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CHAPTER I

INTRODUCT ION

| The topographical mep presents much detailed, especially hypsomeb-

ric information sbout terrain. It is, however, highly selective in what
it shows, and often the detailed information that is given may not be in
lthe desired form for direct use in geographical investigations, Parti-
éular elements of terrain, e.g. slope gradient, are important in studies
of land-use, soil erosion, irrigation, flood control, transportation,
economic planning and other aspects of humen geography.

rSomstimes, special methods of depicting terrain are required By
geographers, The increasing demand for these special maps in varied geo-
graphical investigations has stimmlated a search for more accurate, com-
plete or effeetive representation of surface characteristics., In modern
cartograrhy, photographic and lithograrhic techniques have made valuable
contributions to the search, |

Conecerning the relationship of human aetivities to relief, slope is
one of the most influential elements, Therefore, the methods of slope
determination and representation on maps have been the sub ject for much
research, particularly by American geographers, The calculation of grad-
ient between consecubive contours on a topographic map is easy, but the
determinstion of average stecpness efvslopes and their representation on
maps for areas of complicated relief reguires much experimentation and
critiecal analysis,

Slope snalysis should be based on an objective or arbitrary system,
applying methods suck as random sampling or grid or uniform interval samp-
ling, However, the choice of assessment of data completely depends upon

one's purposes and propositions,




The Present Techniques of Slope Representation

In this thesis, the pimary interest is the representation of %he
form of lgnd on maps, not the methods.of caleculating average slope.
Nevertheless, the basic unit of land form is the slope, Up to now,
many teehniques of average slope representetion have been evolved
by geographers, These are reviewed below,

1. Representation by Hachures,

It was early recognized ag desirsble to indicate all steep slopes
on military maps., The idea of taking the line oriented in the direction
of maximum slope and thickening it according to the surface gradient is
attributed to Major G. J. Lehmann of the Saxon army.® In this method
the slopes are indicated by parallel lines drawn perpendicular to the
direction of contours., There should be constant frequency of lines, the
thickness of each being proportional to the slope gradient and the spaces
between lines therefore inversely proportional to the same, The ratio
of the thickness of the lines to the space between each line should be
as the angle of slope to the difference between that angle and 45 degrees,
for a slope over 45 degrees is shown entirely black, The thickness of the
lines e¢sn be mathematically determined as follows:

L:i=X" : 45*-X°

Where I = width of hechure line,

i = width of interval between the lines,

X'= the angle of slove,

1 Cited by Captain H, G. Lyons, 'Relief in Cartography', Geography
Journal, vol, 43, No, 3, 1914, pp, 246.



From the frequency of contour lines, the angles of slope can be
determined; and hachures of various thicknesses inserted by hand,
The advantage of the Lehmann system of hachuring is that on such a
ﬁm@p mounbains can be visualized even by untrained persons, Theoretically,
the angle of slope can be mesasured, but actually it cannot be read because
of the difficulty of measuring line thickness, The haqhure map is very
laborious to construct, too, In modern times, hachures have been little
used in presenting slope information, but constitute a visually effeective
techniqgue,
An alternative hachure technigue of mamintaining line thickness, but 7
varying line freguency according to gradient has also been employed by

cartographers. The freguency is direetly proportional to gradiemnt, This

technigue hasg the same visual effect,

2, Representation by Choropleth5.2

The tiated or shaded choropleth map is a very common technique used
in showing average slopes. It shows the areal distribution of &ifferent
groups or categories of slopes, and so by using a planimeter, the actual

magnitude of each slope group can be evaluated,

.3
E, Raigz and J, Henry divided the large scale topographical map in-

to small 'regions' within each of which the contour lines were approximately

2 E, Raisz, General Cartography, pp. 246 (lst ed. 1938, New York), em-
phasizes that the term choropleth need not be limited to administra-
tive divisione, but that a map divided into squares for which & den-
sity could be calculated and then tiated or shaded would also be a
choropleth map. He suggested that the term 'demopleth' be used for
‘those maps based on administrative divieions,

3 E, Raisz and J, Henry, 'An Average Slope Map of South New England',
Geographical Review, vol. 27, 1937, pp. 467=72,




uniformly spaced., Six slope categories were chosen, according to the
average density of the contour lines; with these as a guide, each region
was carefully exsmined and classified. When the slope regions had been
demarcated on the Jlarge-scale topographic sheets, their boundaries were
transferred to small-scale maps, and choropleths were drawm.

Later, E, Raisz nemed this type of map a 'Slope-category map';4
This system emphasizes detail and shows the spatial associations of dif-
ferent slopes, as well as depicting important minor topographic: features.

W. Calef and R, Newcomb® constructed an average slope map of Illinois,

by following in general principles the Raisz and Henry method, though using
~ the ¥entworth equation§ instead of deiimiting areag of uniform contour
spacing. Your slope classes were defined and represented by distinetive
tints. |

3. Répresentation by Isopleths,

A, N. Strahler introduced two types of slope maps, based on isotan-
gents and isosines, in 1956.7 4 large number of slope values, ‘in degrees,
were converted into the values of tangent and sine, and these values were

plotted at comtrol points, Uradients can be obtained either by messuring

4 E, Raisz, 'Principles of Cartography', pp. 87 (New York 1962),

5 W, Calef and B, Newcomb, 'An Average Slope Map of Illinois', Annals
of the Agsociation of American Geographers, veol, 43, 1953, pp., 304~
16Q !

6

G. K. Wentworth, 'A Simplified Method of Determining the Average Slope
of Land Surfaces', American Journal of Science, series 5, vol. 20 (New
Haven, Conn., 1930), Wentworth's formula for average slope determina-
tion is _
Average number of contour crossings per mile X contour interval

3361

7 &, N. Strahler, 'Quentitative Slope Analysis', Bulletin of the Yeo-
logical Society of America, vol. 67, pp. 571-59 (New York 1956) .




contours on large-scale topographic meps, or by using an Apney Level in
the field. With the values of tangent and sine on the base map, series
of isotangents and isosines respeetively were interpolated.

Yurthermore, a pereentage frequency distribution histogram was con-
structed and statistical parameters were deduced by measuring the areas
between successive lsotangents or successive isosines with a polar plani-
nmeter,

These two types of slope maps, which have a large potential value in
engineering and military applications, bhave not been widely applied in

geography.

Coefficient of Iand Slope, E. Raisz developed a method of estab-

lishing an exsct 'coefficient of land slope'.s. The chosen topogreaphiec

map is covered with rectangles whose dimensions ere determined, arbitrarily,
according to the degree of homogeneity of terrain; the more uniform the slope
the larger the rectangles can be, Each rectangle is divided into areas of ap;
proximately cons%ant slope by counting conbtour frequencies, Then ﬁhe total
area of all slope units within each category is measured with a planimeter.
A horizontal line is drawn proportional in length to the total area of the
rectangle, end the sum totals of areas in each slope category are represented
to scale along this line (starting with the gentlest slopes at the left end).
A geries of connected lines in a slope sequence is drawn, each at the angle

. of slope corresponding to the appropriate vertieal rise per mile, inclusive
of the maximum slope occurring in the rectangle. The area bounded by the

horizontal, vertical and connected sloping lines provides a coefficient of

8 T, Raisz, tGeneral vartography', pp. 273 (1lst ed. New York, 1938),

Also see F, J. Monkhouse snd H, R, Wilkinson, Map and Diagrams®, pp.
107, figure 41 (2nd ed, 1963).




slove for the rectangle for which it has been drawn. This is calculated

by simple geometry., Completely flat land will have a coeflicient of zero,
After the determination of coefficients for all rectangles, their respec-
tive values are plotted at the geometrieal centres of the grid uni;cs'; then
selected isopleths ean be drawn,

9
The Flatland-Retio Map was introduced by E, Raisz, and can be prepared

in the following way. On the topographic sheet, used as base map, the
land which is not too steep for férming is delimited, and described as
tflatland?, (The steepness of slope which can be farmed depends on local
agricultural pfactices.) The map is divided up into small rectangles, in
the geometric contres of which the respective percentages of flatland are
plotted., Isopleths are then inserted.

