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AI]STRACT

A study of the statistical relationship betrveen the

Strahler bifurcation ratio of a drainage basin and the cor-

responding rvater surplus value is undertaken in this thesis 
"

0f i-mportance is the scale of mapping used in the calculation

of the bifurcation ratio, Upon establishing an optimum

mapping sca1e, bifurcation ratio values are calculated for

physiographic regions in Manitoba. Then, for a number of

selected drainage basins bifurcation rati-os and water surplus

values are deri-ved. B,y means of various statistical tests,

the relationship between these two variables j-s 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 Êechnique when conducting morphometric

analyses from maps and aerial photography. Correlation and

regression tests show no strong relationship between the

Strahler bi-furcation ratio and its corresponding water surplus

value. Analysis of variance tests substantiate the previous

conclusions, fhe nul1 hypothesis that the four physiographic

regíons are 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

homogeneotrs ivith respect to rvater surplus can be rejected at

the one percent significance level. In concltrsion, the

rvater surplus valtre is shor^rn to be directl y related to

preci-pitation inprrt and inver.sely related to the i-nfiltration

rate and capaci{,y of surf j-cial mabcr.ial.
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A.

CI]APTER T

TNTRODUCTION

REVIEW OF BIFURCATTON RATTO DERIVATION AND STREAM
ORDERING TEC}INI9UES

The foundation of the modern approach to fluvíal land-

form geometry was acknowledged by A"N. Strahler(f964r4-40)

in hís statement: ttUnder the impetus supplied Ot [O,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 fand others] with numerj-ca1 data of practical

value. tt

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

(fq09rp,LZ) 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 bifr-rrcation follolving the branch assumed
to have the greatest width, discharge., headrvard
branching or junction angle. This process was repeated
for each stream directly tributary to order 1, these
being designabecl or"der 2 strcams, and so on until the
most renrote fingertip tribu'bar"ies received the highest
order.



,
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I{owever, I-Iorton believed that Lhere rdere def inil-e

disadvantages to this scheme, The subjective decisions

which have to be l,aken at each bifurcation and the fact

that stream order number r,ras not systematically related

to the rnagnitude of a given segment led Horton 1-o state

that he preferred the converse procedure. Florton(1945rp.281)

therefore proposes:
l-rIn this I Hortonrsl system, unbranched fingertip

tributaries are always desígnated as of order 1,
tributaries or streams of the 2d order receive
branches or tributaries of the 1st order, but
these only; a Jd order stream must receive one or
more tributaries of the 2d order but may also
receive lst order tributaries, A 4th order
stream receíves branches of the 3d and usually
also of lower orders, and so ooo

After classifying all stream segments, most of the

drainage basin must be re-ordered. Starting at the basin

mouth and workírig headwards, the trunk stream is extended

at each bifurcation and follows the tributary which is more

nearly in line with it, or t 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 tribubaries remain.

Unfortunately, with llorton?s system of stream orderi-ng

various difficulties arise in that this method possesses a

degree of subjectivity in the process of reclassification

of tributar,ies. Also, this systern has the disadvantages of

assigni-ng to some unbranched fingertip tributaries orders

greater tl-ran one and dillllerent orclers to stream segments of

eqtral magn:i-tucle.
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Horton(tgSZ,p,356) states that trft is evi-dent t,hat

the number of tri-butaries 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 seriesr or

the whole number of streams in a basin would be:

where 0 is the order of the main stream"rf

states quite erroneously that if Nl is the

tríbutaries of the first order:

(r)

Horton then

number of

(z)

This value of r Horton states may be called the bifurcation

ratio. However, Horton neglects to declare wha'b N-l is

equal to.

In equati-on (1), N is stated t,o be the total number

of streams in a basin, and one would assume that N-l equals

a value of one less than this aggregate. This assumption

is however incorrect in the case of equation (Z), where

N-1 apparently is equal to one less than maximum basin

order.

fn the same article, Ilorton (p.35 7 ) states thab, ItFor a

numl¡er of drainage basins for rvhich the bifur"cat,ion ratj-o r

has been debermined it has been for-rncl bo be nearl-y constan.b

llor tribubarics of dif ller.e¡rb or"ders, a.1tl-rough it varies for
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different basins " rt appears to be an important prrysío-

graphic characteristic of the drainage basin.rr

Subsequently, Ilorton(lgqS,p.Z8O) symbolizes the

bifurcation ratio as r5 instead of T, and defines it as

the 'tRatio of the average number of branchings or bifur-

cations of streams of a gíven order to that of streams

of the next lorver order,rr This definj-tion 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
srb-r

N: (¡ )
r 1

where s is the order of the main stream. (Horton, rg4srp"286)
\dithin the nested híerarchy of drainage basins, the

observed símilarity of bifurcation ratios 1ed Horton to
formulate the Larv of stream Numbers, whi-ch is actually

another rvay in rvhich he def ined this ratio. The Law states
that ttrhe numbers of streams of different orders in a given

drainage basin 'bend closely to approxj-mate an inver-se

geometric series in wl-rich the first term is unity ancl the

ratio is the bi.f urcation ratiott (1945 ,p.291) .

The plotr ofl sernilogarithmic paper, of stream number"s

agai-nst their respecti.ve sbream orders l-eacls to straj-ght

b
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line relationships when lines of best lrit are clrarvn by

inspection. The bif urcat ion rati-o can be founcl by com-

put,ing or measuring the slope of the regr.ession line,
whích has the same value. The regression equation,

N : 
". 

(s-o)
OD (q)

where No is the number of streams of a given order o, and

s ís the highest stream order of the basj-n, is a mathematical

expression of Horton?s Law of Stream Numbers.

Figure 1-1 illustrates on semi-logarj_thmic paper a

plot of stream numbers versus stream order for a hypo-

theti-cal drainage network to demonstrate how *b may be

visually determined.

AuNo Strahler modified Horton?s system of stream

ordering by attowing Hortonls provisionar scheme to
determine the final ordering, such that, the smallest or
fingertip channels constitute the first order segments.

Strahler(lgSZrp.112O) comments that, rrFor the most part
these carry rvet-rveather streams and are norrnally dry.rt
A second order stream segment is formed at the junction

of trvo first order tributari-es, while a third order segment

ís formed by the confluence of trvo second order streams, etc
Itrhis method avoids the necessity of subjective decisions
inherent in l-lor,tonrs method and assures that there ivi_rl l:e

on1¡' 6ns stream bearing the hj-ghest order numr¡er.,

The srrbjective decj-sj-ons inherent in btte llort on system

are avoj.cled by usir-rg St¡aþf errs me.Lþocl of stream orcler"ing.
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I{ith the 1at1-er methoct, Ilaggett and Chorley(f909,p"L4)

state t,hat similar orders have similar geornet rical nlag-

nitudes and, for a given drainage netrvork, yields the

same maximum basin order as the Horton system " Therefore,

the methodology employed by Strahler in ordering a drainage

network wi-ll be used as a basis for stream ordering in this

thesi-s.

The Strahler bifurcation ratiorR6, where;

Rb: Nu (s )

Nu+1

will be used, with N,, equal to the number of stream

segments of a given order and Nu + I equal to the number

of stream segments of the next higher order. Strahlerts

method 'of ordering is applied to a hypothetj-cal drainage

basin in Figure L-2 
"

B O THE DRAINAGE BASIN AS AN OPEN SYSTEM

The concept of a drainage basin as an open system,

which tends to achieve a steady state of operation has

been studied by Strahler(fg6¿) and other fluvial geomor-

phologists. Becattse natter and energy are imported and

exported from the drainage basin, any indj-vidual stream,

as rvell as a lvhole basin, can be considered as an open

sysl-en. These open systems are characterized by the

exchange of naterial. and ener.gy t,hrotrgh system boundar,ies
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and must transform energy uniformly to maintain operation.

Wíthin the drainage basin, precipitation is imported, while

mineral matter and runofll leave the system through the basin

mouth. Throughout geologj-c time the rates of import and

export of matter and energy across the basin perimeter or

system boundary may change substantially buù will be balanced

so that an equilibrium or steady state is reached. Horvever,

duríng this time (the erosion cycle) there may be short term

fluctuations in these rates whi-ch yield periods of dis-

equilibrium within the system.(Schumm and Lichtyr1965)

Moreover, the drai-nage network may be thought of as an

expanding open system, because through the progressive

developrnent of integrated streams and headward erosion of

tributaries, the network may increase in order and size

through time, until maximum possible parameters are attained.

Tn'conclusion, trshould 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 nerv

values of basin geometry are developed.tt (StrahlerrI)64rp.4-+1)

Co Water Surplus

J.M. Mather(fq5g), defines lrr'ater surplusi by simply

stating that if the amount of precipitation exceeds evapo-

transpir"ation, the soil rvill remain frrl-l of rvater and a

rvater surplus rvil I occur.

A.N. Strahler(f9ó5), r.rtilizes the soil rvaber cycle to
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more fu1ly define the term ewater surplus ? . Assuming a

hu¡nid, middle-latitude clirnate, the cycle commences j_n

early spring, when evaporation is lorv 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
soil 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(L967), declares that when precipitation

and temperature data are processed accord.ing to Thornthwaite

procedures to determine water deficiency patterns, a

residual category calledl water surplusl develops. Laycock

notes that' this term is sometimes confused with t oT used

synonymously with, the terms lrunoff? and ?streamflow?.

while runoff may be defined as that part of the precipitatíon

input which together with other water contributions appears

eventually in surface streams, streamflow is runoff in
which the water occupies a narrow trough confíned by lateral
banks. Laycock defines lrvater surplus? as that water which

percolates at levels beyond root depth or moves in surface
florv torvards streams and depressions after soil-moisture
storage capacities have been recharged and rvhich reaches

most streams as groundrvater inflorv, (i"". baseflorv).
\{aber surplus as used in thj-s trresis wirl be def ined as

average dept,h oJl rvaber at the ground surface in a clrainage
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basin, Dividing drainage netrvork discharge, converteci f ronr

cubic feet per second(cfs) to acre-feet, by basin area in
acres, yields the uniforrn depth of water, in feel,, to rvhich

the entire basin woulcl theoretically be inunclatecl. Moreover,

the term ?water srrrplus I may be expressed by the equation
belorv, where lds symbolizes the runit yield? of water surplus,
0d symbolizes mean yearly discharge in cfs o converted to a

depth in acre-feet, and Aa symborizes the area of the drainage
basin in acres.

I{S : 94
Aa

(6 )

The water surplus is the surface runoff, less the basefloiv
recorded as groundwater, avairable for surface erosive
purposes. However, it should be noted that not all this
water surplus wí1l induce erosion because parts of this
surplus are involved in overcoming the frictj-onal resistance
of vegetation, in overland flow and j-n surface detenti_on,
rvhich increases with increasing resistance.

The following section of this chapter deals with
bifurcation ratío derivation" A revierv of the types and

causes of surface erosion is undertaken, commencing with
a di-scussion of overland flow and the belt of no erosion 

"
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D o Theori-es ncernl_n Rifu al,ion Ratio Developrnent

Ther"e are several schools of thougrrt concerning the
characteristics of bifurcation ratios and the causes of
their developrnent within certai-n numerical limits.
Fluvial geomorphologísts have tried to define the
expression?bifurcation ratioe and to describe how and

why it develops the way it does under given condj.tíons.
concerning the erosional deveropment of streams, Horton

asserts that this process is not entirely random.

Horton(rg¿srp.335-339) states that when a nervly exposed

surface is eroded., âD initial series of small, shallow,
closely spaced shoestring gullies or ril1 channels is
developed, These rills flow pararlel to each other and

as a result of varíous causes, the divides between adjacent
rills are broken down and water f].ow in the shallower rill
channels is diverted into deeper ones, a process known as

micropiracy, Thus, a neü/ system of rills is developed which

has a direction of flow at an angle to the initial rill
channels and produces a resul-tant slope towards the initial
rill " on newly exposed terrain, stream segments develop

first rvhere the length of overland .florv exceeds the critícal
length, that i", just beyond the linrit of the belt of no

erosion. stream segments starting at 'bhese points generally
become the f J.ngertip tributari.es.

rf the area in rvhr'-ch surface runoff occurs is coverecl

with grass or otllcr closely spaced planbs, the flow may be

srrbdivided. I{orton(1945 tp,3t5-320) f eets thab par"t of thc
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water energy available for overcoming resistance to erosio¡
is expended on frictional resistance of the grass blades¡ or
other vegetation, thereby reducing the amount of energy

availab].e 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 j-s correspondingly

decreased.

Horton states that certain physical factors govern soil
erosion; these may be grouped as initial resistivj-ty, rain
intensity, infiltration capacity and the velocity and energy

of overland florv. A vegetal cover generally breaks the force
of raindrops, and grass sod that covers the underlying soí1

inhibits erosion. Fine soil particles adhere to root hai_rs

and plant roots near the surface and act strongly as a soj_l

binder.

Fina1ly, Horton believes that nature develops successive

orders of streams by bifurcation essentia].ly j-n a uniform

manner, regardless of geologic controls. Horton(1945rp.303)

feels that fundamentally his Larv of stream Numbers is not

influenced by inhomogeneity and therefore by lack of isotropy.
However, numerical variations in the Larv may occur and

these may be accredited to geological conbrols. This

statement is substantíated by DoRu coates(rgSa) rvho f eels

that in nal ure t he mi-nimum bíf urcation rati-o of trvo is

seldonl approached. 0f more i-rnportance is that coates feels
tliab btre billur"cation ratio usually lies bebrveen three and
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five in basins without dominant differential geological

controls " lte asserts that the bifurcation ratio only

reaches higher values where geological controls favor the

development of elongate narrow basins. In following,

Strahler (J-957) 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. Horvever, Strahler notes that for drainage

networks in regions with steeply dipping bedrock confined
between hogback ridges, high bifurcati-on values may occur.

I,Vith reference to the aforesaid insensitívity,

R. shreve(rq06rp"18) states that many investigators have

shown that independence of the detailed geomorphic processes

at work in any given drainage network characterízes the
geometric series of the Law of Stream Numbers and therefore,

the bif urcati-on ratio.

concerning Hortonis Law of stream Numbers, shreve feel_s

that drainage networks which have developed j-n the absence

of geological controls are topologically random. shreve

does not imply, however, that the lengths, shapes and

orientations of links are also random. Thus, although not

e\/ery 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 bhe random development of
the bopology of channel nebrvorl<s, according to the l-arvs of
chance.
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shreve states that the bifurcation ratio is independent

of other geomorphi-c and hydrologi-c variabres ancl of the
environment. He explains randomly merging stream channels

by means of graphical construction, according to rules of
chance. However, because the graphícal method for computing

t'he probabirity of occurrence of a drainage network rvith a

given set of stream numbers has disadvantages, shreve adapbs

an alternative definition of randomly merging stream

channels. This definition involves onry network topology
and simple enumeration, (Shreve, Lg66 rp,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.
¡tThis suggests equating ?randomly merging stream channels?

with a topologically random population within which atl
topologically distinct netrvorks wj-th given numbers of links
are equally likely. tt(ShreverAg66 rp.ZT) " Theref ore, of
principal significance is the hypothesis that a natural
population of stream networks will be t,opologically

random, providing the absence of georogical controls. rn
this wâyr the definition of topologically random channel

networks can predict the Law of Stream Numbers

Shreve ( f g0 6 ,p .L7 ) asserts that r?fn a topologically
random population the most probable nebworks approxirnately

obey llorton1s larv but exhibit certain systematic clevíatiofis.rr
shreve asserts bhat a geomel ric mean bif urcab j-on ratio of
f orrr rvoulcl be the raLio mosb comnonly calculat ed f or a basin
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with a given number of f irst order t,ri-butaries. lr{oreover,

Ilor networks rvith ,, f sorlr"es] unarf) forder] given ttre
most probable netrvorlcs 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, rentain unchangedr or
increase with order and the corresponding curves on
the Horton diagram are respectJ-vely concave uprvard,
straightr or concave downrvard according as the geometric
mean bi-furcation ratio is less than, equal to, or
greater than 4. (Shrever1966 rp.31) .

