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ABSTRACT

A study of the statistical relationship between the
Strahler bifurcation ratio of a drainage basin and the cor-
responding water surplus value is undertaken in this thesis.,
Of importance is the scale of mapping used in the calculation
of the bifurcation ratio., Upon establishing an optimum
mapping scale, bifurcation ratio values are calculated for
physiographic regions in Manitoba. Then, for a number of
selected drainage basins bifurcation ratios and water surplus
values are derived, By means of various statistical tests,
the relationship between these two variables is studied.

Results show that for a given basin, different mapping
techniques yield large disparities in calculated morphometric
parameters, Stereovisual analysis is demonstrated to be the
superior mapping technique when conducting morphometric
analyses from maps and aerial photography. Correlation and
regression tests show no strong relationship between the
Strahler bifurcation ratio and its corresponding water surplus
value, Analysis of variance tests substantiate the previous
conclusions. The null hypothesis that the four physiographic
regions afe homogeneous with respect to the Strahler bifurcation
ratio cannot be rejected on the basis of the given sample
evidence, while the null hypothesis that the regions are
homogeneous with respect to water surplus can be rejected at
the one percent significance level, In conclusion, the
water surplus value is shown to be directly related to
precipitation input and inversely related to the infiltration

rate and capacity of surficial material,
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CHAPTER K

INTRODUCTION

A, REVIEW OF BIFURCATION RATIO DERIVATION AND STREAM
ORDERING TECHNIQUES

The foundation of the modern approach to fluvial land-
form geometry was acknowledged by A,N, Strahler(1964,4-40)
in his statement: "Under the impetus supplied by [R.EJ.Horton,
the description of drainage basins and channel networks was
transformed from a purely qualitative and deductive study
to a rigorous quantitative science capable of providing
hydrologists [and others] with numerical data of practical
value,®

Horton has provided the first comprehensive scheme of
quantitative drainage basin analysis, based on a hierarchical
system of stream ordering,

Apart from some early qualitative attempts at stream
ordering, the first important hierarchical method was
undertaken by H. Gravelius(1914). P.Haggett and R,J.Chorley
(1969,p.12) succinctly describe the technique of ordering
used by Gravelius as follows:

Gravelius first identified the trunk stream (order 1)
by tracing it, explorer-like, from outlet to source,
and at every bifurcation following the branch assumed
to have the greatest width, discharge, headward
branching or junction angle., This process was repeated
for each stream directly tributary to order 1, these
being designated order 2 streams, and so on until the

most remote fingertip tributaries received the highest
order,



However, Horton believed that there were definite
disadvantages to this scheme, The subjective decisions
which have to be taken at each bifurcation and the fact
that stream order number was not systematically related
to the magnitude of a given segment led Horton to state
that he preferred the converse procedure., Horton(1945,p.281)
therefore proposes:

In this [Horton?s] system, unbranched fingertip

tributaries are always designated as of order 1,

tributaries or streams of the 2d order receive

branches or tributaries of the lst order, but

these only; a 3d order stream must receive one or

more tributaries of the 2d order but may also

receive lst order tributaries. A 4th order

stream receives branches of the 3d and usually

also of lower orders, and so on,

After classifying all stream segments, most of the
drainage basin must be re-ordered. Starting at the basin
mouth and working headwards, the trunk stream is extended
at each bifurcation and follows the tributary which is more
nearly in line with it, or, if this distinction cannot be
made, that which is longer., This re-ordering procedure
is repeated for all tributaries of the trunk stream until
only fingertip tributaries remain,

Unfortunately, with Hortont's system of stream ordering
various difficulties arise in that this method possesses a
degree of subjectivity in the process of reclassification
of tributaries., Also, this system has the disadvantages of
assigning to some unbranched fingertip tributaries orders

greater than one and different orders to stream segments of

equal magnitude,



Horton(1932,p.356) states that "It is evident that
the number of tributaries of any given order in a drainage
basin increases in a geometrical progression as the
order number of the main stream increases, Treated as a
geometrical series of ratio r, the sum of the series, or

the whole number of streams in a basin would be:

) | (1)

N = ( é)- 1
(r-1)
where 0 is the order of the main stream."” Horton then

states quite erroneously that if Nl is the number of

tributaries of the first order:

r= Ny (@)

This value of r Horton states may be called the bifurcation
ratio, = However, Horton neglects to declare what N-1 is
equal to,

In equation (1), N is stated to be the total number
of streams in a basin, and one would assume that N-1 equals
a value of one less than this aggregate. This assumption
is however incorrect in the case of equation (2), where
N-1 apparently is equal to one less than maximum basin
order.

In the same article, Horton(p.357) states that, "For a
number of drainage basins for which the bifurcation ratio r
has been determined it has been found to be nearly constant

for tributaries of different orders, although it varies for



different basins, It appears to be an important physio-
graphic characteristic of the drainage basin,"

Subsequently, Horton(1945,p.280) symbolizes the
bifurcation ratio as r, instead of r, and defines it as
the "Ratio of the average number of branchings or bifur-
cations of streams of a given order to that of streams
of the next lower order." This definition is, however,
incorrect; it should have been defined as the ratio of
the average number of bifurcations of streams of a given
order to that of streams of the next higher order for,
numerically, bifurcation ratios are usually expressed as
values greater than unity,

Equation (1) is now written

S
ry - 1
N = (3)

r =1
b

where s is the order of the main stream. (Horton, 1945,p.286),

Within the nested hierarchy of drainage basins, the
observed similarity of bifurcation ratios led Horton to
formulate the Law of Stream Numbers, which is actually
aﬁother'way in which he defined this ratio, The Law states
that "The numbers of streams of different orders in a given
drainage basin tend closely to approximate an inverse
geometric series in which the first term is unity and the
ratio is the bifurcation ratio"(l945,p.2§l).

The plot, on semilogarithmic paper, of stream numbers

against their respective stream orders leads to straight



line relationships when lines of best fit are drawn by
inspection, The bifurcation ratio can be found by com-
puting or measuring the slope of the regression line,

which has the same value., The regression equation,

Ny = mp, (570 (4)

where N, is the number of streams of a given order o, and
s is the highest stream order of the basin, is a mathematical
expression of Hortonts Law of Stream Numbers,

Figure 1-1 illustrates on semi-logarithmic paper a
plot of stream numbers versus stream order for a hypo-
thetical drainage network to demonstrate how r, may be
visually determined.

AN, Strahler modified Horton's system of stream
ordering by allo@ing Hortonts provisional scheme to
determine the final ordering, such that the smallest or
fingertip channels constitute the first order segments,
Strahler(1952,p.1120) comments that, "For the most part
these carry wet-weather streams and are normally dry."

A second order stream segment is formed at the junction

of two first order tributaries, while a third order segment
is formed by the confluence of two second order streams, etc,
"This method avoids the necessity of subjective decisions
inherent in Hortonts method and assures that there will be
only one stream bearing the highest order number, !

The subjective decisions inherent in the Horton system

are avoided by using Strahlerts method of stream ordering,
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With the latter method, Haggett and Chorley(1969,p.14)
state that similar orders have similar geometrical mag-
nitudes and, for a given drainage network, yields the
same maximum basin order as the Horton system. Therefore,
the methodology employed by Strahler in ordering a drainage
network will be used as a basis for stream ordering in this
thesis,

The Strahler bifurcation ratio,Rp, where;

Rb = Nu (5)

will be used, with N, equal to the number of stream
segments of a given order and N, + 1 equal to the number
of stream segments of the next higher order, Strahler's
method "of ordering is applied to a hypothetical drainage

basin in Figure 1-2,

B, THE DRAINAGE BASIN AS AN OPEN SYSTEM

The concept of a drainage basin as an open system,
which ténds to achieve a steady state of operation has
been studied by Strahler(1964) and other fluvial geomor-
phologists., DBecause matter and energy are imported and
exported from the drainage basin, any individual stream,
as well as a whole basin, can be considered as an open
system. These open systems are characterized by the

exchange of material and energy through system boundaries
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and must transform energy uniformly to maintain operation.
Within the drainage basin, precipitation is imported, while
mineral matter and runoff leave the system through the basin
mouth., Throughout geologic time the rates of import and
export of matter and energy across the basin perimeter or
system boundary may change substantially‘but will be balanced
so that an equilibrium or steady state is reached. However,
during this time (the erosion cycle) there may be short term
fluctuations in these rates which yield periods of dis-~
equilibrium within the system,(Schumm and Lichty,1965)
Moreover, the drainage network may be thought of as an
expanding open system, because through the progressive
development of integrated streams and headward erosion of
tributaries, the network may increase in order and size
through time, until maximum possible parameters are attained,
In conclusion, "Should controlling factors of climate or
geologic material be changed, the steady state will be
upset., Through a relatively rapid series of adjustments,
serving to re-establish a steady state, appropriate new

values of basin geometry are developed." (Strahler,1964,p.4=41)

C., Water Surplus

J.M. Mather(1959), defines 'water surplus?! by simply
stating that if the amount of precipitation exceeds evapo-
transpiration, the soil will remain full of water and a
water surplus will occur,.

AN, Strahler(1965), utilizes the soil water cycle to
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more fully define the term twater surplust?, Assuming a
humid, middle-latitude climate, the cycle commences in
early spring, when evaporation is low because of low
temperatures. The abundance of melting snows and spring
rains has restored the soil moisture to a surplus quantity,
For the next two months the quantity of water percolating
through the soil and entering the ground water keeps the
s0il pores nearly filled with water. This time is also

the season of heavy flooding and in terms of the soil water
budget, Strahler notes that a water surplus exists.

A.H, Laycock(1967), declares that when precipitation

and temperature data are processed according to Thornthwaite

procedures to determine water deficiency patterns, a
residual category called*water surplustdevelops. Laycock
notes that this term is sometimes confused with, or used

synonymously with, the terms trunoff?! and ?!streamflow?,

While runoff may be defined as that part of the precipitation

input which together with other water contributions appears

eventually in surface streams, streamflow is runoff in

which the water occupies a narrow trough confined by lateral

bénks, Laycock defines fwater surplus? as that water which
percolates at levels beyond root depth or moves in surface
flow towards streams and depressions after soil-moisture
storage capacities have been recharged and which reaches
most streams as groundwater inflow,(i.e. baseflow),

Water surplus as used in this thesis will be defined as

average depth of water at the ground surface in a drainage
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basin, Dividing drainage network discharge, converted from
cubic feet per second(cfs) to acre-feet, by basin area in
acres, yields the uniform depth of water, in feet, to which
the entire basin would theoretically be inundated, Moreover,
the term *'water surplust! may be expressed by the equation
below, where WS symbolizes the tunit yield! of water surplus,
0d symbolizes mean yearly discharge in cfs. converted to a
depth in acre-feet, and Aa symbolizes the area of the drainage

basin in acres,

WS = 0d : (6)

The water surplus is the surface runoff, less the baseflow
recorded as groundwater, available for surface erosive
purposes., However, it should be noted that not all this
water surplus will induce erosion because parts of this
surplus?are involved in overcoming the frictional resistance
of vegetation, in overland flow and in surface detention,
which increases with increasing resistance.

The following section of this chapter deals with
bifurcation ratio derivation, A review of the types and
causes of surface erosion is undertaken, commencing with

a discussion of overland flow and the belt of no erosion,
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D, Theories Concerning Bifurcation Ratio Development

There are several schools of thought concerning the
characteristics of bifurcation ratios and the causes of
their development within certain numerical limits,

Fluvial geomorphologists have tried to define the
expression'bifurcation ratio! and to describe how and
why it develops the way it does under given conditions,

Concerning the erosional development of streams, Horton
asserts that this process is not entirely random.
Horton(l945,p.335—339) states that when a newly exposed
surface is eroded, an initial series of small, shallow,
closely spaced shoestring gullies or rill channels is
developed., These rills flow parallel to each other and
as a result of various causes, the divides between adjacent
rills are broken down and water flow in the shallower rill
channelé is diverted into deeper ones, a process known as
micropiracy. Thus, a new system of rills is developed which
has a direction of flow at an angle to the initial rill
channels and produces a resultant slope towards the initial
rill. On newly exposed terrain, stream segments develop
first where the length of overland flow exceeds the critical
length, that is, just beyond the limit of the belt of no
erosion., Stream segments starting at these points generally
become the fingertip tributaries.

If the area in which surface runoff occurs is covered
with grass or other closely spaced plants, the flow may be

subdivided. Horton(1945,p.315-320) feels that part of the
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water energy available for overcoming resistance to erosion
is expended on frictional resistance of the grass blades, or
other vegetation, thereby reducing the amount of energy
available for expenditure on the soil surface. Because of
increased resistance, the depth of surface detention required
to produce a given rate of runoff is very greatly increased
and the velocity of overland flow is correspondingly
decreased,

Horton states that certain physical factors govern soil
erosion; these may be grouped as initial resistivity, rain
intensity, infiltration capacity and the velocity and energy
of overland flow. A vegetal cover generally breaks the force
of raindrops, and grass sod that covers the underlying soil
inhibits erosion, Fine soil particles adhere to root hairs
and plant roots mear the surface and act strongly as a soil
binder.

Finally, Horton believes that nature develops successive
orders of streams by bifurcation essentially in a uniform
manner, regardless of geologic controls. Horton(1945,p.303)
feels that fundamentally his Law of Stream Numbers is not
influenced by inhomogeneity and therefore by lack of isotropy.
However, numerical variations in the Law may occur and
these may be accredited to geological controls, This
statement is substantiated by D.R. Coates(1958) who feels
that in nature the minimum bifurcation ratio of two is
seldom approached. Of more importance is that Coates feels

that the bifurcation ratio usually lies between three and
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five in basins without dominant differential geological
controls, He asserts that the bifurcation ratio only
reaches higher values where geological controls favor the
development of elongate narrow basins., In following,
Strahler(1957) states that the bifurcation ratio is
highly stable and shows only a small range of values from
region to region, with the mean bifurcation ratio being
about 3.5. However, Strahler notes that for drainage
networks in regions with steeply dipping bedrock confined
between hogback ridges, high bifurcation values may occur.

With reference to the aforesaid insensitivity,

R, Shreve(1966,p.18) states that many investigators have
shown that independence of the detailed geomorphic processes
at work in any given drainage network characterizes the
geometric series of the Law of Stream Numbers and therefore,
the bifurcation ratio,

Concerning Hortonts Law of Stream Numbers, Shreve feels
that drainage networks which have developed in the absence
of geological controls are topologically random., Shreve
does not imply, however, that the lengths, shapes and
ofientations of links are also random, Thus, although not
every attribute is likely to be random, in development, the
topology of the drainage network and therefore the bifurcation
ratio is. This leads Shreve to the conclusion that the Law
is primarily a consequence of the random development of
the topology of channel networks, according to the laws of

chance,
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Shreve states that the bifurcation ratio is independent
of other geomorphic and hydrologic variables and of the
environment. He explains randomly merging stream channels
by means of graphical construction, according to rules of
chance, However, because the graphical method for computing
the probability of occurrence of a drainage network with a
given set of stream numbers has disadvantages, Shreve adapts
an alternative definition of randomly merging stream
channels. This definition involves only network topology
and simple enumeration,(Shreve,1966,p.27)

Shreve shows that stream networks that are similar in
topology have equal numbers of links, forks, sources,

Horton streams and first order Strahler stream segments,
"This suggests equating *randomly merging stream channels?
with a topologically random population within which all
topologically distinct networks with given numbers of links
are equally likely."(Shreve,1966,p.27). Therefore, of
principal significance is the hypothesis that a natural
population of stream networks will be topoldgically

random, providing the absence of geological controls. In
this way, the definition of topologically random channel
networks can predict the Law of Stfeam Numbers,

Shreve(1966,p.17) asserts that "In a topologically
random population the most probable networks approximately
obey Horton's law but exhibit certain systematic deviations."
Shreve asserts that a geometric mean bifurcation ratio of

four would be the ratio most commonly calculated for a basin
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with a given number of first order tributaries. Moreover,
For networks with n [sources] andJrz,[order] given the
most probable networks have the property that the
bifurcation ratio of the second-order streams B, is
always close to 4 and, hence, that the bifurcation
ratios respectively decrease, remain unchanged, or
increase with order and the corresponding curves on
the Horton diagram are respectively concave upward,
straight, or concave downward according as the geometric
mean bifurcation ratio is less than, equal to, or
greater than 4,(Shreve,1966,p.31).
Arthur Strahler expresses the equation to calculate

his bifurcation ratio as;
log Nu = a - bu (7)

where the antilog of b is the bifurcation ratio.
However, the usual method employed to calculate the
Strahler bifurcation ratio for pairs of adjacent orders and

for a given basin makes use of the following equation;

RbSl = NSl etCoeo (8)

st

where s denotes the order. (Also see equatibn 5).

In following, M.J., Woldenberg(cited in Haggett and
Chorley,1969,p.15) criticizes Strahlerts system of stream
ordering and hence bifurcation ratio values, noting that
from a hydrological standpoint, his system violates the
distributive law, since junctions of lower order segments
do not change the order of the main stream.,

By utilizing the term tlink magnitudef, Shreve(1967,

p.178) obeys the distributive law when ordering a drainage
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network, With Shreve's concept of magnitude each exterior
or fingertip tributary has a magnitude of one, If links
join then the resultant link downstream has a magnitude
equal to the total number of sources tributary to it,
Figure 1-3 illustrates Shreve's ordering technique using

link magnitudes for a hypothetical drainage network.

