 | 15.5] 166.6 |0.0939

3. North vd}1ey side riparian o E ‘ , :
profiles which do not face C ! - 5 i
between azimuths 105 nad 145. : f i

: 1 : . §
! flean = 1 22.8 110419 14.2 107.3 48,4 % 317.8 10,1612}
t . . ; ; :
Standard Deviation - | 10.8 | 83.8 4.2 1 85.6 | 11.2109.4 [0, n547f

4. All the measured profiles in § ' |
the Dand Valley. » | ‘ :

| flean - = 26. 134.4 | 52,61 461.7 "0.,1449

Standard Deviation - |14 103.2 15.0 | 235.6 | 0.0942:

feans and Standerd Deviatiaons of the
Parameters of Selected Profile Grouns

tiote that the stendard deviation is an indication of the amcunt of dispersion of the data
about the mean. That is about 68% of the data falls within ¥ 1 standard dev1atlon of the mean,
and about 95% of the data falls w1thln - 2 stanuard deviations of the mean. 0




Key for

Fig. 13,

the Parameters in the Analvsis of the

Correlation Coefficients and Rotated Factor MNatrix

Variable Profile parameter
1 The height of the maximum slope unit
2 The length of the maximum slope unit
3 The maximum angle
4 The map horizontal distance of tne
maximum slope unit
5 The valley height, i.e. relief
6 The length of the mean valley side
gradient
7 The angle of the mean valley side

gradient

&0



SIMPLE COREELATION COCFEICIENTS

VARTABLE® . 1
L 1.0000000
2 0.7484005
3 ~0.07CA4RT",
4 0.73546317
5 0.521175¢6
6 0.1325985
7 0.2030079

ROTATED FACTAR MATRIX

v AR®

VAR

VAR

VAR

VAR

VAR

VAR

l':
N.R1289

et st SR

(1e97159

i

(1, 53378

Ne 96916

————————

. 18489

3

0.151C1

~0.01254

0.62624
~0.20279
~0.03114

~0. 89434

N,95031

Fig. 14

2 3 'va
1.0000000
—ﬂ.qu??Rsk 1.6060DC0
0.9908009 =0.6077271  1.0000000
0.2335785  0.2674444  (.2218183
0.3445;32 0.4343913  0.3475525
-0.1814229  Q.6406589 —0.1914446
2. 3 ‘
19.18933 0. 44800
0419330 0.05103
A‘ N ATLAD : '

0.03759

N,935384

0,39934

0.199¢1

* N . N
see fig. 13 for the key to these parameters.

Correlation Coefficients and Rotated Factor
matrix of all- the Non-riparian Profiles.

1.0000000

Co419G681

0.1961742

'1.0000000

-0, 7644899

1.6000000




T
VARIABLE

1

2

3

*

VAR

VAR

VAR

VAR

.
STMPLE: CORRELATION COEFFICIENTS
aL o 2 3
'1.0000000 |
0.9004605  1.0000000
0.0564036 -0,3525805  1.000C00C0
0.7852450 0,9197329 —0.4790203
0.3197725  0.1688898  0.2179357
5.0108445  0.1008485 =-0.3159326
0.3062172 0.0217416 _ 0.6895872
1 2 3
0.03129  0.26905 0.15634
0.98337 -0.10463 0.02647
-0.27232 0.89212 0.18534
0.93239  -0.27393°  0,07542
0. 17014 0.18054 0.92877
C.01952  -0.55561  0.81932
0.13746 0,93563  -0,21627

VAR

VAR

i

5

- VAR

6

7

ROTATED FACTOR MATRIX

Fig. 15

1.0000000

0.1810280

| 0.2336430

-0.1312516

" *30e fig. 13 for the key to these parameters. -

Correlation Coefficients and Rotated Factor

Matrix of the North-Valley Side Riparian

Profiles Facing Betuween Azimuths 105 and 145

plus all the South Valley Side Riparian

Profiles.

1. 0000000

0,6419556

0.0373942

'1.0000000

-0,7119826

1.,0000010




L GIMPLECORRELATION COEFFICTENTS

VAR

% . 1 2 3
1 1.,06600)0
2 g;lggglgl‘ 1.3590003
3 ;0.24%172& ~0.7292831  1.C0000C0
4 5.7120489  0,9743893 ~0.7230757
5 ~n.0041298  0.3275566 0.5937549
,.6 20,0270323  0.2645170  -0.4718019
7 3.Q54169§ 1-Q;59di594 0.7501639
POTATED FACTQR'NATRIX i
o 1 2 3
var® 1 0.93077 Sn.13249 -0.12285
VAR._Z £.53076 0.21160 0.26231
VAR® 3 -0.48441  -0.50585  -0.62155
VAR 4 0.8C4a6D0, | 3.23553 N.25685
{VAR 5 0.n7512  0.03174 0,97433
VAR & 0.07529  Q.98834  ~0,04483
VAR 7 —0.7R320  =0.7949]

~0, 56812

LS

1,G0000C0
¢.3265137

0.2776620

-0.3881949

"*see fig. 13 for the key to these parameters.

Fig. 16

Correlation Coefficients and Rotated Factor

Matrix of the North Valley Side Riparian

Profiles not Facing Between the Azimuths of
105 and 145. ‘

1.000C200
0,0219448

—0, 6040047

1. GC00000

~0.7676217,

1.00000C0C




LE ﬁngiELATTQM”cﬁFFFICIFNTSMG:

e
2 0.8002576  1.0000009
3 —0.2037457 -0.7125698  1.0000000

4 5.74312383.  0.9704895 ~-0.6617597  1.0000000

5  0.4326352  0.1628206  0.1866702  0.1798551  1.0000000

6 0.2372331  0.4921613 -C.5721958  0,4882324  0.4415341  1.0003000

T 5.0004715 -0.4268567  _0.7646212 -0.4148597  0.0837004 -0Q.8263000 1.0000000 -

{ ,
¥ P ~ e |
'thATFn FACTOR MATRIX - )
| ‘ F | ”Z>é,5**”'“°f F,
'vlé*ﬁl""-6;33942";7f6;s@775 -0.10523
| VAR 2 C _oJa2111 0.93081 0.35623 -
,vAR f3~,:—c.32qss S0.48151 -0, 75375
VAR 0.02565 n.00742 0435727
-0.96805  0.15773  0.00583
-0.44383  0.18486 0.86524
~0.07876  -0.09431  -n.97076
;, - *Seé‘Fig. 13 éor the key to theée'paraﬁé
L _ - . » . . . . o _ _

Fig. 17 L e
Corrslaion Coefficients and Rotated Factor

matrix of all the Profiles Measured in the

Dand Valley. T




Factor matrix contain the same ih?ormation, but it is in a more
meaning?ﬁl form in the latter matrix, i.e. the computer was
programmed to adjust the principle Factor matrix, by a simple
rotation about an axis, in order to facilitate the interpretatibn

1 .
8nly the rotated factor

of the results (Figures 14 to '17).1
maﬁrix is included in the results. These tests were conducted
on the three profile groups selected from the L.S.D. analysis
as representing individual statistical populations (or at least
sanples from such a pqpulation).‘ In order to compare the results
from these groups with the results from a ‘heﬁergeneous‘ sample,
all the profiles measuréd'in the Dand Valley were similarly
tested,
_A) The correlation coef?icient matrix

| In the correlation coéFficient_matrix any value of
r which is 0.5 or greater was considered as indicating é positive
correlation. These values have been uhderlined in each of the~
tables. Values under 0.5 were considered as having zero correl-
ation.

Note that a high positive correlation between tuo
parameters indicatés that when the value of one parametef increases
the value of the other parameter also decreases.

Conversely, a high negative Correlation indicates

that when the value of.one parameter decreases, the other parameter

will increase, or vice versa,

"1 see Appendix B, Section (iv) for a brief description
of factor analysis. ' '

o
¢
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The level of significance of r was calculated
(at the 5% level) for each profile group. This indicates
the probability of another sample, of the same size and from
the same area, having a correlation coefficient similar to that
obtained. For example, in the profile group 'north valley side
riparian prifiles not facing between azimuths 105 and»145' the
critical r value is 0.42.12 For another sample from the same
area there onld be aBout 95 chances in 100 of having similar
values for each correlation coefficient which is greater than
0.42. There is little chance of obtaining similar values for
those ﬁorrelation coefficients below 0.42 and as a result these
can be consideredbas having Zero correlation.
The critical r values for the other profile gfoups
are:
a) all the non-riparian pfofiles - an r of 0.20.
b) all tﬁe south valley side‘riparian pro?iles Dlus the
north valley side riparian proFiles between azimuths
105 and 145 -« an r of 0540.
c) for all the méaéqnéd profiles - an r less than 0.10.
These valuses indicate thaf for the larger samples,
there is a greater probability\of obtaining similar cdfrélation
coefficients. Note that all of the critical r values are less
than 0.5

The results of the correlation analysis will be

under the following headings; a) similarities between

discusz

12

This test is described in Appendix B, Section (IV)

£
s



the three main profile grouns, b) correlations which zare unigue
to particulaer greups, and c) a compariscn between the three
main groups and all the measured nrofiles.

1) Similarities betusen the threse main nroifile
groups. The following pairs of parameters show & nositive
correlation in each of these profile groups.

a} the height of the maximun uﬁlu and the length bf

the meximum unit (Var. 1 and 2).

o) the height of the maximum unit and the M.H.D. of

the meximum unit {Var. 1 and 4).

c) the length of the maximum unit and the M.H.D. of

the maximum unit {Var. 2 and 4).

d) the maximum enols and the angle of the mean vallsy

side gradients {(Var. 3 and 7).

’ Consider a, b, and c, it is noticed that with an increas
in the length of the maximum slope unit, there is =z corresponding
increase in the-height of the unit. This situetion would occur
when the fl.H.D. is constant.

In comparing Var. 2 and ﬁ, we find that Qhen the lengti
of the slope of thé maximum unit is increased - the [.H.D. is
also increased. n would occur when the heigh jas constant.