Arthur Strahler expresses the equation to calculate

his bifurcation ratio asi

log Nu

where the antilog of b is

â-bu

etc.o,

(7)

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 folloiving equation;

Rbsl : Ns,
-L

*

(8)

where s denotes the order. (A1so see equati-on 5 ) .

following, MoJ" \{oldenberg(cited in Haggett and

Chorle¡rrL969rp.15) criticizes Strahlerts system of stream

ordering and hence bifr-rrcation ratio vafues, noting that

from a hydrological standpoint, his system violates t,he

distríbutive 1arv, since junctions of lorver order segments

do not change tlie order of the main stream"

By utilizing the term t linl< nragnitrrde?, Shr-eve (I967 ,

p .178 ) obeys the clisbr-ibub j-ve lar.r rvhen ordering a drainage
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netrvork. \,vith shrevers concept of magnitr-rde each exterior

or fingertip t,ributary has a magnj_1-ude of one. ff links
join then the resultant link downstream has a magnitude

equal to the total number of sources tributary to it.

Figure 1-3 illustrates Shrevees ordering technique using

link magnitudes for a hypothetical- drainage netrr,ork.

Figure 1-3 Shrevels basin ordering technique"

This method of stream ordering will produce different

bifurcatíon ratios than those calculated by Strahlerts method

of stream ordering for the same nebwork. This is because

there are ferver shreve links of each order(magnitude), since
there are more orders than lvith Strahlerrs method.

Strahleres system of ordering produces an inverse geo-

metric series of numbers of stream segments, and shreve (]-964)

found that strahlerîs numbers of stream segments were fitted

better by the ser"ies than Hortonls frequencies of streams,

usíng an exponentiar plot, the strahler system usually gives

sntaller root nlean square deviations than cloes the llor.ton system

the strahler" s¡'stem also gives dif f er"ent basin bif urcat.ion
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ratios.

E" Giusti and \{. schneider(1965) use strahlerls nrethocl

oll stream ordering and bifurcation ratio calculation rvhen

studying the Yellow River basin in Georgia. using base maps

at a scale of rz2{oo, 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 basi-ns. As basin sj-ze increases so does the
bifurcation ratio. However, after a certain basin size is
reached the bifurcation ratio tends to 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.
rn other words, the orders from which they were computed

infl-uence the value of the bifurcatíon ratio. similarily,
SoA. Schumm(fqS0) observes that because of chance irregularities
the bifurcation ratio between successive pairs of orders

differs rvithin the same basin, even if a general observ4nce

of the geometric series exists. However, Giusti and Schneider

al-so feel that due to the branching process of stream netrvorks,

the bifurcatj-on ratios become smaller if they are computed

from higher order subbasins. The reasoning is that as stream

order increases there is a climj-nishing amount of area available
lvithin the basin. This causes a higrrer percentage of streams

to join inLo hj-gher orderecl tribu1,aries"

rn conbr"as'b to Giust i ancl schneicler, ìì,J. Eylcs (19óB )
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suggests that' the bifurcation ratio may uncler some circum-
stances be i-nversely relatecl to orcler, Eyles f eels thab

recent rejuvenation has disproportionately increased the
number of first and second order t,ributarj_es, which causes

an observable upward concavity j-n a plot of stream numbers

versus order.

Finally, Giusti and Schneider(1965rp.6g) assert,
rrBifurcation ratios tend to become constant for ratios
made between numbers of branches which are two or more

orders removed from the order of the main stream.rl Thus,

th{variability of bifurcatj-on 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 tô erroneous conclusions concerni-ng the drainage netrvork.

Joco Maxrvell(rgs5rp.520) defines the bi-furcation ratio,
B, as ttrhe antilog of the slope of a straight line fitted by

inspection equally to alt poi-nts of a scatter diagram of
logarithms of number of channel-s of each ordec verslrs order
number.rt Maxivell uses strahler¡s method of stream ordering
and fitted the follorving equation to a plot of stream numbers

versLrs order.

logNu

The reason lvfaxrvell

requiring t he 1i¡re

k,logRo (logR¡r).u (q)

fits the line to all points insbead of
to pass through the point of higl-rest



20

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 representi_ng

other orders when fitting the regression line to the points
on a scatter diagram.

In conclusj-on, L"E.Mi-lton (tgOO) states that the
bifurcatíon ratio is predominantly controlled by the
drainage density and by stream entrance angles. concerning

stream entrance angles, Schumm(fqS6 rp.617_620) compares

young and mature angles of junction and finds a significant,
diffe*ence, which suggests that the angles change during the
geomorphic cycle. The ratio of channel slope to ground

slope is the primary factor causing trvo streams of unequal

order to join at a given angle. Because of the relatively
slorver degradation of the higher orcler channel, the point
of junction moves downstream and the junction angle
decreases, As the junction angle becomes very sma1l,

lateral planation may erode the interfluve and the junction
angle migrates upstrearn. This may cause a significant
change in the bifurcation ra'bio.

Milton states that in regions rvhere the netrvork

geometry develops rvithout pronounced strlrct ural controls,
bj-frrrcation ratios are stal¡le. FIe s1,resses horvever, that
nat'ral bifurca'bion ra'bios are corrtr"ollecl by geomorphic
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factors and by chance. Finally, Milton asserts t,hat

infiltr"atíon capacíty, relative relief and geological

structure, operating through the morphometric factors

of stream orientation, and draínage density, play fund-
amental roles in determining a drainage networkis bj-furcation
ratio.

Do Objectives of Research

The fundamental objecti_ve of this thesis is to

demonstrate whether or not there is a meaningful statistical
relationshi-p 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 defirùed fundamental terminologyr theoríes con-

cerni-ng the development and control of bifurcatíon ratios
l{ere revj-er.'ed, Tn the f ollowing chapter a morphometric

study of a small drainage basin in south-western Alberta
is undertaken. rt is hoped that this morphometric analysis,
whi-ch is concerned pri-marily wi-th stream numbers and orders,
will demonstrate the effects of different mapping scales on

the calculated bifurcation ratio. on the basis of this
study: âil optimum mapping scale rvill be established and

employed to calculate mean bifurcation ratios for physio-
graphic regions in l'{anitoba 

"

Attenrpl-i-ng to devise a neasrrre of rvater, surplus is
another important objective of this thesis. lly uf;ilizing
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drainage basr'-n areas and mean annual cli-scharge values, a

comparitive mean annual water surplus value for a drainage

netrvork may be calculated. Alt,hough this water surplus is
directly responsible for the clevelopment of drainage net-
works, rvhat are the effects on bifu.rcation ratio values of
differences in water surplus amounts? statistical analyses

of the derived bifurcatj-on ratios and. rvater surplus values

should enable conclusions to be drawn concerning the extent
to which the strahler bifurcati-on 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

rn the concluding chapter, a re-appraísal of the factors
determining bi-furcatíon ratíos and a summation of the results
and impli-cations regarding the relationship between

bifurcation ratios and rvater surplus will be attempted.

Suggestions regardi.ng further studies of bifurcation ratios
will be presented,
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CIIAPTEIì II

T}II] EI]ITßCT OIT.MAP SCALE ON BTIIURCATTON RAl]IO DERTVAT].ON

A, Introductio-n

A.E. Scheidegger(Lg66Arp.56) states that rrln any

scheme of stream ordering, the order assigned to a gi-ven

stream segment depencls on the scale of the map used to
make the drainage basin analyses, since new forkings at
the headrvaters may become observable as the map scale is
increasedtt, thus changing and often increasing the bifur-
cation ratio " This is illustrated as follows, (Figure z-r) z

Small scale representation Large scale representatj_on

Rb : 2,0 for the basin

Figtrre 2-L 
"

Thtrs, rvith an j-ncrease j_n sca1e,

tribrrl,ari-es becone visil¡le ancl the basin r

.5 for the basin

An example of the effects of increased map
scale on sbream segment order and basin R;.

R, :/
b

trr'o !let^/ f ir.st order

s bifr.rrca.bion r¿rtio
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is changed 
"

Map accuracy and scar-e are of fundamental importance

when performing an accurate analysis of the landscape fronr
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 i-s 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 inflectiorìs o This in turn
would alter stream numbers and t,he bifurcation ratio,
(ScheideBSer¡ Ig66A).

Fluvial geomorphologists have checked drainage net-
works 1s depict,ed on topographic maps ivith those evident
from fieldwork observations, Thej_r results are conflicting
and depend on the types of maps used and location of the
study areas o

M.A, Melton(tgsz ) 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 ord.er

channels are represented by the smallest contour crenul-
ations. Ninety-five percent of the basins stuctied required
minor network corrections on maps when calculated and checked

wibh f iefdrvork data.

M. lrforrisarva(r957), cr-reckecr 1:24000 u.s.G,s. maps com-

piled f ronr air photos rvj-t h actual f ielcl maps for selected
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areas in the Appalachían PlaLeau. she concluded that for

small basins, total channel lengths were significantly

shorter than those obtained by f ield rvorl<"

DuRu Coates (f gSS) compared 1:2{OOO U.SnGoS. maps of

southern rllinois with his 1:6oo field mapsi 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.

0n the average, total stream lengths obtained from the

field maps were three to five times greater than shorvn on

the I;24000 topographi-c maps. Likewise, drainage density

v/as f our times greater.

R,Jo Eyles (L966), workíng in Malaya, compared stream

networks inferred from contours at a 50 foot interval on

1:63r360 topographíc maps, with those networks visible on

airphotos, at scales varying betrveen 1:8OOO and I:ZSOOO.

compari-ng the map and airphoto representation of 50 basins

of third to fifth order, Eyles found that only seven basins

coi-nciding in maximum basin order.

B. Schaffer Creek: A 9ase Study

A study r,vas undertaken in southrr'estern Aiberta to try

to determine rvhat the effects of changing map scale on the

stream orcler characteristics of a given drainage netrvork

rvould be. Schaef f er Creek, rvhose drainage basin lies betrveen

latitrrcles 49o 52r N. and 4go 57 | N o and betrveen longitucles

1130 48? ht" ancl 1l3o 5ór hr. was choscn for bhis study. The
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Schaeffer Creek drainage netrvork was mapped and order"ed by

five different methods " Fi-rstly, it was mapped directly

from a 1:50000 t,opographic sheet by the blue l-ine method;

secondly, by the additional use of contour crenulations on

the same map; thirdly, by using nine by nine j-nch vertical

aerial photographs at a scale of one inch to 0.59 miles (i.e,

1-237382) without using a stereoscopei fourthly, from 1:13306

enlargements of the original nine by ni-ne ínch photographs;

and fifthly, by analysis of the Iz373BZ photographs using a

two power Dietzgen mirror stereoscope.

Physical Characteristics of Schaeffer Creek :

The Schaeffer Creek drainage basin is located in the

Porcupine Hi11s of southwestern Al-berta, 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

duríng the l{ísconsin stage of glaciation, ground moraine

covers much of the drainage bas j-n.

Tn the sub-region of Alberta in rvhich Schaeffer Creek

is loca'l,ed, January temperatures average f5 degrees Fah-

renheit(F") while July temperatures average 6: degrees Irn

Total annual precipítation averages 19 inches and mean

an¡rual snorvf all approxi-mabes 7o inches. Characteristic of

this area is bhe cyclorric inclrrced ?foehn? rvincì or chj-nook
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This warm dry wind descends 'Lhe lìocky Mountain front ancl

travels southeastrvards, paraIlel to the foothills. The

warming effect of a chinook can cause a temperature rise
of 40o F. within 24 hours during rvinter months, meltj-ng

heavy snov/ covers. rn summer, sudden temperature rises
of 10o F., dust storms, soil erosion and forest fires accom-

pany thís rvesterly wind" (f. Ashwell ,Ig7I). Average actual
evapotranspiration is r4-L6 inches per year; this value j-s

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-L). 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 Z-Z) ,

soils are primarily black to dark grey-bror,vn in colour.
They are stony, the stones being unsorted in size and angular

in shape indicating glacial drift to be the prime parent

material. rn the schaeffer creek basin most of the land is
i-n unimproved pasture, and cattle ranching is the main

economic activity.
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Plate 2-L
An example of two first order tributaries forming one secondorder segment. Note the short grass vegetation õn loweror.der interf luves.

Plate Z-z
The fifth order channel of Schaeffer
junc'bion wj-th a thircl orclerbr,ibuLary
and long grasses are observable along
rvlrile short grasses cha¡.¿rcterize tlre

Creek-for,eground ancl
. Scrub brlsh, harv|horne
the higher order. segnenb

l,liird orcler tribtrtar"y.
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C" Morphometric Pro rties 0f Schaeffer reek

Basic Basin Qharacteristics :

Schaeffer Creel< watershed trends northeast-southrvest,
and has a vectorial basin axis, computed by the method of
E.D.0ng1ey(rg68), of 460 Ðast of North and a length of 7,g
mi]es. (Appendix A, Map l) . The maximum elevation of the
drainage basin is 5400 feet , at the head of the valley,
The lorvest elevation, 3550 feet is located at the basin
outlet where schaeffer creek flows into Trout creek. The

valley has an average slope of z "g degrees along its central
axis¡ âs derived from maps, the planimetric area of the
drainage basin is 9.76 square míres and its perimeter, by

opi-someter measurement, is 18 " 07 miles.