Figure 1-3 Shrevets basin ordering technique,

This method of stream ordering will produce different
bifurcation ratios than those calculated by Strahlerts method
of stream ordering for the same network. This is because
there are fewer Shreve links of each order(magnitude), since
there are more orders than with Strahlerts method.,

| Straﬁler’s system of ordering produces an inverse geo-
metric series of numbers of stream segments, and Shreve(1964)
found that Strahlerts numbers of stream segments were fitted
better by the series than Hortonts frequencies of streams.
Using an exponential plot, the Strahler system usually gives

smaller root mean square deviations than does the lHorton system

the Strahler system also gives different basin bifurcation



18

ratios,

E, Giusti and W, Schneider(1965) use Strahler's method
of stream ordering and bifurcation ratio calculation when
studying the Yellow River basin in Georgia, Using base maps
at a scale of 1:2400, they conclude that bifurcation ratios
tend to be highly variable., Their study also leads them to
conclude that drainage basins with different areas but with
equal order usually have the smallest bifurcation ratios in
the smallest basins, As basin size increases so does the
bifurcation ratio. However, after a certain basin size is
reached the bifurcatién ratio tends £o become constant,

Giusti and Schneider feel that when a drainage basin is
ordered by the Strahler method and bifurcation ratios calcul-
ated, these ratios tend to increase in a downstream direction.
In other words, the orders from which they were computed
influence the value of the bifurcation ratio. Similarily,

Sc.A. Schumm(1956) observes that because of chance irregularities

the bifurcation ratio between successive pairs of orders

differs within the same basin, even if a general observance

of the geometric series exists. However, Giusti and Schneider
aiso feel that due to the branching process of stream networks,
the bifurcation ratios become smailer if they are computed
from higher order subbasins., The reasoning is that és stream
order increases there is a diminishing amount of area available
within the basin. This causes a higher percentage of streams
to join into higher ordered tributaries.

In contrast to Giusti and Schneider, R.J. Byles(1968)
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suggests that the bifurcation ratio may under some circum-
stances be inversely related to order., Eyles feels that
recent rejuvenation has disproportionately increased the
number of first and second order tributaries, which causes
an observable upward concavity in a plot of stream numbers
versus order,

Finally, Giusti and Schneider(1965,p.68) assert,
"Bifurcation ratios tend to become constant for ratios
made between numbers of branches which are two or more
ordérs removed from the order of the main stream." Thus,
théwariability of bifurcation ratios found in their study
indicates that bifurcation must be carefully defined in
terms of the two successive orders from which they are
computed and the order of the main stream. Moreover, they
believe that comparisons of undefined bifurcation ratios may
lead to erroneous conclusions concerning the drainage network,

J.C. Maxwell(1955,p.520) defines the bifurcation ratio,
B, as "The antilog of the slope of a straight line fitted by
inspection equally to all points of a scatter diagram of
logarithms of number of channels of each order versus order
number." Maxwell uses Strahlerts method of stream ordering
and fitted the following equation to a plot of stream numbers

versus order,
logNu = kelogR, - (logRy)eu (9)

The reason Maxwell fits the line to all points instead of

requiring the line to pass through the point of highest
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order is because he feels that in a drainage basin of
apparently nth order, the number of higher order channels
and the order of the drainage network can vary if one or
more first order channels are added or omitted, Therefore,
Maxwell feels that plotted points of highest order should
not be considered any more reliable than points representing
other orders when fitting the regression line to the points
on a scatter diagram,

In conclusion, L,E.Milton(1966) states that the
bifurcation ratio is predominantly controlled by the
drainage density and by stream entrance angles. Concerning
stream entrance angles, Schumm(1956,p.617-620) compares
young and mature angles of junction and finds a significant
difference, which suggests that the angles change during the
geomorphic cycle, The ratio of channel slope to ground
slope is the primafy factor causing two streams of unequal
order to join at a given angle, Because of the relatively
slower degradation of the higher order channel, the point
of junction moves downstream and the junction angle
decreases., As the junction angle becomes very small,
léteral planation may erode the interfluve and the junction
angle migrates upstream, This méy.cause a significant
change in the bifurcation ratio.

Milton states that in regions where the network
geometry develops without pronounced structural controls,

bifurcation ratios are stable, He stresses however, that

natural bifurcation ratios are controlled by geomorphic
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factors and by chance, Finally, Milton asserts that
infiltration capacity, relative relief and geological
structure, operating through the morphometric factors

of stream orientation, and drainage density, play fund-
amental roles in determining a drainage networkts bifurcation

ratio,

D. Objectives of Research

The fundamental objective of this thesis is to
demonstrate whether or not there is a meaningful statistical
relationship between the Strahler bifurcation ratio of a
drainage basin and its water surplus value, Also of
importance is the scale of mapping used to calculate the
bifurcation ratio,

Having defined fundamental terminology, theories con-
cerning the development and control of bifurcation ratios
were reviewed. In the following chapter a morphometric
study of a small drainage basin in south-western Alberta
is undertaken., It is hoped that this morphometric analysis,
which is concerned primarily with stream numbers and orders,
will deménstrate the effects of different mapping scales on
the calculated bifurcation ratio, On the basis of this
study, an optimum mapping scale will be established and
employed to calculate mean bifurcation ratios for physio-
graphic regions in Manitoba.

Attempting to devise a measure of water surplus is

another important objective of this thesis. By utilizing



22
drainage basin areas and mean annual discharge values, a
comparitive mean annual water surplus value for a drainage
network may be calculated, Although this water surplus is
directly responsible for the development of drainage net-
works, what are the effects on bifurcation ratio values of
differences in water surplus amounts? Statistical analyses
of the derived bifurcation ratios and water surplus values
should enable conclusions to be drawn concerning the extent
to which the Strahler bifurcation ratio is a function of
water surplus, This is the main objective of the thesis.
Moreover, it is hoped that changes in water surplus values
between physiographic regions in Manitoba can be explained
in terms of differences in annual precipitation inputs,
infiltration rates, natural vegetation and surficial materials.,

In the concluding chapter, a re-appraisal of the factors

determining bifurcation ratios and a summation of the results
and implications regarding the relationship between
bifurcation ratios and water surplus will be attempted.
Suggestions regarding further studies of bifurcation ratios

will be presented,
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CHAPTER II

THE EFTECT OF MAP SCALE ON BIFURCATION RATIO DERTVATION

A, Introduction

A.E. Scheidegger(1966A,p.56) states that "In any
scheme of stream ordering, the order assigned to a given
stream segment depends on the scale of the map used to
make the drainage basin analyses, since new forkings at
the headwaters may become observable as the map scale is
increased", thus changing and often increasing the bifur-

cation ratio, This is illustrated as follows, (Figure 2-1):

Small scale representation Large scale representation

Rb = 2,0 for the basin Rb = 2,5 for the basin

Figure 2-1. An example of the effects of increased map

scale on stream segment order and basin Ry .

Thus, with an increase in scale, two new first order

tributaries become visible and the basints bifurcation ratio
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is changed.

Map accuracy and scale are of fundamental importance
when performing an accurate analysis of the landscape from
topographic maps. When a map shows streams as blue lines,

a first order segment is assigned from every beginning of
a blue line to its junction with another one. No decision
is made by the map reader, for the decisions of what in
reality is a first order segment have already been made by
the cartographer, Unfortunately, a different cartographer
might have extended the stream farther headwards or added
other segments from contour inflections. This in turn
would alter stream numbers and the bifurcation ratio,
(Scheidegger, 1966A),

Fluvial geomorphologists have checked drainage net-~
works as depicted on topographic maps with those eyident
from fieldwork observations, Their results are conflicting
and depend on the types of maps used and location of the
study areas,

M.A, Melton(1957) studied drainage basins in the western
U.S.A, on United States Geological Survey maps at a scale of
1:24000 and finds that a high percentage of first order
channels are represented by the smallest contour crenul-
ations. Ninety-five percent of the basins studied required
minor network corrections on maps when calculated and checked
with fieldwork data.,.

M. Morrisawa(1957), checked 1:24000 U.S.G.S. maps com-

piled from air photos with actual field maps for selected
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areas in the Appalachian Plateau, She concluded that for
small basins, total channel lengths were significantly
shorter than those obtained by field work,

D.R, Coates(1958) compared 1:24000 U.S.G,S, maps of
southern Illinois with his 1:600 field maps; he concluded
that first order tributaries are depicted very poorly on the
1:24000 maps, and upon checking,’most mapped first order
tributaries were actually found to be third order channels,
On the average, total stream lengths obtained from the
field maps were three to five times greater than shown on
the 1:24000 topographic maps, Likewise, drainage density
was four times greater.

R.J, Eyles(1966), working in Malaya, compared stream
networks inferred from contours at a 50 foot interval on
1:63,360 topographic maps, with those networks visible on
airphotos, at scales varying between 1:8000 and 1:25000.
Comparing the map and airphoto representation of 50 basins
of third to fifth order, Eyles found that only seven basins

coinciding in maximum basin order.

B, Schaffer Creek: A Case Study

A study was undertaken in southwestern Alberta to try
to determine what the effects of changing map scale on the
stream order characteristics of a given drainage network
would be. Schaeffer Creek, whose drainage basin lies between
latitudes 490 52% N, and 490 §57% N, and beﬁween longitudes

1130 48t W, and 113° 56' W, was choscn for this study. The
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Schaeffer Creek drainage network was mapped and ordered by
five different methods, Firstly, it was mapped directly
from a 1:50000 topographic sheet by the blue line method;
secondly, by the additional use of contour crenulations on
the same map; thirdly, by using nine by nine inch vertical
aerial photographs at a scale of one inch to 0.59 miles (i.e.
1:37382) without using a stefeoscope; fourthly, from 1:13306
enlargements of the original nine by nine inch photographs;
and fifthly, by analysis of the 1:37382 photographs using a

two power Dietzgen mirror stereoscope.

Physical Characteristics of Schaeffer Creek

The Schaeffer Creek drainage basin is located in the
Porcupine Hills of southwestern Alberta, which in turn,
may be considered as part of the Alberta Hill Plains or
Foothills, The bedrock in this basin consists essentially
of Upper Cretaceous and Tertiary sandstones, with some shales,
The sandstones have a fine-to medium-grained texture.
Because the area was transgressed-by the Keewatin ice sheet
during the Wisconsin stage of glaciation, ground moraine
.covers much of the drainage basin,
In the sub-~region of Alberta in which Schaeffer Creeck
is located, January temperatures average 15 degrees Fah-
renheit(F.) while July temperatures average 63 degrees [,
Total annual precipitation averages 19 inches and mean
annual snowfall approximates 70 inches. Characteristic of

this area is the cyclonic - induced ?foehn?'! wind or chinook,
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This warm dry wind descends the Rocky Mountain front and
travels southeastwards, parallel to the foothills. The
warming effect of a chinook can cause a temperature rise
of 40° F. within 24 hours during winter months, melting
heavy snow covers, In summer, sudden temperature rises
of 10° F., dust storms, soil erosion and forest fires accom-
pany this westerly wind, (I, AShwell,197l), Average actual
evapotranspiration is 14-16 inches per year; this value is
a measure of actual evaporation and transpiration where
average soil moisture storage capacities of four inches are
present,

The natural vegetation is predominantly short grasses,
-which are found on the higher portions of the stream inter-
fluves. (See Plate 2-1), Longer grasses colonize the bottoms
of dry stream channels and are densest along the highest order
streams. Scrub bush and hawthorne occur along higher order
streams, (See Plate 2-2),

Soils are primarily black to dark grey-brown in colour.
They are stony, the stones being unsorted in size and angular
in shape indicating glacial drift to be the prime parent
material, In the Schaeffer Creek basin most of the land is
in unimproved pasture, and cattle ranching is the main

economic activity,
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Plate 2-1
An example of two first order tributaries forming one second
order segment, Note the short grass vegetation on lower

order interfluves.

Plate 2-~2
The fifth order channel of Schaeffer Creek-foreground and
junction with a third order tributary. Scrub bush, hawthorne

and long grasses are observable along the higher order segment
while short grasses characterize the third order tributary.
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C. Morphometric Properties Of Schaeffer Creek

Basic Basin Characteristics:

Schaeffer Creek watershed trends northeast-southwest,
and has a vectorial basin axis, computed by the method of
E.D. Ongley(1968), of 46° East of North and a length of 7.8
miles. (Appendix A, Map i)} The maximum elevation of the
drainage basin is 5400 feet, at the head of the valley.

The lowest elevation, 3550 feet is located at the basin
outlet where Schaeffer Creek flows into Trout Creek. The
valley has an average slope of 2.9 degrees along its central
axis, as derived from maps, the planimetric area of the
drainage basin is 9,76 square miles and its perimeter, by
opisometer measurement, is 18,07 miles.

Basin area and perimeter were first determined from a
1:50000 topographic map, National Topographic Series sheét
82H/13W, edition 2 ASE, series A741 by contour inspection,
The position of the divide, and hence basin area, were sub-
sequently corrected by utilizing 1:37382 aerial photography,
Appendix A, Maps 2 and 3, illustrate basin area and perimeter,
Appendix A, Sections I and II present basin area and perimeter
measurements at the two scales of mapping. The planimetric
difference between the basin areas based on the corrected
divide and topographic map basin perimeter respectively was
0.39 square miles, In general, the basin divides as deter—
mined from both techniques agree, except in one area adjacent

to the stream mouth where the spacing between contours is wide.
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Basin Order:

In the field certain criteria may be established for
the recognition of stream channels. J.C., Maxwell (1960,
P.24) presents four criteria to identify a stream channel
in the San Dimas region of California, These criteria are:

1. the presence of stream banks,

2, the presence of suspended and orieﬁted debris,

3. the presence of wash marks,

4. the continuity with a larger channel,

Maxwell believed these four criteria may be universally
applicable, To further examine this idea, Maxwellts
criteria were tested on the Schaeffer Creek drainage
basin.

In his fieldwork, Maxwell found certain problems
existeq when trying to recognize a stream éhannel, Since
the Saﬁ Dimas region has a prolonged dry spell each year,
stream channels are often indistinct, Secondly, Maxwell
noted that linear depressions produced by rolling and
sliding rock debris may be mistaken for dry stream channels,
Thirdly, Maxwell observed that the dense chaparral vegetation
common to the region often camouflages small channels,

In the Schaeffer Creek field reconnaissance only two of
Maxwell'®s four criteria were observable., These were the
presence of stream banks and the continuity with a larger
channel. At no location were suspended and oriented debris

or wash marks observed, Most of the lower order stream
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channels have flat to gently-concave grass covered beds,
In many of the dry valley segments no actual channel or
stream banks can be seen, However, the small V-shaped
valleys often indicate the existence of ephemeral stream
flow, Sometimes a downslope train of small rounded pebbles
in a shallow depression may»be used as a criterion for
channel identification, the assumption being that these
particles were being carried down slope and rounded by
water action,

When deciding upon what was a first order channel, rills
and rivulets were not considered. Only channels greater
than an arbitrary ten feet in length and with an observable
stream bank were considered. It was felt that stream seg-
ments smaller than this would not be visible on the aerial
photogyaphs. However, had first order streams developed on
areas of exposed soil where individual rivulets could be
readily visible, then they would have been ordered. The
fact that ninety-five percent of all lower order stream
segments were covered in grass, thus hiding the rill or
micro-drainage pattern, limited the effectiveness of the
criteria for recognizing stream network elements.

In contrast to Maxwellts research, no problems arose
in differentiating between channel segments and the effects
of mass movement phenomena in this study, No debris chutes
or mudflows were observed which might have been mistaken

for stream channels, Within the basin, only one example of
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discontinuous gully development was observed and no problems
arose when ordering this channel,

The Schaeffer Creek drainage network was ordered accord-
ing to Strahlerf?s system, utilizing either different mapping
scales or techniques as previously described for five methods.,
The drainage composition obtained by each ordering of the
basin is presented in Table 2-1, According to the method
employing only blue lines, the basin has a small number of
streams and a very high bifurcation ratio., The net devised
from blue lines appears on Map 4 of Appendix A,

The method in which blue line representation of segments
of streams are extended by using contour crenulations is
somewhat subjective; however, if only sharp (i.e. V-shaped)
crenulations in at least two successive contours aligned
with blue lines ;re employed, the subjectivity is not a
major problem, This method offers a better representation
of the drainage network(Appendix A, Map 5).

The methods which use aerial photographs at scales of
1:37382 and 1:13306 respectively without stereovision, both
give higher stream order counts and maximum basin order than
do the previously described methods.

The resulting networks are depicted in Appendix A, Maps 6
and 7., )

The method of extending streams by stereovisual empigy—
ment of airphotos at a 1:37382 scale, appears to be the

most accurate laboratory method of determining basin order.