These seemingly conflicting results suggest that
when there is an increase in any one of these parameters, there
is also a corresponding incraase in the other two parameters,
as 1n Figure 18,

This is supported by the fact that the correlaticn
(between Var. 1 and 4) indicates that when the heichi of the
maximun unit increasss so dosc the MoH.D.
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Fig. 19,

The relationship betwesn the maximum angle and the
mean valley side gradient, uwhare

a - the maximum éngle
B -~ the angie of the mean gradient . '
L -‘the length: of the mean gradient.
vThis also accounts faor the'negative correlation
between the mean gradient length and the angle of the mean
gradient. Since the valley'relief is cdnstant, the length
of‘the meanigradient willvdécreaée as fhevangle of the mean

radient increases. An examination of Figure 19 indicates thatb

o

there should also be a negative correlation between the angle
of the mean gradient and the total f.H.D. of the profile,

ii) Correlations unique to particular profile groups.

a) There is a positive correlation between the
relief and the length of the mean gradient in only one profile
group, that of the 'S.V.S5. riparian profiles plus the N.V.S.

riparian profiles facing between azimuths 105 and 145¢.

This seems to indicate that there are Fluctuations
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c) The N.V.S. riparian profi not facing

b?tuecn azimuths 105 and 145 is the only group to have a
negative correlation betuween relief and the maximum angle. This

megans that as the relief increases, the value of %the maximun

Fig. 22.

Illustraulng the relntlonshlo between the relJe;
(H) and the maximum angle (A).

-This profile group is also the¢0ﬂly one to Xhlbl
a negative correlation between the length of the mean gradient

and the angle of the mean gradie nt. Thus, as the angle of the

mean gradient increases, the length of the mean gradient decreases.

This would occur if the relief was constant. Reference to the

standard deviation in Figure 12a indicates that this is the case.

' -~ d) The final unique correlation is one which

is found in two profile groups. ‘'all the non=-riparian profilest
and 'the N.V.S. riparian profiles not facing between 105 and 145¢,

In these groups there is a negative correlation between the

maximum angle and the length of the maximum unit. That is, an

increase in the maximum angle results in a decrease in the length




of maximum unit.,  Such a correlation would ccocur if tha heinht
of the maximum unit was constant.

Since there is a large standard

deviation (Figure 12a) of the heights of the maximum unit, thi

e ' . , .
does not appear to explain the correlation

The correlation coefficients indicate that there is

3,

an increase in the length of the maximum unit with increas

sSEs

in the height and M.H.D. of .the maximum unit. Therefore, in order

C oy '

o0 have a decrease in the maximum angle as well, the situation

U

could be as it is illustrated below.

m.H.D. ’ mOH;Do

Fig. 23.
The possible rélationship between the maximum-

angle (A), the length of the maximum unit (L) and
the map horizontal distance (M.H.D.). The dashed

lines indicate the possible increases in the lengths

of these parameters. ‘
8) The Rotated Factor métrix.

A preliminary énalysis produced a Facﬁor matrix

in which four factors had been removed from each of the profile
groups. An examination of the amount of variability which each
of thess abcounted for, showed that Facfof 1 accounted Tor about
4035, factor 2 about 30Y, factor 3 about 20%, and factor 4 only

amnount

2-3%, Since the fourth factor accounted far only a small

of the total variance, it was decided to re-test the datz and
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extract only three Factors.1 The‘interpretation of the results
was also simplified by having only the three factors.
The high factor loading values have been underlined
in the matrix for each of the profile groups (Figure 14 %o 17).
The parameters bpposite these high values in a factor
column can be grouped togéther and are independent of similar
groups in adjacent éolumns (see Appendix B, Section iv, Fér a more
complete discussion of the rotated factor matrix).
The following pattern of pafameters is considered
as being basic to all the profile groups. Differences hetuween
the profile gfoups is reflected in addition to the basic pattern.
a) the first group of parametérs consists of the heightv
of the maximum unit, (Var. 1) the_iength of the maximum
unit (var 2.); and the f.H.D. of the maximum unit (var. 4).
This group will be referred to as the length of the
maximum unit, since it is the pa:ameter with the highest
factor loading value in each case.
b) the second group consists of thé maximum angle (Qar. 3)
the.length of . the mean gradient (var. 6), and'the.angle

of the mean gradient (var. 7). Since these are related

1 In the original test, factors accounting for less than
0.03% of the variability were not retained. In order to reduce
the number of factors it was necessary to arbitrarily increase
this constant to 0.05. :

The amount of variability accounted for by each of the
new factors is 55% in the first factor, 24% in the second,
and 16% in the third. ’ -
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to the general steepness of the profile, it will
be referred to as the general steepness groun
c) the last group consists of one parameter, that of

the valley relief.

Each of the profile groups will be discussed in turn
and the parameter groups which are peculiar to each will. be dealt

with separately.

a) All the non-riparian profiles

The patftern which was outlined above is presént in this
group with only minor modifications. ﬁaraﬁeter number 3, that of
the maximum angle, has values which indicates that it is a mixed
variabie. This means that it can 59 correlated. with the other
parametsr groups, l.e. it is a function of the general steépness,
the length of thg maximum unit, and the véiley relief.

Also, there is a negétive value for the lenggb‘of the
mean gradient. This indicates that as the maximum ahgle,}br the
angle of the mean gradient, increases thén ﬁhe length of the
mean gradient decreases. These relationships are also inaioated by
the correlation coefficients of these parameter pairs.

b) The north valley side riparian profiles facing betuween
azimuths 105 and 145 plus all the south valley side
riparian profiles.

In addition to the basic parameter pattern, the length
of the mean gradient is related to thevvalley relief. As this is
also indicated by the correlation coefficients, it can be consider-

ed to be a characteristic feature of this particular profile group.

This correlation is such that as the relief increases sc will %the
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length of t
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the mean gradient. Since the angle of the mean o
is not part of the same factor group as the relief or the length
of the mean gradient, it sugnests that thefe is a possible homo=-
geneity of the angles of the mean gradient. This is illustrated
in figure 19, i.e. if the mean gradient angle is constant an in-
crease in relief will result in an increase in the langth of the
mean gradient.

It will be noticed that the maximum angle is a pure
vériableg i.e. it is not correlated with any other group (there
are no high factor loading values in the other factor Qrbups).
Thus, for this group it is a characteristic value or parameter.

Also, as with the non-riparian profiles, there is a
negative factor loading value for thg length of the mean gradient.

These three_?eatures can be considered as being the
identifving Dhéracteristics which distinguish it from the other

profile groups.

c) The north valley side riparian profiles not facing
between azimuths 105 nad 145.

The maximum angle is a mixed variable in this gfoup
as it was in the noh-riparién profile group. But unlike the other
two profile groups, the angle of the mean valley side gradient is
in the factor oroup containing the relief which also has the high
maximum angle value. This means that in this group there is an
inter~relationship betuween these three variébles, although it is

only a partial relationship. Note that the angle of the mean valley

9]

b

ide gradient is also 3 mixed variable.
The angle of the mean graedient has a nsgative factor

loading value in both the general slope and the valley relief
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factor groups. This indicates that i) as the mean gradient angle
‘decreases the relief wiil increase,’ or vice versa, and ii) as the
iength of,the'mean gradient increases the angle of the mean .qrad=-
ient decreases. This ﬁust mean ﬁhat for these profiles, there is
:aiso an ipcréase:in'thefm.H.D. of the profile which accompanies |
the increase in relief. |
‘There is aiso a negative value for the'maximum:angle‘
in the valley relief‘FaCtor.group. This is associaﬁed with the
above considerations, i.e. as the'relief increases the maximum
angle decreases. These relatiDHShips have already peen described
(see figuras 22 and 23) and the facter loadlng values support the‘
conclusions drawn from the correlatlon coefficients.
d) All the profiles measured rn'the Dahe Valley.
The basic %actor groups are Found in all the profiles.
This adds support to the 1dea that these Factor groups reFlect a
Fundamental attrlbute of the slopes 1n the Dand Valley.,It is’
possible that the patterp is common-to every valley or slope which
‘has been developed under ﬁhe same conditiohs as the‘Dand:Valley,
or possibly‘iﬁ is"common'to every landscape.
| In summary, the dlSCUSSlOﬂ of the correlation matrix
and the rotated factor matrix 1ndlcates that certaln relatlonshlps
between the parameters hold true -regardless of the locablon_of
-~ the profiles. mpsf of these areekpected since they are governed
by geometry but some are .unekpected euch as the correlation
between the maximum angle and the angle of the mean valley side
gradient. This relationship‘seems to negate the theory of parallel

slope retreat since it indicates that as the valley sides are




eroded down and the valley is infilled the maximum angle will

decrease in value.

The fact that there is‘a basic pattern common to all
the profile groups, and that each profile group has characteristic
differences supperimposed on the basic pattern, suggests that there
are different processes or other variables operating within the
Valley. |

The differences in the r values and the factor loading

.

values can be considered to be indicative of the conditions in the

Dand Valley. Whether or not these features are characteristic of
other landscapé types or occur only in the Dand Valley is a
guestion which requires Fufther investigations to answer.

The results in the rotated factor matrix indicate that,
in two of the profile groups, the maximum angle is not a pure Qar~
iable. This suggests that some other variable or comhination of
variebles might provide a better basis than the maximum angiebfor

determining those slopes which have developed in response to’

particular conditions (of soil, microclimate, etc.). The results

From this study indicate that the following parameters and normal
distribution types may better represent siope development ina =
given area:-

a) the length of the maximum unit, with a log normal frequency
distribution.

b) the valley relief, with an'arithmétic normal frequency
distribution. .

c) the mean gradient angle, with an arithmetic normal

frequency agistribution.



and d) the maximum angle, with either an arithmetic or &

i

square root ncormal freguency distribution.




Chapter v
CONCLUSIONS

1. The analysls.of varianCe indiceted tbat there were sig-
nificant differences betwsen profile groups with a normal dis=-
‘tribution of the ma*imum angles which were selected on the basis
~of their relationship to various physical conditione.in tbe Dand
Valley. |

There is a basic leFerenoe between the riparian and
non-riparian profiles.  Within the rioarian profiles, if is con-b”
cluded that those profiles which are affected by minde’(i.e. wave!
action) are significantly different from those profiles which are
.hot under the direct influence'onwavee. Aleo, these differences
in the maximum angle:reFlect di?Ferenoes in the process (or set of
processes) or the ibtensity oF the processes in each of these lo-
cations. As such, theee two rioarian profile groups and ﬁhe non=
riparian group can be-ooneidered‘to be'From separate statietical'
;populationse These are a) all the non-riparian profllee, b) the
south valley side rlparlan proflle EiEE the north valley ‘side ri=-
parian proflle Faolng between 821muths 105 and 145, _and c) the
.north valley side rlparlan proflles whlch do not face between azi-
muths lOS and 145._ |

It is probable that looal conditions 1nFluence the effect
of the wlnd dlrectlons (prevallzng ‘and secondary) and that the par-.
tlcular profile orlentatlons which are 1mportant in the Dand Valley
wlll not apply elsewhere. | | | |

The exaot importance of the effect of the secondary wind
is not known. Since it is from a direction which is almost opposite

to the prevailing wind, and that the valley sides under the influ=-




)

ence of these winds have a greater maximum angle (average) tha

that portion of the valley which is not affected by these winds,
it seems likely that
a) these winds increase the rate of removal of mataerial from

he b

W

se of the valley side by increased wave action. ‘This may

ci-

account for the steeper angles found in these positions. The val-
ues of the means of the maximum angles suggest that the secondary
wind may be more effective than the prevailing wind since they have

produced steeper maximum angles.