Basin area and perimeter were first determined from a

1;50000 topographic mâp¡ National Topographic series sheet

8zu/]- 3w, edition z AsE, seri-es AT4L by contour inspection.
The positi-on of the divi-de, and. hence basin area, r,{ere sub-

sequently corrected by utilizíng rz3738z aerial photography,

Appendix A, Maps 2 and l, illustrate basin area and perimeter.
Appendix A, Sections I and Tf present basin area ancl perimeter
measurements at the bwo scales of mapping. The planimetric
difference be1-rveen the basi-n areas based on the corrected
divide and topographic map basin perimeter respectively was

0.39 square miles. rn general, bhe basin divides as deLer-
mi¡red flrom bot,h techniques agree, except in one al"ea adjaceni.
bo Lhe stream nottt h rvhere bhc spacing l¡etrveen contour"s is rvide 

"
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Basin 9rder:

Tn the f ield certai-n criteria may be estaL¡lished for
the 'ecognítion of stream channels . J"c" Maxwell(1960,

p,24) present s four criteria to identify a stream channel

in the san Dimas region of californía . These criteria are:
1" the presence of stream banks,

2. the presence of suspended and oriented 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, Maxwellrs

criteria r,r/ere tested on the schaeffer creek drainage
basin,

rn his fieldwork, Maxwell found certain problems

existed when trying to recognize a stream channel, since
the san Dimas region has a prolonged dry spell each year,
stream channels are often indistinct. secondly, Maxwell

noted that linear depr-essions produced by rolling and

sliding rock debris may be mistaken for dry stream channels 
"

Thì-rdry, Maxrvell observed that the dense chaparral vege.bation

common to the region often camouflages smal1 channels.
rn the schaeffer creek fierd reconnai-ssance only trvo of

Maxwelles four criteria were observable. These r,vere the
presence of stream l¡anks and the continuity r,vil,h a larger
channel . At no location rvere slrspenclecl and oriented debris
or rvash nlar.l<s observed. Mos{. of bhe lorver orcler stream
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channels have flat to gently-concave grass covered beds 
"

rn marìy of the dry valley segments no actual channel or
stream banks can be seen. I{orvever, the smalr v-shaped

valleys often indicate the existence of ephemeral stream
flow. sometimes a dorvnslope train of small rounded pebbles

in a shallow depression may be used as a criterion for
channel identificatíon, the assurnption being -Lhat these
particles were being carried dorvn slope and rounded by

rvater action.

when deciding upon what was a fi-rst order channel, ri11s
and rívulets were not considered. only channels greater
than an arbitrary ten feet in length and with an observable
stream bank rdere considered. rt was f el-t that stream seg-
ments smaller than this would not be visible on the aerial
photographs. However, had first order streams developed on

areas of exposed soil where i-ndividual rivulets could be

readi-ly vísib1e, 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 recognizi-ng stream network elements.

rn contras'b to lr{axivelres resear.chr ro problems arose
in diff erenti-ating betrveen channel se5¡nrents and the eff ects
of mass mor¡ement phenomena in this strrclyo No debris chutes
or mudf l.orvs rdere obser"rrecl rvh:ich nrighb have been mis,t aken

f or stream cha¡rnels. wibhin thc¡ basin, onJ-y one ex¿mple gf
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discontinuous gu11y development was observed and no problems

arose rvhen ordering this channel.

The Schaeffer Creek drainage netrvork rvas ordered accord-

ing to strahlerts system, utilízj-ng ej-ther 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 z-r. 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 bl.ue lines å"" employed, the subjectivit,y is not a

major problem. This method offers a better representation

of t,he drainage network(Appendix A, Map 5),
The methods which use aerial photographs at scales of

L:37382 and 1:13306 respectively wj-thout stereovision, both
give higher stream order counts and maximum basin order than

do the previously described methods,

The resulti-ng networl<s are depi-cted in Appendix A, lrfaps 6

and | 
.:

The method of extendin6¡ streams by stereovisual emplo¡,-

ment of airphotos at a l:3T3Bz scale, appears to be the
most acctrrate laboratory method of cletermining basi-n or"der.



TECHNTSUE 0F
NET\vORK IDE\TTfFICATfON

BLUE LINES 0N 1:90000
}fAP

BLUE LI]{ES A\TD CONTOUR
CRENULATIONS ON
1:50000 ¡fAP

VERTICAL AERTAL
PHOTOGRAPHY Iz3738Z
SC.q.LE

VERTTCAL AERIAL
PHOTOGRAPHY 1:13306
SCALE

VERTÏCAL AERTAL
PHOTOGRAPHY 1:37382
USI\G A 2X MIRROR
STEREOSCOPE

STREAM ORDER COMPOSTTION

NUMBER OF STREAMS OF THE FOLLOWTNG
ORDERS AND Rb FOR PAIRS OF
CONSECUTIVE ORDERS:

ORDER 1 Ru ORDER 2 Ru ORDER 3 Ru ORDER

2641
6.50 4"00

64 17 3 l_

3.76 5"67 3.oo

13o34gz
3.80 3"80 4.40

2II 5O L4 3
4"22 3'57 4"66

278 74 zo 5
3 .76 3 ,70 4.00

Rb ORDER 5

BASIN
Rb

STREAM
SEGI"IENT
TOTAL

1
2 .00

1
3 .00

I
5.oo

5 "25
31

4.r4
85

3.50
L76

3 .86
279

4 "r2
378

TABLE 2-1

(¡)
(^)



34

I'víth this method the total number of stream segments rdas

greatly augr'ented, (Appendix $ t'tap 3). This method j-ncreases

basin order to five from a value of three as determined by

the blue line method. F'inally, as apparent from Table 2-r,
the stereovisual method produced more than four times the
number of streant segments 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 streanr

order for the drainage netrvork produced from each method of
channel identification, enabled good-fitting regression lines
to be added by visual inspection.As in the fírst Larv of
Drainage composition, the number of stream segments protted
against basin order tends to form an inverse geometric series.
(rigure 2-z),

several preliminary conclusions may be drarvn from the
previous reults concerning techniques and scales of mapping

draínage nets" A scale of 1:50000 i-s 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 sca1e. The aerial photographic enlargements present a

much more accurate representation of the clrainage system

than do the 1:50000 sheets. The scare of l:13306 is large
enough to show most first order tributaries. Mapping a sub-
basin in the fielcl and comparing it with its ".p""..rtation
on the photograph revealed thab only a few, shor"t, finger-

tip tril:uLaries are not visil:1e on the errrar.gcrnents.
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Also, several of the fírst order strearn segments in the basin

are longer than thei-r scale equivalents as depictecl on the
photo enlargements. This may be due to heaclrvard ex'bension of
tribut,aríes since the time of the flight photography and also

to the variation of scale over the entire enlargement. rt
may be concluded that the aj-r photo stereopai.rs with an

average scale of L:37382 afford the most accurate represent-

ation of the drainage basin.

Þåfu""atio" natio:

Table 2-L shorvs that the smallest calculated average

bifurcation ratío for Schaeffer Creek basin is obtained from

the L237382 aerial photographs without the use of stereovision,

and t'he largest value of the average ratio for the net is
obtained from the blue line mapping technique, The range of
bifurcation ratío values r,vithin the drai-nage network is
greatest in the least precise methods (2.50 b¡' the blue lj-ne

method and 2"67 by the crenttlation method) and is the smallest
(L.24 for the basj-n), rvhen usíng L:37382 air photos with the
aid of a stereoscope. This sma1l range helps to substantiate
the premise that the fifth method is most precise (providing

that the First Larv of Drainage composition applies ), since
its values of stream numbers exhibít bhe least scatter.

rn sbrahreres system of stream ordering, the snallest bif-
urcabion ratio is trvo, but is rarely appr,oached. rn the

Schaeff er Creel< sLrrcly the majority of billrrrcation ratio values

tencl 't o fal.l bettr'een three ¿rncl f iverwj-Lh the basin having a mean



rat j.o of 4,I2, as calculated by

Since thj-s group oil values is low

basin ís not characterized by any

structural control of the bedrock

significant alignment of channels

the watershed,

37
the stereovisual methocl "

, it rçould appeal. that the

apprecj-able lithologi_c or

in spite of the fact that

occurs towards the head of

The L¡rw of Stream Numbers:

Horton?s Law of stream Numbers states that the number of
stream segments of successively' lorçer orders in a given basin,
tend to form a geometric series, beginning with a síngle seg-
ment of the highest order and i-ncreasing according to a

constant bifurcation ratio(Hortonrrg4s), using the 1:13306

map of schaeffer creek basin, (Appendix A, Nrap 7), the Law of
stream Numbers v/as tested. Table z-z contrasts stream seg-
ment counts derived by ordering the map net with those cal-
culated by employing Hortonîs Law of str.eam Numbers equation,
using the computed mean bifurcation ratio as determined from
the analysis. rt is obvious that stream counts at the 1:1330ó

mapping scale and mathematically-derived stream segment values
are not in agreement.

The above procedure was then repeated, comparing stream

segment counts by stereovisual use of the I3373gz airpl-rotos

with values from the rlorbon formul-a, (see Tabre z-3).
The values derived by formula and those clerivecl from the

Lz373BZ air photo mapping r,rith stereovisíon are very simj-lar.
The snlall. varia{,ions in stream segnenù values coulcl bc due



COMPARSTON OF STREA}Í SEGMENT
AND EMPLOYI\TG HORTONIS LAW OF

STREAM COUNTS

BY ORDERTNG
1 : 13 3 06 I'ÍAP
NET:
BY FORMULA

ORDER 1

COUNTS USfNc MAP FROM 1:11106 AtR PHOTOGRAPHS
STREAM NU}4BERS FORMULA

COMPARTSON OF STREAM SEGTÍENT COUNTS USING
ATR PHOTOGRAPHS AND BY EMPLOYING HORTONîS

2LT

222

ORDER 2

STREAM COUNTS

BY ORDERTNG
Ir373BZ MAP
NET BASED ON
STEREOVISUAL
ANALYSTS:
BY FORMULA

5o

5B

ORDER 3

L4

15

ORDER 4 oRDER 5

ORDER 1

278

288

ORDER 2

TOTAL STREA}I
SEGIÍENTS

279

300

ORDER 3

STEREOV]SUAL ANALYSTS OF Iz3738z
LAI/ú OF STREA}Í NU}{BERS FORIvIULA

74

70

ORDER 4 ORDER 5

20

I7

TABLE 2-2

TOTAL STREAìvI
SEG}TENTS

378

380

TABLE 2-3

C^)
co



39

almosl- solely to operator error in obser"ving and tracing the
strearns. Also, they may be due to the fact that Horton?s l_arvs

of drainage composition cannot be applied to drainage netr,,orks

ordered by the Strahler method, rvithout small deviations in
basin order and bifurcation ratio occuring. Figure 2-3
represents a hypothetical draínage network ordered by

both methodsr(í,.. Horton?s and strahler?s). The trr,o
methods give different stream segment counts and bifur-
cation ratio values. This may help to explain rvhy stream

counts derived by observatíons and by formula vary slightly
when Hortonls larvs are applied to strahlerls stream ord.ers.

Stream Freouencv:

stream frequency is defined as the number of stream seg-
ments per unit u".u. since this parameter is closely related
to bi-furcation ratio, stream frequency values have been

calculated for each of the five mapping methods described
previously(Table z-a). As would be expected, rvhen mapping

scale i-ncreases, the number of stream segments do likervise,
and therefore stream frequency per uni-t area increases 

"



STRAIILER9S METIIOD OF STREA},I
METI-tOD, F0R A HYP0TTTETICAL

ORDERING
DRAINAGE
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IJORTON 1SVERSUS
NETU/OIì.K

HORTONSTRA}TLER

STREAM SEGMENT COUNTS

METHOD OF ORDER T ORDER 2
ORDERTNG

STRAFTLER 15 7

HoRToN 8 ¿

BIFURCATTON RATTO

0RDER 4 TOTAL
SEG}ÍENTS

rz6
IT5

J

t

BASI\
Rb

2 "45

2 .00

STREAM

METHOD OF'

ORDERTNG

STRAHLER

HORTON

SEGMENT

ORDER T

]4.75

8. oo

VALUES

ORDER

ó.oo

4 .00

("-o)
:fb

3 ORDER 4

I.00

I.00

AND BASTN

ORDER 3

usrNc No

2 ORDER

2,45

2 .00

TOTAL STRETU
SEG}ÍENTS

24.r5

r5 .00

FIGURE 2-3
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TABLE 2-4

TECHNTQUE OF NET\,VORK
TDENTIFTCATTON

BLUE LTNES ON
1 :5 0000MAP

STREAM FRESUDNCY

STREA.i\,{ FREQUENCY

/ ¡qrz

3 .05

BLUE LTNES AND CONTOUR CRENULATTONS 8 "7OON 1:50000

VERTTCAL AERTAL PHOTOGRAPHY 18.03tt 37 382

VERTTCAL AERTAI, PHOTOGRAPHY 29,30
1:13306

VERTTCAL AERTAL PHOTOGRAPHY 38,72I237382 USrNc 2X MIRROR
STEREOSCOPE

Two other important morphometric characteristics of
schaeffer creek basin, specifically stream length composition
and drainage dens ,-by, are presented in Appendix ! sections
ïrr and rv, and not in the textr âs they have, theoretically,
only an indirect relationship with bifurcation ratios and

stream frequencies.

D O CONCLI]STONS

The morphometric a'alysis of schaeffer. creek leads to
ùhe follor.ring observations and conclrrsi_ons concerning map
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scale 
"

1, Â map scale of 1:50000 rvith blue lines representing
the drainage netrvork is not satisfactory for calculatj_ng
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 obtained, but there is
stil1 not a satisfactory representation of the drainage basin
as apparent in the field

3. Nine by nine inch air photos at a rz373gz 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 aeriar- photograph enlargements

at a 1:13306 scale are excellent for mapping in the field.
stream counts are higher than those obtaj-ned by the prevì-ous

three rnethods. However, not all tributaries can be seen on

the photos.

5. Nine by nine inch stereopairs at a Lr373Bz scale
when used rvith a trvo power Dietzgen mirror stereoscope:
provide the best counts of stream number and order, and

therefore, the most reliarrle bifurcation ratios " There

is not as much distorbion of scale across the photo as

there is with the enlar-genrents. Ilolr,ever, this method of
ânal¡rsis must be conf inecl t,o trre labor"atory, as it is



43

difficr-rlL to carry a mirror stereoscope and complete set
of stereopairs in the field. Therefore, for convenience, the
enlargements are good for rough fielcrwork. By contrast, the
most precise laboratory analysi-s of a basin is that under-
taken with stereovi.sual scrutiny of air photographs.

6. Hortones first raw of drainage compositíon i_s

seen to aPPIY¡ although constant bifurcati-on ratios rvere not
found in the Schaeffer Creek analysis,
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CIIAPTEI{ TII

T-TIE DERTVATTON OF RTFURCATION RATTOS FOR PI{YSTOGRAPI{IC

REGTONS OF MANITOBA

A n Introduction

This chapter deals with the methods of analysis under-

taken to obtai-n a mean bifurcation rati-o for each physio-
graphic region of Manitoba. These ratios hrere obtained
by employing respectively maps with different scales.
rnitially, topographic maps at a scale of 1:50000 were

employeil for ratio derivation. However, as previously
demonstrated, thi-s mapping scale does not accurately
depict a drainage basin, and the analysis was therefore used

primarily as a preliminary study. As descrj_bed in chapter
rr, the most accurate representation of the drainage net-
work of scaeffer creek basin rvas obtained by stereopairs
method. consequently, a more precise analysis of Manj_toba

networks is undertaken using stereopairs, with a mean scale
of 7:2{0oo, representing zo% of the drainage basins origin-
arly mapped at a scale of 1:90000. unfortunately, the
aerial photographic coverage of Manitoba was flown cluring

different years, and scales of mapping vary" llolr,ever, it
vras felt that, apart from actual fielcl mapping, this method

rdas still the l¡est available to obt ain t¡if r.rrcation ratios.
lVhen bhe der"ivation of nrean l¡illurcatj-on r"atios for topo-

graphicalJy ancì gcologicalJy clissinrilar regions of lnlanitoba
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was first undertaken in the present -sbucly, Lt was deciclecl

that the province should be subcrividect into four major
physiographic regions; the Huclson Bay Lowland, the
Precambrian shíeld, the Manitoba p1ain, and the Manitoba

upland, also known as the Manitoba'plateau. A detailed
description of the physical characteristics of each physio-
graphi-c regi-on is not undertaken in the text; however,

Appendix B, Table I n""rents properties of each region.
rt was observed that the drainage networks on the

steep eastern margins of the Manitoba upland differ from

those drainíng the top, ir terms of segment lengths and

numbers. Therefore, a subdivisi-on was made between the
Manitoba Escarpment and the lr{anitoba upland, and mean bif-
urcation ratios derived for fj-ve regions within the province,
The locations of the sampled streams within these five
physiographic regions are shown on Map 3-1.