STREAM ORDER COMPOSITION

TECHNIQUE OF NUMBER OF STREAMS OF THE FOLLOWING BASIN STREAM

NETWORK IDENTIFICATION ORDERS AND R, FOR PAIRS OF Ry,  SEGMENT
CONSECUTIVE ORDERS: TOTAL
ORDER 1 R, ORDER 2 R, ORDER 3 Ry ORDER 4 R, ORDER §5
BLUE LINES ON 1:50000 26 4 ’ 1 31
MAP 6.50 4,00 5.25
BLUE LINES AND CONTOUR
CRENULATIONS ON 64 17 3 85
1:50000 MAP 3.76 5.67 3.00 4,14
VERTICAL AERTAL
PHOTOGRAPHY 1:37382 130 34 9 176
SCALE 3.80 3.80 4.40 2.00 3.50
VERTTICAL AERIAL
PHOTOGRAPHY 1:13306 211 50 14 279
SCALE 4.22 3.57 4.66 3.00 3.86
VERTICAL AERIAL
PHOTOGRAPHY 1:37382 278 74 20 378
USING A 2X MIRROR 3.76 3.70 4.00 5.00 4,12
STEREOSCOPE
Wy
(V%)

TABLE 2-1
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With this method the total number of stream segments was
greatly augmented, (Appendix A, Map 8). This method increases
basin order to five from a value of three as determined by

the blue line method., Finally, as apparent from Table 2-1,

the stereovisual method produced more than four times the
number of stream segménts obtained from the crenulation method
and twelve times the number identified by the blue line method,

The plot of the logarithms of stream numbers against stream
order for the drainage network produced from each method of
channel identificatiop, enabled good-fitting regression lines
to be added by visual inspection.,As in the first Law of
Drainage Compositioh, the number of stream segments plotted
against basin order tends to form an inverse geometric series.
(Figure 2-2),

Several preliminary conclusions may be drawn from the
previous reults concerning techniques and scales of mapping
drainage nets. A scale of 1:50000 is only adequate for dep~
icting approximate basin shape. This scale does not give a
true representation of maximum stream order and stream numbers.,
Hence, an accurate bifurcation ratio cannot be derived at
this scale., The aerial photographic enlargements present a
much more accurate representation of the drainage system
than do the 1:50000 sheets. The scale of 1:13306 is large
enough to show most first order tributaries. Mapping a sub-
basin in the field and comparing it with its repfesentation

on the photograph revealed that only a few, short, finger-

tip tributaries are not visible on the enlargements,
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(4) STREAM NUMBER VERSUS STREAM ORDER
KEY :
. BLUE LINE METHOD (I)
(3) o CONTOUR CRENULATTON METHOD (2)
0 I:37382 AIR PHOTO METHOD (3)
' I:I3306 AIR PHOTO METHOD (4)
% T:37382 AIR PHOTO STEREOVISION METHOD (3)
100
1 (2)
— ()
10
I %)
i ] | T k!
I 2 3 4 5

STREAM ORDER

FIGURE 2-2
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Also, several of the first order stream segments in the basin
are longer than their scale equivalents as depicted on the
photo enlargements, This may be due to headward extension of
tributaries since the time of the flight photography and also
to the variation of scale over the entire enlargement. It
may be concluded that the air photo stereopairs with an
average scale of 1:37382 afford the most accurate represent-

ation of the drainage basin,

Bifurcation Ratio:

Table 2~1 shows that the smallest calculated average
bifurcation ratio for Schaeffer Creek basin is obtained from
the 1:37382 aerial‘photographs without the use of stereovision,
and the largest value of the average ratio for the net is
obtained from the blue line mapping technique., The range of
bifurcapion ratio values within the drainage network is
greatest in the least precise methods (2.50 by the blue line
method and 2.67 by the crenulation method) and is the smallest
(1.24 for the basin), when using 1:37382 air photos with the
aid of a stereoscope. This small range helps to substantiate
the premise that the fifth method is most precise (providing
that the First Law of Drainage Composition applies), since
its values of stream numbers exhibit the least scatter,

In Strahlerts system of stream ordering, the smallest bif-
urcation ratio is two, but is rarely approached. In the
Schaeffer Creek study the majority of bifurcation ratio values

tend to fall between three and five,with the basin having a mean
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ratio of 4,12, as calculated by the stereovisual method,
Since this group of values is low, it would appear that the
basin is not characterized by any appreciable lithologic or
structural control of the bedrock in spite of the fact that
significant alignment of channels occurs towards the head of

the watershed,

The Law of Stream Numbers:

Horton's Law of Stream Numbers states that the number of
stream segments of successively 1ower orders in a given basin,
tend to form a geometric series, beginning with a single seg-
ment of the highest order and increasing according to a
constant bifurcation ratio(Horton,1945), Using the 1:13306
map of Schaeffer Creek basin,(Appendix-éi Map_z), the Law of
Stream Numbers was tested. Table 2-2 contrasts stream seg-
ment counts derived by ordering the map net with those cal-
culated by employing Horton'!s Law of Stream Numbers equation,
using the computed mean bifurcation ratio as determined from
the analysis., It is obvious that stream counts at the 1:13306
mapping scale and mathematically-derived stream segment values
afe not in agreement,

The above procedure was then repeated, comparing stream
segment counts by stereovisual use of the 1:37382 airphotos
with values from the Horton formula, (See Table 2~3).

The values derived by formula and those derived from the
1:37382 air photo mapping with stercovision are very similar,

The small variations in stream segment values could be due



COMPARSTON OF STREAM SEGMENT COUNTS USING MAP FROM 1:

AND EMPLOYING HORTON'S LAW OF STREAM NUMBERS FORMULA
STREAM COUNTS ORDER 1 ORDER 2 ORDER 3 ORDER 4

BY ORDERING

1:13306 MAP 211 50 14 3
NET: ‘
BY FORMULA 222 58 15 4

13306 AIR PHOTOGRAPHS

ORDER 5 TOTAL STREAM

SEGMENTS
1 279
1 300
TABLE 2-2

COMPARISON OF STREAM SEGMENT COUNTS USING STEREOVISUAL ANALYSIS OF 1:37382
ATR PHOTOGRAPHS AND BY EMPLOYING HORTON'S LAW OF STREAM NUMBERS FORMULA

STREAM COUNTS ORDER 1 ORDER 2 ORDER 3 ORDER 4 ORDER 5 TOTAL STREAM

BY ORDERING

1:37382 MAP

NET BASED ON 278 74 20 5
STEREOVISUAL

ANALYSIS:

BY FORMULA 288 70 17 4

SEGMENTS
1 378
1 380

TABLE 2-3

8¢
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almost solely to operator error in observing and tracing the
streams, Also, they may be due to the fact that Horton's laws
of drainage composition cannot be applied to drainage networks
ordered by the Strahler method, without small deviations in
basin order and bifurcation ratio occuring, Figure 2-3
represents a hypothetical drainage network ordered by
both methods, (i.e. Horton's and Strahlerts). The two
methods give different stream segment counts and bifur-
cation ratio values, This may help to explain why stream
counts derived by observations and by formula vary slightly

when Horton's laws are applied to Strahler's stream orders,

Stream Frequency:

Stream frequency is defined as the number of stream seg=-
ments per unit a;-ea° Since this parameter is closely related
to bifufcation ratio, stream frequency values have been
calculated for each of the five mapping methods described
previously(Table 2-4). As would be expected, when mapping
scale increases, the number of stream segments do likewise,

and therefore stream frequency per unit area increases,
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STRAHLER*S METHOD OF STREAM ORDERING VERSUS HORTON'S
METHOD, FOR A HYPOTHETICAL DRAINAGE NETWORK

STRAHLER HORTON

STREAM SEGMENT COUNTS AND BASIN BIFURCATION RATIO

METHOD OF ORDER I ORDER 2 ORDER 3 ORDER 4 TOTAL BASIN
ORDERING SEGMENTS Rb
STRAHLER I5 7 3 I 26 2.45
HORTON 8 4 2 I I5 2.00

(s-o0)
STREAM SEGMENT VALUES USING N,=ry

METHOD OF ORDER I ORDER 2 ORDER 3 ORDER 4 TOTAL STREAM

ORDERING SEGMENTS
- STRAHLER I4.75 6,00 2 .45 I.00 24 .15
HORTON 8.00 4.00 2,00 I.00 15,00

FIGURE 2-3
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TABLE 2-4 STREAM FREQUENCY

TECHNIQUE OF NETWORK STREAM FREQUENCY
IDENTIFICATION : / MI2

BLUE LINES ON ' 3.05
1:50000MAP

BLUE LINES AND CONTOUR CRENULATIONS 8,70
ON 1:50000

VERTICAL AERIAL PHOTOGRAPHY 18.03
1:37382

VERTICAL AERITAL PHOTOGRAPHY 29,30
1:13306

VERTICAL AERTIAL PHOTOGRAPHY 38.72

1:37382 USING 2X MIRROR
STEREOSCOPE

Two other important morphometric characteristics of
Schaeffer Creek basin, specifically stream length composition
and drainage density, are presented in Appendix__é2 sections
ITT and IV, and not in the text, as they have, theoretically,
only an indirect relationship with bifurcation ratios and

stream frequencies,

D, CONCLUSIONS

The morphometric analysis of Schaeffer Creek leads to

the following observations and conclusions concerning map
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scale,

1. A map scale of 1:50000 with blue lines representing
the drainage network is not satisfactory for calculating
number of stream segments per order, maximum basin order,
or the bifurcation ratio of a basin.

2. Using contour crenulations plus blue lines on 1:50000
maps, more accurate stream counts are obtéined, but there is
still not a satisfactory representation of the drainage basin
as apparent in the field,

3. Nine by nine inch air photos at a 1:37382 scale show
more detail than does the 1:50000 map, but they are not
reliable in that many first order tributaries are not
visible. Basin shape and perimeter can be accurately
ascertained at this scale,

4.~ Nine by nine inch aerial photograph enlargements
at a 1:13306 scale are excellent for mapping in the field,

Stream counts are higher than those obtained by the previous

three methods., However, not all tributaries can be seen on
the photos,
5. Nine by nine inch stereopairs at a 1:37382 scale

when used with a two power Dietzgen mirror stereoscope,
provide the best counts of stream number and order, and
therefore, the most reliable bifurcation ratios., There
is not as much distortion of scale across the photo as
there is with the enlargements, However, this method of

analysis must be confined to the laboratory, as it is
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difficult to carry a mirror stereoscope and complete set
of stereopairs in the field. Therefore, for convenience, the
enlargements are good for rough fieldwork. By contrast, the
most precise laboratory analysis of a basin is that under-
taken with stereovisual scrutiny of air photographs.

6. Hortont's first law of drainage composition is
seen to apply, although constant bifurcation ratios were not

found in the Schaeffer Creek analysis,
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CHAPTER IIX

THE DERIVATTION OF BIFURCATION RATIOS FOR PHYSIOGRAPHIC

REGIONS OF MANITOBA

A, Introduction

This chapter deals with the methods of analysis under-
taken to obtain a mean bifurcation ratio for each physio-
graphic region of Manitoba. These ratios were obtained
by employing respectively maps with different scales.,
Initially, topographic maps at a scale of 1:50000 were
employed for ratio derivation. However, as previously
demonstrated, this mapping scale does not accurately
depict a drainage basin, and the analysis was therefore used
primagily as a ;reliminary study. As described in Chapter
II, the most accurate representation of the drainage net-
work of Scaeffer Creek basin was obtained by stereopairs
method. Consequently, a more precise analysis of Manitoba
networks is undertaken using stereopairs, with a mean scale
of 1:24000, representing 20% of the drainage basins origin-
ally mapped at a scale of 1:50000, Unfortunately, the
aerial photographic coverage of Manitoba was flown during
different years, and scales of mapping vary. However, it
was felt that, apart from actual field mapping, this method
was still the best available to obtain bifurcation ratios,

When the derivation of mean bifurcation ratios for topo-~

graphically and geologically dissimilar regions of Manitoba
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was first undertaken in the present study, it was decided
that the province should be subdivided into four major
physiographic regions; the Hudson Bay Lowland, the
Precambrian Shield, the Manitoba Plain, and the Manitoba
Upland, also known as the Manitoba Plateau, A detailed
description of the physical characteristics of each physio-
graphic region is not undertaken in the ﬁext; however,
Appendix B, Table 1 presents properties of each region,

It was observed that the drainage networks on the
steep eastern margins of the Manitoba Upland differ from
those draining the top, in terms of segment lengths and
numbers, Therefore, a subdivision was made between the
Manitoba Escarpment and the Manitoba Upland, and mean bif-
urcation ratios derived for five regions within the province,
The lqcations of the sampled streams within these five

physiographic regions are shown on Map 3-1.

B. Procedures for the Derivation of Bifurcation Ratios for

Physiographic Regions of Manitoba

For each physiographic region, the number of published
topographic map sheets at a scale of 1:50000 was counted,
Twenty percent of these map sheets were then randomly
chosen, and the number of '"usable" streams on each was
ascertained., A usable stream is a stream which; 1) does
not cross from one physiographic region into another,

2) has a drainage basin area depicted on less than two
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topographic sheets, 3) has a basin order of greater than
one, 4) has not been canalized, 5) does not continue off
the map sheet onto areas for which there are no topographic
sheets,

After the number of usable streams on 20% of the 1:50000
topographic sheets had been obtained, this value was con-
verted to yield an estimate of the total number of usable
streams in the area mapped at this scale in that region.

By using a stratified random sample, 20% of the usable
streams in each regibn were chosen, The network of each
usable stream was then ordered and a mean bifurcation ratio
calculated for its drainage basin, By summing these ratio
values and dividing by the number of usable stream net-
works sampled, a mean bifurcation ratio for the physio-

graphic region was obtained.

Calculation of the Mean Bifurcation Ratio for the Hudson

Bay Lowland:

For the Manitoban portion of the Hudson Bay Lowlands
there are 23 published topographic map sheets at a scale
of 1:50000, which consequently cover only a small portion
of the region. Approximately 20% of these sheets, i.e.
five sheets, were chosen at random and the number of
usable streams on each sheet was calculated. On these
five sheets there were 36 wusable streams, and therefore
there are an estimated 165 usable streams .on the 23 pub-

lished map sheets., Thus, for a 20% sample of usable
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streams in the mapped part of the region, the mean bif-
urcation ratio of 33 networks had to be calculated,

One stream was randomly chosen from each of the 23
topographic sheets., To choose the remaining ten streams,
ten sheets were selected systematically from the total of
23; one more stream was sampled from each of these, Thus,
a stratified random sample, which is a well distributed
sample of the entire area was obtained,

To sample a stream at random on a single topographic
sheet, a grid was constructed consisting of one inch
squares consecutively numbered from one to 264. By using
a table of 10,000 random numbers and by employing the
three middle digits in each column, a stream was randomly
chosen, The grid, drawn on tracing paper, was super-
imposgd on the map sheet and a number was randomly selected
from the tables., If the selected number fell between one
and 264 and if a usable stream channel fell within the
chosen square, this stream was sampled. If a usable stream
did not occur within this square, another number was not
chosen, Instead, the square immediately to the right of that
originally chosen was used. If no usable stream segment
appeared in the latter square, successive squares on the grid
were chosen by moving in a counterclockwise direction about
the first chosen square in an ever widening circle until
a suitable square was obtained.

By utilizing these sampling procedures, the mean

bifurcation ratio for the Hudson Bay Lowland has been
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calculated to be 3.60 at a mapping scale of 1:50000,
See Appendix B, Table2, for data and calculations.

The aforementioned procedures were employed to derive
mean bifurcation ratios for the other physiographic regions
of Manitoba. Numbers of published maps, usable stream
counts, sample size and calculated bifurcation ratios are

presented in Table 3-~1,

A Case Study of Usable Stream Sampling Procedures and

Bifurcation Ratio Derivation:

Topographic sheet 54L/ 15W (Knife Delta) has been
chosen to illustrate the procedures of bifurcation ratio
derivation. From the sheet, one stream was to be sampled,
its network ordered and the basin bifurcation ratio calcul-
ated. The grid.of one inch squares was positioned on the
1:50000 map sheet. From the random numbers table, number
244 was randomly chosen; the respective grid square was
observed to contain no usable stream segment. The square
immediately to the right of the initially sampled one was
found to contain a usable stream, The drainage network of
ﬁhe lattér was ordered and the mean bifurcation ratio
calculated. When ordering this sampled network several
problems arose, Firstly, the stream was found to have
its headwaters on the adjoining topographic sheet (54L/10W),
It was therefore necessary to study both sheets. Problems
of low relief, swamps, lakes and intermitpent streams comp=-

licated the network ordering, hence the bifurcation ratio




DETERMINATION OF THE MEAN STRAHLER BIFURCATION RATIO FOR MANITOBA'S PHYSIOGRAPHIC REGIONS
(I:50000 MAPPING SCALE)

PHYSTOGRAPHIC REGION HUDSON BAY SHIELD MANITOBA MANITOBA MANITOBA
LOWLAND PLAIN ESCARPMENT UPLAND

NUMBER OF PUBLISHED TOPOGRAPHIC '

SHEETS ' 23 69 192 I6 79

% OF REGION COVERED BY I:50000 MAPS 1o Io 95 T00 100

NUMBER OF SHEETS RANDOMLY SAMPLED (20%) 5. I5 39 3 I6

ESTIMATED TOTAL NUMBER OF USABLE STREAMS
IN THE MAPPED PORTION OF THE REGION 165 690 . 326 256 474

NUMBER OF USABLE STREAMS SAMPLED (IE.20%
BY STRATIFIED RANDOM SAMPLE) 33 138 67 5% 9I

MEAN BIFURCATION RATIO FOR USABLE

STREAMS SAMPLED AND THEREFORE ESTIMATED

BIFURCATION RATIO FOR THE REGION AT A

MAPPING SCALE OF I:50000 3.60 3.40 3.60 3.46 3.1I0

FOR STREAM NUMBERS, ORDERS, AND

BIFURCATION RATIOS FOR SAMPLED STREAMS

IN EACH PHYSIOGRAPHIC REGION SEE

APPENDIX B, TABLE- 2 3 4 5 6

0§

TABLE 3-I
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derivation,

C. Problems Encountered in Stream Network Sampling,

Ordering, and Bifurcation Ratio Derivation

While certain problems of drainage network ordering
and bifurcation ratio calculation were unique to particular
physiographic regions, some problems were characteristic of
all regions. All regions exhibited, not infrequently,
characteristics of intermittent stream flow, islands in
the stream channel, streams flowing into lakes, and
anastomosing streams.