4, Representation by Dots.

A, H, Robinsonlo produced a quantitatively acpurate relief map from
areal slope data, He divided the topographic shests into squares each rep-
resenting an area of 0,01 square miles, The average gradient within each
square was estimated, and one dot for each degree of slope was placed within
it. <he dots were not placed symmetrically within each square; their posi-
tions were determined by reference to the contours on the topographic map.

Tn theory, the map is quantitatively precise, for the dots are count-

able, #t the same time, the variation in relative dot density from one area

9 E, Raisz, 'General Yartography', pp. 274 (ed. 1938),

10 4, H. Robiz_ison, 1A ﬁethod for Producing Shaded Relief from Areal Slope
Datat, Surveying end Mepping, vol. 8 (Weshington, 1948), Vited by r,
T. lMonkhouse and H., &, Wilkinson, Maps and Diagrams, pp. 107 (2nd ed,
1963).




to another gives an effective visual impression; but the map cannot give
the areal values of slope units.

5. Slope Zone Technique.

The slope-zone device was first suggested in 1951 by 0. M, Miller,ll
and maps were developed in 1960.12 The aim of this technique is to emphasize
Slope rather than elevation, and to divide the map surface into a series of
zones, which would reveal the detailed character of landforms, The zones
can be reproduced in subdued tints, Miller and Summerson used the concept of
A, Woodts fourfold classification of slope elements in the development of a
hillsidels;'*waxing slopet, tfree face!, 'constant slope! and *waning slope!?,
In particular, they searched for a trigonometrical function of slope that
would provide a gradient value that could be used to delimit valley floors
from their sides, <They considered the functions (1-cos x), x, sin x
and .~sin x, where # is the angle of slope, and divided the ranges of va-

lues of each into 8 equal parts. Eventually, only four equal parts —- separated

by slope values of 3 35¢, 14°24t, 34°14t-out of eight obtained from the’ #/sin x

function were chosen as the most suitable, thus giving four slope zones (0° = 3‘55',‘

Be35t - 14°24t, ete,), It is claimed that these four zones coincide with Wood's
four slope elements. For more detailed maps, eight slope-zones categories ean
be adopted.

The compilation of a slope-zone map is easy if the region is covered

with large-scale contoured topographic maps. The tinted map of slope zones

11 - o
0. ¥, Miller, 'Relief on Maps and Models: Some Conclusions and a Proposalt,
The Ohio State University Research Foundation, Mapping and “Yharting Regeareh
Laboratory, ‘echnical Paper No, 151, 1951, Cited in 'Slope-Zone Maps',

12 0, M. Miller end U, H., Summerson, 'Slope-Zone Maps', Geographical Review,
vol, 50, 1960, pp. 196. '

13 4, Wood, ﬁThe Deve10pment“6f Hillside Slopes!', Proceedings of Geologists!
Association, vol, 53, pp. 128-40 (London 1942), Cited by O, M, Miller and
C. H. Summerson in tSlope-Zone Maps?,




may be reproduced to the intended seale without loss of detail or clar-
ity, as was demonstrated by Miller and Summerson in the production of a
slope-zone map of the Appalachians at a scale of 1:2,000,000, .

This kind of technique gives an excellent visual impression of
the salient characteristies of slopes, =nd is particularly suitable for
the morphological study of landscapes and in the determination of physio-

graphical regions,

6, Slope Representation by Combined Techniques.

F, E, Elliotl%>iﬁtroduced a technique of portraying slope gradients
and relative relief on one map. He used a fine grid of squares to calcu-
: late values of relative relief, After these had been plotted, isopleths
. were drawn to show the spatial distribution of relative relief, Elliot
 then shaded the relstive relief categories in various horizontal 1ines. A
“ contour-spacing guide of the same contour map base was employed to secure
. the values of average slope, and three categories were recognized and
vertieal line-shaded. The superimposition of these two maps produced
twelve composite slope amd relative relief regions, which were outlined
. by pecked lines with the obvious identification of different intensities
- of eross-shading,

18 applied a simple technique to express slope con-

R. ¥. Glendinning
ditions by using arrows to show the direction and steepness of slope and

pecked lines to indieate the change of slope, for superimposing on land-

1% ¥, E, Elliot, 'A technique of presenting Slope and Relative Relief on
Ohe Map', Surveying and Mapping, vol, 13, 1953, pp. 473-78, Cited by
¥. J. Monkhouse end H., R. Wilkinson, Maps and Diagrams, pp. 112 (2nd
ed, 1963),

B p, M. Glendinning, 'The $lope and Slope-Direction Map!, Michigen Papers
in Geography, vol, 7 (Amm Arbor, Mich., 1937), Cited by F. J. Monkhouse
and H, R, Wilkinson in Maps and Disgrams, ¥p. 110 (2nd ed, 1963) .




use and soil maps, This method can be used for correlating soil erosion,
land suitability and slope.

7, Graphic Representations.

J. O. Veatch has devised a scheme for the gravhie comparison of slopes
and developed some ideas for comparing land on the basis of the number and
areal extent of significant land compoqents, of which he recognized three,
'ﬁighland', tlowlandt and 'le.e»pes'.ﬁ‘?‘5 Date may be obtained for construct-
ing graphs from contour maps either by limear traverse measurements or by
actual areal meessurement, The 'slopes' component consists of classes of
slopes, based on ranges of gradient. The function of the gravh is to in-
tegrate these separate slope classes by expressing them as a single contin~-
wous sloping line, This line, which represents the integration offthe
slopes, has a gradient thet is determined by a number obtained by mltiply-

ing the percentage frequency of each e¢lass of slope by its respect;ve aver-

age gradient and taking one-quarter of the summation of these figures., The

graph is constructed in the following way. A sgquere is drawn, a side of which

is equal to the total_g}gggﬁpercentage distance on the graph. A value that
is equal to one-fourth of the highest gradient value times 100 is assigned
" 4o the combined right vertical and basal sides of the square, This is the
integrated slope mumber and is represented by an inclined line joining the
horizontal line depicting thighland! &t the upper left hand corner of the
square, The horizontal line representing 'lowland' is added to the lower
extremity of the inclined line afterwerds, The lengths of these appended

lines are proportional to the respective proportions of thighland' and 'low-

1 3, 0, Veatch, *Graphic and Quantitative Comparisons of Land Types!?,
Jourral of Ameriean Society Agronomy, vol., 27, 1935, pp. 505-510,
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land' in the region,

- 17
The Clinographic “Yurve, first named by J. Hanson-Lowe, shows the

average gradient between any pair of contours, Its chief advantage is
that it indicates both major breaks and sudden changes in the relief
of any region, and it emphasizes uniform surfaces such as a peneplain,

Areas of land between pairs of suecessive contours are measured, and
then represented by concentric circular zones., The average gradienfs between
‘these pairs can be calculated, using the tangent function, tan @ (angle)
= h/R-r, where @ is the average gradient oi land between two successive
contours, h is the contour interval, and Rar represents the difference
in length between the radii of the respective circles,

After all the values of slope angle have been calculated, a clino-
graphic curve can be drawn, using the contour intervalé as vertiecal com-
ponents and inserting each section of average slope gradient between each
“two contours with a protractor, If the elinographic curve possesses
gentle slopes, then a vertical exaggeration may be used, by increasing each
cangle by a constaht factor,