B. Procedures_for the Derj-va!io4 of Bifurcation Ratios for
PhE;iographic Resions of Manj_toba

For each pliysiographi-c region, the number of published
topographic map sheets at a scare of 1:g0000 rvas counted"
Twenly percent of ùhese map sheets were then randomly

chosen, and the number of irusabler streams on each was

ascerl,ained . A usable str"eam is a stream which; 1) does

not cross from one physiog*aphic regi-on into another,

2) has a clr.rin.rge basin area clepictecl on less t han trvo





topographic sheets, 3) has a basin

one, 4) has not been canalized., 5)

t,he map sheet onto areas for which

sheets,
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order of greater than

does not continue off

there are no topographic

After the number of usable streams on 20% of the 1:50000

topographic sheets had been obtained, this value rvas 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 region 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 regi-on was obtained.

Calculation S¡f the Mean Bifugcatio_n 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, rvhich consequently cover only a smal1 portion

of the region. Approximately 20% of these sheetsr i.€o

five sheets, t{ere chosen at random and the number of

u,sable streams on each sheet l./as calculated. 0n these

five sheets there were 36 usable streams, and therefore

there are an estinta'bed 165 usabl-e sbreams .on the Z3 pr_rb-

lished rnap sheebs. 'I'l'rus, for a 2A% sample of usable
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streans in the mapped part of the region, the mean bif-

urcatíon ratio of 33 networl<s had to be calculated.

One stream was randomly chosen from each of t,he 23

topographic sheets. To choose the remaining ten streams,

ten sheets were selected systemati-ca1ly from the total of

23t 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 l-0r 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-

imposed 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 fe1l 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 h/as used. ff no usable stream segment

appeared in the latter square, successive squares on the grid

were chosen by moving in a counterclockwise direction about

the f irst chosen square in arr ever rvidening circle until

a suitabl,e square r{as obtained.

Ily utilizing these sampling pr,occclrrr.es, the mean

bif trrcation ratio for ùlie Ilrrdson Ilay l,orvland has been
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calculated to be 3.60 at a mapping scale of 1:50000"

See Äppendix B, Tab1e2, for data and calculations.

The aforementioned procedures were employed to derive

mean bifurcation ratios for the other physiographic regions

of Mani.toba. Numbers of published maps, usable stream

counts, sample size and calculated bifurcation ratios are

presented in Table 3-1.

Topographic sheet S4L/ 15w (I(nife Delta) has been

chosen to illustrate the procedures of bifurcation ratio

derivation, From the sheet, one stream was to be sampled,

its netrvork ordered and the basin bifurcation ratio calcul-

ated" The grid.of one inch squares r,üas positioned on the

1:50000 map sheet. From the random numbers table, number

244 was randomly chosen; the respective grid square t{as

observed to contain no usakrle stream segment " The square

immediately to the right of the initially sampled one rvas

found to contain a usabre stream. The drainage netrvork of

the latter was ordered and the mean bifurcatíon ratio

calculated. \r¡hen ordering this sampled netrvork several
problems arose. Fírstly, the stream rvas found to have

its headrvaters on the adjoining topographic sheet (S4L/foh'),

rt was therefore necessary to stucly botti sheets. problems

of lorv rel ief , s\vamps, lal<es ancl inter"rnitt enb s'breams comp-

licaLed the netrvor.h or.dering, hence the bif Lrrc¿rtion ratio

of Usable Stream SamplinE Proc



DETERMINATTON OF THE MEAN STRAHLER BIFURCATION RATTO FOR MANITOBAlS PHYSIOGRAPHIC REGÏONS
(r,5oooo MAPPTNe scarn)

PHI'STOGRAPHIC REGION HUDSON BAY SH]ELD MANITOBA MANITOBA MANITOBA
LOI,fLAND PLATN ESCARPMENT UPLAND

NLDÍBER OF PUBLISHED TOPOGRAPHTC
SHEETS 23 69 r92 16 79

% 0F REcroN covERED By r:50000 MAPS r0 r0 95 r00 r00

NL}TBER oF SHEETS RANDOMLY SAMPLED 1ZO%) S. 15 39 3 Ió

ESTITÍATED TOTAL NUI"IBER OF USABLE STREAMS
rN THE }ÍAPPED PORTION OF THE REGION

\:tilrBER oF USABLE STREAMS SAI{PLED çrc,.20%
BY STRATTFTED RANDOi"T SRUETE)

IUEA\ BTFURCATION RATTO FOR USABLE
STREA}ÍS SA}IPLED AND THEREFORE ESTIMATED
BTFURCATTON RATIO FOR THE REGION AT A
l.lAPPf \c SCALE 0F T: J 0000

FOR STREAM NUMBERS, ORDERS, AND
BTFURCATTON RATTOS FOR SAMPLED STREAMS
Tì{ EACH PI{YSTOGRAPHIC REGTON SEE
APPENDTX B, TABLE-

165 690

33 I¡8

3.60 3.40

326

67

256 47 4

3.60

5r

3.46 3.ro

9I

TABLE 3-I

q¡r
O



5r.

derivation 
"

C" Problems En-countered j-g Stream_Network Samplirt,',q,

0rdering. and Bífurcati-og Ratio, De_rivation

!{hi1e certain problems of drainage network ordering

and bifurcation ratj-o calculation rvere unique to particular

physiographic regions, some problems were characteristic of

all regions " All regions exhibit,ed, not infrequently,

characteristics of intermittent stream florv, islands in

the stream channel, streams flowing into lakes, and

anastomosing streams.

ïf two or more streams flow into a small lake, whose

outlet is by another stream segment, the orders of the

respective inflorving streams determine the order of the

ouüflòwing one, as shown in Figure 3-l "

) shorvs clirection of
order.

stream florv; nunbers inclicat e segnent

Figure 3-1

rf a sl,r"ean clj.viclcs and then rejoins, bhe e¡rtj.re lengUr



of the braided

segnent. (figure

section is considered to be

r-e't
.) 4t o

5z

only one stream

Figure 3-z

Other problems a.rose which were often characteristic of
a specific physiographic region. In the Hudson Bay Lorvland,
the occurrence of many small lakes within a drainage net-
work, the exístence 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 2.3 published top-
ographic sheets may have seriously reduced the significance
of the analysis since the sample size was too small as rvas

the area studied.

only ten percent of Manitoba?s portion of the pre-

cambri-an shield is represented on pubri-srred 1:50000

topographic sheets. As wiLh the Hudson Bay Lorvland, the
sample rvas too small and too spatially restrictecl within
the Shi-eld region. Other problems irnposeci by the l-imibations
of i-opographic nlaps inclucle the poor cartographic qualiLy
and visuaf, effectiveness of provisi-onal ¡nap sheets¡ âs for
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example the camouflagirg of intermibtent drainage net-
works in marshland because of t,he similarii,y of symbols.

From the physi.ographic aspect, deranged clrai.nage and the

abundance of lakes made stream ordering difficult.
sampling problems for the Manitoba prain arose due to

the paucity of usable streams. often map sheets rvhich \{ere

to be sanpled contained no íntegrated drainage netrvorks.

Because the Plain is very flat, many potentially usable

streams have been canalized to alleviate drainage problems,

thus disqualifying thern from this study. Reservoirs,

created by the damming of a stream segment were common in
thís region. These man-made obstructions precluded their
associated stream networks from this study.

There is complete coverage of the Manitoba upland

region by pubrisrreo 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

topograpl-ric sheet had no usable drainage netrvorks.

Streams were easiest to sanrple and order on the I'fanj-toba

Escarprnent, The entire escarpment has complete co\/erage

by I:50000 t,opographic sheebs. Because of appreciable
gradicnts along thc entire lcngl,h of t,rre escarpment, the
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sampled streams \dere rvel-l-def inecl , some man-macle dams

and instances of canarízation at the base of the escarp-
ment caused mi-nor problems in stream sampling, in that
drainage netrvorks exhibiting these characteristics rvere

rejected from the sample

Scale on BifurcationD, The Eff of an Increased Maooin

Ratio Val-ues

Aerj-al photographs r^/ere obtained f or 2o% of the drainage
basins-previously studied 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 scare of
1:15840, whereas the Precambrian shield portion of the
province was mapped mainly at a scale of 1:36000 and the
Hudson Bay Lorvland at 1:60000o

using a 2x Dietzgen mirror stereoscope¡ the stream
networks were traced from the photographs and ordered, and

nerv bifurcation ratíos were cl erived. These values rvere

compared with those derivecl from the same netrvorks depict,ed

on the 1:50000 topographic sheets" As r.ras expected, total
stream numbers, basin order a¡rd tl're calculatecl bif urcabion

ratio all j-ncr"eased rvith the enrployment ofl aerial photo-
graphy. The dif f er"ence in the me¿rn bif r-rrcation ratio f or,
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a gíven physiographic region when mapped by trvo different

techniques was termed tl-re bifurcation ratio ecorrection

factore. Appendix B, Tables 7-LJ-, shorv stream number and

bifurcation ratio data based on stereoanalysis of airphotos,

while Table 12 demonstrates the derívation of the bífurcation

ratio correction factor and rable !] 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 conclusiorrs n

1) The mapping technique utilizing stereoanalysi_s of

airphotos is considered to be superior.

2) lùith the employment of stereopairs, stream numbers

increased; t,his \,üas especially evident with first order

tributaries

3) The aerial phoi;ograph mappi-ng technique resulted in

an increase in maximum basin order and mean bifurcation ratio

for each physiographi-c region. However, because different

scales of mapping were used.r ilo consistent change in bifur-

cation ratío rvith increasing nap scale cor-rld be calcul-ated

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 nlaps are used along rvith a mirror s'bereoscope.¡ the

resulting l.li-furcation rat,ios are higl-rerbhan the corresponcling
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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 consider:ed as inaccura'l-e.

For the five physiographic regions the corrected mean

bifurcation ratio ranged between 3.55 and 4.5L. The relief

within the province ranges from flat to hi1ly. These values

therefore differ significantly from Hortonls stated typical

bj-furcation ratio values of Z,O for flat lands and 4.0

for highly dissected or mountainous terrain, as found ín

New York State(Hortonrag45tp,290), The fact that the

virtually flat Hudson Bay Lowlands and Manitoba plaj-n

have bifurcation ratios of 4,I4 and 3,78 respectively,

clearly illustrates thís divergence. Unfortunately,

Horton states only that measurements were made from U"SoGoSo

maps qnd does not speci-fy the scales used.

one concrusion 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 trhighly

variablett: bifurcation ratios for sub-basins within their

study region varied between 2,O and 11.0. This range in

bifurcation ratios is much greater than that(2,8 to 6.1)

of the sampled drainage basins in lvfanitoba; hence their

theory of high varj.ability in bifurcation ratios is not

sLrongly substantiated in bìris study,

Several 'bheories hold true fo¡. the bifur"cation ratios
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ca.l.culated for lfanitoba. Milton(1966) asserts that in a

region where the network geometry develops without pro-
nounced lithological or structural contrors, bifurcation
ratios are highly stable. This was found to apply in
Manitoba, and is best exemplified by standard deviations of
t 0.35J anð, lt.ry2 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 Rb der-
ivation indicate and he asserts that bifurcation ratios
lie mainly between three and five in basins without
dominant geological contrors. This is well exemplified
by Manitoba Prain and Hudson Bay Lowland bifurcation ratio
data. coates declares that the bifurcation ratio only
reaches higher values rvhere geological controls farror the
developrnent of elongate, narrow basins; this appears to be

the case in lr{anitoba. several basins in the precambrian

shield and Manitoba Escarpment regions had bifurcation
ratios greater than five because their streams rr/ere either
fault-cont,rolled t or because pronounced gradients led to
reguJ-ar close spacing of near-paralfel streams. The i_dea

propose<l by lìyres (rgoo ) that there is a tenclency f or the
biftrrcation ratio to be inversely related to orcler rvithin
a clrainage basirt nas srLbstantiai.ed in the finclings of t¡is
research, rvit,h the l'r-ecambrj.a¡r shiel-cl r.egj-c-rn cxhibiting the
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strongest r"elationship. (See Table 3-Z),
Finally, strahler(r9s7) states that the bifurcation

ratio is highly stable and srrorvs only a snall range of
variations from region to region, iviLh the mean bifurcation
ratio of an area being about 3"5. Bifurcation ratios for
the five physiographic regions of r'{anitoba range betr,veen

3"55 and 4"5r with the rveighted mean bi-furcation ratio,
based on a stereoanalysis, for the province being 3.g4.
A standard devi.ation of t 0.301 was. calculated for the
mean bi-furcation ratio values of Manitobaes physiographi.c
regions " Because the bifurcation ratio is a dimensionless
property and because drainage systems in homogeneous materj-aIs
tend to display geometrical similarity, it is not surprising
that the ratío shows only a relatively small variation from
region' to region.

TABLE 3-Z RELATTONSHTP BET\^/EEN THE BTF'URCATTON RATTO
AND STREA]'I SEGMENT ORDER

PHYSTOGRAPIITC
REGTON

}IUDSON BAY
LO\,ÙLAND

STITELD
},IANITOBA
PLAIN
ESCA,RP}TI]N'I'
MANTTOI]A
UPLANI)

NTMBER
OF

SAMPLED
STREA},IS
)zND ORDER

25
64

35
31

37

NUMBER OF
BASTNS TN \{I{TCH
. TS INVERSELYb RELATED
TO ORDER

I4
45

,1!J

2L

z5

% OF TOTAL
BASINS I,úTTFI
DECREASING
Rh WITH
INCREASING ORDER

56"0
70,3

65.7
6l .O

67 .5
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CIIAPTEIì IV

TIJE REI,ATIONSIITP BETTVEEN TTIE STRAI.ILER BIFURCATTON RATTO. AND

WATER SURPLUS

A. Statistical Tests Emploved

Statistical analysis of bifurcation ratio and rvaûer

surplus data will be undertaken in this chapter employing

correlation and regression techniques, analyses of variance

tests, and the t-test. Following the description of the

test results, conclusions pertaining to the relationship

between the strahler bifurcatíon ratio and water surplus are

presented.