If two or more streams flow into a small lake, whose
outlet is by another stream segment, the orders of the
respective inflowing streams determine the order of the

~outflowing one, as shown in Figure 3-1,

> shows direction of stream flow; numbers indicate segment
order,
Figure 3-1

If a stream divides and then rejoins, the entire length
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of the braided section is considered to be only one stream

segment ., (Figure 3-2).

Figure 3-2

Other problems arose which were often characteristic of

a specific physiographic region. In the Hudson Bay Lowland,

the occurrence of many small lakes within a drainage net-
work, the existence of extremely short stream segments
linking lakes and higher order segments, and the general
lack of usable streams with convenient basin areas all
created stream sampling and ordering problems related to
physiography. The availability of only 23 published top~-
ographic sheets may have seriously reduced the significance
of the analysis since the sample size was too small as was
the area studied,

Only ten percent of Manitoba's portion of the Pre-
cambrian Shield is represented on-published 1:50000
topographic sheets. As with the Hudson Bay Lowland, the
sample was too small and too spatially restricted within
the Shield region, Other problems imposed by the limitations
of topographic maps include the poor cartographic quality

and visual effectiveness of provisional map sheets, as for
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example the camouflaging of intermittent drainage net-
works in marshland because of the similarity of symbols.
From the physiographic aspect, deranged drainage and the
abundance of lakes made stream ordering difficult,

Sampling problems for the Manitoba Plain arose due to
the paucity of usable streams. Often map sheets which were
to be sampled contained no integrated drainage networks.,
Because the Plain is very flat, many potentially usable
streams have been canalized to alleviate drainage problems,
thus disqualifying them from this study, Reservoirs,
created by the damming of a stream segment were common in
this region, These man-made obstructions pfecluded their
associated stream networks from this study.

There is complete coverage of the Manitoba Upland
regioq by publighed 1:50000 topographic maps., Unfortunately,
knob and kettle topography, other glacial depositional
landforms, and man-made reservoirs limited the availability
of usable streams that could be sampled. Deranged and
centripetal drainage networks of first order are common
in this region, and they limit the availability of usable
streams to be sampled., Occasionally, a randomly chosen
topographic sheet had no usable drainage networks,

Streams were easiest to sample and order on the Manitoba
Escarpment., The entire escarpment has complete coverage
by 1:50000 topographic sheets., Because of appreciable

- gradients along the entire length of the escarpment, the
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sampled streams were well-defined, Some man-made dams
and instances of canalization at the base of the escarp-
ment caused minor problems in stream sampling, in that
drainage networks exhibiting these characteristics were

rejected from the sample,

D, The Effect of an Increased Mapping Scale on Bifurcation

Ratio Values

Aerial photographs were obtained for 20% of the drainage
basins previously stﬁdied at a scale of 1:50000 and whose
maximum order, stream segment counts and bifurcation ratios
had already been computed. As stated previously, a uniform
scale of photography was not available for all the basins.,
Scales varied between 1:15840 and 1:60000. Southern
Manitoba has photographic coverage primarily at a scale of
1:15840, whereas the Precambrian Shield portion of the
province was mapped mainly at a scale of 1:36000 and the
Hudson Bay Lowland at 1:60000, |

Using a 2x Dietzgen mirror stereoscope, the stream
ﬁetworks were traced from the photographs and ordered, and
new bifurcation ratios were derived., These values were
compared with those derived from the same networks depicted
on the 1:50000 topographic sheets., As was expected, total
stream numbers, basin order and the calculated bifurcation
ratio all increased with the employment of aerial photo-

graphy. The difference in the mean bifurcation ratio for
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a given physiographic region when mapped by two different
techniques was termed the bifurcation ratio tcorrection
factor!., Appendix B, Tables 7-11, show stream number and
bifurcation ratio data based on stereoanalysis of airphotos,
while Table 12 demonstrates the derivation of the bifurcation
ratio correction factor and Table 13 illustrates the calcul-
ation of a new bifurcation ratio for each physiographic

region,

Conclusions:

A comparitive analysis of the two previously discussed
mapping techniques leads to the following conclusions,

1) The mapping technique utilizing stereocanalysis of
airphotos is considered to be superior,

2) With the employment of stereopairs, stream numbers
increased; this was especially evident with first order
tributaries,

3) The aerial photograph mapping technique resulted in
an increase in maximum basin order and mean bifurcation ratio
for each physiographic region. However, because different
scales of mapping were used, no consistent change in bifur-
cation ratio with increasing map scale could be calculated
and only trends could be observed,

From the results obtained it may be concluded that
when airphotos at a scale generally larger than the topo-~
graphic maps are used along with a mirror stereoscope, the

resulting bifurcation ratios are higher than the corresponding
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values derived from the map analysis., The topographic
map-derived mean bifurcation ratios for different physio-
graphic regions of Manitoba are considered as inaccurate,

For the five physiographic regions the corrected mean
bifurcation ratio ranged between 3.55 and 4.51, The relief
within the province ranges from flat to hilly, These values
therefore differ significantly from Hortont's stated typical
bifurcation ratio values of 2.0 for flat lands and 4.0
for highly dissected or mountainous terrain, as found in
New York State(Horton,1945,p.290), The fact that the
virtually flat Hudson Bay Lowlands and Manitoba Plain
have bifurcation ratios of 4,14 and 3.78 reépectively,
clearly illustrates this divergence. Unfortunately,

Horton states only that measurements were made from U,S.G.S,
maps and does not specify the scales used.

One conclusion Giusti and Schneider(1965) come to concern-
ing bifurcation ratios is that they tend to be highly
variable both within a basin and in comparison to other
basins, Although they do not define the term "highly
variable', bifurcation ratios for sub-basins within their
study region varied between 2.0 and 11,0. This range in
bifurcation ratios is much greater than that(2.8 to 6,1)
of the sampled drainage basins in Manitoba; hence their
theory of high variability in bifurcation raﬁios is not
strongly substantiated in this study.

Several theories hold true for the bifurcation ratios
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calculated for Manitoba. Milton(1966) asserts that in a
region where the network geometry develops without pro-
nounced lithological or structural controls, bifurcation
ratios are highly stable. This was found to apply in
Manitoba, and is best exémplified by standard deviations of
x 0.357 and i1,192 for bifurcation ratios of stream net-
works on the Hudson Bay Lowland and Manitoba Plain respect-
ively. Coates(1958) states that a minimum possible bifur-
cation ratio of two is seldom approached in nature;this
hypothesis was found'to be true as the tables of Ry der-
ivation indicate and he asserts that bifurcation ratios
lie mainly between three and five in basins without
dominant geological controls. This is well exemplified
by Manitoba Pla?n and Hudson Bay Lowland bifurcation ratio
data. . Coates declares that the bifurcation ratio only
reaches higher values where geological controls favor the
development of elongate, narrow basins; this appears to be
the case in Manitoba. Several basins in the Precambrian
Shield and Manitoba Escarpment regions had bifurcation
ratios greater than five because their streams were either
fault-controlled, or because pronounced gradients led to
regular close spacing of near-parallel streams. The idea
proposed by Eyles(1966) that there is a tendency for the
bifurcation ratio to be inversely related to order within
a drainage basin was substantiated in the findings of this

research, with the Precambrian Shield region exhibiting the
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strongest relationship. (See Table 3-2).

Finally, Strahler(1957) states that the bifurcation
ratio is highly stable and shows only a small range of
variations from region to region, with the mean bifurcation
ratio of an area being about 3.5, Bifurcation ratios for
the five physiographic regions of Manitoba range between
3.55 and 4.51 with the weighted mean bifurcation ratio,
based on a stereoanalysis, for the province being 3.84.

% 0.301 was calculated for the

A standard deviation_of
mean bifurcation ratio values of Manitobat's physiographic
regions, Because the bifurcation ratio is a. dimensionless
property and because drainage systems in homogeneous materials
tend to display geometrical similarity, it is not surprising

that the ratio shows only a relatively small variation from

region' to region,

TABLE 3-2 RELATIONSHIP BETWEEN THE BIFURCATION RATIO
AND STREAM SEGMENT ORDER

PHYSTOGRAPHIC NUMBER NUMBER OF % OF TOTAL

REGTON OF BASINS IN WHICH BASINS WITH
SAMPLED R, IS INVERSELY DECREASING
STREAMS b RELATED R, WITH
Y2ND ORDER  TO ORDER INCREASING ORDER

HUDSON BAY

LOWLAND 25 14 56.0
SHIELD 64 45 70.3
MANITOBA
PLAIN 35 23 65.7
ESCARPMENT 31 21 67.6
MANITOBA

UPLAND 37 25 67.5
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CHAPTER IV

THE RELATIONSHIP BETWEEN THE STRAHLER BIFURCATION RATIO AND

WATER SURPLUS

A, Statistical Tests Emploved

Statistical analysis of bifurcation ratio and water
surplus data will be undertaken in this chapter employing
correlation and regreséion techniques; analyses of wvariance
tests, and the t~test. Following the description of the
test results, conclusions pertaining to the reiationship
between the Strahler bifurcation ratio and water surplus are

presented,

B. Methodology

Within the province of Manitoba, a group of drainage
networks were selected for study, based on the criteria
described below. Information pertaining to the size of
drainage basins, periods of stream gauge record, and discharges
in cubic feet per second(cfs), for streams and rivers in
Manitoba is presented in a series of documents titled,

Surface Water Drainage, Manitoba, published by the Department

of Energy, Mines and Resources, Ottawa (1965-1971) and

Surflace Water Supply of Canada, Arctic and Western Hudson Bay

Drainage (1925-1963), published by the Department of Northern
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Affairs and Natural Resources. Stream networks with basins
each of less than 10,000 square miles in area and contained,
respectively, within one physiographic region, and possess-
ing periods of record of five years or greater, with complete
discharge records, were chosen from these publications for
study. Although a five year gauging period is not considered
entirely reliable for hydrologic analysis, it was deemed
necessary in this study to accept this value in order to
obviate employment of a much smaller sample size,

For each network the Strahler bifurcation ratio was der-
ived. This procedure involved ordering the network as it
appears on 1:50000 topographic maps and then adding the app~
ropriate correction factor to each, It is felt that the add-
ition of a correction factor to the bifurcation ratio obtained
‘from 1:50000 topographic sheets, yields a ratio equivalent in
precision to the value that would have been obtained from
stereopairs, had they been used. The basin area, in acres,
and the mean annual discharge in cfs., for the period of
record for each of the basins were also derived. Thus, for
each basin, by obtaining a mean annual discharge value, con-
verting this to acre-feet, and dividing by the basin area (in
acres), a water surplus value, in feet was obtained.

Eighty-six drainage networks were studied, having vary-
ing periods of record, bifurcaticn ratio values, basin areas,
mean discharges, and therefore water surplus values. Also,

70% of the networks studied were located south of 51°N because
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the period of record for streams in northern Manitoba is often
incomplete or of very short duration, (i.e, less than five
yvears). Appendix L, Table 1 presents the locations of stream
gauging stations, and water surplus and basin bifurcation

ratio values of the drainage networks studied.

cC. Results

To ascertain whether the Strahler bifurcation ratio,
(the dependent variable), varies with water surplus, (the
independent variable), a Pearson's r correlation test was
executed., With n=86, two variables and therefore 84 degrees
of frgédom, the correlation value required for a 95% level
of confidence is 0.211, Statistical analysis of the given data
yielded a correlation coefficient of 0.041, hence showing
a poor correlation bétween the Strahler bifurcation ratio
and water surplus. The scatter of points on Figure 4-1
further illustrates this poor correlation,

By employing the values of a=3.887 and b=0.253, (as
derived from the computer printout of the above correlation
teét) for the general equation y= a + bx, when the values of
x are known, the best fit regressioﬁ line was obtained for the
scatter of data of bifurcation ratios and water surplus,

From the slope of this line, b, it is evident that there is
a slight tendency for the bifurcation ratio to increase as
water surplus increases., However, there is definitely no

strong relationship between the Strahler bifurcation ratio
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and water surplus.(See figure 4-1),

On the basis of a Student's t-test value of t=0.376,
the ratio of explained variance to unexplained variance is
large enough to warrant rejection of the null hypothesis
that t=0 at the 95% level of confidence., In other words,
there is no relationship between ¥, the mean bifurcation ratio,
and x, water surplus, |

To further substantiate the statistical demonstration
that there is very little relationship between mean bifurcation
ratio and water surplus, analysis of variance tests were con-
ducted. Although 86 streams had originally been sampled,
in this portion of the statistical analysis only the 80 net-
works south of 53°N were utilized., This restriction was
employed because of the unreliability of the climatic data
north of_this latitude(as manifest in the interpolated
isohyets of Map 1, Appendix C),

Analysis of variance procedures may appear in a variety
of forms. Basically however, the analysis of variance tests
consist of a comparison of two independent estimates of the
universe variance, If the difference between the two
estimates is relatively small, it may be attributed to
chance alone and the universe, (population), may be considered
as homogeneous, On the other hand, if the difference is
large enough to be considered statistically significant, the
hypothesis that the two estimates refer to the same homogen-
eous universe, will be rejected. Accordingly, the sub-groups

to which the estimated variances refer are considered to rep-
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resent different universes, Within this study, the universe
is represented by 80 networks in the province of Manitoba,
while the sub-groups or different universes are based on the
different physiographic regions,

Of the 80 Manitoban stream networks employed in this
analysis, three are located in the Precambrian Shield, 28
on the Manitoba Plain, 16 on the Escarpment; and 33 on the
Upland. The null hypothesis to be tested on the basis of these
samples states that the four physiographic regions are homo—
geneous with respect to the Strahler bifurcation ratio.
Appendix C, Table 2 presents this analysis of variance and
illustrates that ah observed F ratio of 0,3425 is obtained,
Since ny = 3 and n,= 76, an F ratio as large or larger than
2,75 would occur by chance five percent of the time, or a
value oft4,09 would occur by chance one percent of the time,
Consequently, the smaller observed F ratio of 0.3425 would
be expected to occur purely by chance even more frequently,
Therefore, the hypothesis that the four physiographic
regions are homogeneous with respect to bifurcation ratio
cannot be rejected on the five percent or one percent sig-
nificance levels on the basis of the sample evidence, The
subgroups to which the estimated variance refer are considered
to represent the same universe, that is, there may not be
significant differences between mean bifurcation ratio values
of the four physiographic regions. This statistical

analysis further substantiates previous poor correlation and
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regression conclusions,

In conclusion, one final analysis is undertaken, It was
deemed relevant to test the variance of water surplus values
between different physiographic regions. The null hypothesis
to be tested states that the four physiographic regions are
homogeneous in respect to the average water surplus. If the
four sub-universes are the same with respeét to the measured
characteristic, then the overall mean and the sub-universe
means must be identical., Appendix C, Table 3 illustrates
that by calculating variation among and within column means,
an observed F ratio of 11,8134 is obtained. Since n;=3 and
n,=76, a F ratio as large or larger than 4.09 would occur by
chance one percent of the time. Consequently, the larger
observed F ratio of 11,8134 would be expected to occur
purely by chance even less frequently, Therefore, the hypoth-
esis thaﬁ the four physiographic regions are homogeneous with
respect to water surplus can be rejected at the one percent
significance level on the basis of the given sample evidence,
Thus, the subgroups to which the estimated variances refer

are considered to represent different universes,

D. Conclusions

Having proven that water surplus values between each of
the four physiographic regions are statistically significantly
different, the question arises as to why they differ? What

factors cause the Preccambrian Shield region of Manitoba to
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have a mean water surplus value of 0.5050 feet, while the
Manitoba Plain, Escarpment, and Manitoba Upland regions
exhibit mean water surplus values of 0.2210, 0.1833 and
0.1453 feet respectively? This question may be answered if
precipitation, infiltration rate, physiography and surficial
materials are considered.

Table 4~1 presents in absolute and peréentage forms,
frequency values of water surplus for each physiographic
region, while Figure 4-2 presents this percentage data
in histogram form, From the table it may be observed that
the Precambrian Shield region has the highest water surplus
values, (66% greater than 0.3500), while the Mahitoba Upland
has the lowest, with 75% of the values being equal to 0.1500
feet or less. The Manitoba Plain has 64% of its water surplus
values bgtween 0.0501 and 0.2500 feet with 36% of the values
being greater than 0.2500 feet, The Escarpment has 69% of
its water surplus values between 0.0501 and 0.2500 feet with
only 25% of the values greater than 0.2500 feet,

Appendix C, Map 1 illustrates by means of isohyets, areas
of similar mean annual precipitation in Manitoba, It may be
observed that there is a general trend of increasing precip-
itation in a west to east direction. By interpolation from
these isohyets for the area south of 53ON, mean annual precip-
itation values of 17.5 inches, 19,0 inches, 20.0 inches and
21.0 inches for the Upland, Escarpment, Manitoba Plain, and

the Precambrian Shield of Manitoba respectively, have been



CUMULATIVE FREQUENCY OF WATER SURPLUS VALUES

WATER SURPLUS PRECAMBRIAN SHIELD MANITOBA PLAIN MANITOBA ESCARPMENT  MANITOBA UPLAND
VALUE RANGE NUMBER OF CUMUL, NUMBER OF CUMUL, NUMBER OF CUMUL, NUMBER OF CUMUL,
(IN FEET) OBSERVATIONS % % OBSERVATIONS % % OBSERVATIONS % % OBSERVATIONS % %
A=0.0~0.01T 0 0 o0 0 0 o0 0 0 0 2 6 6
B=0.0I0I~-0.05 0 0 0 0 I 6 6 10 30 36
C=0,050I~0.1I0 0 0 4 I4 14 4 25 31 6 I8 54
D=0,I00I-0.1I5 0 0 5 I8 32 2 I3 44 7 2I 75
EZ0.I50I-0.20 0 0 4 I4 46 4 25 69 2 6 81
F=0.200I-0.25 I 33 33 5 I8 64 I 6 75 I 3 84
G=0.250I~0,30 0 0 3 IT 75 0 0 I 3 87
H=0,300I-0.35 0 0 2 7 82 0 0 0 0
I=+0.35 2 66 99 5 I8 1TI00 4 25 I00 4 I2 99
3

TABLE 4-I
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ascertained. Thus, it is apparent from these physiographic
regions that, as mean annual precipitation increases, mean
water surplus does likewise.