=h
D

b) it would follow that the profiles which are not effacted

v

by these winds have a lower mean maximum angle due to a lower rate
of removal of material from the base of these profiles.

The hypothesis that wave action is the mechanism which
may cause these steeper maximum anglés is supported by theyfact
that neither the prevailing wind nor the secondary wind have any

apparent effect on the slope formation of the non-riparian profiles.

[AS]

-
« © i

he analysis alédnindicated that surficial geolégy and or-
ientation with respect to‘insolatibh'receiued.have not produced sig-
nificant‘differehces in the maximum angles which were developed in
the Dand Valley. |

3. There is no significant difference in the relieflmithin

the study area. Thus, chdnges in the maximum angle can not be re-
lated to this variable. |

b The analysis of the types of normal distributions nresent

in the selected valley side parameters.of each profile group indi-

4

[

a) the maximum angle has a log normal distribution in the




s A
profile group containing 2ll the profiles measurcd in the Dand
Valley, This may be characteristic of any hetardjanegus samnle.

b) the data of nost of the parameters has nore than one type
of normal distribution in any one group of profiles, indicating
that the type of distribution is not important (it also indi-
cate that the sample sizes are not large enough for this tyoe of
analysis.) However, parameters from different groups are not al-

Cways charecterized‘by the same type oFAdiStrithion which is re-
lated to the operation of different processes or var“ablgs, or
that certain distributions are more useful in describing different
parameters. No definite conclusions can be made on these theorics
on the basis of the results of this study.
5. The‘correlation analysis indicated that there is a bhasic
set of relationships which are common to all of the profile groups.
These arei-

a) a positive correlation betweer the height of the maximum
unit and the length of the maximum dhi*f

b) a positive correlation between the height of the maximum
unit and the M.H.D. of the maximum unit.

c) a positive correlation between the length of the maximum .
‘unit and the M,H.D. of the maximum unit,

d)va positive correlation between the maximum angle and the
angle of the mean valley'Side gradient.

e) a nesgative correlation beﬁmeen the mean gradienf,length
and the angle of the mean gradient.

.
It is concluded that these are a common feature to the
slopes developed under the particular conditions found in the




Dand Valley, and possible that they are common to all slopes, or

at leest to slopes which have develbped undér similar conditions
of climate and lithology.

tach profile group has correiations between paramsters
which are unique to that group. It‘is concluded that these cor-

relations are characteristic of the conditions under which the

group in question has developed. As such, 17 similar rslationships

{
i

are found in other areas, it can he suspected that thsy are the

to those in the Dand Valley.

result of conditions corresponding
6. It is concluded that there are three hasic parametars

n be de-

m

from which the basic characteristics of all the profiles c
rived. Th

a)

b) the valley relief

[43]
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length of the maximum unit

[

f sl

c) the mean gradient angle.

It is possible tﬁat these may be basic to all landscape,
or at least to those areas which have siﬁilar climate and lithol-
ogy to the Dand area.

The differences within the study area can be completely
described by a cénsideration of two additional parameters (in add-

ition to the basic parameters) - the maximum angle and the length

Q

f the mean gradient.
7o This study has indicated that a combination of parameters
may provide the best means of evaluation of those slopes which

have formed in response to various conditions. These parameters

.

'

are the maximum angle and the length of the mean valley side grad-

ient. In analyzing profile groups which have been selected on the
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basis of their relation to'various physical variables it may pro=-
vide a more sensitive -test for selecting the important grdups if
both of these parameéters were examined for normal Frequency_dis-‘v
tributions. | ‘

8. . The facf that the length of the mean valley side gpadient
increases when there is a decrease in the maximum angle has seQ-
eral geomorphological impl;cations; |

If the increase in the length of the mean.valley side grad-

ient has resulted from colluvial deposition at the base of the slopes, ﬁi

then this correlation suggests that_pafallel slope retreat is not -

occurring'énd.that_the maximum angle-deoreases with time.

‘vThe correlation could also indicate that there has beén a‘
change in the relative rate of supply and'removal of material, if
the steady state‘condition'is‘aséumed to be‘frue. Thesé results
sﬁggest that there may have been.a decrease in the rate of remov-
al of material or an increase in the rate of supply, since both
of these conditions would likaly produce lower maximum éngles.
Changes such as these may be a reFléction of changes iﬁ dlimatic

conditions, possibly from a more humid climate to a drier climate,

B
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i) A Summary of the Pleistocene History of South West Manitoba |
| The south west portion of Manitoba and the
- northern part of North Dakota were covered by ice originating
from the Keewatin'ice centre which uwas locafed to the west
of Hudson Bay. |
On deglaciat;on,'many lékeS\Formed at the
edge of the ice sheet whichhwas blocking the normal drainage.
One of the first iakes to form entirely iH'Manitoba was in
the Whitewater Laké,aasin near Boissevain. This.small lake
dischafged.eastward iﬁﬁo what"is now.the Pembina River;‘,
Clacial Lake Souris was in existence in
North Dakota at‘thié time - discharging through the Sheyenne '’
River to the south. Afslight withdrawal of the ice caused
the laké to expand ihto’Manitobé and also opened a lower,

western outlet of thé lake in the Whitewater Lake Basin.:

2retreat of the ice margin north westward to Dand removed -

the source of this small lake (in the Whitewater Lake
Basin)3 and uncovered an outlet (The Dand 'Spillway)ee..
through which Lake Souris discharged north east into

Carroll glacial lake .... formed between the retreating -

Moose Mountain Lobe and the ice flowing westward up the.
Assiniboine Valley. (See Fig.24). : :

1 This is largely a summary of J.A. Elson, "Pleistocene
History of South Western Manitoba", p.62-73. In Guidebook,
Ninth Annual Field Conference of the Mid-Western Friends .of the
Pleistocene, North Dakota Geol. Surv. Series, No. 10, 1958.

: 2 3John A. Elson, "Souris Basin Glacial Lakes, South "
Western Manitoba, Canada", (abstr.), Geol. Soc. Am. Bull,
68, p. 1722, 1957 | ‘ -

3 Brackets are the authors.
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Glacier retreéﬁs.caused the Dand Channel to be abandoned

and the Glacial Lake Souris to mergse with Glacial Lake Carroll.

This lake discharged through the Pembina Valley. One of the final

stages of deglaciation of this area occurred when Glacial Lake

Souris was isclated from the:ice front to form Glacial Lakse

Hind.

J.A.Elson, 1958, op. cit., fig. 4.



ii) Profile Orientation

maximum angle was measured after the profiles had been plotted

The orientation of each profile unit containing ths

on a map. The azimuth recordsd is the direction which the

slope Faces,ie.'as if measured with'your back to thse valley

side. The following tabls lists each profile number and the

corresponding-azimuth'qf that profils.

South Valley Side

Profile No. Azimuth Profile No. Azimuth Prdfile No. Azimuth

1
2
3
4
5
6
7
8
9

10
11
12
13

14

15
16
17

300

293

305
305
301
300
305
304
318
316
318
325
323
320

315

313
321

18
19
20

21-

hY

gy

23

24
25

26

27

28
29
30

31

32

33

34

312

306
300
300
307
282

302

290

316
302

301
308

310

298
- 322

322
347

35
36
37
38

s
40
41

42

43
44
45

46
47

" 48 .
49

50
51

340
342

347
341
342

350

345

- 350

360

333

343
345
330
332
360
337

327
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rofile No. Azimuth Profile No. Azimuth Profile No. Azimuth

52
53
54
55
56
57
58

59
60

61

62
63
64
65
66
67
68
69
70
Rz
72
73
74
75
76
77

315
318

315.

340
360

. 323

340
342
349
345

310
323

328

. 308
306

287
313
315
298

295

319
310
313

- 312

317
328

78
79
80

81

82

83
84
Bg
86

87

88 -

89
90
91
92
93
94
g5

96

97
98

99
100

101

102
103

320
313
340
293
320
324
330

346

350

- 360

10

17
25

40

15
17
L
36C_v
353

342

340

325

336

320
315
318

104
105
106
107
108
109

110

111
112
113

320
330
322

325

338 -

344
346
354

335
360



North Vallevy Side

Profile No. Azimuth

Profile No. Azimuth Profils No. Azimuth
1 424 25 111 49 147
2 126 26 109 50 145
3 114 27 " 114 51 140
4 136 28 138 52 152
5 130 29 160 53 140
6 111 30 150 | s4 162
7 131 31 157 55 165
8 148 32. 180 56 157
9 135 33 158 57 147
10 135 34 162 58 140
11 130 35 162 59 140
12 140 36 161 60 168
13 130 37 169 |- 61 180
14 127 . | ™ 38 175 62 459
15 125 39 180 63 143
16 90 40 155 64 136
17 119 41 155 65 114
18 118 | 42 155 66 123
19 123 43 162 67 132
20 120 VI44 148 68 132
21 121 45 165 69 140
22 125 46 163 70 138
23 125 47 145 71 138
24 118 48 ‘ 155 72 120




Profile No, Azimuth Profile No. Azimuth Profile No. Azimuth

0

73
74
.75
76

77
78

79
80
81
82
83

84

85

125

146
165
167

167
168

155
182

180

180
185

188
194

86
87
88
89
90
91
92

93

94
95
86

97
98

- 204

186
180
175

178

183

175

170

160
158
160
158
145 -

59

100
101
1Q2
103
104

105

106
107
108

109

122
132

140
145

145
143

173
180
180
189
205
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viii) Wind Freguency Analysis

Souris, Melita, and Boissevain arfe the only weather
stations which are located in the vicinity of the study area.
Wind data is unavailable for the town of Boissevain. Melita is
located to the west of Turtle Mountain which probably has a
considerable effect on the winds in the surrounding district,
and for this reason the data Frdm this station was not considered.
The town of Souris is north of the study area s but éince it is
located on a'simiiar position with respect to Turtle Mountain
as the study area, it was felt that an analyéis of the frequencies
oflwinds at Souris might provide some indication of the wind
conditions in the study area. .