18

The Mean Slope vYurve introduced by 4, N, Strahler,™ is a device for

showing mean slope gradient by a curve. First, the length of each contour
line. is measured, and the average lemgth of each pair of successive contours

is calculated., The area between these coutours is measured with a plani-

17 J. Henson-Towe, 'The Clinographic Curver, Geological lagazine, vol. 72,
pp. 180-4 (London 1935).

18 A, N. Strahler, 'Hypsometric (Area-Altitude) Analysis of Erosional Lopo-
graphy', Bulletin of the uweological Society of America, vol, 83, 1952,
PP. 1117-4:2 .
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meter., The average width of each intercoantour area is obtained by divid-
ing this area by the mean length of the two successive comtours, For the
area above the highest contour, the mean width between each pair of sue-
cessive contours is replaced by half the length of the highest contour,
The tangent of the slope engle can be derived by dividing the contour in-
te:bval by the mean width of each pair of successive contours, Then the curve,
consisting of several straight-line segments, can be plotted,

In Strahler's method, ground slope distribution with respect to
height can be depicted for direet visual analysis,

Slope-Height Curve, It was produced by ¥, Moseleyl? who determined

the average slope value between each pair of contours at regular inter-
vals. From these he was able to construct a slope-height curve, on which
Ithe average slope value between each pair of contours in each region was
depicted, Unfform slopes were represented as straight lines parallel to
the vertiecal axis of the graph, concave slopes with a uniform change of
gradient were revealed as straight lines inelined to the right, whilst
. convex slopes were shown as straight lines imclined to the left;

This method can be utilized for analyzing slepe values direetly mea-
sured in the field, .or for mean slopes of intercontour areas obtained by
either the Hanson-Lowe or the Strahler methods,

20

The Columnar Diagram of Slope compiled by 4,T.A.Learmonth, in 1948,

consists of a series of parallel bars whose lengths are proportional to the

percentages of land of various inclinations.,

19 F, Moseley, 'Erosion Surfaces in the Forest of Bowland', Proceedings
of the Yorkshire Geological Society, vol. 33, part 2, No, 9, pp. 173-96
(#all, 1961). Cited by in Maps and Diagrams, pp. 122 (2nd ed, 1963),

%0 A,7.A, Learmonth, 'The Floods of 12th August, 1948, in South-east Scot-
landt (cireulsted in manuscript form, 1951), Cited in Maps and Diagrams,
pp. 110 (2nd ed. 19653).
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8, Conclusion.

In all the methods described above, there are none that depiet all
types of slope informatiom; in other words, every technigue has its limita-
tions., As a special technique, the slope map can emphasize what the com-
piler wants to show, 8o far, the few combined technigques of terrain. rep-
‘resentation can present more detailed and varied slope information then
the others, therefore they are often more useful for geographical imvesti-
gations,

In this thesis, a'type of combined map and graph technigue is pro=-
posed for presenting slope information for gemeral use, It employs both
choropleths and located line-graphs, The Raisz and Henry method was
adopted for securing slope data from topographic sheets, hecause it csn
depiet slope location in detail, The line-graph techmigue that is applied
* - in this thésis broadly resembles E, Raisz's coefficient of land slope and
Je O« Veatchts land components methods, but there are some important modi-~
- fications that have been made with the aim of presenting more debailed

slope information.




CHAPTER II

CONSTRUCTION OF THE COMBINATION SLOPE MAP

1. Choice of a Suitable Map Scale,

In this thesis, the scale of topographic sheets chosen as base
maps is 1:50,000, the most widespread of the large seale maps obtein-
able in Canada, though their publication is not completed yet., The
1:50,000 meps of Manitoba have been produced with air photographé ta-
ken meinly between 1947 and the early 1950's., These maps are regarded
as accurate., 4Another large scale series of topographic sheets is at
1:25,000, but its coverage is limited to a few small localities in Mani-
toba, excluding the areas arbitrarily chosen in this study.

The contour interval of the 1:50,000 Canadian maps is almost always
25 feet, a value which enables much detail of the surface configuration
to be depieted. ij"ox*tun.r:xtely, this seale is sufficiently large t0 show
the degree of detail desired as & basis for this work, Another advantage
of this seale is that the land use details on air photographs can be plot-
ted quite accurately,

2., Size of Areas to be Studiell,

Areas Tor cartographic analysis were arbitrarily chosen from an
exemination of topographic maps of types of terrain in Manitoba, Four
areas were adopted for situdy, the size of each being hetween 60 and 100
square miles, ‘hree areas lie astride the Manitoba Escarpment, but the

remaining one extends from the northern margin of the Tiger Hills %o
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the Assiniboine Delta area (Map 1).1

A1l grid unit boundaries on sample sheets are section boundaries,
The locations of the chosen areas can be identified by township (Tp) and
range (R) numbers, indicated on the slope maps,

The 1:50,000 maps enable detailed cartographic analysis of these
areas but are sufficiently small scale to permit the coverage of exten~
give tracts in a fairly short period of time,

3. £nalysis.

(1) Delimitation of Slope Areasg with Distinetive Gradients.

The delimitation process depends upon the initial identifieation
on the topogrephic maps of slope areas with distinctive gradients, This
method of delimitation is somewhat sub jective, although training in topo-
graphic map analysis enables one to identify areas where there is virtual
constanecy of contour line frequency.z Thé delimitation is normally along
a contour. <his technique reveals important details such as average grad-
ients and diﬁensions of slope units as well as their spatisl distributions.

(2) Measurement,

a), Construction of a Slope Indicator.

Gradient can be calculated by the function: tan @ = h/D, where @

is the angle of the slope, h is the height, snd D is the horizontal

1 References of the topographic sheets used are:
Pembina Mt., Area -- 62 G/1 East and West
Hollsnd Ares -~ 62 G=10 West
Riding ¥t. Area -- 62 J/15 Bast and West
Baldy Mt, Area -- 62 N/7 (advance print) and 62 N/8 West

2 E, Raisz, 'Principles of Cartography!, pp. 71 (ed. 1962).
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distance, From this basic equation, an expression can be developed
for the ealculation of slope gradients.
Since the gradient of 1 degree = 1/57.,3

e Slope Angle = 57,3 x Conbour Interval (height)
Horizontal Distance

As the scale of the topographic map used for base is 1:50,000 and
the contour interval is 25 feet,

.". Horizomtal Distance = 57,3 x 25' x 1/50,000
Slope Angle

By this formula, the Horizontal Distance on the slope indicator

can be ealeulated, and the results are as follows:

Length in inehes on the

Slope Angle in Degrees Slope Indieator
% .688
1 344
2 .182
3 «114
4 086
5 069
6 057
7 049
8 043
9 .038

10 034
11 .03
12 , 028
13 | .025
14 024
15 .022
16 .021

A strip of plastic was graduated according to the above values rep-

resenting the slope angles,
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“bl. Application of the Slope Indicator,

The average gradient of each faceégis determined by the use of
the slope indicator. One problem is that bf the number of measure-
nents of slope steepness that should be taken with each spatially de-
fined slope unit, If the measurements are far apart within a unit,
then the average slope determination of that unit will- not ‘be re-
lisble, If the measurements are frequent and evenly spaced, fhe
greatest degree of objectivity is realized;

Measurements of gradient between each twb conseeutive contour
lines were carried out at an interval of one reading per % inch along
the slope, wherever the gradient did not change appreciably within a
unit., The small units or those with rapidly fluctuating values, were
measured at greater freguencies,

A further problem is that the steeger slopes (i.e., 12 - lsrde-
grées of the slope indicator) possess such small linear differences —-
aprroximately one thousandth of an inch.-— that it is often well nigh
impossible to decide the precise angle values from the slopé indica~
tor, But one can clearly distinguish the contour distance represent-
ing 12 degrees from that representing 16 degrees on the indiecator.
Therefore, in this thesis, areas where gradients exceed 12 degfees
but are less than 16 degrees in average slope were placed in a single
category with gentler slopes, the category of 8 - 16 degrees, The
steepest slopes are in the 16 degrees and over category.

Finally the average gradiemt values 6f slope units were inserted

in pencil on the base mep, on which the units had already been delimited,

'5 A tfacett is a unit of slope with fairly uniform cheracteristics,
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(3) Choice of a Grid.