Obviously, it is meaningless to compare regions with
different mean water surplus values, which also have different
mean annual precipitation inputs, Therefore, dividing water
surplus values(multiplied by 100) by the respective values of
mean annual precipitation(in feet), yields a value of water
output expressed as a proportion of input. In other words,

a measure of the proportion of precipitation that becomes
water surplus is derived and may be titled the tsurplus/input
coefficient!. As Table 4-2 illustrates, the Precambrian
Shield region has the highest surplus/input coefficient

(28.85%), while the Manitoba Upland has the lowest (10.20%).

TABLE 4-2
SURPLUS/INPUT COEFFICIENTS

PHYSIOGRAPHIC MEAN ANNUAL MEAN ANNUAL SURPLUS/INPUT
REGION PREC, IN INCHES WATER SURPLUS COEFFICIENT
(FEET) IN PERCENT
PRECAMBRTIAN 21.0 0.5050 28.85%

SHIELD :
MANITOBA PLAIN 20.0 0.2210 13.32%
ESCARPMENT 19,0 0.1833 11.59%
UPLAND 17.5 0.1453 10,20%

The conclusions derived from Table 4-~2 can be explained
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by considefing several interdependent factors: precipitation,
infiltration rate, capacity, physiography and surficial
materials,

The Precambrian Shield of Southeastern Manitoba is a
hilly bedrock and drift plain. Bogs and lakes cover 60%
of the surface and yield a high depression storage yalue.

This storage is a result of surface detentions in overland
flow, and groundwater and channel storage. The flat to hilly
Manitoba Upland has glacial, glaciofluvial and glaciolacus-
trine deposits., Kettle holes create centripetal drainage net-
works and depression storage is common. Although depression
storage characteristics seem to be similar in the two regions,
infiltration rates are hot. Precipitation tends to infiltrate
much more rapidly in the surficial deposits of the Upland

than it does on the abundant rock outcropping of the Shield.

P.E.Packer(1953) notes that factors found to be exerting
the most influence on infiltration capacity are total ground
cover and maximum size of bare rock or soil openings., He
concludes that in order to maximize infiltration capacity,
ground cover density should be at least 70% with maximum size
of bare openings being four inches or less. These factors
characterize the Shield much less than the Upland,

In conclusion, infiltration rates are higher in the
Manitoba Upland than in the Precambrian Shield region of
Southern Manitoba; therefore, on the Upland there is less
water surplus available for runoff, Therefore, the surplus/

input coefficient(Table 4-2) is lower for the Manitoba Upland
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region,

The Manitoba Plain exhibits a higher mean water surplus
value than does the Upland or Escarpment, While the Escarp-
ment consists of thick Cretaceous shales with some limestones
and bentonite, overlain by till and some glacio-lacustrine
deposits in the form of localized beaches, the southern
portion of the flat Manitoba Plain is characterized by
calcareous glacial till, lacustrine clays, deltaic deposits
and areas of muck and peat,

The type of bedrock which characterizes the Escarpment
helps to explain the lower water surplus values, since much
of the precipitation infiltrates (related to the high
porosity and fissibility of shales), and becomes ground water
storage or is involved in chemical reactions, particularily
those involving clay minerals in the bentonite and shales,
Also, thé higher evapotranspiration rates associated with
the heavier vegetation growth on the Escarpment (mixed woods
and broadleaf forest versus the lightly treed grasslands of
the Plain), along with the higher infiltration capacities of
the region, related to the denser litter cover, yield lower
water surplus values.

The overwhelming influence of litter cover in the maint—
enance of surficial soil conditions favourable to rapid
infiltration is repeatedly stressed in the literature,and
studies showing decreased infiltration rates with exposure of

the bare mineral soil are numerous: [ Lowdermilk(1930),
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Hendrickson(1934), Lunt(1937), Dunford(1954) ].
Decreased surface porosity is caused by the destruction
of soil structure due to raindrop impact. This splash
impact breaks down soil aggregates, throws the soil into
suspension and results in the clogging of soil insterstices.
A thicker litter mat yields more organic matter, Ean,important
cementing agent in the formation of large water -stable
aggregates,(Browning,l937}] 5 on the Escarpment than on the
Manitoba Plain, which in turn increases infiltration
capacities and lowers water surplus values,

On the other hand, the extreme flatness of the Manitoba
Plain and proximity to regional base level, along with the
high clay content of the soils, overlying thick surficial
clays, accounts for the higher water surplus values on the
Plain. The clays possess low permeabilities and very low
infiltration capacities. Much of the precipitation remains
on the ground surface as water surplus. Moreover, the
accumulation of less litter on the Plain and the compaction
of soils by cattle also reduces infiltration capacities and
increases water surplus,

In conclusion, water surplus appears to be directly
.related to the amount of water input, or precipitation, and
inversely related to infiltration rate and capacity of the
soils. Infiltration rate and capacity are directly dependent
on the type of natural vegetation and surficial deposits

found in a region, Tinally, it has been statistically proven
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that although bifurcation ratios are not significantly
different between physiographic regions, water surplus
values do vary significantly, Moreover, statistical analysis
has demonstrated that there is only a very slight tendency
for the Strahler bifurcation ratio to increase with increasing
water surplus and that there is definitely no strong relation-

ship between these variables,
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CHAPTER V

CONCLUSIONS

A, Summary and Conclusions

Summaries have been presented at the end of most sections
of this thesis, and the present chapter will therefore only
briefly survey the major findings of this research., Recommend-
ations concerning further studies of bifurcation ratios will be
presented at the end of this chapter,

The primary objective of this study was to establish whether
or not a meaningful statistical relationship exists between the
Strahler bifurcation ratio of a drainage network and the corres-
ponding water surplus value., Several secondary studies were also
undertaken, The term *water surplus?! was defined and presented
as a mathematical equation; the effects of various mapping
scales oﬂ basin order,stream numbers,and bifurcation ratio
values were analysed in the Schaeffer Creek study; and mean
bifurcation ratios for physiographic regions in Manitoba were
calculated.

~As described by Strahler, the bifurcation ratio is the
ratio of the average number of branchings or bifurcations of
streams of a given order to that of streams of the next higher
order, Strahler states that his ordering method and determin-
ation of the bifurcation ratio never produces a value of less
than 2.0 and usually gives a mean value of 3.5 for a given

drainage network, In this thesis, Strahler bifurcation ratio
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values ranged between 2,9 and 6.1 when aerial photography
was employed,

Water surplus is defined in this thesis as average depth
of water at the ground surface in a drainage basin, and is
expressed in terms of the following equation:

WS = 0d | (6)
Aa

Thus, for a given drainage network, by obtaining a mean
annual discharge value, converting this to acre~-feet, and div-
iding by the basin area in acres, a water surplus value in
feet is obtained,

Chapter two described the morphometric analysis of
Schaeffer Creek, a small drainage basin (9.76 square miles),
located in southwestern Alberta, From this study it is con-
cluded that cartographic representation of features and scale
are important determinants of the accuracy of morphometric
analysis from topographic maps and air photos., Basic morpho-
metric characteristics of the basin Qere derived and it was
observed that as mapping scale varied, so did basin area,
basin perimeter, stream segment number, and basin order,

A mapping scale of 1:50000 using blue lines representing
the drainage network is not satisfactory for calculation of
stream segment number, maximum basin order or bifurcation
ratio of a basin. Employment of contour crenulations are
more accurate, but still do not satisfactorily depict the

drainage network, Utilizing aerial photography at mean scales
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of 1:37382 and 1:13306 produced higher stream counts than
do the previous methods., However, stereovisual analysis
of 1:37382 aerial photographs, provided the best counts of
stream numbers and therefore the most accurate bifurcation
ratio, In conclusion, Horton's first law of drainage com-
position applies in this study although constant bifurcation
ratio values were not found in the Schaeffer Creek analysis,

Subsequent to the study of the control of mapping scales
on bifurcation ratios, an attempt was made to derive a mean
bifurcation ratio for each physiographic region in Manitoba,
For this study, two mapping methods were employed and their
results compared. Firstly, 1:50000 topographic maps were
utilized in a preliminary study. As had been demonstrated
earlier, the most accurate representation of a drainage net-
work is qbtained by the stereovisual analysis of air photos.
Hence, the latter technique was used to derive bifurcation
ratio values and a stratified random sampling procedure was
used to calculate the mean bifurcation ratio value for each
physiographic region.

“Analyses of the two mapping techniques led to the follow=—
ing conclusions:

1) For the five physiographic regions the mean bifur-
cation ratios ranged between 3.55 and 4,51, The Manitoba
Upland, Escarpment, Manitoba Plain,Precambrian Shield and
Hudson Bay Lowland region exhibited mean bifurcation ratios

values of 3.86, 4.51, 3.78, 3.55, and 4.14 respectively,
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Thus, there is no simple relationship between slope and
rbifurcation ratio values as Horton(1945,p.290) felt existed.

2) Bifurcation ratio values are not considered to be
highly variable in the province of Manitoba., They ére con-
sidered to be stable where the network geometry develops
without pronounced lithological and structural controls.

3) A bifurcation ratio of less than thrée was rarely
calculated when stereovisual analyses of airphotos was
employed. Values lay primarily between three and five in
basins without dominant geological controls. Several basins
on the Escarpment and Precambrian Shield region had values
greater than five because their streams were either fault-
controlled or because pronounced gradients led to regular
close spacing of near-parallel streams.

In the fourﬁh chapter, a statistical analysis of bifur-
cation data for 86 selected drainage networks in Manitoba
was undertaken. A number of basins in each physiographic
region were chosen, with the determinants being the avail-
ability of discharge data, an adequate period of stream
gauge record, and appropriate basin area, After calculating
the mean Strahler bifurcation ratio and water surplus value
for each drainage basin, statistical tests were executed, A
Pearsonts r correlation test yielded a correlation coefficient
of 0.041, hence showing a poor correlation between the
Strahler bifurcation ratio and water surplus. Regression

analyses of the data demonstrated that there is definitely
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no strong relationship between the Strahler bifurcation
ratio and water surolus, A Studentt?s t-test corroborated
this finding,

To substantiate the previous results, analysis of variance
tests were conducted on the bifurcation ratio and water
surplus data. It was proven that at the five percent
significance level, the physiographic regioﬁs of Manitoba
are homogeneous with respect to the Strahler bifurcation
ratio, on the basis of the given sample evidence, Moreover,‘
one final analysis proved that between physiographic regions,
water surplus values were statistically different at the one
percent significance level, on the bésis of the given sample
evidence, Water surplus values of 0.5050 feet, 0.2210 feet,
0.1833 feet and 0,1453 feet were obtained for the Precambrian
Shield, Manitoba Plain, Escarpment, and Upland regions res-
pectively, Variations in these water surplus values can be
explained in terms of the interdependent variables of infil-
tration rate and capacity, mean annual precipitation,
surficial materials, and physiography.

In conclusion, it has been statistically demonstrated that
no strong relationship exists between the Strahler bifur-~
cation ratio and water surplus within the limited range of
the regions sampled. In turn, the water surplus value of a
drainage basin appears to be directly related to the amount
of water input and inversely related to the infiltration rate

and capacity of the surficial materials,
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B, Further Recommendations

Further research on the bifurcation ratio may be oriented
along other lines. It has been demonstrated that water surplus
does not influence the topologic structure of a drainage net-
work, and hence the Strahler bifurcation ratio. However, it
is possible that water surplus values may show a better corr-
elation with bifurcation ratios based on other methods of
stream ordering than Strahlerts.

Possibly the development of the topologic structure of
a drainage network and hence the bifurcation ratio is entirely
random, as some geomorphologists believe, On the other hand,
although it has been demonstrated that water surplus does not
influence the bifurcation ratio value, other variables may,
Are basin slope, natural vegetation cover, precipitation and
bedrock geology all important factors in determining the
basin bifurcation ratio, or is one of these variables of
prime importance? It has been proven that the sampled bif-
urcation ratios of Manitoba are not statistically different,
yet the physiographic regions are very distinct. Why then
are bifurcation ratios not more varied than they are shown
to be in this study? Do mean bifurcation ratio values always
range between 3,0 and 5.0 unless structurally controlled?
Would an increased sample size (i.e. greater than 86), or
a different mapping scale show a greater variance in the
mean bifurcation ratio values of a region? These questions
may provide the impétus for further research related to the

study of bifurcation ratios in Manitoba.
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I. BASTN AREA DETERMINATION

A polar planimeter was employed to determine
drainage basin area., The planimetric conversion factor
was derived by measuring a four square mile area of the
1:50000 topographic sheet. Three trial runs were taken
from a fixed point and a mean of 110.5 planimeter units
per square mile was obtained, For the three planimeter
measures taken, there was a range of only three planimeter
units for the calculated basin areas,

The topographic map drainage area was calculated
as 10.15 square miles using two sets of three measurements,
that is, with the planimeter pivot in two defferent
positions, For the six trial runs takeh, basin area
values differed only by three planimeter units.

The area of the basin, as modified from 1:37382
air phéto interpretation of the position of the drainage
divide, was then determined from three trial runs with
the planimeter pivot fixed. A basin area of 9,76 square
miles was obtained. For the three trial runs taken,
basin area values differed only by three planimeter
units,

IT, BASIN PERIMETER DETERMINATION

The basin perimeter was ascertained using the
opisometer on the 1:37382 airphoto corrected map of
the basin. Three trial runs were made and although it
is difficult to assess the operator error involved,
‘this would probably be minimal since the basin divide

is not tortuous, In fact, the closeness of the three
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readings suggests them to be reliable,

TABLE 1 BASIN PERIMETER

OPISOMETER READING MEAN LENGTH MEAN LENGTH
IN INCHES IN MILES
22,8
22.9 22.9 18.07
23.1 ’

OTHER MORPHOMETRIC CHARACTERISTICS OF SCHAEFFER CREEK

11T, STREAM LENGTHS

All stream segments of order greater than
one were measured by opisometer using the map representing
the drainage network as it appears with stereovision,
(scale 1:37382), Fingertip tributaries were measured
with a pair of dividers since it was felt that the
error resulting from measuring 278 short stream segments
with an opisometer would be greater than by this method,
(See Table 2),

A similar study was undertaken utilizing the
map representing the drainage network as it appears on
the airphoto enlargements, (See Table 3).