519, 25 1is the result of the inVesiigatioﬁ of the
weather data from Souris.1 The total frequency of occurrence‘of
winds from eight compass directions were calculated from these
krecords. The petiod of observation wasvffom 1912'to 1963, but
the.records are not completes. Thefe'are only‘a totai of 5,410
wind Qbservatiohs or about 135 obsérvations per year.

The table indicates that most of the time the wfhds in
'the Souris area are from a westerly direction, with the;prevéil-
'.ing wind from the north west. There are secondary winds from the

the south east and From the north east.

/

TThese weather records were made available to the author
by R.M.Sanderson, the editor of the Souris newspaper, The
Plainsdealer. : . :




Figt 259
Uind Frequencies at Souris

Wind Direction | Frequenby %Frequency
N | 235 4.3
NE | | 571 10.6
£ . 425 7.9
se 813 | 15.0
s S ' 298 | | 5.5
su o | g9 6.5
W | ses 1646
N ,, 1202 - 22.2
Calm | ! - 1.3

Total - o ,-5:232 . | 99,9

Since Souris is to the north of'ﬁhe Dand Channel
and the weather daté'is incomplete,‘if is‘realized that this
analysis can at bgst provide oniy an iﬁdication of the
actual wind conditions in the étUdy area,



APPENDIX B



i) Preliminary Calculations

The measured slope angles and the corresponding map
horizontal distances of each slopé profile unit were the basic
data from which the following morphological parameters uwsre
- calculated by computer.1

1) the height (h) of the slope unit contalnlng the
maxXximum slope angle.

2) the height (H) of the valley side where the profile
was measured.

3) the true slope length (1) of the slope unit contalnlng
the maximum angle. : ‘

4) the length (L) of the hypothetlcal mean valley side
gradient.

5) the angle (E) of the mean valley side pradient.

‘As well as‘ﬁhe above informaticn, the computor was
programed to print out the value of the maximum angle in each
.profile,the map horizontal distancé (x) of the slope unit
containimg the makimum slope angle, and the total map horizontal
distance (X) of the entire‘profila. This additionai information
was prlnted in order that all the data would be avallable in
convenient form For subsequent analy31s. The computor output
is found at the table at the end of this section, as is the

fortranrﬁrogram used in the calculation of these parameters.

Thevfolloming formula were used in galculating the

'parameters.
X=X1 +X2+oocoo Xn
'th?"i' h2+ooooo hn
1See Fig. 26 for an illustration of tho p051~10n'

of each of these parameters in a profils.
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I
i

tan b, note that x and b are the measured
parameters,
1= % = X gec b .
cos b '
tan B = H
X
L = X = X sec B
cos B
$*~ ~~~~~~~ -
s '-ﬁ{::m\_ ~——— 11
o - B T T
i el ;\\.‘_' _1_ e Y T — YA
B N
\\\ .
~
\-.
H h2 AR
4 ! ! L
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1.
R —% =
) ’ x T o \:"'-i
{
Fige. 26.

A Hypothetical Valley Side Profile Illustrating
the Position of the Various fMorphological Parameters

b = is the angle of a slops unit. _

The remaining symbols have been defined in the text.

The subscript numbers refer to the position of the slope
unit in the profile, for example, b, - refers to the angle of the

1
slope unit at the top of the profile.




100
201
202

P

0 ~J

20

DIisSK CPERATING SYSTEM/360 FORTRAN 360N~-FC-451 20

DIMENSION X{T7),A(T) ,
FORMAT {I337(FbelsF5.1))

FORMAT {1H +1I3,2X44F15.1," C2F15413F15.4,F15.1/)
FORMAT | 12+2X:4F10e1, 2F10.1,F10.4%)

FIS,T)=SQRT(S%S+TxT)
G(UsVI=U%sSIN(V)/COS(V)
C= 3.14159/180
READ {1,100) Ny (X{I)yA{I),I=1,7)
IF (N) 20+20,2
XSUM=0
HSUM=0
AMAX=0
DO 10 I=1,7
IF (X{I)) 11l,11,7
IF (AMAX=A(I))8,9,9
AMAX=AL{T)
XMAX=X{1) A
HSUM=HSUM + GI(X(I),C*A{I))
XSUM=XSUM + X(I)
TANA= HSUM/XSUM
HMAX= G{XMAXyC*AMAX)
YMAX= F{XMAXsHMAX)
YSUM= F{XSUM,HSUM)

WRITE (3yZOl)N:HMAX:YMAX,AMAX:XMAX;HSUM:YSUM,TANAyXSUM
WRITE (2,202) NyHMAXbYMAX,AMAXqXMAXjHSUM;YSUM,TANA

GC 70 1 '
CALL EXIT
END
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Fig. 28.

Computor Qutput of Slope Profile Parameters

A. South Valley Side

Profile Ht. of Max. True Length Mlaximum M.H.D. of Valley Length of Mean Gradient Total M.H.D.*

No . Unit of Max. Unit Angle Max. Unit Height Mean Slops (Tangent) Of Profile
1 24,4 101.0 . 14.0 98.0 48.5 '278.7 0.1769 S 274.4
.2 36.3 _ 199.3 | 10.5 1%6.0 - 39.1 219.1 0.1813 215.6
'3 | 41.9 1 219.6 : 11.0 - 215.6 50.5 492,6 0.1030 490.0
4 34.6 | 199.0 | 10.0 196.0 ‘ 44.2 433.5 0.1024 . 431.2
5 41.5 433.2 5.5  -431.2  55.0 883.7 0.0624 T sez2.0
6 17.3 99.5 10.0 98,0 69.7 . 806.6  0.0868  B803.6
7 49,4 ) 473.01A- 6.0 - 470.4 62.3 766.9 0.0815 764.4
8 30.9 295.6 : 6.0 294.0 47,3 726.7: 0.0653 - 725.2
9 - 18.6 119.1 9.0 117.6 60.8 | 147.3 0.0816 744,8
10 47.2 492.3 5.5 - 490.,0 91.5 590, 2 0.0875 588,.0
11 24,8 - 158.0 | 9.0 156.87 | 53.6 668.6 = 0.0804 666.4
12 51.4 453.7 6.5 450.8 59.6 844.,9 0.0707 842.8
*Refér to the key at the end of the tahble for clarification QF.the slope péramater
abbreviations., See Appendix B, section i) for a diagram which illustrates the position

of the paramneters in a slope profile..
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Profile Ht. of Max. True Length. =~ Maximum M.H.D. of Valley Length of méan'Gradient Total M.H.D.

No. Unit of fMax. Unit Angle Max. Unit Height Mean Slope (Tangent) of Profile
13 31.7 140.8 13.0 137.2 48.8 336.8 0.1465 333, 2
14 34.6 199.0 -~ 10.0 196.0 58.7 629.9 0.0936 627.2
15 22.6 100.6 - 13.0 98,0 63.0 494.0 0.1286 490.0
16 37.4 179.9 12.0 176.0 63,1 513.1 0. 1240 509.2
17 22,9 119.8 1.0 117.6 77.1  534.8 0.1458 529, 2
18 27.5 97,9 8.0 - 196.0 44,2 472.5 0.0939 470, 4
19 14.3 : 4.7 20.0 39.2 77.7 476.8 0.1651 470. 4
20 55.8 280.0 M. 27444 66.3 436.3 0.1537 43,2
21 19.1 ~ 61.8 18.0 58.8 69.5 436.8  0.1613 431.2
22 49.8 221.3 1340 215, 6 76.6 534.7 0.1447 529, 2
23/ . 27.9 178.6 9.0 176.4  45.4  707.1 10,0643 705.6
24 47.2 259, 1 ' 10.5 254.8 67.8 572.4 . 0.1193 568. 4
25 49,8 221.3 © 13.0 215.6 65.5 494, 4 0.1337 " 490.0
26 12.0 41.0 17.0 39.2  55.4  532.1 0.1047 . 529.2
27 21.4 62.6 20.0 58, 8 68.1 417.2 0.1656 411.6
28 13.5 41.5 19.0 39.2 6041 338.6 0.1803 333,2
29 6.7 20,7 19.0 19.6 66.4 378.3 0.1784 372.4

30 19.1 61.8 18.0 58. 6 66.2 378.2 0.1778 372.4 N




Profile Ht., of fax., True Length flaximum M. H.D. of Valley Length of [lean Gradient Total th.D,
_No, Unif .. ..efflex. Unit  Angle  Max, Unit Hoishih flean Slope  (Tanqent) | Lof Profile

PRTE T e zene S C T,

e,

31 7.5 21,0 21.0 19.6 49.0 298.1 0.1667 © 294.0
32 6.7 . 20.7 119.0 . 19.6 3841 354.9 0.1081 352.8

33 24.4 . 101.0 14.0 88.0 62.7 630.3 0.1000 627.2

347 23,0 139,91 . o.s5 137.2 281 236.9 ° 0.1195 235.2
35 7.5 21.0 21.0 19.6 - 54.6 415,72 0.1326 | 411,6
36 12.7 41.2 S 18.0 39,2 s5.7 241.7  0.2370 235.2
37 47.5 126.8 22.0 117.6 60.8 186.6 0.3445 176. 4
38 1644 25.6 40.0 19.6 70.0 302.2 0.2389 294,0
39 14,2 24,2 36.0 ©  19.6 54.8 129,7 0.4657 117.6
40 6.4 20.6 - 18.0 19.6 " 52.0 453.8 0.1153 450.8
41/:~ 34.3 179.7 11.0 176. 4 . 39.9. 530, 7 0.0755 529.2
42 21.7 C177.7 7.0 176.4 52.5 785.8 '0.0669 784.0

43 10.3 98.5 6.0 98.0 2041 353.4 0.0569 352.8
44 18.6 9.1 9.0  117.6 46.0  492,2 0.0940 490.0
45 4.2 20.0 12.0 19.6 41.2 530.8 0.0779 . 529.2
46 5.3 20.3 15,0 19.6 49.5 551.0 0.0903 548.8

47 16.7 80.2 - 12.0 78. 4 25.5 139.5 0.1855 137.2

48 27.5 197.9 8.0 196.0 57.1 512.8 0.1120 509.6

A 8 = P e I 33 3 A e o . A Ao 58 b0 b T
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Profile Ht, QF flax., True Length flfaximum M, H.D. of Valley Length of flean Gradient Total fMleHsD.
ceedlQe . UREE L 0f Max. Unit  Angle Max. Unit  Height Mean Slope  (Tangent)  of profile