The construction of located line-graphs to enable the proporitions
of slope elements in different areas to be compared demands the choice
of a grid system composed of uniform units, If the wnit is arbitrarily
- chosen as one square nile, it presents many disadvantages., At the scale
| of 1:50,000, the space in each unit is so limited that it becomes imprac-
ticable to insert or to guantitatively interpret line symbols showing the
proportions of the distinetive types of slope units,

A grid composed of units 2 miles square is advantageous in that it
gives emough space for the insertion of a located line-graph symbol, even
when the whole umit is classified as 1flat', and aresl percentage within
a slope class can he measured to within 1%, TFurthermore, tke scale ;s
‘sufficiently large to distinguish the distimet units of slope and to meaé
sure angles with a protractor,

If the grid systems eonsists of umits each exceedirg 4 square miles,
the final composite slope map would poxtray mch less_localized informs-
+tion in the form of located line-graphs than can be achieved by adopting

& finer grid.

(4) The System of Grid Reference.

Each cﬁéééﬁ area is divided into 4 square miles grid units that are
‘2 miles sguares.,

A system of mumbering and lettering has been adopted for grid
reference based upon the principle of the British Ordnance Survey refer-
ence system, In the text a grid unit is defined by reference to the

“numeral desceribing the number of squares from the left-hand side of the




map (the easting). The northing reference (the letter describing the num-
ber of squares from the base of the map) is based on an alphabetical se-

quence of sguares, the southermost on each slope map being A,

For example, 6C :-
G 6C
B:
A
(5) Areal Measurement of Facets 1 74 3 L 5 &

The combination slope map reveals areally the percenmtages of
slopes per grid unit, although the actval area of one category of
slopes on the ground can be ascertained from the located line-graphs,

It was not necessary to compute in ebsolute terms the areas of slope
units from the meassuring scales of the polar planimeter, since actual
sizes can be derived from percentages of each 4 square miles grid unit,

As the slope units in a grid square representing 4 square miles
at the 1:50,000 map scale are usually gquite small, the planimeter is
operated outside the area to be measured, therefore the accuracy is very
high, However, the main factor in the determination of the accuraecy of plani-
meter measurements is the care in manipulation of the instrument,

The map should be placed on a smooth and level surface, The polar
bar of the planimeter should be set perpendiculer to the pointer bar, be-
fore starting the messuring. The pointer should follow the boundaries
exactly, end this is best achieved by slow, but uniform, movement of the
pointer,

If the facet is long and narrow, the measuring wheel. of the pointer
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bar should be located, more or less parallel to the longest dimension;
if the instrument is not oriented in this way, the measuring wheel will
slide along the surface of the paper as the pointer is being moved,
This tends to produce less accurate readings on the dial, Initially,
numerous meagurements of the same unit are necessary to secure sccurate
results,

At least, three sets of planimeter readings per slope unit should
be taken and the average areal value derived.

Many measurements of the area of one grid unit (i.e. 4 square

" miles) produced an average value of 424 planimeter units, which became

the denominator for the ealculation of the percentage value of any slope
unit,

(6) Construction of Slope Symbol,

a); Definition of Slopeland and Flatland.

Since most of Manitoba consists of gentle slope and low local
relief, ap arbitrary value of 2 degrees was chosen to define the
boundary between slopeland and :f‘lad;lam(‘l;':'4 Areag where the average
slope is 0 - 2 degrees are regarded as flatland; the category
0 - 2 degrees was used to delimit coastal flatlands by G. B,
Cress&rin 1958;5 Those areas in which the average slope exceeds

2 degrees are classed as slopeland in this thesis,

4 E. Raisz, 'General cartography', pp. 274 (ed, 1938). Raisz implies

thet 'fletland' is *possible farm land', that is, land that is not
too steep for "farming® (presumably cultivation). The critical slope
1imit of cultivable land will depend on the methods employed .and the
type of farming economy.

% ¢, B, Cressey, 'The Iand Forms of Chekiang, Chinal’, A.AALG., VOl. 28,
1938, pp. £569-76.
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b). The Slope Symbol,

The totel length of the slope-line symbol is two inches, rep-
»resenting 100% of the area of the grid unit (See the Combination
Slope Maps). Flatland is represented by a horizontal line while in-
¢lined lines represent sloping land, A 4 square mile unit which is
all horizontal land would be represented by a 2 inch line extending
the full dimension of tke grid unit. The steepness of a line on the
graph is a fivefold exaggeration of the average gradient of all
slopes that fall into that particular slope cetegory within the
grid unit,

Exaggeration aids vision, For without it, it ig hard to dis-
tinguish one sloping line component from a conbigyous: one, espec-
ially when their values are close to each other. Furthermore, the
exeggeration makes the slope angles easier o identify from protrac-
tor measurements,

¢). Arrengement of the Slope Symbol ,

The horizomtal line (flatland representation) is succeeded by
conbinuous inclined lines representing slopeland, starting from the .
representation of the lowest slope category present to the highest
one, |

The relstive relief symbol is appended to the highest extremity

of the line representing area,

(7) Cholce of a System of Categories for a Classification of Slope Units

according to Gradient,

The system adopted for the categories of slopes is a geometrical
progression, with the first limiting value 2 degrees (the arbitrarily chosen

maximum value for flatland) and 4; 8, and 16 degrees constituting the



‘other limits. The advantage of this choice of a mathematical series is
the conformity with the approximately inverse relationship of gradient
and area -~ the greater the gradient the smaller the area -- in the re-~
gions analyzed,

(8) Choice of CUolouring of Slope Units.

The use of colouring is of great advantage in the slope map. It not
only improves legibility and gives emphasis, but also adds attractiveness
to the maps.
The shading employed in the cétegories on the Combination Slope Maps
is the traditional colouring for hypsometric tiding on topographic maps «-
a sequence of green, yellow and brown in order of ascending steepness of slope,

(9) Calculation of Relative Relief and Tts Representation in the Slope Symbol.

In each grid unit, the différence between the maximum and the mini-
mmnm elevations is the relative relief, Contour lines or spot heights are
used 1o dete:mine relative relief, Where there is only one conmbtour line
or spot height within a grid square, the relative relief of that unit is
regarded as zero,

Manitoba is typified by areas of small to moderate relief, so a sys-
tem of categories was chosen, based upon a 100 feet interval, except below
100 feet where there are two divisions, 0~ 50 and 50 - 100 feet. 1In
Manitoba many areas are quite flat, and these two lowest categories can
depict more detzils.

There mst be clarity of shading of the relative relief categories
in the small reetangleslportraying this and for this reason alone the
distinctive patterns rather then varying intensities of shading were re-

garded as most important,




(10) The Funection of the Relative Relief in the Combination Slope Map,

Relative relief gives an indication of the local vertical ampli-
tude of landform and of the depth of dissection of terrain. Furthermore,
éreas of great relative relief possess steep slopes., Besides this rela-~
tionship, there is a special function of the-relative relief in this slope
map. If the grid units in which all aressare under the category of flat~-
land do not give additional information eabout the surface conditions
themselves, the order of relative relief, depicted by distinetive line-
shading, enables some guantitative assessment of the variation of gradient

to be made.

(11) Summary of Cheracteristics of the Combination Slope Map.
| The combination slope map therefore shows:-

(a). The locations and slope category associations of disbinctive
slope units (by choropleths).

(b). The respective percentages of groups of slepes of similar
graedients in each grid unit, by the lengths of lines on the
located graphs,

{¢). The average gradients of types (groups) of slopes (on the
slope symbol), measurable with a protractor, within each grid
unit.