Analysis of the two tables shows that for the
séme drainage basin mapped at two different scales, large
inequalities arise., Total length values are generally
higher for the 1:37382 stereopairs than for the aerial
photographic enlargements, Because total stream counts
are much less than with the stercopairs, along with a

greater distortion of lengths on the photos, it is



TABLE 2 STREAM LENGTHS AS CALCULATED FROM AIR PHOTOS WITH STEREOVISION ( SCALE 1:37382)

STREAM
ORDER

1

2

TOTAL STREAM TOTAL STREAM
LENGTH (INCHES) LENGTH (MILES)
71.50 34.18
31.37 14.99
19.97 9.55
6.67 3.19
10.30 4.92

STREAM MEAN LENGTH LENGTH CUMULATIVE

NUMBER (MILES) RATIO MEAN LENGTH
278 0.123 —— 0.123
74 0.203 1.65 0.326
20 0.478 2.35 0.804
5 0.638' 1.33 1.442
1 4.920 7.71 6.362

TABLE 3 STREAM LENGTHS AS CALCULATED FROM AIR PHOTO ENLARGEMENTS (SCALE 1:13306)

STREAM TOTAL STREAM TOTAL STREAM
ORDER LENGTH (INCHES) LENGTH (MILES)
1 112.2 23.56
2 58.5 12,28
3 25.2 5.29
4 18.6 3.90
5 17.2 3.61

STREAM MEAN LENGTH LENGTH CUMULATIVE

NUMBER (MILES) RATIO  MEAN LENGTH
211 0.11 -— 0.11
50 0.24 2,18 0.35
14 0.37 1.54 0.72
3 1.30 3.51 2.02
1 3.61 2.77 5.63

16
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felt that these relative inadequacies greatly restrict

the more precise calculation of mean and total stream
length by the 1:13306 airphotos.,

Graph l.illustrates that the general relationship
of total stream length to order forms an inverse geometric

series., (See Graph 1),

Iv. DRAINAGE DENSITY

Drainage density is a measure of the degree of
dissection of a drainage basin and is the ratio of the
total length of all stream segments to the basin area,
Table 4 shows calculated drainage density values for
the Schaeffer Creek basin for the five previously described
mapping methods,

TABLE 4 DRAINAGE DENSITY

TECHNIQUE OF NETWORK DRAINAGE DENSITY IN 2
IDENTIFICATION MILES OF CHANNEL/MI,

BLUE LINES ON 1:50000 MAP 2,61

BLUE LINES AND CONTOUR

CRENULATIONS ON 1:50000 MAP 3.87

VERTICAL AERTAL PHOTOGRAPHY

1:37382 4.08

VERTICAL AERIAL PHOTOGRAPHY

1:133006 4.98

VERTICAL AERTIAL PHOTOGRAPHY
1:37382 USING 2X MIRROR
STEREOSCOPE - 6.85

As would be expected, drainage density increases

with increasing map scale and technique superiority,
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TOTAL STREAM LENGTH IN MILE

93
TOTAL STREAM LENGTH VERSUS STREAM ORDER

KEY:
X=1:37382 STEREOPAIRS (I) ‘
.=I:T3306 AIR PHOTO ENLARGEMENTS (2)

2 3 4 5
STREAM ORDER
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SCHAEFFER CREEK

SCALE I:50000

ONGLEY'S BASIN VECTORIAL AXIS

AXIS REPRESENTED BY DASHED LINE

MAP I




SCHAEFFER CREEK BASIN AREA AND PERIMETER

UTILIZING THE I:50000 TOPOGRAPHIC MAP

AREA=I0,.I5 SQUARE MILES

UTILIZING THE I:37382 AIR PHOTOS

AREA=9,76 SQUARE MILES
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TABLE 1

PHYSICAL CHARACTERISTIC

LOCATION WITHIN THE
PROVINCE

ELEVATION AND RELIEF

PHYSTIOGRAPHY

BED ROCK GEOLOGY

SURFACE DEPOSITS

SOILS

HUDSON BAY
LOWLAND

O e s vy A —— . o ——

0-500 FT.
A,S.L,
FLAT TO
UNDULATING

SWAMP AND
MARSH, A
TILL PLAIN

DOLOMITE,
LIMESTONE

MARINE CLAY
ON GLACIAL
DRIFT

TUNDRA AND

ICE SCOURED

UPLAND,ROCK -
OUTCROPS AND

MUSKEG

PRECAMBRIAN
GRANITES,

PHYSTCAL CHARACTERISTICS OF MANITOBA'S PHYSIOGRAPHIC REGIONS

PRECAMBRIAN MANITOBA MANITOBA MANITOBA
SHIELD LOWLAND UPLAND ESCARPMENT
------- SEE MAP 3=l e
500-1000 FT, 500-1000 FT., 500~ 1000~1500 FT., A.S.L,
A.S.L, A,S.L. +2000 FT, HILLY, MAX, RELIEF
UNDULATING FLAT ToO A.S.L, IN PROVINCE
TO HILLY UNDULATING UNDULATING
TO HILLY

LACUSTRINE MORAINIC AN ESCARPMENT, CUT
PLAIN, SOME UPLAND, BY BEACH RIDGES
MARSH A TILL PLAIN HIGHLY DISSECTED

END MORAINE

AND BEACH

RIDGES

SANDSTONES, SHALES,
SHALES, SAVDSTONES

SHALES, LIMESTONE,
BENTONITE

SEDIMENTARIES LIMESTONE LIMESTONES,

SOME VOLCANICS AND

BENTONITE

AND INTRUSIVES DOLOMITES

LACUSTRINE
CLAY, BOG,

GLACIAL DRIFT

GREY WOODED,

ARCTICMEADOW PODZOLIC

DELTAIC GROUND AND
DEPOSITS, END MORAINE
LACUSTRINE LACUSTRINE
CLAYS,TILL,CLAY, SILTS
ALLUVIUM  AND SANDS

SANDS AND CLAYS,
SOME GLACIAL o
DRIFT ~

RENDZINA, GREY WOODED,
BLACK, GRFY MEADOW

GREY WOODED,
BLACK




PHYSICAL CHARACTERISTIC

NATURAL VEGETATION

0
AVERAGE TEMP, F.
JANUARY

JULY

AVERAGE ANNUAL
PRECIPITATION IN INCHES

"TABLE 1 (CONTINUED)

HUDSON BAY
LOWLAND

ARCTIC
TUNDRA

=10 -~ =20
+50 = +60

15.97

POTENTIAL EVAPOTRANSPIRATION

PER YEAR IN INCHES

12.0

PRECAMBRIAN
SHIELD '

CONIFERS,
SPRUCE , SOME
MIXED FOREST

0 - =10
+60 - +66

17.24

14-0

MANITOBA
LOWLAND

MIXED
GRASSES,
LIGHTLY
TREED

+4 - =8
+64 - +69

18.50

15.0

MANITOBA
UPLAND

MIXED
GRASSES,
BROADLEAF
AND MIXED
FOREST

+3 - =6
+64 -~ +67

17.73

17oO

MANITOBA
ESCARPMENT

MIXED FOREST
AND MEADOWS

+4 - -6
+64 - +68

18,00

17.0

86




TABLE 2

TOPOGRAPHIC SHEET
54K/3E

54K/3W

54K/4E

54K/4W

54K/5E

54K/5W

54K/6E

54K/6W

54K/12E

[ ] GO N GO B 0o DN LB Lo N GO O e

ORDER

N

B o

DO oD

STRAHLER STREAM ORDER
FREQUENCY

5
1

= B Ln

MR OO N NN

— 1o

99

HUDSON BAY LOWLAND BIFURCATION RATIO DATA
EMPLOYING 1:50000 TOPOGRAPHIC SHEETS

BASIN BIFURCATION
RATIO

5.0

2.3

3.3

3.8

2.8

4.3

3.5



TABLE 2 (CONTINUED) ,

TOPOGRAPHIC SHEET

ORDER

54K/12w 1
2
54L/1E 1
2
3
1
2
3
54L/1W 1
2
3
54L/2E 1
2
3
1
2
3
54L/2W 1
2
3
54L/7E 1
2
54L/7wW
54L/8E

GO D Lo N = o B [JOR

STRAHLER STREAM ORDER
FREQUENCY

100

BASIN BIFURCATION
RATIO

4.5

3.6

3.6

4.4

3.3

3.5

7.5
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TABLE 2 (CONTINUED),

TOPOGRAPHIC SHEET  STRAHLER STREAM ORDER BASIN BIFURCATION
ORDER FREQUENCY RATIO
54L/8W 1 22
2 )
3 1 4.8
1 9
2 3
3 l 300
54L/9E 1 4
2 1 4.0
54L/ow 1 8
.2 2
3 1 3.0
1 5
2 1 5.0
54L/10E 1 24
2 - 8
3 1 5.5
1 10
2 3
3 1 3.2
54L/10W 1 12
2 3
3 1 3.5
54L/15W 1 11
3 1 3.4

A TOTAL OF 33 BASIN BIFURCATION RATIOS,
MEAN BASIN Ry = 3.60
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TABLE 3 PRECAMBRIAN SHIELD BIFURCATION RATIO DATA
EMPLOYING 1:50000 TOPOGRAPHIC SHEETS

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASTIN BIFURCATION

ORDER FREQUENCY RATIO
52L/6W 1 3
2 1 3.0
1 8
2 2
3 1 3.0
1 4
2 1 4.0
52L/11E 1 3
2 1 3.0
1 4
2 1 4.0
52L/11wW 1 2 |
2 1 2.0
1 3
2 1 3.0
53E/15 1 6
2 2
3 1 2.5
1 3
2 1 3.0
53E/16 1 6
2 2
3 1 2.5
1 4
2 1 4.0
1 7
2 3
3 1 2.6
62A/4 1 31
2 8
3 3
4 1 3.1
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET  STRAHLER STREAM ORDER BASIN BIFURCATION
ORDER FREQUENCY RATIO
62A/4 contt 1 5
2 2
3 i - 2.3
631/12E 1 7
2 1 7.0
1 2
2 1 2.0
633/7E 1 3
2 1 3.0
1 2
2 1 2.0
633/7W 1 6 .
2 1 6.0
1 ‘5 :
2 1 5.0
63J/8E 1 5
2 2
3 1 2.3
1 3
) 1 3.0
63J/8W 1 8
2 2
3 1 3.0
1 2
2 1 2.0
63J/9E 1 8
2 3
3 1 2.8
1 7
2 1 7.0
1 11
2 3
3 1 3.5
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
63J3/9W 1 10
2 3
3 1 3.2
1 6
2 2
3 1 2.5
1 6
2 1 6.0
1 5
2 2
3 1 2.3
63J/10E 1 4
2 1 4.0
1 2
2 1 2,0
63J/10wW 1 11
2 3
3 1 3.4
1 3
2 1 3.0
‘63J/12 1 10
2 2
3 1 3.5
1 28
2 7
3 1 5.5
63J/13 1 15
2 4
3 1 4.0
1 19
2 4
3

1 4.4
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO

63J/15E 1 3
2 1 3.0

1 2
2 1 2.0

633/15W 1 6
2 1 6.0

1 2
2 1 2.0

63K/13E 1 3
2 1 3.0

1 3
2 1 3.0

1 3
2 1 3.0

63K/13W 1 5
2 1 5.0

1 3
2 1 3.0

1 2
2 1 2,0

63K/14E 1 4
2 1 4.0

1 3
2 1. 3.0

1 12

2 3
3 1 3.5

63K/14W 1 2
2 1 2.0

1 7

2 2
1 2.8
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
63K/14W (contt) 1 4
2 1 4,0
63K/15E 1 6
2 1 6.0
1 7
2 1 7.0
1 3
2 1 3.0
63K/15W 1 4
2 1 4.0
1 4
2 1 4.0
1 2
2 1 2.0
63N/3 1 7
2 1 7.0
1 3
2 1 3.0
63N/4 1 14
2 3
3 1 4.0
1 4
2 1 4.0
1 3
2 1 3.0
630/1 1 4
2 2
3 1 2.0
1 6
2 1 6.0
630/2 1 3
2 1 3.0
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
630/2 (contt) 1 6
2 2

3 1 2.5
630/8 1 24
2 8

3 1 5.5
1 12
2 2

3 1 4.0
630/9 1 14
2 2

3 1 4.5
1 3

2 1 3.0
63P/4 1 7
2 2

3 1 2.7
1 3

2 1 3.0
63P/5 1 15
2 4
3 2

4 1 2.6
1 4

2 1 4.0
63P/6 1 9°
2 3

3 l 330
1 6
2 2

3 1 2.5
63P/10 1 10
2 2

3 1 3.5
1 4

2 1 4.0
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TABLE 3 (CONTINUED).

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
63P/11 1 7
2 1 7.0
1 6
2 2
3 1 2.5
63P/12 1 6
2 2
3 1 2.5
1 6
2 1 6.0
1 13
2 3
3 1 3.5
63P/12W 1 11
2 4
3 1 3.8
1 9
2 2
3 1 3.3
63P/13E 1 11
2 2
3 1 3.7
1 8
2 3
3 1 2.8
63P/13W 1 12
2 2
3 l 400
1 5
2 2
3 1 2.3
63P/14E 1 5
2 1 5.0
1 13
2 4
3 1 3.5
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
63P/14W 1 10
2 2
3 1 3.5
1 4
2 1 4.0
1 3
2 1 3.0
63P/16 1 9
2 2
3 1 3.3
1 8
2 2
3 1 3.0
64A/1 1 8
2 1 8.0
1 7
2 2
3 1 2.7
1 14
2 3
3 1 3.9
64A/2 1 3
2 1 3.0
1 63
2 17
3 4
4 1 4.2
1 4
2 2
3 1 2.0
64A/3 1 14
2 3
3 1 3.8
1 4
2 2
3 1 2.0
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
64C/6 1 5
2 2
3 1 2.3
1 2
2 1 2.0
64C/9 1 11
2 3
3 1 3.5
1 3
‘2 1 3.0
64C/10 1 14
2 3
3 1 4.0
1 3
2 1 3.0
1 8 |
2 2
3 1 3.0
64C/4 1 3
2 1 3.0
1 2
2 1 2.0
1 3
2 1 3.0
64C/12 1 8-
2 2
3 1 3.0
1 3
2 1 3.0
64C/14 1 3
2 1 3.0
1 2
2 1 2.0
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TABLE 3 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
64C/15E 1 3
2 1 3.0
1 3
2 1 3.0
64C/15W 1 5
2 2
3 1 2.3
1 4
) 1 4.0
64C/16E 1 5
2 2
3 1 2.3
1 3
2 1 3.0
64C/16W 1 3
2 1 3.0
1 3
2 1 3.0
64F/1 1 21
2 5
3 1 4.5
1 12
2 2.
3 1 4.0
1 13
2 4 -
3 1 3.5
64F/2 1 7
2 2
3 1 2.7
1 2
2 1 2.0
1 3
2 1 3.0
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TABLE 3  (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
64F/3 1 4
2 2
3 1 2.0
1 6
2 1 6.0
1 4
2 1 4.0

A TOTAL OF 140 BASIN BIFURCATION RATIOS.,
MEAN BASIN Ry = 3.40
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TABLE 4 MANITOBA PLAIN BIFURCATION RATIO DATA
EMPLOYING 1:50000 TOPOGRAPHIC SHEETS

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62H/1 1 2
2 1 2.0
62H/1E 1 18
2 3 :
3 1 4.5
62H/3E 1 7
2 3
3 1 2.6
62H/3W 1 6
' 2 1 6.0
1 6
2 2
-3 1 2.5
62H/4E 1 15
2 4
3 1 4.0
1 4
2 1 4.0
62H/4W 1 12
2 2
3 1 4,0
1 13
2 4
3 1 3.5
62H/5W 1 9
2 2
3 1 3.3
1 5
2 1 5.0
62H/6W 1 9
2 2
3 1 3.3
62H/8W 1 8
2 2
3 1 3.0
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TABLE 4 (CONTINUED) ,

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62H/8W (contt) 1 9
2 2
3 1 3.3
62H/12E 1 9
2 2
3 1 3.3
62H/13W 1 6
2 1 6.0
1 7
- 3
3 1 2.6
62H/15 1 9
2 1 9.0
- p
2 2
3 1 2.3
62H/16W 1 9
2 2
3 1 3.3
62I/1E 1 8
2 3
1 5
2 1 5.0
621/1W 1 6
2 2
3 1 2.5
62T/2E 1 4
2 1 4.0
62T/3E 1 2
2 1 2.0
621/3W 1 4
2 1 4.0



TABLE

TOPOGRAPHIC SHEET

62I/4E
621/5

621/6E

621/7

621/8

62T/9

62I/16E

62J/1E

62J/1W

623/2

62J/3E

(CONTINUED),

ORDER

1
2

B [ [So A ]

N o

B i GO Lo N GO DO e

B GO B p

B

STRAIILER STREAM ORDER
FREQUENCY

e kT o GRS T N T AT

= N

=N

HN o ovR

115

BASIN BIFURCATION
RATIO

3.0

3.5

4.7

3.5



TABLE 4
TOPOGRAPHIC SHEET
62J/6E

62J/7E

62J/10W

62J/14W

62J/16W

620/7

620/16

62P/5

63B/1

63B/7

(CONTINUED),

ORDER

D NH N N N I

B GO = GO N GO N N =

N

o

STRAHLER STREAM ORDER
FREQUENCY

5
1

= o [l ¥ [l o]

|l o]

oo oo e V) =

N Lo n

=

N o el SN

116

BASIN BIFURCATION
RATIO

5.0

2.8

4.0

2.5
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TABLE 4 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
63C/1 1 8
2 1 8.0
1 5
2 2
3 1 2.3
63C/2 1 4
2 2
3 1 2.0
1 8
2 2
3 1 300
63c/7 1 6
2 2
3 1 2.5
1 12
2 4
3 1 3.5
1 13
2 2
3 1 4.3
1 6
2 2
3 1 2.5
63C/8 1 15
3 1 4.0
63C/9 1 11
2 3
3 1 3.5
63C/10 1 10
2 2
3 1 3.5
1 5
2 1 5.0

A TOTAL OF 67 BIFURCATION RATIOS,
MEAN BASIN Ry, = 3.60
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TABLE 5§ MANITOBA ESCARPMENT BIFURCATION RATIO DATA
EMPLOYING 1:50000 TOPOGRAPHIC SHEETS

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62G/1E 1 6
2 1 6.0
1 12
2 2
3 1 4.0
1 2
2 1 2.0
62G/8W 1 7
2 2
3 1 2.7
1 4
2 1 4.0
1 6
2 1 6.0
62G/9wW 1 7
2 1 7.0
1 5
2 1 5.0
62G/10E 1 3
2 1 3.0
1 5
2 2
3 1 2.3
1 6
2 2
3 1 2.5
62J/5E 1 11
2 4
3 1 3.4
62J/6W 1 13
2 3
3 1 3.5
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TABLE 5  (CONTINUED).