49 6.9 39.8 ' 10.0 39.2 7.1 59,2 0.1205 58.8
50 13.0 50.2 : 15.0 48.5 1741 89.4 0.1953 87.7
51 10.5 40.6 15.0 39.2 10.7 59.8 0.1815 58.8

52 12,4 79.4 9,0 78.4 12.4 79.4 0.1584 y 78.4

53 8.3 21.3 . 23,0 19,6 1249 50.2  0.2659 48,5
54 41.3 50.4  55.0 28.9 45.8 66,7 0.9443 ~ 4B.S
55 11.2  40.8 - 16.0 39.2 241 158.6 0.1539 . 156.8
56 30.0 66.0 27.0 56.8 C 32,7 103.3 . 0.3337 ~98.0
57 11.3 - 22.6 30,0 19.6 55.3 147.9  0.4030 137.2
- 58 34,2 75.3 | 27.0 67.1 44.6 152,72 0.3064 145.5

e

59 . 31.7 846 22,0 78. 4 39.7  124.1 0. 3372 117.6
60 41.9 143.5 1700 137,20 52.3 2029 0.2669 196.0

61 38.2 123.7 : 18.0 117.6 43.3 239.2 0.1843 235.2

62 31.7 84.6 - 22.0 8.4 62.5 251.4 | 0.2565 - 243.5
63 11.2 40.8 16.0 39.2 64.7 262.9 0.2538 254,8

64 40.4 258.0 A9.D. 254.8 40,4 258.0 0.1584 - 254,8

65 34.6 199.0 . ' 10.0 186.0 68.5 630.9 0.1092 ' 627.2

66 36.2 160.9  13.0  156.8 50.3  317.6 _  0.1604 313.6
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Profile

Ht, of Max. True Length

No.

67 42.8
68 36.6
69 27.4
70 25.0
71 13.5
72 6.7
73 40.6
74 29.3
75 18.2
76 15.2
77. 20.8
78 39.1
79 13.8
80 45.7
81 12.4
52 49.7
83  34.8
84 4157

filaximumn

125. 1
53.6
64.9
63.9
31.9

20,7

162.0

198.2
99,7
60.7

100.2

161.6
79,6

239.6
60,1

200.4

160.6

200.4

20.0

43,0

25.0
23.0
25.0
19,0
‘14°5'
8.5

10.5

4.5

12.0
14.0
10.0
11.0
12.0

12.0

R 120'5

12.0

T T D T DTS T

ﬂaHoDo

117.6

39,2
58. 8
58,8
28.9
19.6

156.8

196.0

898.0

58.8 .

98.0
156.8

78.4

1 235.2

58.8
196.0
156.8

196.0

of

Valley

62.4 1 205.7
77.5 229, 1
44,4 163.0
45,3 201.2
58,7 194.7
40.6 171.0
46.7  239.8
44,4 414.0
44,7 765.4
55.2 746.8
64.9 903, 9
49,2 492.5
33.3 628, 1
50,7 531.6
41.6 256.8
41.7 200, 4
34.8 160. 6
54,2 356.9

Length of [lean Gradient Total Ma11.D,

3 e st

Angle | flax, Unit fleight Wean Slope  (Tangent)  of |

0.3181
0.3596

0.2834

0.2312

0.3160

0.2443
0.1986
0.1078 -
0.0585 -

. 0.0742

0.0720
0.1004

0.0532

362.8

Jroltile

R

186.0
215.6
156.8
196.0
185.7
166.1
235.2
411.6
764.1
744.8
501.6
490.0
627.2
529.2
253.4
196.0

156.8

CoL




Profile Ht. of flax, True Length flaximum M. H.D. of Valley Length of flean Gradient Total M.H.D.

NOe. . BREE of Max. Unit  Angle  fiax, Unit Height Mean Slope  (Tangont)  of profile
85 40.7 181.0 13.0 176.4 61.6  708.3 0.0873 705.6
86 37.6 ©161.3 "_13.5v  156.8 49.3 648.7 0.0762 646.8
87 41.9 « 143.5 17.0 137.2 50,2 202.3 0.2562 196.0
88 26.2 159.0 9.5 156.8 26.2 ' 159,0 0.1673 156.8
89 24.4 101.0 14,0 98.0 29,2  237.0 0.1243 . 235.2
90 355 41,7 . 1405 1372 50.2 4147 0.1220 411.6
91 26.8 ~ 110.6 4.0 107.3 78.2 641.3 0.1229  636.5
92 12.5  60.1 12.0  58.8 57.8 590. 8 0.0983 588, 0
93 20,6  158.2 7.5  156.8 32,6 647.6  0.0504 646.8
94 16.7 | 80.2 12.0 ' 784 | 33,1 393.4 0.0845 . 392.0
95(A 22.4 128.9 10.0 126.9. 27.2  265.5 0.1029 264, 1
96 27.6 159,22 10.0 156.8 43,2  570.0 0.0761 568. 4
97 22,9 _119.é ~ 11.0 117.6 41.4 667.7 0.0621  666.4
o8 18.6 119.1 9.0 117.6  43.5  687.4 0.0634 686.0
99 40.0 219, 3 10.5 215.6 41.2 355.2 . 0.1167 352.8
100 19.7 62.Q | 8.5 56.8 38.6 290.6 0.1342 288.0
101 19.3 158.0 7.0 156.8 43,9 707.0 0.0622 7056 - ;
12 265 272 702188 7.5 s70.4 0,003 seps




]

Profile Ht. of Max. True Length  Maximum 'm.H,D. of Valley Length of flean Gradient Total NoH.D,

MNo. Unit of flax. Unit Anglse Max. Unit Heiqht Mean Slope (Tangent) of Profile
103 36,3 199.3 0.5 196.0 56.5 5517 0.1030 548.8
104 © 31,1 179,71 " 10.0 176.4 58,7  805.7 0.0731 803.6
105 39.9.  200.0 - 11.5 196.0  50.1 492.6  0.1023 © 490.0
106 45,8  220.4 12,0 215.6 54,1 . 512.5 0.1061 509.6
107 15.5  99.2 9.0 98.0 - 51.2 746,86 0.0687 744.8
108 32,2 218.0 8.5 215.6 . 55,5 = 1040.3 0.0534 1038.8
109 31.3 . 276.2 6.5 274.4 42,0 804.7 0.0523 803,56
110 34,6 o 199.0 0.0 196.0 59.2  1118.8 0.0530 1117.2
11 s2.s o 198.7 9.5  196.0 54,2 - 727.2 0.0747 725,2
112 1.7 793 a.s 78.4 28,9 . 354.0 °  0.0818 352,8
113 24.8 . 158.8 9.0  "156.8 51.1  453.7  0.1933 450.8
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B+ North Valley Side

Profile Ht., of Max, True Length

(S

1

o B [#] N

10

11
12
,
14
15
16
17

WNO.

18 i

13.6

18.8

3862

12.7

Maximum M, H.D., of ‘Valley Length of flean Gradient Total M,H.0D,
LA Max. Unit  Angle  fiax. Unit

60.3
80.6
198.4
161.3

42,0

100.6

100.2
41.0
20.7

143.9

1200.8

21.0

13.0

- 13.5

9.0
13,5
13.5

21.0

13,0

12.0

17.0

19.0 .

17.5

12,5
21.0
18.5
11.5
11.5
18.0

18.0

Height Mean Sleoe  (Tangent) — of Profila

56. 8 38.8 O 277.1 0.1415 264,2
78. 4 38. 4 238.3 0.1634 235.2
1960 46.5°  453.2 0.1031 450, 8
156.8 57.1 396, 1 0.1456 392.0
117.6 64.1 591.5 .0.1090 588.0
39,2 56.8 280.2 0.2071 274.4
98.0 47.7 317.2 0.1521 313.6
98,0 47,3 317.1 0.1508 313.6
39.2 58.2 357.6 0.1650 352.8
15.6 54,4 357.0 0.1542 352.8
137.2- 62.1 377.5 0.1669 372.4
196.0 65.7 630.6 0.1048 627.2
19.6 65.3 378. 1 0.1754 372.4
19.6 44,6 472.5  0.0949 470, 4
176. 4 55.8 454.2  0.1237 450.8
78. 4 52.0 453.8 0.1153 450.8

117.6 61.8 377.5 0.1660 372.4 =

39,2 51.5 337,2 0.1546 3332 N




Profile Ht. of Max. True Length Maximum M.H.D. of Valley Length of Mean Gradient Total @M. H.D
g 3 Fal J PR - fa . . \ - " =12 ils o Ll
e BOLE 0T Max. Unlt  Angle  flax. Unit Height Mean Slope (Tangent)  of DProfile

- N et .

19 13,5 41.5 19,0 392 50.4 356.4 0.1430 352.8
20 7.9 21.1 22,0 19.6 . 6145 415,2 D.1498 410.6
21 42,0 162.3 15,0  156.8 64,0 397,2 0.1633 392.0
22 8.1 21,2 22.5 " 19.6 704 7091 10,0998 705.6
23 40,7 181.0 . 13.0 176.4 7347 885,17 0.0835 882.0
24, 49,5 259,6 1.0 254 ,8 65.7 397.5  0.1677 . 392.0
25 13,5 4.5 19,0 39,2 64.6  397.3 0.1647 392, 0
26 1941 61,8 18,0 58.8 6842 436.6 0.1582 431.2
27 38.2 87,2 26,0 . 8.4 7446 218.4 0.3635 - 206,73
28 25,5 82,4 18,0 78.4 72.6  360.2  0,2058  352.0
29 . 26,2 159.0 9.5 ~ 156.8 26.2°  159,0  0,1673 156.8
30 52,5  202.9 15,0 196.0  61.6 455.0 0.1366 450.8
31 50,4 121.5 14,5  117.6  51.6 507.7 0.1703 303.3
32 18,1 80.5 13,0 8.4 40.8  258.1 0.1602 254.8
33 28,5 83.4 20,0  78.4 45,3 211.2 0.2195 206.3
34 301 84,0 21,0 78,4 5204 241.0 0.2227 235.,2
35 24.0 82,0 17,0 78.4 70,7 311.4 0,2331 5033 .
o §§h;(ﬂ‘47gsv 164.0 170 156.8 50,0 18%.3 0.2834 17644 =
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‘Profile Ht, Qf Max., True Length ffaximum M.H.D, of .Valley Length of filecan Gradient Total [, H.D,
e Qe ODAE L OF Max. Unit _ Angle  Max. Unit Height Mean Slope  (Tangent)  of Profile