B " Methodologv

lVithin 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 strqam 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 hþLer I)rainage. NÍanitoba" published by t,he Departnent

of Energy, lr{ines and Resources, Ottarva (1qe S -Ig7L) and

Surflace \VaLer Srrllp-ly of' Can¿¡cla, Arctic_ and 1{es{,er"n Iluclson llay

Drai-nage (tgzS-l 963 ), pr.rbJ isliccl by the Deparbncnt of Nor-'Lher"n
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Af f aj-rs and Natural Resources. Stream netrvorl<s with basins

each of less than 10r000 square miles in area and contained,

respectively, rvithin one physiographic region, and possess-

itg periods of record of five years or greater, rvith complete

discharge records, were chosen from these publications for

study" Although a five J¿ear gauging period is not considered

entirely reliable for hydrologic analysis, it was deemed

necessary in this study to accept this value j-n order to

obviate employment of a much smaller sample sj ze,

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. Tt is felt that the add-

ition of a correction factor to the bifurcation ratio obtai-ned
.from 1:50OOO topographíc sheets, yields a ratj-o equivalent in

precision to the value that would have been obtained from

stereopairs, had they been used. The basj-n area, ír acres,

and the mean annual discharge in cfs. , for the period of

record for each of the basíns r{ere also derived. Thus, for

each basin, by obtaining a mean annual dj-scharge value, con-

verting tliis to acre-feet, and dividing by the basin area (írt

acres), a rvater surplus value, ir f eet rvas obtained.

Eighty-six drainage netrvorks r{ere studiecl, having vary-

itrg period,s of record, bifurcaticn ratio values, basin areas,

mean discharges, ancl therefore rva1 er. surplus valucs, A1so,

7O% of thc netrvorl<s st,rrdiecl were locatecl souLh of 51oN because
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t'he period of record for streams in northern Manitoba is often
incomplete or of very short durai,ion, (í"e. less than five
years). Appenciix c, Table 1 presents the locations of streanr
gauging stations, and water surplus and basin bifurcation
ratio values of the drainage networks studied.

C. Resglts

To ascertain whether the strahler bifurcation ratio,
(ttre dependent vari-ab1e), varies with, rvater surplus, (the
independent variabfe), a pearson?s r correration test rvas

executed" with n:86, two variables and therefore g+ degrees

of freedom, the correration value requj-red for a gs% level
of confidence is 0.211. Statistical analysis of the given data
yielded a correlation coefficient of 0. 04l, hence showing

a poor cbrrelati.on between the strahler bifurcation ratio
and rvater sunplus. The scatter of points on Figure 4-r
further illustrates this poor correlation.

By employíng the values of a:3.887 and b:0.253r(as
deri-ved from the computer printout of the above correlation
test) for the general equation y: a.* bx, when the rralues of
x are known, the best fit regression line rvas obtaj-ned for the
scatter of data of bifurcation ratios and rvater surplus 

"

From the slope of this 1ine, b, it is eviclent tliat there is
a slight tendency for the bifurcabion ratlo t o increase as

rvater srrrpJ-r.rs increases. llorvever", bhere is def initely no

strong relationship betrvcen the S{-rahl er bifìr.rrcation rabío
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and water surplus. (See figure 4-I)
on the basis of a studentes t-test value of t:0"JJ6,

the ratio of explained variance to unexplained variance is
large enough to warrant rejection of the null hypothesis
that t:0 at t'he 95% 1evel of confidence. rn other words,

there is no relationship between V t the mean bi-furcation 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 varj-ance tests were con-
ducted. Although 86 streams had originally been sampled,

in this portion of the statistical analysis only the go net-
works south of 53oN were utilized. This restriction was

employed because of the unreliability of the climatic data
north of. this latitude(as manifest in t,he interpolated
ísohyets of Map 1, Appendix C).

Analysis of variance proced,ures may appear in a vari-ety
of forms. Basically however, the analysis of variance tests :

consist of a comparison of trvo independent estimates of the :

uníverse variance. rf the difference between the two

estimates is rel-atively sma11, it may be attributed to
chance alone and the universer(population), may be considered
as homogeneolrs. 0n the other hand , if the difference is
large enough to be considered stabistically significant, the
hypoLhesis -bhat bhe ttvo estinlat es ref er to the salne homogen-

eor.ts trniverse, rvill be r.e.jectecl. Accordingly, the sr-rb-grorrps

Ùo which the estinrated va¡'iances refer ar.e consiclerecl to rep-
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resent difllerent uni-verses. within this stucly, the universe
is represented by Bo netrvorks in the province of Manj_toba,

while the sub-groups or different universes are based on the
different physiographic regions,

of the B0 Manitoban stream networks employecl in this
analysis, three are located in the precambrian shield, zB

on the Manitoba Plain, 16 on the Escarpment, and 33 on the
Upland " The nu1l 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 ! presents this analysis of variance and

illustrates that an observed F ratio of o"3425 is obtained.
Since nl : 3 and nZ: 76, an F ratio as large or larger than
2,75 would occur by chance fíve percent of the time, or a

value of 4.09 rvoul-d occur by chance one percent of t,he time.
consequently, the smaller observed F ratío of o"34zg wourd

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 rvhich the estimated variance refer are considered
to represent the same universe, that i., there may not be

signif icant dj-f f erences be'brveen mean bif r-rrcation ratio values
of the four physiographic regions. This stati.sbical
analysis llurbl'rcr" strbstantiaLes previous poor. correlation ancl
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regression conclLlsions .

rn conclusion, one final analysis is unclertaken. rt was

deerned relevant to test the varj-ance of water surplus values
between different physiographic regions. The null hypothesis
to be tested states that the four phy'siographic regions are
homogeneous in respect to the average rvater surplus. rf the
four sub-universes are the same with respect to the measured.

characterj-stic, then the overalr mean and the sub-universe
means must be identical " Appendix c, Table f, illustrates
that by calculating variation among and within column means,

an observed F rat j-o of Lr "8134 is obtained. since ,1:3 and

n2:76, a F ratio as large or larger than 4.og would occur by

chance one percent of the time. Consequently, the larger
observed F ratío of 11.8134 would be expected to occur
purel¡r by chance even less frequently. Therefore, the hypoth-
esis that the four physiographic regíons are homogeneous with
respect to water surplus can be rejected at the one percent
significance leve1 on the basis of i,he given sample evidence.
Thus, the subgroups to which the esti-mated variances refer
are considered to represent different universes 

"

D " Cor-iclusions

Flaving proven tha'b rvater surp1us values between each of
the fotrr physiographic regions are statistically significantly
cliff erenb, the question arises as to rvhy bhey diff er ? IVhat

f act ors car.rse the Precaml:rian shielcl r"e6¡ion of }{anitoba to
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have a mean water surplus value of 0"5050 feet, rvhile the
Manitoba Plain, Escarpment, ancl Manitoba uplancl regions
exhibit nrean rvater surplus values of o .zzlo, o .183J and

0 "1453 feet respectivery? This question may be answered if
precipitation, i-nfiltration rate, phy'siography and surficial
mater"i-als are considered,

Table 4-r presents in absolute and percentage forms,
frequency values of water surplus for each physiographic
region, while Figure 4-z 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 Manitoba Upland

has t,he lowest, with 7s% of the values being equal to 0"1500

feet or 1ess. The Manitoba prain has 64% of its water surplus
values betrr'een 0,0501 and 0"2500 feet with 36% of the values
being greater than 0.2500 feet. The Escarpment has 6g% of
íts water surplus values betrveen 0.0501 and 0.2500 feet rvith
only 25% of the values greater than 0.2500 feet.

Appendix !- Map 1 illustrates by means of isohyets, areas
of sirnilar mean annual precipitati-on in lr{anitoba" rt may be

observed that there i.s a general trend of increasing precip-
itation in a west to east direcLi-on. By interpolation from
these isohyets for the area south of 53oN, nrean anntral precip-
itation val-ues of 17 "s inches, 19.0 inches , zo.o inches and

2r.0 inches for the upland, Escarpnrent, lr{anitoba p1ai1, a¡cl

the Precanll¡rian shield of rr{ani-boba respectively, have been
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ascertained. Thus, it is apparent f rom these physiograpl-ric

regions that¡ âs mean annual precipitation increases, mean

water surplus does likervise 
"

0bviously, it is meanj-ngless to conlpare regions with
different mean rvater surplus values, which also havé differ"ent
mean annual precipitation inputs. Therefore, dividing rvater

surplus values(multiplied by 100) by the respective values of
mean annual precipitation(in feet), yields a value of rvater

output expressed as a proporti-on of input. rn other words"

a measure of the proportion of precipi-tation that becomes

water surplus is derived and may be titled the rsurplus/input

coefficient?. As Table 4-Z illustrates, the precambrian

shield region has the highest surplus/input coefficient
(28"85%), while the Manj-toba upland has the lowest(10.2 o%).

TABLE 4_2
SURPLUS/TNPUT COEFFICTENTS

P}|YSTOGRAPHTC MEAN ANNUAL MEAN ANNUAL
REGTON PREC. TN TNCHES I,úATER SURPLUS

(r'e nr )

SURPLUS/INPUT
COEFFTCIENT

IN PERCENT

PRECAMBRTAN
SHTELD

MAI{TTOBr\ PLATN

ESCARPMENT

UPLAND

2L ,0

20"0

19 .0

17 .5

0.5050

o,22L0

0.1833

0 .145 3

28.85%

L3 .32%

Ll',59%

ro "20%

llhe conclusi-ons der,ived from Table 4-Z can l.¡e explained



by considering several interdependenb factors
infiltration rate, capacity, physiography anci

materials.

7o

: preci-pitation,

surficíal

The Precambrian shield of southeastern Manitoba is a

hil1y bedrock and drift p1ain. Bogs and rakes cover 60%

of the surface and yield a high depression storage va1ue.
This storage is a resurt of surface detentions in overl_and

flow, and groundwater and channel storage. The flat to hilly
Manitoba upland has glacia1, 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 not o Precipitation tends to infiltrate
much more rapídly i-n the surficial deposits of the upland
than it does on the abundant rock outcropping of the shield 

"

P"EuPacker(rqs¡) notes that factors found to be exerting
the most influence on infíltration capacity are total ground
cover and maximum size of bare rock or soil openings. He

concludes that in order to naximize infiltration capacity,
ground cover density should be at reast 70% wít]h maxi-mum sj.ze
of bare openings being four inches or ress, These factors
characterize the shield much less than the upland.

rn conclusion, j.nfiltration rates are higher in the
Manitoba upland than in the precambrian strield region of
southern ManiLoba; therefÌore, o¡-r the uplancl ther.e is less
water surpl-rrs available for. runoff . r.her.efore, the srrrplus/
irrptrt coeflllicient(ilable 4-Z) is lorver for. ilre lr{¿rnitotra lÌplancl
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region.

The I'fanitoba Plain exhibits a higher mean rvater surplus
value than does the upland or Escarpment. IVhile the Escarp_
ment consists of thick Cretaceous shales with some limestones
and bentonite, overlain by till and some glacio-lacustri-ne
deposits in the form of rocarized beaches, the southern
portion of the flat Manitoba plain is characterized by

calcareous glacial till, racustrine c1ays, deltaic deposits
and areas of muck and peat.

The type of bedrock rvhich characterizes the Escarpment

helps to explain the rorver water surplus values, since much

of the precipitation infiltrates (related to the high
porosity and fissibility of shales), and becomes ground rvater
storage or is involved in chemical reactions, particularily
those involving clay minerals in the bentonite and shales 

"

A1so, the higher evapotranspiration rates associated with
the heavier vegetation growth on the Escarpment (mixed rvoods

and broadleaf forest versus the lightly treed grasslands of
the Plaín), along with the higher infiltration capacities of
the region, related to the denser litter cover, yield l_ower

water surplus values

The overwhelmi-ng infruence of litter cover in the maint_
enance of surficial soil conditions favourable to rapid
infiltration is repeatedly stressed in the literature, and

studies shor','ing decreasecl inf i-l-tr"ation r-ates rvit,h exposrìre of
the l¡are nriner"al soi-r are nrrrel.orrs: f ro,u.ter.mi-il<(r-9:o),
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Ilenclrickson ( Ig34) , Lunt (tgSl ) , Dunf ord (1954 ) ] "

Decreased surface porosity is caused by the destruction

of soil structure due to raindrop impact. This splash

impact breaks donn soil aggregates, throrvs the soir into

suspension and results in the clogging of soil insterstices.

A thicker litter mat yields more organic matter, fan important

cementing agent in the formation of large water -stable
aggregates, (Browning ,fg37)f, on the Escarpment than on the

Manitoba P1ain, which in turn increases infiltration

capacities and lowers water surplus values.

on the other hand, the extreme flatness of the Manítoba

P1aín and pro>:imity to regional base level, along with the

high clay content of the soil-s, overlying thick surficial

clays, accounts for the hígher 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 rvater surplus.

fn conclusion, water surplus appears to be directly

related to the amount of rvater input¡ or precipitation, and

inversely related to i¡rfiltration rate and capacity of the

soils. Inf ilbration rate and capacity are cìir,ectly clepenclent

on the type of natural vegetation and surficial deposits

forind in a region, Iîinal]y, it has been staListically proven
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that althor-rgh bifurcation ratios are not significantJ-y
different betrveen physiographic regì-ons, water surplus
val-u.es do vary significantly. Moreover, statistical analysi_s
has demonstrated that there is only a very slight tendency
for the Strahler bj-furcation ratio to increase with increasing
water surplus and that there is definitely no strong relatj-on_
shi-p between these variabl_es 

"
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CIIAPTER V

CONCI.USTONS

A, Summary and_Conclusions

Sunmaries 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 o

The primary objective of this study was to establish rvhether

or not a meaningful statistical relationship exists between the

Strahler bifurcation ratio of a drainage network and the corres-
ponding water surplus val-ue. Several secondary studies were also

undertaken" The term lwater surplus? was defined and presented

as a mathematical equation; the effecbs of various mapping

scales on basin orderrstream numbersrand 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 1-he average number of branchings or bifurcations of
streams of â given order to that of streams of the next higher
order. strahler states that his or.dering method and determin-

ation of the bj-furcation ratio never produces a value of less
than 2.o and usually gives a mean value of 3.5 for a given

drainage netrvork. In bhis thesis, Str.ah.l-er bifurcation ratio



values ranged betrveen Z,g and ó.f
was employed.
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when aerial photography

(6 )

water surplus is defined in this thesis as average deptrr
of water at the ground surface in a drainage basin, and is
expressed in terms of the following equatj-on:

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 morphometri.c analysis of
Schaeffer Creek, a sma11 drainage basin (g,76 square miles),
located in southwestern Alberta. From this study it is con_
cluded that cartographic representation of features and scare
are important determinants of the accuracy of morphometric
analysis from topographi-c maps and air photos. Basic morpho-
metric characteristics of the basin r.^/ere derived and it was
observed that as mapping scale variedr so did bas'n area,
basin perimeter, stream segment ntrmber, and basin order.

A mappi'g scale of 1:50000 using blue rines representing
the drainage netr^¡ork is not satisfactory for calculation of
stream segment number, maximun basin order or bifurcation
ratio of a basin. Employment of con'bour crenulations are
more accurate, but stil1 do n.b sabisf acr.or-ily depict trre
draJ-nage netvrork, u'bilizing aer.iar- prrobograprry at me¿ìn scales
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of 1237382 and 1:13306 produced higher stream counts than

do the prevlous methods. Horr'ever, stereovisual analysis
of 7z373Bz aerial photographs, provided the best counts of
stream numbers and therefore the most accurate bifurcation
ratio. rn conclusion, Horton?s first larv 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 ratiosr âfl attempt was made to derive a mean

bifurcation ratio for each physíographic region in Manitoba.