TOPOGRAPHIC SHELT STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATTIO
62J/6W (contt) 1 22
2 5
3 2
4 l 300
62J3/11w 1 8
2 2
3 1 3.0
1 4
2 1 4.0
62J/12E 1 13
2 3
3 1 365
1 7
2 2
3 1 2.7
1 12
2 3
3 1 3.5
62J/13E 1 12
2 3
3 1 3.5
1 3
2 1 3.0
1 6
2 3
3 1 2.5
62J/13W 1 12
2 3
3 1 3.5
1 9
2 4
3 1 3.0
1 14
2 5
3 1 4.0
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TABLE 5 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62K/16E 1 8
2 2
3 1 3.0
1 9
2 2
3 1 3.7
1 2
2 1 2.0
62K/16W 1 2
2 1 2,0
1 4
2 2
3 1 2.0
1 4
2 1 4.0
62N/1E 1 4
2 1 4.0
1 12
2 3
3 1 3.5
1 4
2 1 4.0
1 2
2 1 2.0
62N/7E 1 15
2 4
3 1 4.0
1 4
2 1 4.0
1 8
2 3
3 1 3.0
62N/10E 1 4
2 1 4.0



TABLE 5
TOPOGRAPHIC SHEET

62N/10E (conftt)

62N/15E

62N/15W

63C/2

63C/6W

63C/14E

N O LW LW W CLON K N

(CONTINUED),

ORDER

1
2

Y SR

[FSIN S ]

STRAHLER STREAM ORDER
FREQUENCY

[
|l ¥S BN RN O |l SN ol - O } Oy = O [l =N

SN

=G

A TOTAL OF 52 BIFURCATION RATIOS,

MEAN BASIN Ry, = 3.46

121

BASIN BIFURCATION
RATIO

4.0

2.5

2,3

2.8

3.0

3.5
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TABLE 6 THE MANITOBA UPLAND BIFURCATION RATIO DATA
EMPLOYING 1:50000 TOPOGRAPHIC SHEETS

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO

62F /1w 1 14

2 4
3 1 3.3

1 18

2 6

3 2
4 1 2.6

62F/2E 1 8

2 3
3 1 2.8

1 19

2 5

3 2
4 1 2.8

62F/2W 1 3
2 1 3.0

62F/3E 1 2
2 1 2.0

62F/3W 1 2
2 1 2.0

62F/6E 1 2
2 1 2.0

62F/6W 1 4
2 1 4.0

62F/7W 1 2
2 1- 2.0

62F/8E 1 7

2 3
3 1 2.6

62F/10E 1 2
2 1 2.0

62F/10W 1 13

2 4
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TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62F/11E 1 4
2 2
3 1 2.0
62F/11w 1 2
2 1 2,0
62F/14E 1 14
2 2
3 1 4.5
1 3
2 1 3.0
62F /14w 1 3
2 1 3.0
1 10
2 2
3 1 3.5
62F/16E 1 5
2 1 5.0
62F/16W 1 4
2 2
3 1 2,0
62G/2E 1
2 2
3 1 2.3
1
2 1 3.0
1 5
2 2
3 1 2.3
62G/4E 1 10
2 2
3 1 3.5
1 13
2 3
3 1 3.5
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TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62G/4W 1 7
2 1 7.0
1 5
2 1 5.0
62G/5E 1 4
2 1 4.0
62G/6W 1 3
2 1 3.0
1 s
2 1 5.0
1 4
2 1 4.0
62J3/4E 1 6
2 2
3 1 2.5
1 2
2 1 2.0
1 2
2 1 2.0
S 623/4W 1 4
2 1 4.0
1 3
2 1 3.0
1 5
2 2
3 1 2,3
62K/1E 1 3
2 1 3.0
62K/1w 1 3
2 1 3.0
1 2
2 1 2.0
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TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO
62K/2E 1 3
2 1 3.0
62K/2w 1 3
2 1 3.0
1 6
2 2
3 1 2.5
1 4
2 1 4.0
62K/3E 1 5
2 2
3 1 2.3
1 6
2 2
3 1 2.5
62K/3W 1 5
2 2
3 1 2.3
1 5
2 1 5.0
62K/6E 1 4
2 1 4.0
1 9
2 3
3 1 3.0
62K/7E 1 5
2 1 5.0
1 3
2 1 3.0
62K/ 7w 1 2
2 1 2.0
1 3
2 1 3.0
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TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFURCATION

ORDER FREQUENCY RATIO

62K/8E 1 2
2 1 2.0

62K/ 8w 1 3
2 1 3.0

1 2
2 1 2.0

62K/9E 1 6
2 1 6.0

62K/owW 1 2
2 1 2.0

62K/10E 1 4

2 2
3 1 2.0

62K/11wW 1 16

2 3
3 1 4.0

62K/12E 1 5

2 2
3 1 2.2

62K/12w 1 2
2 1 2.0

62K/10wW 1 2
) 2 1 2»0

1 4
2 1 4.0

62K/11E 1 3
2 1 3.0

1 2
2 1 2.0

62K/13E

D =
o
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TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER BASIN BIFYRCATION

ORDER FREQUENCY RATIO
62K/13w 1 3
2 1 3.0
62K/14E 1 7
2 2
3 1 2.7
1 8
2 3
3 1 2.7
62K/14wW 1 7
2 2
3 1 2.7
62K/15E 1 11
2 2
3 1 3.7
1 4
2 1 4.0
62K/15W 1 3
2 1 3.0
1 6
2 1 6.0
62K/16W 1 12
2 3
3 1 3.5
1 7
2 3
3 1 2.6
1 14
2 4
3 1 3.8
62N/3L 1 2
2 1 2,0
1 3
2 1 3.0
1 5
2 2
3 1 2.3



TABLE 6 (CONTINUED),

TOPOGRAPHIC SHEET STRAHLER STREAM ORDER
ORDER FREQUENCY

62N/6E 1 6
2 2
3 1
1 5
2 2
3 1
62N/6W 1 5
2 1
1 6
2 1
1 3
2 1
62N/11w 1 10
2 4
3 1
1 1
2
3
1
2
3

A TOTAL OF 91 BIFURCATION RATIOS,
MEAN BASIN Ry = 3.10

N oY G

128

BASIN BIFURCATION
RATIO

2.5

2.4

3.5

2,5



TABLE 7

TOPOGRAPHIC
SHEET

54K/4E

54K/5w

54L/1E

54L/2W

54L/8E

54L/9W

54L/15W

PHOTOS

4.1

4.1

4.7

4.2

4:8

4.5

BASIN Rp BASIN Ry,
EMPLOYING EMPLOYING EMPLOYING
1:50000
SHEETS

3.8

3.5

4.5

4.4

3.4

PHOTOS:
ORDER

[Sa TNV TN o EESIVI LN W

EE MR 20O N o

STREAM ORDER

FREQ.,

16

3
1

53
10
2
1

101

129

HUDSON BAY LOWLAND BIFURCATION RATIO DATA
EMPLOYING STEREOVISUAL ANALYSIS OF AERIAL
PHOTOS WITH A MEAN SCALE OF 1:60000

STREAM ORDER

EMPLOYING
TOPOGRAPHIC
SHEETS :
ORDER  FREQ,
1 13
2 5
3 1
1 12
2 3
3 1
1 15
2 2
3 1
1 16
2 6
3 1
1 23
2 7
3 1
1 8
2 2
3 1
1 11
2 4
3 1
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TABLE 8 PRECAMBRIAN SHIELD BIFURCATION RATIO DATA

EMPLOYING STEREOVISUAL ANALYSIS OF AERIAL
PHOTOS WITH A MEAN SCALE OF 1:37400

TOPOGRAPHIC BASIN R, BASIN R STREAM ORDER STREAM ORDER

SHEET EMPLOYINGEMPLOYTING EMPLOYING EMPLOYING
PHOTOS  1:50000 PHOTOS: TOPOGRAPHIC
SHEETS ORDER  FREQ, SHEETS:
ORDER  FREQ,

52L/11wW 4.7 3.0 1 19 1 3
2 3 2 1

3 1
53E/15 3.9 2.5 1 41 1 6
2 9 2 2
3 2 3 1

4 1
53E/16 4.0 2.6 1 62 1 7
2 21 2 3
3 4 3 1

4 1
633/7E 3.6 3.0 1 45 1 3
: 2 12 2 1

3 3

4 1
63J/8E 3.0 3.0 1 9 1 3
2 3 2 1

3 1
63J/9W 3.9 6.0 1 36 1 6
2 6 2 1

3 2

4 1
63J/10E 3.2 4.0 1 32 1 4
2 8 2 1

3 3

4 1
633/12 3.5 5.5 1 146 1 28
2 37 2 7
3 10 3 1

4 3

5 1
63J3/15wW 5.0 6.0 1 26 1 6
2 5 2 1

3 1
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TABLE 8 (CONTINUED),

TOPOGRAPHIC BASIN Ry, BASIN Ry, STREAM ORDER STREAM ORDER

SHEET EMPLOYING EMPLOYING EMPLOYING EMPLOYING
PHOTOS 1:50000 PHOTOS: TOPOGRAPHIC
SHEETS ORDER  FREQ., SHEETS:
ORDER  FREQ,

63K/13E 3.7 3.0 1 50 1 3
2 14 2 1

3 4

4 1
63K/13wW 3.8 2.0 1 11 1 2
2 2 2 1

3 1
63K/14W 3.6 2.3 1 47 1 5
2 11 2 2
3 3 3 1

4 1
63K/15E 6.1 6.0 1 101 1 6
4 2 25 2 1

3 2

4 1
63N/4 3.8 4.0 1 54 1 14
2 12 2 3
3 4 3 1

4 1
630/1 4.0 6,0 1 50 1 6
2 8 2 1

3 3

4 1
630/9 4.0 4.0 1 203 1 12
2 55 2 2
"3 9 3 1

4 2

5 1
63P/5 4.0 4.0 1 48 1 4
2 8 2 1

3 2

4 1
63P/11 3.6 7.0 1 50 1 7
2 13 2 1

3 3

4 1



TABLE 8

TOPOGRAPHIC BASIN R
EMPLOYIRG
PHOTOS

SHEET

63P/13E

63P/14W

64A/2

64A/4

64C/9

64C/11

64C/14

64C/16E

64F /1

40

3.

(CONTINUED),

8

6

1

4.3

2.9

4

3.

3.

5

8

8

.0

BASIN R
EMPLOYI%G
1:50000
SHEETS

3.7

2,3

2.3

365

1
2
3
4
1
2
3
4
1
2
3
4
5
6
1
2
3
4
1
2
3
4
1
2
3
1
2
3
1
2
3
4
1
2
3
4

STREAM ORDER
EMPLOYING
PHOTOS:

ORDER  FREQ.

87
22
6
1

38
10
2
1

498
122
34
8

2

1

™~
g o

o 0o =N Sg

s
= DO

51
14

61
14

132

STREAM ORDER

EMPLOYING
TOPOGRAPHIC
SHEETS
ORDER  FREQ.
1 11
2 2
3 1
1 4
2 1
1 63
2 17
3 4
4 1
1 5
2 2
3 1
1 3
2 1
1 2
2 1
1 2
2 1
1 5
2 2
3 1
1 13
2 4
3 1
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TABLE 8 (CONTINUED) .,

TOPOGRAPHIC BASIN R BASIN R STREAM ORDER STREAM ORDER

SHEET EMPLOYIRG EMPLOYIRG EMPLOYING EMPLOYING
PHOTOS 1:50000 PHOTOS TOPOGRAPHIC
SHEETS ORDER FREQ. SHEETS:
ORDER FREQ,
64F/3 3.9 6.0 1 63 1 6
2 15 2 1
3 4
4 1

TABLE 9 MANITOBA LOWLAND PLAIN BIFURCATION RATIO DATA
EMPLOYING STEREOVISUAL ANALYSIS OF AERTAL
PHOTOS WITH A MEAN SCALE OF 1:15840

TOPOGRAPHIC BASIN R, BASIN R, STREAM ORDER STREAM ORDER
SHEET EMPLOYINE EMPLOYING EMPLOYING EMPLOYING
PHOTOS 1:50000 PHOTOS: TOPOGRAPHIC
SHEETS ORDER  FREQ, SHEETS:
ORDER  FREOQ.

62H/4W 4.7 3.5 1 94 1 13
. 2 20 2 4
3 5 3 1

4 1
62H/12E 3.4 3.3 1 50 1 13
2 16 2 4
3 5 3 1

4 1
62H/13W 3.1 2.6 1 27 1 7
2 8 2 3
3 2 3 1

4 1
62I/1E 3.8 3.0 1 39 1 9
~ 2 12 2 3
3 2 3 1

4 1
621/1w 4.8 2.5 1 84 1 6
2 23 2 2
3 3 3 1

4 1
62T/6LF 5.2 4.0 1 26 1 4
2 6 2 1

3 1



TABLE 9

TOPOGRAPHIC
SHEET

621/9

62J3/2W

620/7

62P/5

63B/1

63C/2

63J/1E

(CONTINUED).

BASIN R
EMPLOYIRG
PHOTOS

3.2

4.7

3.8

3.3

BASIN R
EMPLOYING
1:50000
SHEETS

4.7

STREAM ORDER

EMPLOYING

PHOTOS :

ORDER  FREQ.
1 28
2 8
3 2
4 1
1 17
2 7
3 1
1 9
2 3
3 1
1 23
2 5
3 2
4 1
1 49
2 12
3 2
4 1
1 196
2 46
3 12
4 4
5 1
1 40
2 12
3 4
4 1
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STREAM ORDER

EMPLOYING
TOPOGRAPHIC
SHEETS :
ORDER  FREQ.
1 22
2 6
3 1
1 4
2 1
1 3
2 1
1 4
2 2
3 1
1 5
2 1
1 8
2 2
3 1
1 7
2 1



TABLE 10

TOPOGRAPHIC
SHEET

62G/8W

62G/15W

623/6W

62J/12E

62J/13W

62K/16E

62K/16W

- 62N/1E

BASIN Ry, BASIN R
EMPLOYING EMPLOYIRG

PHOTOS 1:50000

SHEETS

3.2 2.7
4.8 3.0
4'2 300
4.4 3.5
4.2 4.0
3.0 2,0
4.7 2.0
4.2 2,0

STREAM ORDER
EMPLOYING
PHOTOS:
ORDER  FREQ.
1 90
2 23
3 6
4 2
5 1
1 104
2 22
3 6
4 1
1 260
2 60
3 24
4 6
5 1
1 66
2 13
3 6
4 1
1 69
2 21
3 4
4 1
1 25
2 7
3 5
4 1
1 21
2 4
3 1
1 17
2 4
3 1
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MANITOBA ESCARPMENT BIFURCATION RATIO DATA
EMPLOYING STEREOVISUAL ANALYSIS OF AERTIAL
PHOTOS WITH A MEAN SCALE OF 1:15840

STREAM ORDER

EMPLOYING
TOPOGRAPHIC
SHEETS :
ORDER  FREQ.
1 7
2 2
3 1
1 3
2 1
1 22
2 5
3 2
4 1
1 13
2 3
3 1
1 14
2 5
3 1
1 2
2 1
1 2
2 1
1 2
2 1



TABLE 11

TOPOGRAPHIC BASIN Ry
EMPLOYING EMPLOYIBG
1:50000
SHEETS

SHEET

62F/1wW

62F/2E

62F/7W

62F/11E

62F/16W

62G/4W

62G/6W

62J/2E

62J3/4W

PHOTOS

4.6

4.5

4.5

4.3

3.7

5.4

BASIN R

3.5

2.8

2.8

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
1
2
3
4
1
2
3
4
1
2
3
1
2
3
4
1
2
3

STREAM ORDER
EMPLOYING
PHOTOS:

ORDER FREQ.

77
22

3
1

60
17
3
1

D NN
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MANITOBA UPLAND BIFURCATION RATIO DATA
EMPLOYING STEREOVISUAL ANALYSIS OF AERTIAL
PHOTOS WITH A MEAN SCALE OF 1:15840

STREAM ORDER

EMPLOYING
TOPOGRAPHIC
SHEETS :
ORDER  FREQ.
1 13
2 5
3 2
4 1
1 8
2 3
3 1
1 2
2 1
1 2
2 1
1 4
2 2
3 1
1 6
2 1
1 4
2 1
1 8
2 3
3 1
1 4
2 1
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TABLE 11 (CONTINUED).