{d). The relative relief within a grid unit, both directly, by
the line-shaded rectangle, snd indireectly, by the height of

the composite line on the slope symbol,
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CHAPTER IIX

LAND USE STUDIES : AN APPLICATION OF THE COMBINATION
SLOPE MAP

Analysis of Land Use

The main objective of the land use analysis here is to bring out
the correlation, if any, of slope and land use, though slope is merely
one of many determinants, Other factors are digscussed where slope is'
regarded as locally insignificant,

The land use information was obtained solely from vertical air
photogravhs, scale 4 inches to one mile, taken between 1948 and 1950,

Land was arbitrarily classified into three types, (1) cultiveted land,
(2) used land, and (3) umsed land.

1. Definitions of lerms.

Three terms are used in this land use analysis, (1) Cultivgted
land, that is land which has been ploughed., (2) Uncultivated buf agri-
culturally utilized areas, termed 'used! land, e.g, grassland used for
pasturing, woods or scrubland for sheltering livestock, planted wind-breaks,
and farmstead lots, (3) Unused land, that is, land not agriculturally
utilized, éuch as forest, bogs and some scrub land,

The identification of lend-use from vertical air photographs has
its limitations, This is especially so when the Seelyscope is employed
to reduce the scalé of the photographs to that of the slope maps, as in
this study. There is no difficulty in delimiting the cultivated land,
but there is in the distinction of used and unused, particulerly in wooded
areas, When removed from farmstead lots, the latter possessing no signs

of dugouts for watering livestock are regarded as unused, except where




there is evidence of stream flow., Often the boundary between used and
unused land follows a secetion limit, indicating the importance of the
individual farmerts preference in the determination of land use,

4 reconnaissance survey of land use which can give more substan-
tial evidence of identification of land use pafterns, especially the
used and unused land, has not been conducted. Iand use patterns may
heve changed somewhat since the air photographs were taken in 1948 -
f1950, S0 a reconnaissance ground survey at present could lead to false
conclusions concerning the interpretation of land use on these photo-
graphic prints,

2, Analyses of Chosen Areas.

Topographical names of local regions are used wherever possible,
Bach land use map (transparency) was superimposed fifst upon the related
combination slope map and later upon the appropriate topographic sheet.in
the analysis of relationships,

(1) The Pembina Mountain Area,

Stetistical analysis of the chosen area,

The chosen area has the following characteristics of use (as
revealed by Table T and Fig, I):=

A high ﬁroportion (67.,5%) of lend under cultivation exists, with
a very high percentage of this occurring on flatland, Most of the re-
maining cultivated land is found on 2-4 degrees slopes.,

A very large proportion of the uncultivated but agriculturally
used land, which comprises 14,%% of the chosen area, is situated on
flatland, and most of the rest occurs on slopes gentler tﬁan 8 degrees,

Agrieulturally unused land comprises 18,2% of the area, and more

than one-quarter of this element is found on flatland,



TABLE I

PERCENTAGE AREAS OF LAND-USE TYPES IN EACH

SLOPE CATEGORY IN THE PEMBINA MT. AREA.

Land-use

Slope- Cultivated Used Unused Total
category
° A - 64.,3% 12.4% b.9% 81.6%
>°

B 2.1% - 0.5% 2.0% 4,6%
4

Cc 0.5% 0.9% 2.3% 3.7%
8°

D 0.4% 0.2% 6.2% 6.8%
16°

E 0.2% 0.3% 2.8% 3.3%

Total 67 .5% 14 .3% 18.2%
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The following charécteristics are revealed by analysis of Fig,., 2:~
There is s progressive decrease in the proportion of cultivated
- land with increasing slope gradient; this is especially noteworthy in the
lowest three slope categories.
A positive correlation between the proportion of unused land within
a slope category and the gradient values of that category exists, al-
though Group D.(8-16 degrees) slopes have a percentage of unused land
that is almosf as high as Group.E slopes,
On a proportional basis, uncultivated agrieulturally used land
is most significant in 4-8 degrees areas (it occupies 24% of these areas),
although aprroximately 16% of all flatlend is classified as tused' land.
. Slope does not apprear to be a determinant of the distribution of this
- land-use element in the Pembina Mountain Area,

Local LDeterminants of the Land Use Pattern,

From the combination slope map, Map 2, it is evident that the chosen
area includes several distinctive types of terrain, Each of these tracts
is described below in terms of its physiographic characteristics and
land use pattern, and the factors determining the utilization of the
land are evaluated,

Take fgassiz Lowlands (8A, 8B, sC, 7C and part of 7B)., The combina-

tion slope map indicates the universality of tPlatland?, and the gently
increasing gradient towards the foot of Manitoba escarpmsnt (depicted by
a zone of 4-8 degrees slopes) is evidenced by a low but inereasing rela-
-tive relief in that direction.,

On the lowlands most of the land is cultivated, but a considerable

amount of the area is non-cultivated agriculturally used land, There is
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é?eat variety in the size of 'used' lots, although the majority of’
larger ones occur within a miie and half of the escarpment, Most of
the larger units are narrow but elongated in a direetion parallel to
the escarpment.

The most pronounced example of this orientetion is the virtually
contimous zone of used land between the 1050 and 1075 feet conboutrs.
Nearly all the farmsteads are situsted within the used zone rather
than beyond its margins.l Ihree intermitient lakes account for only
a small fraction of the used land in this belt, In the south, the belt
is narrow, and appears to coinecide with closely-spaced contours rep-

»resenting the degraded cliff at the back of the highest Campbell beach
‘(altitude 1040 feet in the vieinity of the international boundaryg). In the
north, the 'used' belt is brozd and although at the same altitude, @art

of the element appears to coincide with this particular beach, and the
remainder with the bluff at the rear of it, The coarseness of the

- beach deposit may account for the absence of cultivated land on this

. strandline, whereas the gradient of thevaegraded cliff behind would pre-
clude ploughing there,

Most of the east-west oriented patches of used land coincide
with intermittently stream-occupied gullies, These are generally wood-
land (topographic map), although in a few cases their présence is due
t0 swampy conditions, The smallest parcels of used land are farmsteads

and farm yaprds.

1 1In the classification of tused! land, farm buildings, feed lots,
orchards, ete, are included,

2 7. H, Ellis, 'The Soils of Manitoba', 1938, pp, 112,
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Hear the U,S.A. border two sizeable units of unused land occur,
both of which are éompletely wooded and which are releted to a long
deep gully disseeting the piedmont slope, A part of the umsed land,
is however, not explainable in terms of apparent vhysical characteris-
tics,

Manitoba Escarpment (extends from 6C to 74) is fairly linear in

plan, elthough it is dissected by occasional deep gullies and small steep-
sided valleys. Most of the escarpment appears to»have a simple profile
wibth dominantly 4-8 degrees slopes, although in area 7B it is locally
steeper near the top (with gradients exceedingi%egrees) between two very
steep guliies. The relative relief in the escarpment area is normelly
200-20C feet, although the escarpment itself has an amplitude of less

than 200 feet.

More than a half of theescarmment is uncultivated used land, nearly
all this being in the northern part. This land use characterizes'adjoin-
ing gentle slopes (e.g. 2~4 degrees) as well as the typical 4-8 degrees
slopes, Farther squth, all the steepest slopes and most of the 4-8 de-
‘grees slopes comprising the escarpment towards the U,S.A, border ave ag-
riculturally unused., But in grid unit 7B some of the lower part of the
escarpment, even where fairly steep, is cultivated land contiguous with
-that on the Agassiz lowlands, There is no apparent explanation for this,
although it is clear that slopes of 4-8 degrees are not considered too
‘gteep and therefore too prone to soil erosion by runoff to be brought un-
der the plough.

Referring to the topographiec sheet, virtually all the land clas-

sified as 'used' and *unused' is woodland, The air photos, however,
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revealed two important differences between the wooded escarpment in the
north and that in the south, Firstly, the southern area is thickly
wocded whereas the northern continuation is not, Secondly, only the
northern part appears to possess dugouts for cattle watering, All
minor gullies in the northern part of the esecarmment were used but un-
cultivated, those in the south were forested.