For this study, two mapping methods were ernployed and their
results compared, Firstly, l:50000 topographic maps were

utilized in a prelirninary study. As had been demonstrated

earlier, the most accurate representatíon of a drainage net-
work is obtained by the stereovisual analysis of air photos.

Hence, the latter techni-que was used to deri-ve bifurcation
ratio values and a stratified random sampli-ng proced.ure rvas

used to calculate the mean bifurcation ratio value for each

physiographic region.

Analyses of the two mapping techniques led to t,he follow-
irg conclusions:

1) For the fi'e physiographic regions the mean bi.fur-
cation ratios ranged betrveen 3.55 and 4"51. The Manítoba

upland, Escarpment, Manitoba I'lainrprecambrian shierd and

I{udson lSay Lowland region ex}ribitecl nìean bifur.catio¡r ratios
values of 3.8ó , 4 "5I, 3,78, 3 "55, and 4.I4 respect1vely.
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Thus, there is no simple relationship between slope and

bíf urcation ra1-io values as Ilorton (lgqS ,þ.29o) f el t existecl 
"

2) Bifurcation ratio values are not considered to be

highly variable in the province of Manitoba. They are con-

sidered to be stable where the networi< geometry clevelops

rvithout pronounced lithological and structural controls.

3) A bifurcation ratio of less than three 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 spaci-ng of near-parallel streams.

rn the fourth chapter, a statistícal analysis of bifur-

cation data for 86 sel-ected drainage netrvorks in Manitoba

was undertaken. A number of basins in each physiographi-c

region were chosen, with the determinants being the avail-
abiliby of discharge datay âr adequa'be period of stream

gauge record, and appropriate basin area. After calculating
the nean strahler bifurcation ratio and rvater surplus val-ue

for each drainage basin, sta'bistical tests were executed. A

Pearsonfs r correlation test yielcled a correlatíon coefficient
of 0.041, hence shorving a poor correlation r¡etween the

'Stral-rler bif urcation ratio and rvat er surplrrs. Regression

analyses of the claLa demonsbratecl thab Lhere is ctef initely
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no strong relationship between the strahler bifurcation
ratio and water surolus. A studentrs t-test corroborated
this finding 

"

To substantiate the previous resurts, analysis of varj-ance
tests rvere conducted on the bifurcaticin ratio and water
surplus data. rt was proven that at the five percent

significance 1eve1, the physiographic regions of Manitoba

are homogeneous rvith respect to the strahler bj_furcation
ratio: or the basis of the given sample evidence. Moreover,

one final anarysis provêd that between physiographic regions,
water surplus values were statistically different at the one

percent significance leve1¡ or the basis of the gíven sample

evidence" I{ater surplus values of 0.5050 feet, 0o22Lo feet,
0.1833 feet and 0"145J feet were obtained for the precambrian

shield, Manitoba P1ain, Escarpment, and upland regions res-
pectively. variations in these rvater surplus varues can be

explained in terms of the ínterdependent variables of infil-
tration rate and capac i-Ly, mean annual precipitation,
surficial materials, and physiography.

fn conclusion, it has been statistical1y demonstrated that
no strong relationship exists betrveen the strahler bifur-
catíon ratio and water surplus within the limit,ed range of
the regions sampled. rn turn, the water surplus value of a

drainage basin appears to be clirectly related to Lhe amount

of rvater inptrt and ínversely related 1-o the infiltration rate
and capacity of t,he surfj.cial nrateri¿rls.
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B " Further. Recomnrendations

Further research on the bifurcation ratío may be oriented
along other lines. It has been demonstrated that rvater surplus
does not influence the topologic structure of a drainage net-
work, and hence the strahler bif urcation ratio. I{orvever, it
is possible that water surplus values may show a better corr-
elation with bifurcatíon ratios based on other methcds of
stream orderíng than Strahler?s.

Possibly the development of the topologic structure of
a clrainage netrvork and hence the bifurcatíon ratio is entirely
random, as some geornorphologists believe. on the other hand,

although it has been d.emonstrated that water surplus does not
influence the bífurcation ratio value, other variables may.

Are basin slope, natural vegetation cover, precj-pitation and

bedrock geology all important factors in determinj-ng the
basin bifurcation ratio t or is one of these variables of
prime importance? rt has been proven that t,he sampled bif-
urcation ratios of Manitoba are not statistically different,
yeü the physiographic regions are very distinct. why then
are bifurcation ratios not more varied than they are shorvn

to be in this study? Do mean bifurcation ratio values alrva¡,s

range betr^¡een 3 .0 and 5 .0 unless structurally controlled?
trvor,rld an increasecl sample size ( i . e. greater than g6 ) , or
a different mapping scale shorv a greater variance i-n the
mean bifrrrcation ratio valrres of a region? These questions
may provide the itttpettrs for fr-rrther resear-ch rel¿rtcd to the
sttrdy of bif ur.cabion raùios in Manitoba.
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I, BA.SIN_,/trREA DATERMINATtON

A polar planimeter tvas 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 rvere taken

from a fixed point and a mean of 110.J 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 o

The topographic map drainage area was calculated

as 10.15 square mj-les using two sets of three measurements,

that is, with the planimeter pivot in two defferent
positions. For the six trial runs taken, basin area

values differed only by three planimeter units.

The area of the basin, as modified from L:37382

air photo interpretation of the posi-ti-on of the drainage

divide, rvas then determined from three trial runs with
the planimeter pivot fixed. A basin area of g.T6 square

miles was obtained. For the three trial runs taken,

basin area values differed only by three planímeter

units 
"

fr. BAsrN PERIMDTER pETERI{INATrON

The basin perimeter r{as ascertained using the

opisome'ber on the L:37382 airphoto corrected map of

tl-re l¡asin. Three trial rlrns \^/ere niade ancl although iL

is difllicrrlt to assess the opc-:rator error involveclr

thj-s rvould probabry be minimal since the basin divide

is nob bor.tuous. In f act, the closeness of the three
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readings suggests them to be reliabl_e.

TABLE 1

OPTSOMETER READTNG

BASTN PET{TMETEI{

MEAN LENGT}I MEAN LENGTH

22 "B22,9
23,I

IN TNCHES

22.9

IN MILES

18.07

OTHER MORPHO}{ETRTC HARACTERISTTCS OF CIJAEFF'ER REEK

ïrI. STREAM LENGTHS

All stream segments of order greater than
one ldere measured by opisometer using the map representing
the drainage network as it appears with stereovision
(scale Lz3738z). Fingertip tri-butaries were measured.

with a pair of dividers since it was felt that the
error resulting from measuring 27B short stream segments

with an opisometer would be greater than by this method.
(See Table Z),

A simílar 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

same drainage basin mapped at trvo different scares, large
inequalities arise. Total length values are generally
higlrer for the L:3T3Bz stereopairs than for the aerial
photographic enlargements, Because total stream counts
are much less than rvi-th brre stereopairs, along with a

greater distortion of le'gths on the photos , it is



TABLE 2

STREAM
ORDER

1

2

aJ

4

5

STREAM LENGTHS

TOTAL STREAM
LENGTH (rnCues)

7r .50

3r .37

l-9.97

6 .67

10"30

AS CALCULATED FROM ATR

TOTAL STREAM
LENcTH (urrns)

34 .18

14.99

9.55

3 .19

4,92

TABLE 3

STREAM
ORDER

I

2

3

4

5

STREA}Í LENGTHS AS CALCULATED

TOTAL STREAM
LENGTH (TNCHES)

TI2,2

s8.5

25,2

19.6

17 .z

STREAM
NUI\,IBER

278

74

20

5

1

PHOTOS WTTH

MEAN LENGTH
(urres )

0.123

0.203

o.479

o'698

4.920

srnRnovrsroN ( scern t:37392)

TOTAL STREAM
LENGTH (lfiras )

23,56

tz.z8

5 ,29

3.90

3.6r

LENGTH
RATIO

1 .65

2 .35

1.33

7.7r

FRoM ArR pHoro ENLAReEMENTS (scnrr 1:13306)

CUMULATIVE
}{EAN LENGTH

0"123

0,326

0.804

r ,442

6 "362

STREAM
NIIMBER

27r

5o

L4

3

1

MEAN LENGTH
(unns )

0 .11

o,24

0 .37

1.30

3.6r

LENGTH
RATTO

2"18

r "54

3 .51

2 "77

CUMULATIVE
MEAN LENGTH

0"11

0 
" 35

0 "72

2 ,42

5,63

\o
F
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felt that t hese relative inaclequacies greatry restrict
the more precise calculation of mean and i.otal stream
length by the 1:13306 airphotos,

Graph 1 illustrates that the general rerationship
of total stream length to order forms an i_nverse geometric
series. (See Graph l).

TV. DRATNA.GE DENSTTY

Draínage 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 DRATNAGE DENSTTY

TECHNI0UE OF NETI,üORK
IDENTIFTCATTON

BLUE LTNES ON 1:50000 MAp
BLUE LTNES AND CONTOUR
CRENULATIONS oN 1:5OOOO .MAp
VERTICAL AERTAL PHOTOGRAPI{Y
Lz373Bz
VERTTCAL AERTAL PHOTOGRAPI{Y
1 :13306
VERTTCAL AERTAL PFIOTOGRAPI]Y
Lt373Bz USING 2X MTRROR
STEREOSCOPE

DRATNAGE DENSITY TN ^MILES OF CHANNEL/MI,t

2.67

3 .87

4 .08

4.98

6. 85

As would be expectecl, drainage density increases
with increasing map scale and techniq'e superiority.
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UTILTZING THE I:5OOOO TOPOGRAPHIC MAP

AREA:fO.T5 SQUARE MfLES
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UTTLIZTNG THE TZ3738Z AIR PHOTOS
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APPENDTX B O

BTFURCATTON RATTO DATA FOR MANTTOBA



TAB LE

PHYSTCAL CHARACTERISTfC

LOCATTON \,rIITHTN THE
PROVTNCE

ELEV,\,IION AND RELIEF

P}TYSTCAL CHARACTERTSTTCS

HUDSON BAY
LOiVLAND

P}TYSTOGRAPHY

BED ROCK GEOLOGY

OF MANITOBA?S

PRECAMBRTAN
SHTELD

0-500 FT.
A.s.L.
FLAT TO
UNDULATING

SWAMP AND
MARSH, A
TTLL PLATN

SURFACE DEPOSTTS MARTNE CLAY
ON GLACIAL
DRTFT

PHYSIOGRAPHTC REGIONS

500-1000 FT. 500-1000 FT. 5OO- 10oo-1500 FT. A.s.L.A.S.L. A.S.L. +2000 FT, HrLLy, IÍAX. Rntinr.UNDULATTNG FLAT TO A.S.L. TN PROVTNCE
TO HILLY UNDULATTNG UNDULATTNG

TO HTLLY

fcE SCOURED LACUSTRTNE MORATNTC AN ESCARPI{ENT, cUTUPLAND'ROCK PLATN, SOME UPLAND, BY BEACH RTDGÉS,
OUTCROPS AND MARSH A TTLL ÞTET¡i HIGHLY D]SSEóTEDMUSKEG END MORAINE

AND BEACH
RTDGES

PRECAMBRTAN SANDSTONES, SHALES, SHALES, LIUESTONE,GRANTTES, SHALES, SANDSTOÑNS, BENTONITE
SEDIMENTARIES, LTMESTONE LIMESTONES;
SOME VOLCANTCS AND BENTONITE
AND TNTRUSIVES DOLOMTTES

LACUSTRTNE DELTATC GROUND AND SANDS AND CLAYS,
9!1Tr.gOG, DEPOSTTS, END M0RATNE SOME GLACTAL.o
GLACTAL DRTFT LACUSTRTNE LACUSTRINE DR]FT !

CLAYS,TILL,CLAY, STLTS
ALLUVILT},I AND SANDS

gIPI^yggDED, RENDZTNA, cREy tvooDED, cREy woODED,PODZOLIC BLACK, GREY MEADOW BLACK

MANITOBA
LOWLAND

SOTLS

sEE MAP 3-1

DOLOMITE,
LI}{ESTONE

MANITOBA
UPLAND

MANTTOBA
ESCARPI"IENT

TUNDRA AND
ARCTTCMEADOW



P}TTS ICAL CHARACTERIST TC

NATURAL VEGETATION ARCTIC
TUNDRA

A\¡ERAGE TEMP " 
oF.

JANUARY -10 -2OJULY +50 _ +60

A\¡ERAGE ANNUAL
PRECTPTTATTON rN TNCHES a5 "97

POTENTTAL EVAPOTRANSPIRATTON
PER YEAR TN TNCHES Lz.O

HUDSON BAY
LO\,úLAND

TABLE

PRECAMBRTAN
SHTELD

CONTFERS,
SPRUCE, SOME
MTXED FOREST

( courrluuno )

MANTTOBA
LOWLAND

MTXED
GRASSES,
LIGHTLY
TREED

0 -10+60 +66

17 ,24

14 .0

MANTTOBA
UPLAND

MTXED
GRASSES,
BROADLEAF
AND MIXED
FOREST

+3--6
+64 - +67

17,73

17 "o

+4 -8
+64 - +69

18 "50

15 .0

MAN]TOBA
ESCARPìvIENT

fvfIXED FOREST
AND }ÍEADOh/S

+4 -6
+64 - +ó8

18.00

17 .o

co
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rA'LE ', H^Ti:8i.Rå",i?iååä"å,,'åååiåii3".iåii8 DArA

TOPOGRAPIIIC SIIEET STRAIILER STREAM ORDER BASIN BTFURCATION
ORDER FREQUENCY RATTO

54K/ 3E

54K/ 3w

2,3

54K/ 4E

3.3

3.8
54K/ 4w

2.8
54K/ sE

4.3
54K/ 5w

3.5

3.0
S+x/ 6n

2.8

2"O

S qt</ ott

15
2L
15
OoþL

31
19
22
3r
113
25
31
125
28
33
41
1 18
25
3r
112
23
31
13
2a
lzz
27
32
41
1Z
2L
124
zB
3z
41
1Z
2I

5.0

3.0

2.O
s+x/tzr,



TABL]] (c0NrrNuED) ,

TOPOGRAPIITC SIIEET STREAM ORDEIì
FREOUENCY

2
I

10
a
J
1

15
2
1

13
4
1

13
4
I

9
2
1

16
6
1

,
I

11
3

T2
J
1

23

I

26
)
1

100

BASTN I]IF'UIìCATTON
RATTO

2.O

3,2

4.5

3.6

3.6

3.1

4.4

2.O

3.3

3"5

5.1

54K/rzw

54L/78

54L/Lw

54L/28

54L/2w

5 4L/ 7E

54L/7\{

STRAI{LDIì
ORDER

l_

2

1
I

J

1
2
,)
J

1',)
2
J

1
2

3

l-
2

3

I
2

J

I
¡,

I
2

J

I
2

J

L
2

J

I
,
4

54L/ 8E

7,5



101

TABLE 2 (CONTTNUDD).