- 37 147 60,6 14,0 ‘ 58,8 58,8 C338.4 . 0:17606 333,2

N

38 94 3064 18,0 28,9 52,9 482,.6 01103 479,77

39 407 . 181.0 13.0 176.4 -+ 51,0 279.1 0.1860 27444

40 19.0 99,0 1.0 - 98,0 677 708,8 0.0960 705.6
41 15,2 79.9 . 11.0 784 26,2 19747 0.1338 196.,0
42 1407 70,6 . 12.0 69.1  27.1  305.5 0.0890 304.3
43 19.9 100.0 © 11.5 98,0 40,5 394.1 0,1033 392,0
44 30,3 21707 8.0  215.6 31.7  295.7 0,1077 294.,0
45 37,7 . 393.8 5.5 392,0 37,7 393,8 0.0963 392,0
46 2441 197.5 7.0 196.0 28,9 47143 0.0613 470,4
»47/_ 12.5 60,1 120 58.8 36,2 31547 0.1156 313.6
48 18.1 80,5 13.0 78,4 44,5 543.6 0,0812 . 547.8
49 53,3 160,73 12.0 156.8  43.3  511.4 . 0,0849 509.6

50 7.5 ©21.0 , 21,0 19.6 43,6 433 .4 0.1012 439 .2

63}

51 252 73,5 20,0  69.1 54,1 3477 0.1574 343.5
52 40,7 181.0 13.0 1764 50.0 298,2 01700 294.0
53 10,5  40.6 - 15.0° 39.2 37.7 17043 0.2272 166.1 g

54 12,0 ’ 410 17.0 39.2 437 181.7 02475 176.4
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Profile Ht. of Max. True Length laXimum M, H.D. of Ualley Length of MQQT Grad%ant Tgtal TfHQD;
No, Unit . ..0fF fax. Unit ' Angle - Max, Unit Helaht fean Slope  (Tangent) — of Profile

55 ?8':'1 . 8[}05 13.0 78@4’ ) 4606 268@2 : 09?766 264*7

]

5 5.2 79,9 110 78.4 37,3 2958, 4 0.1268 294,0

57 14.8 - 50,7 17,0 48,5 ~  28.2 168.5 0.1656 186.1
58 28,7 65,4 26,0 58,8 40,4 96,5 0.4601 87,7
59 21.6 53,1 24.0 48,5 39,2 104 .6 0.4046 97,0
60 - 41.6 40,9 1645 39,2 46.2 201.4 0,2357 196.0

61 '15‘.3 24‘09 38@0 1' 19@6 4‘408 ’4"23@3 Og’j064 /:2[]@9

62 7.5 21.0 . 21.0 19,6 73,3 322,1 0.2336 313.6"
63 28,1 342 85,0 19,6 6ous 262,9 0.2700 2538
64 7.5 21.0 21,0 19,6 43,1 200.7 0,220 196,0
65 22.6 63,0 21,0 58.8 48,8  356,2 0.1383 52,8

66 1765 42,9 24,0 A 39.2 46.8 336.5 0.1404 333.2

67 9.4 3004 18,0 28.9 46,6 3651 0.1288 3621
68 16.7 80.2 12.0 78,4 40.4 - 277.4 0.1472 2744

69  26.5 217.2 7.0 215,6 46.9 550.8 0.0854 . 548.8

70 66,1 689 .2 5,5 6860 79,7 1080,9 0. 0740 1078,0

71 1.4 59,9 11.0 58,8 60,5 708,2 = 0,0857 7056

: c
72 165 1577 6.0 156.8 ‘ 3969 628.5 00,0637 6272 ¢




Profile Ht., of Max. True Length flaximum M. H.D. of Valley Length of flean Gradient Total feH.D,

B9 UL o OF Max. Unit  Anole  Max. Unit Hoight Mean Slops  (Tanusnt)  of Profile
73 17.3 99,5 10.0 98.0 45.3 648.4 0.0700 546.8
74 29.4 188.0 9.0 185.7 56.8 932.2 0.0611 930.5
75 99.8  255.5 23,0 235.2 152,79 B46. 4 0.1837 832.5
76 33.5 257.0 . 7.5 254.8 | 58,7  1001.3 6.0587 - 999.6
7 27.5 159.2 10.0 . 156.8 62.9 903.8°  0.0698 901.6
78 38.1 199.7 11.0 196.0 67.2  689.3 0.0980 686.0
79 54,2 260.5 12.00 254.8 | 79,8 846.6 0.0047 842,8
80 36.8  142.0 15.0 137.2 47.7 346.8 0.1388 343.5
8t 36.1  218.6 | 9.5 215.6. -~ 50.0 473.0 0.1062 4704
82 46. 4 355.8 7.5 352.8 67.0 650.3 0.1036 | 646.8
83 23.0 139.1 9.5 137.2 4.2 573.2 0.1305 568. 4
84 45.%  201.2 13.0  196.0 65.7 600.9 0.1100 597.3
85 52.1 240.9 12.5 235.2 78.9 671.1 0.1184 666, 4
86 53,3 279.5 11.0 274.4  66.7  552.8 0.1216 548, 8
87 17.3 99.5 10.0 98.0 564 532,2 0.1066 529.2
88 41.5 433,2 . 5.5 431.2 57,1 981.7  0.0583  980.0

89 33.3 160.3 12,0 156.8 65.1 796.0 0.0820 ’ 793, 3

LOL
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Profile Ht. of Max. True Length  Maximum 'm.‘,HtD. of \jalley Length of flean Gradient Total MeH.DS

No. Unit of fax. Unit Angle lax. Unit Height MNean S1 ope (Ta ingen 'E‘_)'Nm_ﬂ of Profile
90 22.6  100.6 13,0 98.0 46.8  8a3.2 0.0830 882.0
91 40.0 ~219.3 . 10.5  215.6 54.2 766.3 0.0709 76404
92 45.7. 375.2 7.0 372.4  45.7 375,72 0.1228  372.4
93 61.9 14745 T 7.5 470.4 66.8 602.0 0.1117 598, 3
94 12.4 118.2 6.0 117.6 53.8 844.5 0.0638 842.8
o5 8.5 "j6996" 7.0 69.1 59.1 . 1040.5 0.0569 - 1038, 0
96  35.0 43,2 5.0 411.6 54,5 . 766.3 0.0713  764.4
97  26.8 156.2 6.0  254.8 53.8 805. 4 0.0670 603.6.
98 13.8 f 79.6 _ 10,0 7804 - 56.0 . 1020.7  0.0549 1019.2
95 134 7044 1.0 - 69,1 39.8  492.6 0.0811 ~ . 491.0
100 . .20.7 ©119.4 . 10.0 7.6 25,9 392,9 0.0660  392.0
101 29.0 . 256.4 - 6.5  254.8 40,7 589. 4 0.0692 588. 0
102 30.9  295.6. 6.0 294.0 52.8 746.7 0.0709 744.,8
103 38.1 257.6 8.5  254.8 ‘72,0_' 845.9 0.0854 8425
104 24.8 178,10 8.0 176.4 58.2 844.8,  o.oss0 842.8
105 19.7 119.2 | 9. 5. 117.6 59.8  649.6 0.0924 646.8
106 36.2 160.9 13,0 156.8  57.9 | 483,5. 0.1205 . 480.0 §'




Profile

Ht. of fax.

TrUe Length

laximum

MeH.D. of “Valley Length of fiean Gradient Total M. 1.0,
Na. Unit of fMax. Unit JAngle fax, Unit Heiqht Mean 5%EERMWWLIEDEEEE)Mwmﬂﬁwﬁ£Hﬁikiwwm,
107 39,1 161.6 14.0 156.8 62.1  493,9 0.1267 490.0
__ﬂUB 19.5 -80.8 14,0 78.4 54.1 482.7 0.1128 479, 7
109 38.0 218.9 10.0 215.6 60,3 474, 3 0.1282 L 470.4
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£
7 vaiues = mean - ohserved valus
standard deviation

This table gives the percentage of aresa which will

bk
P
-
[ A
<
Fete
3
W)

be in each class of a normal distribution curve. 2y mul

5

this percentace by the sample size, the theoretical frequencies

.can be arrived st for each class inmto which the normal dis

bution has been subdivided. A class interval of 0.6 and siu

o

Tie

rbitrarily chosen for all the tests for normal

v

claesses were

o

distributions.

The following example presents the sequential details

of this method of determining the theoretical fregquenciaes.
a) Choose the class interval and the number of classes.

For this example the class interval is 0.6, and the number of

classes is six. See diagram,

Class - 1 2 3

i
l
i
H
i

i.

7 values 21,2 =0.6 0 0.6 1.2

of
o -

In general, these values should be chaosen so that
no theoretical frequency is less thah five for any sample size.
b) Read from the table of normal curve areas the value for
Z = 0.6 which is 0.2257 or 22.57%. This is the percent area of the
curve between 0 and 0.6, and meaﬁs that each of classes 3 and 4

i ey = o (I AR 1
the samgle size For the theore

I

will have 22.57% of

> Wienberg and Schumaker, op. cit., p. 44.
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c).ARead ffcm the table the value opposit Z = 1.2 which

- is 38.49%. This is the area,between 0 and 1.2. Therefore,

the area between 0.6 and 1.2 will be 38.45 minus 22.57 or 15.92%.
This is the percent area in classes two and five.

,d> ‘Since the percent area of each side of fhe distribution
mUst be equal to 50.00%, the percent area in classes one and six
Ulll be equal to 50.00 nvnuo 38 49 or 11. 51ﬂ.6

k It is reallzed that some of the prctlle groups haQe
a small number of profiles, and that it is difficult ﬁo-determine
accurately the type of distribution for small‘sample siées; But’
the acalysis'was.attempted for the‘followinQ reasons: | |

a) it was impossible to increasewthe sample size at this

'p01nt in the study.
| b) uhere is the 000810111t/ chaL an increase in the sanple .
size would not aporec;aoly alter the relaulve frequencies of
occurremce’c?cthe max1mum slope angles uhlch were. alLeadv cbtained,
That is if the numbef oF axoflles were. lncreased b/ Fcur times |
“there is é good DOSSlblllty thau the Frequency of occurrence

of tnc maximum angles would also be increased by a factor oF Four._

for example, con51dcr proflles lﬂ the following pOSlblOﬂS

u1th the olope values shomn.