The abrupt_change between used and unused land midway along the
xeécarpment occurs at a section boundary, The same type of change oc-
-curs along the same section line in the minor valley behind the esearp-
‘ment. The change of use reflects different degrees of farming inten-
siveness on the same quality of land,

Sumnarily, there does not appear to be a ceusal relationship bet-
ween slope and used, es distinet from unused; land along the escarpment,
‘Drainage does not appear to be an important factor, but the thin soils
on steeper slopes will be rapidly eroded when cultivated, Consequently,
the general avoidance of the escarpment by voughed land.

Rolling land on top of Pembina Mountain (5C, 6C, 6B, 7A) is defined

by a western limit of a narrow zone of 2-4 degrees slopes increasing
southwards to 4-8 degrees slopes, and the Manitoba escarpment as the
eastern limit., Most of the area appears to be well dissected by small
gullies and»intermittent streanm~occupied incised valleys, The relstive
‘relief in this area is usually 200-500 Teet,

A& large proportion of the flatland in the area is cultivated. Some
of the uncultivated used land has a dendritic pattern of distribution
which reflects the locatioms of small intermittent gullies (6B)., In

the south (64), a long strip of used woodland is located on east-facing
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4-8 degrees slopes at 1375-1425 feet above sea level., The slope is de-
veloped on the ground moraine immediately east of the low and moraine
ridge. In the northerﬁ section of this:belt of sloping land, the grad-
ient falls into the 2-4 degrees cabtegory, and most of the area is eunlti-
vated except for the largest gullies whose utilization falls into the
tuged! category. Much fairly well dissected terraiu §nd even-medium sized
linear depressions, uéré;,ploughed in this area,

There arevthree large areas that are agriculturally unused, all
coinciding with three independent dendritic networks of steep-sided in-
cised ﬁalleys. Most of these areas are wooded and on 4-8 degrees slopes,
although some flatland is incorporated,

Ag a whole in this area, slope appears to be an important determin—
ant of land use,

Ground moraine and End moraine plain (3B, 3C, 4B, 4C, 54, 5B and

parts of 28, 20, 4A and 6A) has an amplitude of relief that is less than
50 feet, <The whole area is dominated by flatland, except one elongaﬁed
area with over 16 degrees slope, located in grid unit 64, It is a déeply
incised tributary valley of the Pembina valley,

There is very little clear expression of the local end moraine on
the tbpographic map., The trend of the 1500 feet contour reveals a low
narrow northwest-southeast ridge, and the distinctive shallow depressions
and seasonal lakes on the map reveal the knob and kettle topography of the
end moraine. This moraine is much less pronounced in this area than fur-
ther north, near Altemont.

Cultivated land dominates this whole morainic area. The clay-loanm

soils are generally favourable for agriculture, although the soils of the




Snowflake agsociation that are Pfound on the flat southwestern part of the
+ill plain are badly drained and salinized in some places (see soil maps
and topographic map), HAlthough in some areas, there are 15-20 examples
of this kind of small inbtermittent lakes within one square mile, yet it
has surprisingly little effect on the land use pattern, Only the larger
ill-drained patches, for instance the biggest one in 4B, have remained
uncultivated, although these are usually unimproved grassland probably
used for livestock pasturing. Sometimes artificial drainage has enabled
cultivation to extend. For instance, a small mershy areain 4C, is con-
nected by a drainage ditch to a gully; the area is now cultivated.

In thig area, many small plots of tused! iand are centred on farm-
steads, and some of the medium size ones are associated with drainage
elements, not necessarily steep-sided gullies, Some of the 'used' land
is woodland, but a few areas are presumably grassland, associated with
imperfect drainage and small depressions (especially in the hummocky end
moraine tract).

The only trace of unused land is located in the incised valley end
its tributery gullies in 64, The steep slopes are forested, but the head-
ward part of the valley which has much gentler sides is uncultivated but
agriculturally used land, mainly grassland,

pembina Valley (1C, 2B, BA and parts of 1A, 1B, 24, 2C and 44) has

high relative relief, 300-400 feet in the north and 400-500 feet downe-

valley. The average width of the valley is two miles. It appears to

% 7. H. Ellis ana W, H, Shafer, tSoil Map, Reconnaissance Survey of South-
Central Manitoba', Soils Report No. 4, 1943, Manitoba Department of
Agriculbure.
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possess a concave valley-side profile, with over 16 degrees slopes typical
in the upper npert of valley, below which is a broad 8-16 degrees slope
elemént. The basal part of the valley possesses a narrow belt of flat-
lahd or 2-4 degrees slopes, Occasional 2-4 degrees terraces occur, and

‘a very large cultivated 0-2 degrees terrace ,cﬁt”fn; " outwash £ill occurs
in 104.

The north side of the lower valley possesses & midslope element of
4-8 degrees, below.and above which are much steeper slope elements, The
valley sides are embayed by small gullies and punctuated by fairly deep
tributary valleys. These minor valleys possess sides that decrease in
gradient towards their heads, although the average slope of each side is
usually equal'to or greater than 16 degrees,

This segment of the Pembine Valley on the Pembina Mountain sheet is
almost completely characterized by unused land, apparently due to the
steepness of slopes. There are many small aress of cultivated land lo=-
cated on the bottom flatland (a narrow floodplain), and one extends from
flatland on to slopes of 2-4 degrees. Almost as many cultivated patches
exist on o-4 degrees terraces, sometimes well above the valley floor, and
occasionally on gently inclined colluvial slopes, The cultivated fields
on the terraces are usually larger than those on the restricted and more
vulnerable flood plain, Some of the cultivated patches (e.g. in 34, 1C)
extend on to the adjacent slopes of 8-16 degrees., On the 8-16 degrees

valley sides a few small and narrow isolated units of ecultivated land

4 E, C. Halstead, 'Surficial Geological Map of Brandon Area (Map 1067A)1t,
in Geologicel Survey of Canada, Memoir 300, 1959,
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oceur, These (when 1ocatedvon the topographic map) appear to be sited
either on small dissected old terraces or on spurs whose axes have slop-
es of category 8-10 degrees,

There are a few large patches of non-cultivated agriculturally
used land, of which most are situated at the heads of tributary valleys
with the slope equal to or greater than 16 degrees, except one of 2-8
degrees (in 1A), Two others constitute the extension of used land on
the Boissevain till plain, The tused! units located on the steep sides
of tributary valleys are not too steep for livestock grazing, bubt prohi-
bitively steeﬁ for the plough,

In this seetion of the Pembina Valley there are very few farmsteads,

~and only one, in SA,is situated on the 4-8 degrees slopes of the valley sides,

+ 1t reflects the insignificancee of the valley as an agrieulbtural producer.
The air photographs present no evidence of usage for livestock grazing, al-
though there is pasburing on some of the serubby lower slopes (open range)
during the summer months.

In conclusion, slope gradient in the Pembina Valley has a positive cor-
relation with the unused land and an inverse correlation with the cultivated
land.

The Ground moraine plein to south-west of Pembina Valley (1A, 1B

-and parts of 1v, 24, 3A) has a low relief, bubt its margin is dissected
by gullies and tributery valleys of Pembina Valley., Flatland is very
characteristie (no undulation is observed on the slope map, although this
is apparent on the topographic sheet),

Referring to the topographic sheet, this till plain is full of
small swales that are intermittently occupied by water, yet most of

them are cultivated. Much of the uncultivated agriculturally used land,
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TABLE II

PERCENTAGE AREAS OF LAND-USE TYPES IN EACH
SLOPE CATEGORY IN THE HOLLAND AREA.