TOPOGRAPIIIC SIIEET STRA}ILDR STRDAM ORDER tsASTN BTIIUIìCATION
ORDER FREQUENCY RATTO

54L/ Bw 1 22
26
3 r 4"8

1
2

J

9
J
1

4
I

8
t
I

5
I

24
8
I

10
3
1

T2
3
I

11
4
I

54L/ 9E

54L/ 9w

54r/rcn

54r/tow

S+r/tSw

A TOTAL 0rì 33 BASIN BIFURCATToN RATIOS.
MEAN BASfN Rb:3.60

1
2

1
,2

J

I
2

I
2

3

I
2
ôJ

1
2

3

1
2

3

3.0

4.0

3.0

5,0

5.5

3,2

3.5

3.4



L02

TABI,E 3 PRECAMBIìIAN SIITELD BTFUIì,CATTON IIATTO DATA
EI'IPLOYr\rc I :50000 TOpocrì.Apt{IC SilUETS

TOPOGIìAPHTC S}IEET STRA}ILEII STREAM ORDER BASIN BIIIURCATTON
ORDER FREOUDNCY RATIO

52L/ 6\^t I 3
2 7 3.0
1g
22
3 1 3'o

52L/l-rq

52L/rLw

5 sE /L5

53n/ß

4
1

3
1

1
2

4
1

2
1

3
1

6
2
1

1
2
ô
.l

ôJ
1

6
2
I

4
1

7
aJ
I

1
o

I
2

1
,

1
t

I
2

I
2

J

1
2

I
2

J

4.0

3.0

4.O

2.0

3.0

2.5

3.0

2.5

4.0

2,6

1 31zB
33
41

6ze/ 4

3 .l-



103

TATILE 3 (coNrTINUED) 
"

TOPOGRAI']IIC SIIEET STRAI]LER STIIEAM OIIDER BASTN BTIìURCATTON
ORDER FREQUENCY RATIO

6Zn/ 4 con rt 1 5
2
J

I
2

2
1

63r/1,28

6sr / 7E

2
I

J
1

5
I

1

J
1

8
2
1

2
1

B

J
1

7
I

2
1

6
I
5
1

1
2

1
2

1
2

1
2

i-
2

1
2

J

1
.)

1
t
4.t

7
I

2.3

7"o

2.O

3.0

2,O

6.0

5,0

2"3

3,0

3.0

2.O

2,8

7.O

63r / 8E

63r / 7w

63r / 8w

1
I

1
,
3

1
,

6st / gn 1
4

3

11
J
1 3.5



TABLE 3 (courruuED),

TOPOGRAPI.IIC SI{EET STRIìAM ORDEII
FRESUENCY

10
J
1

6
2
1

6
1

5
2
I
4
t
D

1

11
3
1

ôJ
I

10
2
1

z8
7
I

15
4
I

1g
4
t.

ro4

BASTN BIFUI{CATION
RATTO

3,2

2,5

6.0

2,3

4.0

2"0

3,4

3"0

3.5

5.5

4.0

63r / 9w

STIìATILER
ORDER

1
a,

J

I
2

J

1
2

1'2
J

1
2

1
2

I
2

3

1
2

I
2

J

1
,
J

1
2

J

1
I
ôJ

6St/rcn

e 3t /tow

ost /tz

6St /ts

4,4



105

rABLE 3 (CONTt_NUED).

TOPOGIìAPIIIC S}IEET STRAIILER STIIEAIVI ORDER I]ASIN BTFURCATION
0RDER IiREQUENCY RATI0

6St /Un 1 3
2 L 3.0

1
2

r
2

I
1

6
I

6st/tstt

0Sx/tSn

osx/tsw

0 st</ un

112
23

1
I

1
2

I
2

2
1

ô
J
I

J
t

2"O

6"0

2.0

3.0

3.0

3.0

5.0

3.0

2"O

4.0

3"0

3.5

2.O

I
a,

1
2

1
.)

1
2

I
2

J
1

5
I

3
I
,
1

1
t

4
1

õJ
1

2
1

7
2
1

1
2

1
t
3

63rc/tlw

2.8
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TAßLE 3 (CONTTNUED).

TOPOGIìAPTIIC SH]]I]T STRAIILER STREAM OIì.DER BASTN BTFUIì.CATION
ORDER FRESUENCY RATIO

63K/I4\r (contt) 1 42 r 4,o
63K/LSE 1 6

2 1 6"0

I
2

1
2

1
2

I
2

1
2

I
2

I
2

1
t

1
2

I
,
J

I
,

7
1

3
1

4
I

4
1

2
1

7
1

J
1

4
1

J
1

4
2
I

6
I
J
I

7,0

3"0

4.0

4,0

2.O

7.O

3"0

4.O

4"0

3.0

2.0

6.0

3.0

6st</:-sw

6sN/s

63N/4

03o/t

1L4
23

I
2

03o /z



TABLE (coNrrNuED) 
"

TOPOGRAPI{IC SI{EET

63o/z (contt)

STREA}{ ORDER
FREQUENCY

6
2
I

24
I
I

12
2
I

L4
2
1

J
1

2
1

J
1

15
4
f,

1

4
I
9.
J
1

6
2
1

10
2
1

107

BASTN BIFURCATION
RATTO

2.5

5.5

4.O

4.5

3.0

2,7

3"0

2,6

4.O

3.0

2.5

3.5

4,O

6so/8

6so/g

63P/4

63P/s

6sp /6

STRAI{LEIì
ORDER

1
,
J

1
2

J

1
2

3

1
2

3

1
2

1
2

J

1
2

1
2

J
4

1
2

I
(')

3

1
2

3

1
I
ft
J

I
2

63r /to

4
1



TAI]LE (courrxuno) .

TOPOGRAPI{TC SIIIET STREAM ORDER
FREQUENCY

7
I

6
2
I

6
2
1

6
I

13
3
I

11
4
1

9
2
I

11
I

1

8

J
1

L2
2
1

5
2
1

5
I

13
4
1

108

BASTN BTFURCATTON
RATTO

7.0

2,5

2.5

6.0

3.5

3"8

JcJ

3,7

2.8

4.O

L oJ

5.0

63P /t"L

63P /r2

63P /L?w

63Y /t3n

63v /t3t^t

STRAI{LEIì
ORDDR

1
,

I
,
3

I
2

3

1
2

1
2

3

1
2

J

1
2

J

1
2

J

1
2

J

1
2

3

I
2

J

1
,

I
,
3

63r, /I4E

3"5



TABLE 3 (coNTTNUED) 
"

TOPOGR.,\PI{IC SI-IEET STREAM OIìDER
FRI]QUENCY

10
2
1

4
1

J
1

9
2
1

I
2
I
8
t_

7
t
I

L4
4J
1

õJ
I

6S
I7

4
I

4
I
1

L4
J
1

4,
I

109

BASTN BTFUIìCATTON
RATIO

3.5

4,O

3.0

3.3

3.0

8.0

qÈ7

3.9

3 "o

4.2

2.O

3.8

03v /t4w

6+e/t

64n/z

STIìAIILER
ORDER

I
2
aJ

I
2

1
2

1
2'2
J

1
2

3

I
2

l-
.>

õJ

r
I

3

I
,

1
2
aJ
4

1
2

J

1
,
J

I
t
J

o3v /rc

64i'/ s

2.0



110

rABLB 3 (CONTTNUED).

TOPOGRAPHTC SHEET STRAIILER STREA}{ ORDER BASIN BII}URC-\TTON
ORDER FIìEQUENCY RATIO

64c/6 1 5
2

3
2
I

1
2

,
1

11
J
I

L c,5

2.O

64c/ e 1
2

J

I
2

1
2
ô
J

1
2

1
2

J

1
o

1
2

1
I

1
t
J

1
2

1
2

I
2

J
1

8
.>

I

3
I

J
I

I
1

J
1

L4
3
1

3
1

8
2
1

J
1

2
I

6+c/to

6+c/ +

3.5

3.0

4,0

3.0

3.0

3.0

2,O

3.0

3,0

3.0

3.0

2"0

6+c/tz

64c/74



TABLE (coNTrNrIED).

TOPOGRAPIITC SHEET

6+c/tsn

STREAM ORDER
FRESUENCY

J
1

3
1

5
2
1

4
I

5
2
1

3
1

J
1

J
1

2L
5
I

T2
2
I

13
4
1

7
t
I

2
1

3
I

111

BASIN BIFUIìCATTO\T
RATIO

3.0

3.0

.taa oJ

4,O

2.3

3.0

3.0

3.0

4.5

4"0

3.5

2,7

2.0

3.0

6qc/uw

6+c/tln

6+c/tow

04r /t

04r /z

STRAI{LEII
ORDER

1
2

I
2

I
2

3

I
't

I
2

3

I
2

1
2

1
oþ

1
o

3

1
2

J

1
2

J

I
2
4J

1
2

I
a



IT2

TABLE 3 (CONTTNUED).

T0POGRAPIIfC SrlllET STRAI{LER STIìEAlvf ORDEII BASIN BfFURCATI0NORDER FIIEQUENCY RATTO

64F/3 I 4

2.O

6.0

4.0

A TOTAL OF 140 BASIN BTFURCATTON RATTOS.
MEAN BASIN Rb : 3.40

,
J

1
2

a

1

6
1

4
1

1
2



TABLE

TOPOGRAPI{TC SIIEET

6zu/t

6zn/rn

6zu/ 3n

6zu/ 3w

6zu/ +n

6zu/ 4w

6zu/ 5w

6zw / 6w

STIìEAM ORDEIì
FREQUENCY

¡t

I

rB
J
I

7
J
I
6
1

6
2
I

I5
4
I
4
1

72
2
1

13
4
I
9
,)

1

5
1

9
,)

1

8
c

I

BASIN BTFURCATION
RATIO

2"0

4 "5

2.6

6.0

2.5

4.O

4.0

4,O

3 "5

J.J

5"0

J.J

113

MANTTOBÁ, PLAIN BTFUIìCATTON RATTO DATA
EMPLOYINc 1 : 50000 TOpOcrì.AptrIC SlrrìETS

STT{AIILER
ORDER

1
2

1
o

3

I
2

3

1
2

I
2

3

1
2

J

I
2

1
2

J

1
,)

J

t
2

J

1
2

1
,)

4J

1
2
J

6zv / 9t^t

3.0



TOPOGRAPIITC SIIEET

6zw/t3w

STREAM OIìDEIì
FRESUENCY

9
2
I

9
2
1

6
1

7
J
1

9
1

5
2
1

9
2
I
B
ô
J
I

5
1

6
2
1

4
I
t
1

4
I

7l-4

BASTN BTFUI{CATION
RATTO

3"3

3.3

6.0

2"6

9.0

4 o.)

3.3

2.7

5.0

2 ".5

4.0

2.0

4,0

TAI]LE 4 (conrruunD).

6zu/ 8w (con rt )

6zu/tzn

6zn/t5

62H/r6w

6zt/tn

6zr/tw

STRAI{LER
ORDER

1
z
J

I
2

J

I
.)

1
2

J

1
2

I
2

3

1
2

J

I
t

J

I
ô
L

l-
t

J

I
2

l_

2

1
2

6zr/zn

6zt/ Sn

6zt/ 3w



115

TABLE 4 (CONTTNUED).

TOPOGRAPIITC SI{EI]T STRAIILEIT STRE,A}i ORDOR BASIN BIFUIìC,/i.TIONORDER FREQUENCY RAT]O

62r/ 4E

6zr/ 6r,

0zt/rce

6zt /tn

6z t /tw

6zt/ 5

6zt/ Z

6zr/ 8

6zt/9

ezt/z

1
,

1
2

1
9

I
2

-L

2

3

l_

2

I
2

1
2

J

1
2,.)

1
2

J

1
2

I
2

J

2

1

4
1

4
1

-
2
1

4
J
1

4
1

3"0

2.O

4,0

4,O

4
1

)
I

I
t

I
2

6z¡/Sr,

2
1

T2
4
1

2L
6
I

8
2
I

7
1

10
,)

1

2.7

4.0

2.0

3.5

4.7

3.0

7.O

3.5

4,0

2"O



r16

TOPOGRAP}ITC SIIEET STR,AIILER STREAM ORDER BASTN BIFURCATION
ORDER FREQUENCY RATTO

TABLE 4 (cot.t,rrttunD).

6zt/en

6zt/Zn

6zt /t4w

oz t /tow

6zo /rc

5
1

1
2

6ze/5

I
2

1
2

l-
2

I
2

1
2

l_
o
L

1
2

I
2

3

1
2

3

1
,
J

1
t

2
1

5.0

2,O

2,0

5.0

6.0

2,0

2.0

3.0

2,8

4.0

2.O

5"0

4.0

6z t /:-ow

6zo/7

2
I

5
1

6
1

oþ
1

2
I

3
I
8

J
1

e3s/t

15
3
1

4
2
1

5
I

4
1

6
2
1

1
2

I
q

J

63|,/7

2,5



TABLE

TOPOGRAPI{IC

6sc/t

ogc/z

6sc/ 7

6sc/ 8

63c/ 9

osc/to

A TOTAL OF
MEAN I]ASIN

(colrrruunl).

STIEET

BTFI]RCATTON Iì"ATIOS.
= 3.60

STIìAÍILER STREAM ORDER
ORDER ITRE9UENCY

1g
2L
15
22
31
14
22
31
18
'223r
16
22
31
112
24
31
113.)ô
þL

31
16
22
31
115
24
3r
111
23
3r
I 10
9.e4

31
15
2I

IJ.7

BASIN BTFURCATTON
RATIO

8,0

2.3

2.O

3.0

2,5

3.5

4.3

2,5

4.0

3.5

3.5

5"0

67
l{1,



118

ESCARPI'{IINT IIIITURCATION IìATfO DATA
1 :5OOOO TOPOGRAPIITC STIEETS

TABLE }{ANTTOBA
EMPLOYING

BASTN BTFURCATION
RATTO

6"0

4.0

2.O

2.7

4.0

6.0

7"O

5"0

3.0

2.3

2.5

3 "4

STRAHLER STREAM ORDER
ORDER FREQUENCY

16
2L
IL2
22
31
1Z
2L
17
22
31
t4
2I
16
2I
17
2L
15
21
13
2I
15
22
31
16
2Z
3r
111
24
31
113
23
3r

TOPOGRAPHTC SHEET

6zG/LE

6zc/8w

6ze/ E^t

6ze /:-on

6zt/Sn

3,5

6zt / ew



TABLE

TOPOGRAPI{TC STIEDT

6zt /tttt

STREAT{ ORDI]Iì
FREQUENCY

22
5
2
1

8
2
1

4
1

13
4J
1

7
2
1

I2
3
1

L2
J
1

3
1

6

3

72
J
I

9
4
1

L4
5
1

119

BASIN B].FURCATTON
RATTO

3.0

3.0

4,O

3.5

,,7

3.5

3.5

3.0

2,5

3.5

3.0

(courruunD) 
"

6zt/6w (conrt)

STRA}ILER
ORDER

1
2

3
4

1
o

3

1
2

1
2

3

1
t
3

1
2

3

1
,
J

1
2

1
2

J

1
2
õJ

I
t
3

I
t
J

62J /LzE

6zt/4n

6zt /t3w

4.O



120

TÂBLE 5 (CONTTNUED).

TOPOGRAPHTC SHIET STRAHLER STIìEA]"Í ORDER T]ASTN BTF'URCATTON
ORDER FREQUENCY RATTO

62K/r6E 1 B

22
3 I 3.0
1
2

J

1
2

9
2
I

2
1

2
I

4
2
1

4
1

4
1

ó"/

2.O

2.O

2,0

4.0

4"0

3"5

4"0

2.0

4,0

4,O

3"0

4.0

62K/L6w

6zx/te

62N / 7E 115
24

1
oþ

1
2

J

I
2

1L2
23
31

4
1

2
1

t
2

aI
2

1
2

I
t

1
2

1
2

J

4
I
8

J
I

4
I

62N/1oE



T2L

TABT,E 5 (CONTTNUED).