TOPOGRAPHIC BASIN R BASIN R STREAM ORDER STREAM ORDER

SHEET EMPLOYING EMPLOYIRG EMPLOYING EMPLOYING
PHOTOS 1:50000  PHOTOS: TOPOGRAPHIC
SHEETS ORDER  FREQ. SHEETS:
ORDER  FREQ,
62K/2W 3.6 2,5 1 45 1 6
2 11 2 2
3 3 3 1
4 1
62K/ 3w 3.6 5.0 1 39 1 5
2 9 2 1
3 2
4 1
62K/2E 4.9 4,0 1 23 1 4
2 6 2 1
3 1
62K /8w 4.8 3.0 1 21 1 3
2 6 2 1
3 1
62K/10W 5.3 2.0 28 1 2
2 5 2 1
1
62K/14E 2.9 2.7 1 77 1 8
2 18 2 3
3 7 3 1
4 2
5 1
62K/15W 4,2 3.0 1 17 1 3
2 5 2 1
3 1 '
63N/3E 4.0 2.0 1 12 1 2
2 2 2 1
3 1
62N/06W 2.8 5.0 1 20 1 5
2 5 2 1
3 2
4 1



138

TABLE 12 BIFURCATION RATIO CORRECTION FACTOR DERIVATION

PHYSTOGRAPHIC STREAM NET MEAN BASIN MEAN BASIN Ry

REGION SAMPLE SIZE R Ry CORRECTION

BY PBOTOS BY 1:50000 FACTOR
TOPOGRAPHIC

SHEETS

HUDSON BAY

LOWLAND 7 3.96 4.50 +0.54
PRECAMBRIAN

SHIELD 28 3.81 3.96 +0,15
MANITOBA _
LOWLAND 13 3.66 3.84 +0,18
MANITOBA

ESCARPMENT 10 2.84 3.95 +1,11
MANITOBA

UPLAND 19 3.35 4,11 +0.76

TABLE 13 EMPLOYMENT OF THE CORRECTION FACTOR TO DERIVE MORE
PRECISE BIFURCATION RATIOS FOR MANITOBA'S PHYSIOGRAPHIC REGIONS

PHYSTOGRAPHIC MEAN Ry Rb CORRECTION NEW MEAN Ry
REGION AS DERIVED FACTOR

FROM TOPO,

SHEETS
HUDSON BAY
LOWLAND 3.60 +0.54 4.14
PRECAMBRTAN
SHIELD 3.40 +0.15 3.55
MANITOBA
LOWLAND 3.60 +0,18 3.78
MANITOBA
ESCARPMENT 3.40 +1,11 4.51
MANITOBA

UPLAND 3.10 +0.76 3.86
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MAP

SCHAEFFER CREEK

METHOD |




MAP 5

SCHAEFFER CREEK

METHOD 2
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MAP 6

SCHAEFFER CREEK

METHOD 3

SCALE 1:40000

CONTOUR INTERVAL 50’
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MAP 7

SCHAEFFER CREEK

METHOD 4

SCALE 1:40000

CONTOUR INTERVAL 50’
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MAP 8

SCHAEFFER CREEK

METHOD 5§

SCALE 1:40000

CONTOUR INTERVAL 50°
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APPENDIX C,

WATER SURPLUS DATA AND STATISTICAL ANALYSES



TABLE 1 DETERMINATION OF BASIN BIFURCATION RATIO AND WATER SURPLUS FOR SELECTED NETWORKS

DRAINAGE NETWORK LOCATION
LATITUDE:
LONGITUDE

MANIGOTAGAN R,

BLACK R,
WHITESHELL R,
BROKENHEAD R,
WHITEMOUTH R,
BROKENHEAD R, (2)

PEMBINA R,
PEMBINA R, (2)
-WHITEMUD CREEK
WAKOPA CREEK
BADGER CREEK
LOXNG R,

CRYSTAL CREEK

PILOT CREEK

BASIN
AREA
(ACRES)

444800
170880
179200
171520
928000
380160

88960
218240
129204

41344
369920
126080

36160

37952

PERIOD

OF

RECORD
(YEARS)

12

10

58

10

MEAN
DAILY
DISCHARGE
(C.F.S.)

330
162
152
89.7
531
175
15.8
166
19.4
9.2
24.3
11.1
4.2
3.6

MEAN

YEARLY
DISCHARGE
(CONVERTED TO
ACRE - FEET)

95,563.63

117,282.64

110,042.97
64,939.80
384,426 .40
126,694.20
11,438.70
120,178.50
140440.90'
6660.50
17592.40
8036.03
3040.70
2606,30

WATER
SURPLUS
IN FEET

.2148
.6863
6140
.3786
4142
. 3332

,1285

0550
.1086
1610
.0475
.0637
.0840
L0686

BASIN

Rb

3.91
3.41
5.62
4.22
4.93
4.55
2.78
3.02
2,94
6.76
4.84
4.04
4.01

5.61

vt




DRAINAGE NETWORK LOCATION
LATITUDE:
LONGITUDE :

MARY JANE CREEK
SNOWFLAKE CREEK
MOWBRAY CREEK
ROSEAU R,
SPRAGUE CREEK
MORRIS R,

BOYNE R,
SHANNON CREEK
RAT R,

RAT R, (2)

" ELM CREEK #3
ELM CREEK #2
ELM CREEK #1

SHELL R.

TABLE 1

BASIN
AREA
(ACRES)

33984
222720
60096
1177600
108160
488320
295040
134400
121600
450560
119040
166400
204160

347520

(CONTINUED),

PERIOD

OF

RECORD
(YEARS)

31
28
53

o

[© )TN ¢ s o)

MEAN
DATLY
DISCHARGE
(CeF.S.)

8.5
6.4
9.3
363
63
105
55.3
39.1
61.5
113
9.2
17.5
36.6

51.2

MEAN WATER BASIN
YEARLY SURPLUS Rp
DISCHARGE IN FEET

(CONVERTED TO

ACRE ~ FEET)

6153.70 .1810 4.11
4633 .40 .0208 4,91
6732.90 .1120 3.71
262800.00 2231 3.60
45609.90 4216 2,97
76016 .50 .1556 3.45
40035.40 .1356 4.17
28307.10 .2106 2,78
44524 .00 .3661 5.41
81808.30 1815 5.92
6660.50 .0559 3.22
12669.40 L0761 5.94
26497.20 1297 3.24
37067.10 .1066 2,20

9v 1




DRAINAGE NETWORK LOCATION
LATITUDE:
LONGITUDE:

CONJURING CREEK
BIRDTAIL CREEK
ARROW R,

GOPHER CREEK
BOSSHILL CREEK
OAK R,

HAMIOTA CREEK
KENTON CREEK
MINNEDOSA R,
JACKFISH CREEK
LITTLE SOURIS R,
ANTLER R,
GAINBOROUGH CREEK

GRAHAM CREEK

5047
101 17
50 31
100 57
50 05
100 57
49 47
100 57
49 50
100 58
50 01
100 23
50 10
100 33
49 39
100 36
50 01
100 12
50 52
100 02
49 43
99 350
49 03

~ 101 02

49 05
101 11
49 15
100 59

TABLE 1

BASIN PERIOD

(YEARS)

AREA OF
(ACRES) RECORD
21120 10

270720 12
151040 10
76800 10
49280 10
316800 10
11200 8

9152 7
966400 13

5056 5
180480 8
793600 13
302720 12
186240 11

(CONTINUED)

MEAN MEAN WATER ‘BASIN
DAILY YEARLY SURPLUS Rb
DISCHARGE DISCHARGE IN FEET

(CeFoS.) (CONVERTED TO
ACRE - FEET)

2.5 1810.00 .0857 4,06
42,9  31058.20 1147 2.41
7.4  5357.40 .0354 4.97

- 6,0 4343.80 .0565 4,70
5.3 3837.00 .0778 3.68
9.9 7167.30 .0226 4.19
.53 383.70 0342 2.76
1.8 1303.10 1423 4.76
150.0 108595.00 1123 4.55
4.0 2895.90 5727 2.76
10.7 7746.40 .0429 4.72
16.4 11873.10 .0148 5,00
5.4 3909.40 0121 3.24
2.0 1447.90 .0077 4.14

Lyt




DRAINAGE NETWORK LOCATION
LATITUDE
LONGITUDE:

TURTLEHEAD CREEK

PLUM CREEK
PIPESTONE CREEK
ELGIN CREEK
OAK CREEK
EPINETTE CREEK
STURGEON.CREEK
SEINE R,
>COOKS CREEK
NETLEY CREEK
OSTER CREEK
ICELANDIC R,
FISHER R,

EAST FISHER R,

0 ¢
49 09
100 25
49 37
100 18
49 35
100 56
49 35
100 14
49 33
99 30
49 43
99 16
49 52
97 16
49 46
96 56
50 08
96 49
50 19
97 02
50 34
97 01
50 57
97 02
51 21
97 30
51 13
97 32

TABLE

BASIN
AREA
(ACRES)

23040
1657600
998400
115840
232960
120320
105600
316800
161920
188800
63360
282240
335360
97280

1  (CONTINUED).

PERIOD
OF

RECORD

(YEARS)

12

11

20

11-

MEAN
DAILY
DISCHARGE
(C.F.S.)
3.6
10.0
23.3
6.1
18.8
9.4
43.3
69,1
78.0
35.7
11.5
93.5
54.5
31.6

MEAN
YEARLY
DISCHARGE

(CONVERTED TO
ACRE - FEET)

2606,30
7239.70

©16868.40

4416.20
13610.60
6805.30
31347.80
50026,10
56469.40
25845.60
8325.60
67328.90
39456.20
22877 .40

IN

WATER
SURPLUS
FEET

.1131
.0043
0168
.0381
.0584
0564
22968
.1579
3487
.1368
.1314
.2385
1176

22351

BASIN

8yt




DRAINAGE NETWORK LOCATION
LATITUDE:
LONGITUDE:

WHITEMUD R,
NEEPAWA CREEK
JORDAN CREEK

PINE CREEK

W, SQUIRREL CREEK

MOSSY RIVER
TURTLE R,
McKINNON CREEK
SCOTT CREEK
VERMILLION R,
EDWARDS CREEK
WILSON R,
VALLEY R,

PLEASANT CREEK

50

50
99
50
99

98
49
98
51
99
50
99
50
99
50
99
51
100
51
100
51
100
51
100
51
100

TABLE

BASIN
AREA
(ACRES)

1510400
39680
13952

157440
209902
2208000
267520
19200
16640
167040
32128
228480
736000
76160

1 (CONTINUED),

"~ PERIOD

OF
RECORD
(YEARS)

10

10

9
10
6
8

12

10

10

12

12

12

12

5

MEAN
DATILY

DISCHARGE

(CeF.S,)

202
14
4.5
40
10.6
259
78.9
10
12.1
64.0
24.3
61.1
97.8
9.4

MEAN

YEARLY

DISCHARGE
(CONVERTED TO
ACRE ~ FEET)
146241,30

10135.50

3257.90
28958,70
7674 ,00

187507.40
© 57121,00

7239.70
8760.00
46333.90
17592.40
44234 .40
70804 .00

6805.30

WATER BASIN

™ FEED P
.0968 4.77
2554 3.66
«2335 5.76
.1839 3.38
<3655 5.76
.0849 4,36
2135 2.91
«3770 4.61
.5264 4.31

02773 3.73

«5475 4.71
1936 5.28
.0962 5.20
0893 2.74

6V1




DRAINAGE NETWORK LOCATION
LATITUDE:
LONGITUDE:

MINK R,
-FISHING R.
FORK R,

PINE R,
GARLAND R,
SWAN R,
ROARING R,
WOODY R,
BIRCH R,
BELL R,
STEEPROCK R,
'RED DEER R,
OVERFLOWING R,
GRASS R, |

BURNTWOOD R,

51
100
51
100
51
100
51
100
51
100
52
101
.52
101
52
101
52
101
52
101
52
101
52
101
53
101
54
99

97

TABLE

BASIN
AREA
(ACRES)

52480
72960
67200
53760
141440
972800
209280
525440
39040
41600
92800
3526400
672000

806400

4038400

1

(CONTINUED),

PERIOD
OF
RECORD
(YEARS)
13
12
13
12
11
8
8
12
11
9
10
6
11
11

11

MEAN MEAN WATER BASIN
DATILY YEARLY SURPLUS Ry
DISCHARGE DISCHARGE" IN FEET

(C.F.S,) (CONVERTED TO
ACRE - FEET)

9.8 7094.90 1351 3.56
4.7 3402.70 0466 3.60
16.3 . 11801.00 L1756 4.47
33.1 23963.30 ‘ 4457 4.56
31.4  22732.60 1607 4.38
149 107871.10 .1108  2.21
72.9 52777 .20 .25211 5,16
156 112938.90 2149 2.74
29.5 21357.00 5470 4.11
39.1  28307.10 6804 3.96
85.8 62116.70 6693 4.70
870 629851,20 1786 3.45

. 388 280899.20 .4180 3.96
410 206826.40 .3680  3.74
3870  2801752.10 6937 4.01

09T
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TABLE 2 ANALYSIS OF VARIANCE FOR BIFURCATION RATIO VALUES

PRECAMBRIAN MANITOBA MANITOBA MANITOBA TOTAL
SHIELD PLAIN ESCARPMENT UPLAND

3.91 4.93 4.04 2,78 15.66
3.41 4.22 4.01 2,94 14.58
5,62 4.55 5.61 6.76 22.45
3.02 4.11 4.84 11,97

3.60 4.91 4,06 12.57

2.97 3.71 2.41 9.09

3.45 2,91 4.97 11.33

4.17 4.61 4.70 13.48

2,78 4.31 3.68 10.77

5.41 4.71 4.19 13.77

5.92 5,28 2.76 13.96

3.22 5.20 4.76 13.18

5.94 4.38 4.55 14.87

3.24 2.21 2.76 8.31

3.53 4.11 4.72 12,36

4.83 3.45 5.00 13,28

2.30 3.24 5.59

2,25 4.14 6.39

3.98 5.26 9.24

2.18 2.85 5.03

4.77 . 3.60 8.37

3.38 - 4.76 8.14

5.76 2.76 8.52

5.57 : 5.31 10.88

3.72 3.66 7.38

3.73 5.76 9.49

5.16 2.74 7.90

2.74 3.56 6.30

3.60 3.60

4.47 4.47

4.56 4.56

3.96 3.96

4.70 4.70

12.94 111,32 67.56 134.81 326,14 TOTAL

4,31 3.97 4,22 4.08 4,14 MEAN

The null hypothesis to be tested states that the 4 physiographic
regions are homogencous with respect to the Strahler bifurcation

ratio,
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TABLE 2 (CONTINUED),

VARTATTION AMONG COLUMN MEANS:
— =3 — == — = 2 .
N1 (X1 =~ X)2 + N2 (X2 -~ X)Z + N3 (X3 - X)" + ...., therefore,

2 2
3(4.31 - 4.14) + 28(3.97 - 4.14) + 16(4.22 - 4.14)2 T oo

I

I

0.3723. Since the variation is measured by the 4 column
means, with 1 restriction represented by the grand mean éf
the sample, the number of degrees of freedom is nl - k =
4-1 = 3,

VARIATION WITHIN COLUMNS:

ie, [(3.91 - 4.31)2 + (3.41 - 4,31)2 + (5.62 - 4,31)2 j +
[(4.93 - 3,907 4 (4.22 - 3,072 4., :] etc., = 2,69 +

35.57 + 10,50 + 33.83 = 82,59, Degreeé of freedom = 80 - 4
= 76, therefore the second estimate of the universe variance
is 82.59/76 = 1,0867., Total variation = 1,1171 +’82,59
=k83‘,70., Observed F ratio = 0,3723/1.0867 = 0,3425. Since N1
= 3 and N2 = 76, an F ratio as large or larger than 2,75 or
4.09 would occur 5% or 1% of the time. Consequently, ﬁhe
smaller observed F ratio of 0.3425 would be expected to
occur purely by chance even more frequently. Therefore, the
hypothesis that the 4 physiographic regions are homogeneous

" with respect to bifurcation ratio cannot be rejected on the

1.1171, The estimated variance of the universe is 1.1171 / 3

5% or 1% significance levels on the basis of the given sample

evidence., The subgroups to which the estimated variance

refer are considered to represent the same universe,
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TABLE 3 ANALYSIS OF VARIANCE FOR WATER SURPLUS VALUES

PRECAMBRIAN MANITOBA MANITOBA MANITOBA TOTAL
SHIELD PLAIN ESCARPMENT UPLAND

0.2148 0.4142 0,0637 0.1285 0.8212
.6863 .3786 .0840 .1086 1.,2575
.6140 .3332 . 0686 1610 1.,1768
.0550 .1810 .0475 0.2835
.2231 .0208 ., 0857 .3296
4216 1120 o 1147 .6483
1556 .3770 0354 .4045
.1356 .5264 0565 5691
.2106 «5475 0778 .8148
.3661 .,1936 .0226 .0362
.1815 0062 0342 40903

.0559 1607 1423 2944 oo
.0761 .1108 1123 .3491
1297 .5470 5727 .8132
1579 1786 .0429 .8867
.3487 L0121 .3514
.1368 .0077 .1445
1314 1131 «2445
.2385 .0043 .2428
.0068 .0168 .1136
.1839 ‘ .0381 .2220
.3655 : .0584 4239
-1176 .0564 1740
.2351 <2554 .4905
2773 .2335 .5108
.2521 .0893 .3414
.2149 .1351 .3500
. .0466 .0466
1756 1756
4457 4457
6804 6804
6693 6603

1,5151 6.1905 2.9339 4.7954 14.8850 TOTAL
.5050 .2210 .1833 .1453 .2722 MEAN

The null hypothesis to be tested on the basis of these
samples states that the 4 universes (physiographic regions),

are homogeneous in respect to the average water surplus.,
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TABLE 3 (CONTINUED).

VARIATION AMONG  COLUMN MEANS:

N1 (X1 - %)2 + N2 (X2 - §32 + N3(X3 - ?32 + ...., therefore
3(.5050 - .2722)2 + 28(.2210 -~ .2722)2 + 16(.1833 - .2722)2
= 0,8931. The estimated variance of the universe is 0.8931/

3 = 0.2977. Since the variation is measured by the 4»

column means, with 1 restriction represented by the grand
mean of the sample, the number of degrees of freedom is

nl - k = 4-1=3,

VARIATION WITHIN COLUMNS:

ie. [(.2148 - .5050)2 + (.6863 - ,5050)2 + (.6140 - .5050)2]
+ [(.4142 ~ .2214)% + (L3786 - ,2214)2 +....:,etc. = ,1288

+ ,3055 + .4751 + 1,0130 = 1,9224, Degrees of freedom =

80 - 4=76, therefeore the second estimaﬁe of the universe
variance is 1.9224/76 = 0,0252.Total variation = 0,8147 +

1 9224 = 2,7371. Observed F ratio = 0.2977/0,0252 = 11,8134;
Since N1 = 3, and N2 = 76, an F ratio as large or larger
than 4.090 would occur by chance 1% of the time. Consequently,
the larger observed F ratio of 11.8134 wéuld be expected to
occur purely by chance even less frequently, Therefore,

the hypothesis that the 4 physiographic region are homogeneous
with respect to water surplus can be rejected at the 1%
significance level, on the baéis of the given sample
evidence. The subgroups to which the estimated variances

refer are considered to represent different universes,
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