Land-use

Slope- Cultivated Used Unused Total
category
5"

A 69.5% 13.3% 1.3% 84.,1%
2° : A

B 5. 4% 2.6% 0.7% 8.7%
‘+l

c 2.1% 2.1% 1.6% 5.8%
8- :

D 0.3% 0.8% 0.3% 1.4%
16°

E / / / /

Total 77.3% | 18.8% 3.9%
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occurs on this ill-drained lend or is related to farmsteads and yards,
Some is found on gentle slopes adjacent to the steep valley-sides,
Nevertheless part of the tused! land appears to be potentially culti-
vable, but is at present woodland or serubland in rectangular lots,

(2) Holland Area,

Statistical analysis of the chosén ares.

This tcth&narea has the following characteristics of land-use
(as shown on Table IT and Fig, 3):=

& very high proportion (77.3%) of the area is under cultivation,
and most of this land use element is on flatland. Most of the remain-
ing cultivated land is located on gentle slopes,

More than two-thirds of the uncultivated agriculturally uséd
land, (which occupies 18,8% of the total Holland area) is situated on
flatland, and most of the rest is on slopes gentler than 8 degrees, Only
B,% of the c¢hosen - area is agriculturally unused, and one-third of this-
land use is found on flatland,

The following characteristics are indicated by analysis of
Pigure 4:-

There is a uniformly progressive decrease in the proportion of the
cultivated land with increasing slope gradient, although approximately
20% of the steepest local slopes are cultivated,

A positive correlation exists between the proportion of agricul-
turally used land within a slope category and the gradient values of
that category.

Concerning unused land, Group C (4-8 degrees) slopes have a higher

percentage of this land use type than do Group P slopes. Therefore,



élope is not a prime determinant of the distribution of unused land, even
though there is apparently a direct relationship between slope gradient
and unused land on 0-8 degrees land.

Tocal Determinants of the Land Use Pattern.,

The Holland Area depicted on the corbination slope map, Map 3,
may be divided broadly into two topographic entities, based on slove
unit associations and relative relief:-

The Tiger Hills morainic area (1A, 2A, 2B, 3A, 3B, 4A, 4B, 54, 5B,

5C, end parts of 1B, 4C), as shown on the combination slope map, consists
of a complex association of slope units that are linear or rounded in plan
with intervening flatland areas. The relative relief is characteristically
100-200 feet, From the irregular distribution of slopes it is apparent
that there is accidented relief, with locally hilly areas, The sub-
parallel linear slopes in the eastern area are the Wéll—definsd sides

of the flat-floored Boyne valley., The area is 1érgely composed of

ground moraine, although the flatter parts consist of tlag concentrate!',
that is, the coarser fraction of glacial drift that was reworked by lake
water action, when I ake Agassiz existed®,

On the flatland, a fairly low proportion (15.&%) of the area is uncul-
tivated agriculturally used land, although almost all the remainder is
under culbtivation, ‘'Used! land is a highly characteristic feature of the
whole morainiec area in this locality. Yet there is a substantial frac-

tion of all gently sloping (2-8 degrees) land that is eultivated.

5 Map 1067A accompanying Geological Survey of Canada Memoir 300 by
#, C, Halstead,
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The pattern of land use in this morainic region reveals that the domin-
ant control of utilization is drainage, not slope gradient,

There are two very large elongated tracts of rused' land. One
is an east-west belt, about three miles long, located on flatland (24),
the other commences one mile to the east and extends down the Boyne val-
ley for approximately three miles (4B), These large tracts are located
on imperceptibly sloping ground in a linear depression connecting the
Cypress and Boyne rivers, and separating masses 6f exposed ground moraine,
Referring to the topographic sheet, they are the two largest intermitient
lakes in this ¢hoSeR grea, The linear depression in which they both oc-
cur wés probably a spillway. Ditches extend almost the full lengﬁh of the

- southern mershy erea, The other one has natural drainage via the Boyne
river when it is flooded,

Narrow sinuous zones of used land in 24, 3A, 4A 4B are coincident
with intermittently occupied gullies, although they are commonly Qood-
land or pasture. Many patehes of 'used! land occur on the steepe% sides
of morainic knobs; these are nearly all scrub or woodland, utilized by
livestock, Small plots of 'used' land on the 'flatland', which is
mostly very gently undulating in this area, appear to reflect the dis-
trivution of farmsteads, farm buildings and attached small wood léts,
not impeded drainage. In 54, a large patch of wooded but used land is

‘situated in an area of knobs and intermittently occupied shallow depres-
sions, representing the only sizeable piece of end moraine and associated
ice contact stratified drift in the Holland map area, Some smaller rectan-
gular tused! lots are not explainable in terms of physical determinants,

“and they appear to be cultivable,




Seemingly, a high proportion of gently-sloping (2-8 degrees)land
is cultivated, even on the varied soils of the morainic ridges (4B, 5C).
The upper (and gentler) slopes of some of the tributary valleys of
the Boyne and the south~facing side of its valley (4B, 5C) are culti-
vated, 4 narrow gtrip of cultivated land is found on the 8-16 degrees
slopes of the north~facing valley side of the Boyne, The ploughea unit,
however; appears to be néar the lower limit of slope gradient in this
category. Many of the small areas that are depicted as ill-drained on the
topographic map are nevertheless cultivated,

Agriculturally unused land is fairly significant in this area,

A large elongated patech in 4B and 5B, coincides with the steep (8-16
degrees) south side of the Boyne valley and the incised gullies and
tributary valleys, as well as the downvalley part of the intermittently
flooded flat floor drained by the Boyne river, The 'unused' character
of these areas appears to reflect the occurrence of the steepest slopes
in the area and the worst drained part of this seetion of the boyne
valley,

There are some medium-sized tracts of umused land located on
moderate slopes of knobs (1A, 2A, 4B), Similar terrain in other parts
of this area are cultivated, indicating the importance of the individual
farmerts preference in the determination of land use.

The xmob and kettle topography appears to he less settled than
the areas of flatland within the Tiger Hills region of the Holland map
area,

Assiniboine Delta Area (1C, 2C, 3C, and parts of 18, 2B and 3B)
is an area that is almost completely !flatlandt, with a relative relief

of 0-150 feet, The Tiger Hills moraihic country in the south, merges
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-northwards with the Assiniboine delts,

A very high proportion of cultivated land characterizes this area
and there is no agriculturally unused land, with the exception of the
settlement of Holland (which, by error, haes been depicted on the lahd-
use transparency as tused' land)., A considerable amount of uncultiveted
agriculturally used land exists. Two elongated tracts of used lend coin-
cide with the two small zones of 8416 degrees slopee which are the sides
of incised, intermittently occupied gullies joining the Cypress River,
Although they are mostly wooded, the sloves are not oo s%ax;for live-
stock grazing., In the north-east of 3C, a tract of one—quarﬁer of a
square.mile is sgriculturally used becsuse of a few emall intermite-
tent lakes which occupy part of the floor of a long depression connect-
ing two tributery valleys of the Cypress river. Many of the larger
tracts of used land are occupied by pasture due to impeded drainagé.

The smallest units are, however, simply farm buildings and yards in
the essenﬁially cultivated areas,

In conclusgion, slope elements have no significance in eorrelation of
land use pattern except in the areas of 8-16 degrees slopes, 1In flatland,
the dominant control is drainage,

(3), Riding Mountain Area,

Statistical analysis of he: ai

From Teble IIT, Figures 5 and 6, there is no indication of & re-
‘1ationship between gradient and land use pattern, the reason being that
about 77% of the ehosenm: area falls within the Riding Mountain National
Park, in which all of the slopeland and most of the flatland of the e¢hosen

area are located,




TABLE III

PERCENTAGE AREAS OF LAND-USE TYPES IN EACH

SLOPE CATEGORY IN THE RIDING MT. AREA.