1

6 Note that the values of the class interval and the number
of classes determines tne percenu area of theoretical frequency of
each class. , :
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HLADER CARD NUST
IF NOT LAST DATA
IC LAST DATA SET:

- DOUBLE PR

IMENSION A{15)

l EELL15)
IVAR =6
1T=4%

READ (1,102)

102 EORMAT {10A8)

READ {1,100)

100 FORMAT (12,

O 1 I=2.K

( D'fSK"'";U?ER’"IX‘I"’IWG_‘T’,’S"Y-S’%tM/joU FUKIKAN  30UN—FU=4DL 44

PRECEED EACH DATA SET
'SET 'THEN BLANK CARD AT END OF DATA
THEN -VE NO. IN COL 1-3AT END OF DATA

OGN BL6) 4 H(S)- 7“

ST s

(B{I),I=1,IVAR)

Ky ALL) 9Dy (EE(T) v I=1, K).-.
2FE5.0,(6F8+0))

1 ALTL)I=A{I-1)+D

ALKI=10

22 READ (1.,162)
DO 2 J=1,250
READ (1,101}

(H{I)+1=1,5)

NFIN, (X(I.J) 1 1 IVAR)T

101 FORMAT {I13+2X+3F10.0, 10X13F10 0

Ir (NFIN) 39342

2 CONTINUE
3 NCD=J-1
WRITE (3,202

) (H{I)s1=1,5)4NCD

202 FCRMAT (*1TEST FOR NORMALITY ',5A8,' NDO OF PROFILES ',I3//

1 ' CLASS NO. UPPER CLASS BD. EXP FREQ. ’yéXv'LINEAR'vSXv i‘

2 TLOGY.7X.°¢
DO 4 I=1.K

SQRT',éXv'RECIP )

4 FE(I)—NLD«EE(IJ
DO 20 M=1,IVAR

DO 5 J=1,I1T
5(4)=0
S 88100 =0
5 CHI{J)=0

DO 42 J=1l.1T

DO 42 I=1+K

42 N(J,1)=0
DO & J=1,NCD

CALL. IRANS(X( vJ):T)

D0 6 I=1,1T

CSiDy=SDIHTLL)
& bS(I)*Sb(I)+T{I)¢T(I)

DO 10 I=1,1IT

SS&;)—SQ&T((SS(I)‘S(I)*b(l)/kCD)/(NCD*l))
10 S{I1)=S{1)}/NCD

DO 8 .J=1.NLD

CALL TRANSI{X{M,J),T)

DO 8 L=1.IT

Z={TiLY=-S{L) /5SS

- DO 7 I=1l.K
IF {Z-A(1))

7 CONTINUE
=K

Byi- .

8 NiL,I)=N{LsiJrd

pa 9 =1, 17
Do 9 J=1s &

9 CHI(I)=CH3(I)+{N(I,J)~FE(J))*(N(IyJ)*FE(J))/ﬁE(J)

03/04/67

FORTMAIN

IE {M—4) 13512413

DO 11 I=1.K
FORMAT (30°

201 FORMAT (70!

WRTITE {2 yéOZl (H(I)yl—;q))vNCD

15,F14.1+F18.2+3X,8110)

2
] WRITE {3,200) I, A(I)yFE(I)y(N(JvI)yJ =1,1IT)
0

URITE (,yéuL; oan)y(CHL(I),I-l,IT)

L AD232Xs 4F10.24° CHI-SQ. GOODNESS CF FIT')

20 WRITE {3+2031

203 EFGRMATLY 1
iF (NFINJ 2

71 CALL EXIT
END

1.71..” 1

,FE(lS) N(6115)y$(6),$5‘6) CHI(6) T(é),X(b 250)

0002

g
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1ii) Analysié of Variance

The analysis of variancé is &g sﬁatistical test which is
used to determine whether or not significant differences exist
between two or maore sample Means.

A computor program -~ the factorial analysis of variancs

was used to compare the means of the profile groups which were

found to have normal distributions of the frequency of occurrence

of the maximum angles. This program indicated that there were
significantvdifferénces between the meéns of these groups but
it did not provide the inFormationbneéded to determine which

‘Qroups had a significaﬁt difference between them.?

In order to determine those pairs of means which have

(or do not have) a significant difference, a second program was

written which calculated the least sighificant difference (L.S5.D.)

for each possible different pair of means.z’3

'1This program was written by Professof Chebib of the

Department of Computor Science, University of Manitoba. It is .
made available to reseach students who are working under a
faculty member. A copy of the program description is at the end
of this section, but the fortran steps in the program are not
available. '

2See figure 30 for the fortran steps to this program.

3Th_e least significant difference is equal to

T X E«fleSe 4+ EolleS.
T, | T,

where:- r-is the number of replicates, i.e. the sample size,
of the groups which are being compared.

E.M.S.~-1is the-error mean square and is equal to
2120 in this case.

T-is a constant which was taken to be 2.0 in this
test (at the P.05 level). See the table of T values
in Croxton and Cowden, Applied General Statistics,
-New. York: Prentice Hall, 1939, p.875.
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The L.S.D, 'is subtracﬁuﬁfrom the absolute difference
betwsen the means of the pair of profile groups in guestion. If
the absolute Qalue of the difference between the two means is
greater than the L.S.D. value for that pair of profile groups it
indicated that the difference betuwsen their.means is significant,

The computer was programed to print 0.0 if there was no
‘difference between the means being Coﬁpared, or the actual value
of the difference where the latter was significant.

As an aid in the interpretation,‘the means of the profile
groups were arranged in order of increasing value (Figure 8).

A table of the results.of the L.S.D. analySis is presented in

Chapter IV (Figure 10).
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whe University of Manitoba

FACTORIAL ANALYSIS OF VARIANCE PROGRAM

by: F. Chebib

This program is designed +o analyze mul+titactoria} experiments with,
squal or unequal subclass numbers. i1 was written for the IBM/360 using
FORTRAN 1V. I+ consists of a main program and 7 éubroufines. I+ requires a
Core storage of approximately 110,000 cores and +hree external storage devices.
The dimensions are set up so That The program can handle experiments
i up Fo 10 factors. Its Limitations are as follows:

(1) Maximum number of factors 10. o s '

- (2} Maximum number of levels for factors

1,2,3 = 999
4,5 = 99
6,7,8,9,10 = 9

(3)  Maximum number of observations per cell 999,

(4) Meximum number of cells 16000.

(5) VWhen secondary epsilons are reguired, vhey will be calculated only when »
The product of the number of levels of the Two factors involved does not
exceed 4000. ' ‘

OUTPUT consists of:

(1)

(2) A iist of means, standard deviations and stendard errors based on both

Fist of input data, for purpose of checking.

o>

v

3

noole ed and unpooied data for each level of each possxble comb;n"*xon of
‘The factors. '

(3) A compteTe analysis of variance for all main effects and interactions.

{4) Values of the F variance ration for all main effects and interactions, .

v based on the within ceils mean square as *he error ?erm.

(5) The coefficient of var:obxlx.y . v

6) Values of epsilon and epsilon squared for each of *the main effects (Primary

' Epsifon). ‘ R o ' )

(7) Values of epsilon and epsiion squared for each factor within each ieve! of

all other factors (optional) = Secondary Epsilons.
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for oach pxperxmenf is as o‘!ows
FIRST HEADER CARD '

W 0 N oy u S W N
Exy

Tit le of expe.amenT (oipnonumer.c)

Number of factors.

iT is preferable to inciude in this field a value (wih
decimal) which is ciose to Fhe mean of The datas .o reduce
rounding errors ou.xng computations.

Secondary epsilon option:

Leave blank unless +he secondary epsilon values are to be
omiiied. In this case, insert any value from 1 o 9 in +his
column. ‘ )

Transformation opvion according to “the following code:

0 or blank: no Transformation

1 ;U '

: VX + .5

: L0920<X)

‘Logig(x + 1)
/X

P /(x + 1)

: Arc sin vx

i Arc sin X + /2N
Leave blank.

CARD

DATA SET upP

. ﬁ;:

Coi. I = 40
Col. 41 - 42
Col. 43 - 50
Coi. 51

Col. 52

Col. 53 -~ 80

SECOND HEADER

“Col. 1 - 3
Col. 4 - §
Cof. 7 - 860
C. DATA CARDS

Name of factor 1 (alphanumeric).
Number of levels of facior 1.

Répeaf the above two eniries for The remaining factors.

Each cell will have a cell tdenfa.xca.aOﬁ car d and one or more data cards.

The format for the cell identification card is:

Col.
Col.
Col.
Col.

T~ 3
4~ 5
7- 9
i0 - 11

Level of factor 1
Level of factor 2
Leve! of tactor 3

4

Levei of factor 4

SR/ IR Sar S _ ..




CCol. 12 =13

The format for +he data cards is:

Cot. 14
Coi. 15
Coi. 16
Cot. 17
- Col.. 18
C o Col. 19 - 22
Col. 1« 4
Col. 5 - 80

D. The progrem handles MULTIPLE JOSS SO any number of experiments may be

Level
Level
Level
Level
Leval

Level

~h

-

o
(o)

tTactor

w

O 0 ~d O

10

Numbo” of observations in the celi.

Obse;v~*|on 1

The above entry is repeated for each remaining observation.

I a cell has more than 20 observations, add an addit onal

data card(s) as needed.

stecked and analyzed w

3

Th one

¢

run of The program.
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BTMERS YA XB(28), R(2E)y DIF(2R)
F11I6=30, 2790 .
PEADIL.50)  (XRET), R{T}, I=1,281.
WRTTF {3,51)

WRTTE (2,52) (T, XB(I)y R{I), I=1,28)}
WRTTE (3,51) {1, I=1,25)"
VETTFI3,55) (XB(T1),1=1,25)

o112 I=1,218

J=1

D=ARS{XR(TY=-X3(.J))

Sh=2,4 QORT(FM JROT) + EMS/R(J))
N=N~SN : o

TE(DY 2410,10
DIFCOY=n

cooTn o1

DIF L)) =0

J=04

TE(U=25) 3,3,4

TEU=T) Laly4

SENES] - ,

WETTE (3,54) T4{DIF(KY), K=1,4) -
COMTTMNUFE '
WRITE(3,55) (XR{1),1=226,28)
MRTTE 13,53) {14,01=26428)"

S ReA T=1,25

S Y

CN=ARSIXR(I)=XR(J))

-

Q

40

50

52
572
34

l'sq

S END,

WETTE (3,54)
N9 =24, 28
DT 8 J=2h, 28

SN=24% SORTIEMS/R(T) +EMS/R(J) ) e o
N=n-sn - o

TFE (D) A7y 7
NIF(4)=
oI R
DTE(J)=N
CONTINIE 3 U
METTE (3,54) T, (DTF(F), K~?6, 1)_5'“
CALL EXTT :
FORMATI2FIO0LQ)

TROMAT (10 INPUT DATA'/'O TPFATMFNT' ﬁX MEAN' BX'NO PEPLIFATFS'/)

FORMAT (I, T10,y Fl0e2y . F10.0)

FORMAT (1 COMPARISON (QF TRFATMFNT MEANS VIA L S.D.f/ 'O' 3XZSI b

FOPMAT (1M 12, 2%, 25F5 ?)-W~.
nwwﬂr('nxn 5FSa1/): o

‘*Fig. 30.
Program for the L.S.D. Analysis




iv) Correlation-

The data gathered during this study is well suited for
cerrelation analysis since as Fisher states "the principal
utility of the correlation coefficient lies in its application
%o subjects of which little is known, and upon which the data
is relatively scanty.'?1
The degree of correlation between the various parameters
was determined by the factor analysis method by computer.
Miller and Kahn give the Following'despription of the factor
analysis technique:3
In its most restricted sense we may consider factor
analysis to be a consideration of the degree of
association between pairs of variables. Usually a
number of variables is involved and the degree of
assoclation is taken between all possible pairs.
This association is usually measured by the corre-
lation coefficient, r.....
A second par§ of the factor analysis is the extraction
of variables or 'factors' (factor loadings from the data).
There are usually several factors for each of the variables, with
each of the factors being complétely independent (the factors
are in the vertical columns in figures 14 and 17). The inter-

pretation of the results of this analeis is discussed in

Chapter 4.