"Land-use

Slope-

category Cultivated Used Unused Total

X
A 15.9% 3.1% 50.0% 69.0%

oe
B / / 8.0% 8.0%

L
c / / 12.4% 12.4%

8*
D / / 8.1% 8.1%

16°
E / / 2.5% 2.5%

Total 15.9% 3,1% 81.0%
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Local Determinants of the Land Use Pattern (Map 4).

| The Manitoba Iowlands (6A, 6B, 6C, and parts of 58, 5C) have a
smooth, level to very gently sloping topography. The relative relief
is about 50 feet in the east, increasing to approximately 200 feet

in dissected areas towards the foot of the escarpment, The western
part, the piedmont region, is characterized by lake-bed deposits and
beach deposits of prominent strandlines,

A11 cultivated land is located on flatland. Creeks such as
MeKinnon and Scott are joined by ditches on the flatland to help draine
age, and there appears to be adegquate drainage throughout the area,

The non-cultivated agriculturally used land comprises a small
portion compared with the ploughed area., In 6A, there is an elongated
tract of 'used! land about two miles long and mostly wooded parallel
to the escarpment. The southern part of this tract coincides with a
small tributary of MéKinnon Creek ending at a marshy area, that appears
t0 be an elongated swale behind a beach ridge, The umwooded parcels of
used land are kept for livestock pasturing. The'smaller tuged? ﬁatches
are nearly all farmsteads and yards. The remaining used land is wooded,
but there is evidence of pasture for livestock in the form of clearings.

Most of the agriculturally unused land is located near the boundary
of the Park and is thieckly forested. The large peteh of umused land in
5C- is outside the Park, and could be cultivated if drainage of three
elongated swales behind the beach ridges was accomplished,

| Within the Riding Mountain National Park farmsteading was prohibited,
so all the land is classified as agriculturally umsed, although there is
variety of land use depending on the state of drainage, as exemplified by

numierous non-wooded but marshy tracts.

g W. &, johnston, 'Surface Deposits and “round-water Supply of Winnipeg
Map-area, Menitobat', Geological Survey of “anada, Memoir 174, 1934,

48

W, &, Eprlich and others, 'Reconmaissance Soil Survey of West-Lake lMap Sheet

Apeat, Soils Report No, 8, 1958, Manitoba Soil Survey.
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(4). Baldy lountain Area,

Statistical analysis of chosén aree,

Most of the slopeland in the ehesen area falls within the Duck Mt.
Forest Reservation., Figure 7 and Table IV shows the complete restriction
of all agriculturally used land to the flatland areas.

Local Determinants of the Land Use Pattern (Map,s);

The Manitoba Lowlandg (A, 5B, 5C, 6A, 6B, 6C and parts of 44, 4B,

4C) are an area of undulatihg land that slopeé gently eastwards from the
,vDuck lMountain escarpment, The relstive rdief of 50-200 feet increases
ﬁowards the west, |

A feirly high proportion of lend outside the Reservation in thé
sample area is cultivated, There are two signifieant features concern-
ing cultivated land, Elongated cultivated tracts, paraliel to theescarp-
ment, in 5C, GB and 6C are situated on well-drained low “gassiz beach
ridges and the intervening sandy loams, To the east of these ridges
there is a belt of Meharry clay loamﬂ that is largely cultivated, whilst
ﬁeat deposits to the south are uncultivated. West of the belt of beach
ridges, there is a zone of Meherry clay loem that is badly drained in some
places, This zone is essentially uncultivated, although the best drainsd
sites have been brought under the plough,
| In the west contiguous areas of cultivated land extend north-séﬁth
-at the base of the escarpment. Most of the belt possesses gentle slbpes

developed on well-drained Grifton sandy loams, derived from ground moraine.

7 Soil Map accompanying Manitoba Soil Survey, Report No, @ o by W, A,
Ehrlich and others.




TABLE IV

PERCENTAGE AREAS OF LAND-USE TYPES IN EACH
SLOPE CATEGORY IN THE BALDY MT. AREA.

Land-use

Slope- Cultivated Used Unused Total
category A
0

A 18.9% 14.6% 39.2% 72.7%
2.

B / / 18.2% 18.2%
4.

C / /  5.7% 5.7%
8°F

D / / 3.4% 3.4%
16°

E / / / /

Total .18.9% 14.6% 66.5%
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There is a high proportion of tused! land on the flatland outside
the Reservation. Most the patches of used land in 6A, 6B and 6C are
wooded, and probably refleet poorer drainage than in the belt of
beaches and Gilbert sandy loem soils,

In 54, 5B and 5C, a long tract, nearly one mile in width, of
mostly wooded land, extends from north to south, and appears to be re-
lated to the rather ill-drained Meharry clay loams, which occurvon a
#ery gentle slope behind the beaches, 4~long the banks of Fishiﬁg river,
used land is a&lso found, since the slopes are probably too steep for
cultivation, #¢ the foqt of the escarmyment substantial areas of tused!?
land can almost without exception be correlated with poorly drained
elements, such as intermittent lakes and marshes, Occasionally, moder-
ate slopes that are well-drained have remained as natural pastureland
after forest clearance, |

The agriculturally unused land is significantly contained by
sectibn boundaries, Two areas of unused land are surrounded by agricul-
turally used land. The largest pateh, in 54, is forest on poorly drained
peat soils, The other ome in 5C of half square mile in size is wooded
but evidence indicates cultivation by clearance is possible., All the
area at the base of and on the lower part of the escarpment is funused!

forest except for one patch of cultivated land in the south of 44,

| Menitoba Escarpment and the Morainic Area West of It. The escarp-
ment»is dominated by the slopes of 2-4 degrees in the extreme gsouth, bub
in the northern part there is an alternation of 4-8 degrees slopes and
gentler units, The width of this composite escarpment varies from two

miles in the north to approximately four miks in the south, The amplitude




of relief of the escarpment area is almost 1,000 feet.

| The Fishing river is deeply inecised into the Duek Mountain
plateau, and its valley sides are 8-16 degrees., In units 3& and 44
is a small almost level ill-drained morainic plain dominated by un-
used woodland, It conbtains two isolated patches of cultivated land
found on better drained sites,

The top of the plateau, completely within the Reservation, con-
sists of rolling end moraine with numerous small permanent lakes
punctuating forests and swamps., Baldy Mountain stands out as a
steeper area, with characteristic 8-16 degrees slopes and gullies
radiating from it,

In conclusion, most of the chosen area of Baldy Mountain Area
lies within the Duck Mountain Forest Reservetion, and consequently
it is only the eéStern portion.of the area that can be examined with
the viewt -determining the relationship between agricultural land

use and physical determinsnts, such as slope, drainage and soils,




CHAPTER IV
CONCIUSION

1. The Combination Slope Map.

The combination slope map has been produced, in this thesis, by
utilizing combined diagram and map techniques, Raisz and‘Henry's
method of determining slope units was adopted, and J, 0, Veatchts
quantitative line-graph technique of depicting land types providéd
the concept of representing diagremmatically the assoeiation of slope
components in any area, However, the construction of the located dia-
grans in this thesis is quite different from Veateh's method,

The major limitation of the techniocue lies in the difficulty
of representing slope characteristics adequately when there are many
complex minor variations in slope gradients as revealed by contour
positions, The slope maps, therefore, do present a generalized repre-
senation of terrain,

2, Applicationt Land Use Studies.

The emphasis in this work has been to determine the type of re-
latiohship that exists between slope and lend use. Other physical
determinants of the land use pattern have been considered as well,

On a broad scale, slope does play an important role in &etermining
the incidence of cultivated land, but in gently sloping arees the parti-
euler land use reflects drainage and soil conditions rather than minor
veriations in gradient, Uenerally, the steepest slopes in a locality
are agriculturally unused, elthough some escarpment and incised valley

slopes are woodland or pasture used for supporting livestock. Agricul-
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turally used, but uncultivated, land normally consists of open woodland
with intervening pastures, and is found on a variety of slopes, slthough
mainly where there are gentle gradients,

3. The employment'of the combination slope map in the analysis of land
use patterns in four small areas of Manitoba provides a satisfactory method
of examining some of the major associated physical and humen elements of
the landscape. TIts application to other areas could enable regional com-

parisons to be made,
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