}1 R.A. Fisher, Sfatistical Methods For Research Wobkers,
Oliver and Boyd: Edinburgh and London, 1950, p. 195.

2 This program was written by Professor F. Chebib of the
Computer Center, University of Manitoba. A copy of the program
description is provided at the end of this section aleng with
the fortran steps in the program. :

3 R. L. fWiller and L. S. Kahn, Statistical Analysis in the
Geological Sciences, John Wiley and Sons: New York, 1962, p. 252,
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a) Correlation Coefficients

The statisfical significahce of the correlation
Vboefﬁicients was calculated for eaéﬁ of the profile groups.
Statistical significance indicates the probability of abtaining
similar 'r' values if another sample of the same size was taken
from the same area. A value of the correlation coefficients
was determined below which there is no likelihood of obtaining

similar 'r' values in another sample.

For example, in the group 'north velley side

+

riparian profiles not facing betwsen azimutnh 105 and 145%, there

is little likelihood of obtaining similar values in sub

6]
©
fuy

quen

4,

samples for those correlation coefficients which are less tha

s

about 0.42. For practical purposes, these values indicate zero
correlation since they have no statistical significance.
The significance test used is a students *t' test,
P . .4 v :
the formula for which is . , _ .
t =1 jN - 2 where N = the sample size

the correlation
coefficient

i

1 - T ‘ T

aﬁd the degrees'oF Freede'
ny, is N = 2.
Réference.tO'a table of t values gives "the number
of fimeé in 100 a sample drawn from a poﬁulatiun with zero

correlation would fesult in a correlation coefficient as high

4 Fredaridk £. Croxton, and Dudley J. Cowden, Applied
General Statistics, New York: Prentice-Hall, 1539, p. 681.
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asvthat'actually obtained. If this chance is low the correlation
is assumed to be significant",

For the purpose of this study, any r value which
giveg more than 5 chanoes in 100 (p = .05) of the sample having
been taken from a‘popuiation with zero coréelation was rejected.
b) Principle factor matrix and the rotated factor matrix

The.values in the principle factor matrix represent
the degree of corrEIétibn which exists between the data and
hypothetical parametefs. The purpose of this is to reduce
" the data so that variation withinvthe aata can be expléined by
a few common factors. Each factor“accounts for one or more

variables in the original data.

Thevprincipletfactof matrix can be consideréd

geometrically. Each palr oF Factors (vertlcal rows, F1, F2 and
F3, Figure 14) can be referred to a set oF horlzontal and
horizontal axes as_Follows:
_ AR R :
/
* _*"/-_”
* - * 7 %
e
V4
B2
/
\\J Fl
N\
N w B
\.\
Flg 31.

~An Illustratlon of the Rotation
of the Factor Axes_

Thé results in the principle Factor matrix are

difficult to interprét, but if the main axes are rotated so



that one of them coincides'with a cluster of points, then the
uabulated results become more meanlngxul This is what is
meant by a rotated factor matrlx.

| Since each factor can be represented by a different
axis, they are independent of each other. For practicél
purpoées; the 'Factﬁrs“, which afe removed from the daté,
can be considered to be ﬁhe parameter corresponding to the
'highest! factor loading value in a factor loading column.

Note that the factor ldadihg values are only relative
values and do not represent actual units, such as pergentages. |
| The results in a rotated Fac?or matrix are useful

if there is only one 'high' factor loading valua opposit eéch
pdrame%er, and if the pattern Formed by these hlgh values is

repeated in other groups.




The University of Manitoba
Computer Centre

FACTOR ANALYS!S PROGRAM

By: F. Chebib

. Thiis program is designed o calculate means, svandard deviations,
the intercorrelations for 'any set of date and to perform a principle factor
"analysis and varimax rotation. i+ consists of one main program and 6 sub=-
routines, 5 of which are from the scientific subroutine package of which 2
{CPRRE and-TRACE) have been modified. The program requires a core storage of
approximately 100 thousand cores.

The dimensions are set up so that the program can handle a maximum
of 90 variables. '

OUTPUT consists of:

(1) A list of the input data, for purpose -of checking (optional).
(2). The mean and the standard deviation for each varjable.
(3) An m x m matrix containing ali possible intercorrelations between the
m variables. ) : -
(4) The principle factor loadings matrix and the percent variabiliTy explained
- by each factor. :
(3) The rotated factor matrix and the commpnality for each variable..

DATA SET UP, for each set of data is as follows:

A - HEADER CARD:

Col. 1 =140 Titie of experimen+ (alphanumeric).
Col. 41 - 45  Number of samples (N). ' o
Col. 46 - 47 = Number of variables (m).

Col. 48 - 55 Constant (such as 0.03). The factors which account for less
than this constant will not be retained. ' '
Col. 56 - 58 Input data option; ‘any value in this field will prohibit the
, output of the list of input data (see (1) above).

8 - DATA CARDS

Each card will normally accommodate one sample and will contain m
values. The usual format is 4 columns ‘o a value (decimals may be included).
| f the number of variables is greater than 20, add an additional data card
vor each 20 additional variables up to a maximum of 5 cards to each sample.

This formaf'may-be‘changed to suit individual user (Format 50 of
subroutine DATA). E

Cc - The program handles MULTIPLE J@¥BS so any number of sets of data may

be sTacked and analyzed with one run of The program. Insert a
blank card after the last set.

N R




DISK OPERATING SYSTENM/360 FORTRAN

(8}

EACTOR
\;OIA;A/I N
CAMMON

ANALYSIS AND VARIMAX ROTATION
10y TITLE(lO),V(8000)fVV&8029)ySD(lZT)yB(lZ?)
10, Q(4095)ySD(90)78(90)'XB(9O)1V(8100 1 sD(90),TV(90)

uIF ENSICON R(8128),XB1127) D127, TV(127)
EWIND 8 . .

i’READ {1,50) TITLE,NyM, CON, 10

.3 WRITE(3,61)

IF{NY 49,49,2
2 IF(ID) 4.:3,4 : ‘
TITLE, Nva(IvI—l M)

WRITE(3,52)
4 CALL CORRE (NyM,0, O.vXB SDnyR DyB TV)
WRITE (3451)- TITLE,SN.M

HeIobagd

204

DO 5 1T = 1+M
5 WRITE(3.52)1,XB(I),S0(1I)
WRITE(3,53){I,I=1,M)

L= 0
DO 7 1
G 6 J

1.M
1,41

.6 BUJI=R{L)

L =L + 1

{34354) T1,(8(J)sd=14+1)

7 WRITE
"CALL EIGEN (R;VvaO)
CALL TRACE {M,R,yCON,K,D)
WRITE (3,55)K,(D{Jd)sd=1,K)

ATeUY JO;UEJ eyl

CALL LOA4D (MyKsRyV)
WRITE (34561 {141=14K)}
DO 9 1 = 1M

DG 8 J = 1,K
L= M= (J-1)
8§ D{J) = V(L)

+. 1

S WRITE (3,57) I1,(0(J)sd=1,K)
CALL VARMX (MyKyVsNCsTV4B4SDyD) -
WRITE(3,58) (I4+1=14K)

WRITE(3,59)
DO 11 I = 1.,M
DO 10 J = 1,K

L= Mm% (J-1)
10 DLJ) = V(L)
WRITE(3,57)

+ 1

I+ {D(J)yJ=1yK)

Il WRITE(3,60)
60 TO 1
49 CALL EXIT

SO(T)

50 FORMAT(10A4,15,12,F8.0,12]
51 FORMAT (*LFACTOR ANALYSIS PROGRAM BY Fe CHEBIB /1H010A4/ ONUMBER GF
1 SAMPLES ='16/

2 ' NUMBER OF VARIABLES ='I4/'CMEANS AND STANDARD DEVIATIONSY/
3 10VARIABLE'16X, "MEAN'15X" STANDARD DEVIATION'/lH )
52 FORMAT(IH + 15, 2{5X»F20.51})

53 FORMAT('1SIMPLE CORRELATICN COEFFICIENTS'/'OVARIABLE 18, 9112/(1H 4

1X10112))
54 FORMAT (1HOI4,4X10F12. 7/(9X10F12 7))

55 EORMAT('lNUP%tR OF FACTORS RETAINED =713/ OCU‘VIULATIVC PERCENT OF V-
1ARTABILITY ACCOUNTED FOR BY FACTORS'/1HOSX2P10F11.3/(6X2P10F11.3))

- 56 FORMAT{'OPRINCIPLE FACTOR MATRIX'/1HO3X10I11/{1H 3X10T11l})

57 FORMAT('OVAR'I3,10F11.5,/{1H ,6X,10F11.5}]
58 FORMAT(1IHL'ROTATED FACTOR MATRIX*/1HO3X10I1l/(1H 3X10I11})
59 FORMAT(1H+,120X'COMMUNALITY*')

60 FCRMAT(1H+,LI8XF11.5)

.14 /05767

FORTMAIN

61 FORMAT(Y1GPTION: INPUT DA!A'/IHOIOA4/'ON ='16/'0M =‘16//(1H

111,
- 19113)) '
"END
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