TOPOGRAPHTC STII]ET S1'IIAI{LER STREA}{ ORDER BASIN BTFURCATIOì{
or:i.DER FREQUENCY RATIO

6zw/l-on (conrr) I 4
2 L 4,0

2 "5
6zw/t5n 1L6

24

6

J
1

6zn /tstt

6sc/z

6 3c / 6\,r

6sc/t+p

A TOT^,L 0F 5Z IIIITURCATTON RATTOS.
MÌIAN BASfN Rb : 3.46

1
,
3

1
2

J

1
2
3

1
o

1
D

1
2

5
2
1

7
2
I

4.0

2,3

2"8

3.1

3.0

4.O

3,0

3.0

i_ z6õãþ/
3z
41
I
t
a
J

9
J
1

4
1

a
J
1

J
1

1l-2
.r4
LJ

31 3.5



TABLE 6

TOPOGRAPI{IC

6zr /w

6zr /zn

ORDEII IIRESUENCY

1L4

1
2

1
2

J

72,2
TIIE MANTTOI]A UPLAND I]IIIURC,A.TION RATTO DATA
EI{PLOYING I:50000 TOP0cRAptrIC SITEETS

SI{EET STRAI'ILDR STREAM ORDER BASTN BTFURCAT]-ON

6zr /zw

6zF / 3E

6zr / 3w

6zr / 6n

6zr / aw

6zr / 7w

6zr / Bn

6zr /rcn

6zti /tott

4
1

r8
6
2
I
8

3
1

L9
5
2
1

2

3

I
2

J
4

1
2

3

I
2

3
4

J
1

2
1

a

1

2
1

4
1

2
I

J
I

1
2

I
2

I
2

I
2

I
2
J

1
2

RATTO

3.3

2.6

2"8

2.8

3.0

2.O

2.O

2.O

4.O

2"O

2.6

2.O

1
2

2
I

13
4
1 3.6



TOPOGRAPTITC

6zr /ttn

6zr /t6tt

6ze /zn

STREAM OIìDE]ì
FRI]QUENCY

4
2
1

2
I

t4
2
1

3
1

3
1

10
2
1

5
1

4
2
1

5,
1

3
I

5
ô

I

10
t
I

13
J
1

123

BASTN BTFURCATIO.\
RATIO

2.O

2.0

4.5

3.0

3.0

3.5

5.0

2.0

2.3

3,0

2.3

3.5

1.'AB LE 6 (conirrruuED).

6zr /ttw

6zr /t4n

6zr /t4w

6zr /rcn

SIIEET STRATILEIì.
ORDER

1
2

J

l_
.\
L

1
2

J

1.,

1
2

1
t

3

1
2

1
,
J

1
2

J

1
2

1
t
J

I
,
J

I
,
J

6zc/ ¿,n

3.5



T.ABLE 6 (coNrrNUED) 
"

TOPOGIìAPIITC S}IEET STII.A
ORD

6zc/ 4w I
a,þ

1
2

6ze/Sn 1
2

6ze/ew I
2

I
2

1
2

6zt/+n 1
2

Ĵ

I
2

I
2

6zt/4w 1
2

1
,

1
,
un

J

62K/rE I
2

6zx/tt^t 1
2

1
a,
L

FILER STREAIVI
ER FIìEQ

/
I

5
I

4
1

3
I

5
1

4
1

6
2
1

2
1

2
1

4
1

4
J
1

5
q-
1

3
I

3
1

,
1

r24

ORDER BASIN RTFURCATION
UENCY RATTO

7.0

5.0

4,0

3,0

5.0

4.0

2,5

2.0

2.0

4.0

3.0

2,3

3.0

3"0

2.0
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TABLE 6 (cONTrNuED).

TOPOGRAPIIIC SI{EET STRAIILER STREAM ORDER BASTN BTFUIìCATION
ORDER FREQUENCY RATIO

1362rc/zn

ozx/zw

6zt</ Sn

6zx/ 3w

6zx,/ 6n

6zx/Zn

1
2

J
I
6
2
1

4
I
5
2
1

6
2
1

5
D

I

3.0

3.0

2,5

4"0

2,3

2,5

2.3

5.0

4,O

3"0

5.0

3,0

2,O

3.0

I
2

3

9
J
I

5
1

It
J
1

2
1

I

1
2

3

1
2

1
,
ô
J

I
2

J

1
2

1
2

I
2

I
2

I
t

I
2

5
1

4
1

1
2
J

62rc/ 7w
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TABLE 6 (C0NTTNUED) 
"

TOPOGRAPHTC SI{EET STRAHLEI{ STREA}I ORDDR BASTN BIFURCATIONORDER FREQUENCY RATTO

-lo
L

2 L 2.O
62rc/8n

62K/ B\r

62K/98

6zx/9w

6zx/l_on

6zx/ttw

6zw/tzn

6zt</tztt

6zr</tow

6zt</ttn

1
2

I
2

J
1

2
1

1
t

4
2
1

116
23
31

3.0

2,0

6.0

2.O

2,O

4.0

1
2

6
1

2

I
1
2

3

1
2

I
2

.T{
n

1
D

aL
t
J

I
2

5,
I

2
1

2
1

4
1

ô
J
I
t
I
c

1

2.2

2,O

2,O

4.0

3"0

2.O

2,0

1
,

6zx/t3r:



TABLE 6 (corurrmunt).

TOPOGRAPIITC SI.IEET STREAM OIìDEIì
FREQUENCY

J
1

7
2
1

B

J
1

7
2
1

11
2
I

4
I

3
I

6
1

L2
3
1

7
4
J
I

L4
4
I
a

I

Ĵ
I

L27

BASTN ßTFYRCATTON
RATTO

3.0

)1

2.7

2.7

3.7

4.0

3.0

6"0

3.5

2.6

3.8

2,0

3.0

62rc/4w

6zx/t4n

6zx./t4w

6zx/ryn

6zx/tSt^¡

6zx/:-6tt

STRA]ILEIì.
ORDER

1
õL

l_

2

J

1
,
3

I
2

3

1
2

3

1
2

I
,

1
2

1
2

J

1
2

3

1
,
J

1
2

1
f,

1,
J

6z¡t / Sn

5
2
1 2,3



TABLE

TOPOGRAPIITC

6zw/ 6n

ízx/ 
't^t

6zw / ttw

A TOTAL OF
MEAN BASTN

(cowrrruuED),

SI{EI]T STRAIILER
ORDER

I
,
3

I
2

3

1
2

1
2

I
2

1
t
3

I
,
3

1
t
¿t
J

STREAM ORDEIì
FREQUENCY

6
2
1

5
2
1

5
I

6
1

J
1

10
4
I

L2
ô
J
1

6
o

I

728

BASTN BTIìUIICATION
RATTO

2.5

2,4

5.0

6.0

3.0

3.2

3.5

2.5

gI
Rb

BÏFURCATTON RATIOS":3.10



TARLE

TOPOGR^PIIIC BASIN R5
SHEET EMPLOYING

PHOTOS

54K/ 4E 4.7

54K/ 5w 4,7 3.5

54L/LE

rzg

TIUDSON BAY LO1VLAND BIIIUIìCATION RATIO DATA
EMPLOYTNG ST]]RI]OVTSUAL ANALYSTS OF AERIAL
PIIOTOS WITII A MEAN SCALE OF 1:60000

BASIN R5
EMPLOYTNG
1 :5 0000
SHEETS

3.8

4,5

4.4

5.1

3.0

3.4

STREAM ORDER
EMPLOYING
PI{OTOS:
ORDER FREQ.

STREAI\I ORDER
E}{PLOYTNG
TOPOGRAPHIC
SHEETS:
ORDER FREQ.

1
2

J

I
2
4J
4

I
2

3
4

16
J
1

53
10

2
1

101
1g

4
1

340
8g
20

5
l_

Bo
15

J
1

LL4
30

B

1

l-
,
3

I
,
3

I
o

J

23

1

8
I
1

11
4
I

1
I

J

1
ô
L

3

1
,
Ĵ

13
5
1

T2
J
I

t5
o

1

16
6
1

54L/2w

54L/ 8E

54L/ 9\r

54L/LSr'\r

4,7

4",2

4.8

4,5

5 "1

I
2
J
4
5

1
2

3
4

1
2

J

1
j

4
J

4

45
9,
1

I
2

J
4



TABLE

130

PIìECAMI]I{TAN S}ITELD I]TFURCATTON RATTO DATA
EMPLOYTNG S]]EIìEOVT,SUAL ANALYS]-S OF AERTAL
PIIOTOS WfTI{ A MEAN SCALE Orr I:37400

TOPOGRAPHTC BASrN Rb BASIN Rh STREAì{ ORDER STREA}Í ORDER
SFIEET EMPLOYIÑCEI'ÍPTOYTÑC EMPLOYING EMPLOYING

PI{OTOS I :5 0000 pt{OT0S : TOPOGRAPHIC
SHEETS ORDER FREQ" SHEETS:

ORDER FREQ"

52L/Lr\,r 4.7 3.0

53F./a5 3.9 2,5

538/L6 4.0 2,6

63r / 7E 3.6 3.0

6St / Bn 3"0 3"0

6St / gw 3.9 6.0

63t/rcn Q' 4,O

63r /Lz 3.5 5.5

9
aJ
I

36
6
2
I

aõ
JA

8

3
1

46
37
10

J
I

26
5
1

I
t
3

1
2
J
4

1
2

3
4

I
2

3
4

I
oþ
4J

1
,
J
4

1
L

J
4

11
2
4J
4
5

I
,
J

1g
ó
I

4L
9
z
1

62
2T

4
I

45
L2

J
1

J
1

6
2
1

7
õJ
I

I
2

I
2

ó

1
2

J

1
2

1
2

1
t
J

1
2

28
n

I

63r /r5\r 5"0 ó,0



131
TABLE (conrrxunD).

TOPOGRAPIJTC !A!JN Rb BASIN R¡ STIìEAM ORDER STREAI'Í ORDERSHEET EMPLOYIÑG EMPLOYTÑG EÞII'LOY].NG E}ÍPLOYING
PHOTOS 1:50000 pltOTOS : TOpOcRApHrC

SHEETS ORDER FREQ. SI{EETS:
ORDER FREQ 

"

6src/Un 3,7 3.0

63K/L3r,{ 3.8 2,O

63K/r4w 3.6 2.3

63K/LSE

1
c

3
4

1
2

J

ï
2

Ĵ
4

1
2
õ
J
4

I
2
J
4

1
2
õ
J
4

1
2.3
4
5

1
2

J
4

I
o

J
4

50
I4

4
1

11
2
1

47
11

3
1

101
25

2
I

54
I2

4
1

5o
8
4J
1

203
55

9
2
I

48
8
2
I

5o
13

J
I

I
2

2

1

5
2
1

I
2

I
,
J

t
2

J

1
2

6sN/ 4

6.1 6.0

3.8 4.0

4.0 6.0

4"0 4.o

4,O 4,0

I4
J
1

630/r

6so/s

63P/s

IZ
t
1

1
2
4
J

4
l_

63P /rr 3.6 7.0



TABLE (colrrwunt).

TOPOGRAPIITC BASIN R,slrenr nrrproyrñc
PHOTOS

BASTN R,
eMproyrRc
1 :5 0000
SHEETS

3,7

STREAM ORDER
E}iPLOYING
PHOTOS:
ORDER FREQ.

L32

STREAM ORDER
E}fi)LOYTNG
TOPOGRAPHIC
SI{EETS
ORDER FREQ.

63P /L3E 4.8

6Sp 1t+w 3,6 4.O

64A/2 4,7 4,2

6+n/ + 4,3 2,3

64c/e 2,9 3"0

64c/rL 4,5 2,0

6+c/tq 3,8 2"O

6+c/rcn 3.8 2,3

1
I

J
4

1
2

3
4

I
2

3
4
5
6

1
2
aJ
4

I
,
3
4

1
2

J

'1
2

J

1
2

J
4

I
.)
L

J
4

8Z
1¿ /¿

6
1

498
L22

34
8
2
1

75

5
1

1l
(\

1

5r
I4

J
I

ó1
I4

J
I

11
2
I

4
1

63
L7

4t

I
,
J

I
2

1
o

ó
4

38
10

2
I

1
2
3

1
2

5
o

1

22
7
2
1

18
J
1

1
)
J

5
t
1

r3
4
t

1
2

J

64n /t 4.o 3,5



TABLIì

TOPOGIìAPIITC
SHEDT

64F/s

TABLE

6zu/t3w

(corurrnunD).

BASTN R. BASTN Iì,
nuproyrlìc nuproyrRc
PHOT0S 1:50000

SHEETS

STREA}{ ORDEIì
EMPLOYTNG
PTIOTOS:
ORDER FREQ.

133

STIìEA}{ ORDER
E}lPLOYTNG
TOPOGRAPHIC
SHEETS:
otì.DER FREQ 

"

3,9 6.0

MANTTOBA LOI,fLAND PLATN BTFURCATTON RATIO DATA
EMPLOYING STEREOVISUAL ANALYSIS OF AERIAL
PHOTOS l'ürTH A MEAN SCALE 0F l-:15840

I
I

3
4

63
15

4
1

I
2

6
1

TOPOGRAPHTC BASIN R.sHEEr 
Fiårt3ät-8

62ru/ 4w 4.7

62H/rzq

BASIN Rb STREAM ORDER STREA.IU ORDER
EÞIPLOYTÑG EMPLOYTNG EMPLOYING
1: J0000 PHOTOS : TOPOGRAPHIC
SHEETS ORDER FREO. SHEETS:

ORDER FREQ"

3.5

J.J

2.6

3.0

I
2
J

I
2

J

I
2

J

1
.)

J

I
,
4
J

94
20

5
1

5o
16

5
1

on
B

2
1

1
2

J
4

1
2
3
4

13
4
I

3,4

3.1

r3
4
I

J
1

9
^
1

6
2
l

1,
J
4

1
2

J
4

62r/rE 3.8

6zt/tw 4"8 2.5

39
I2

2

I

B+
23

J
I

26
6
1

I
2
4
J
4

1
,
3

62r/ 6E 5,2 4.0



TA,BLE

TOPOGRAPI{TC
SHEET

(coNrrruuED).

BÄSTN R,
n¡rproyrßc
PHOTOS

STREAM ORDER
E},IPLOYTNG
P}{OTOS:
ORDER FREo.

L34

STIìEA}Í ORDER
EMPLOYING
TOPOGRAPI{IC
SFIEETS:
ORDER FREQ.

6zt/ g 3.2

62J/z\r 4.7

620/7 3.0

62P/5 3.0

638/L 4,Ð

6sc/z 3.8

6Sr /rE 3.3

BASIN Rb
EMPLOYIÑG
I :5 0000
SI{EETS

4.7

4.O

3.0

2.O

5"0

3.0

7,O

I
,
J
4

1
2

J

1
2

J

1
2

J
4

1
2

3
4

22
6
I

28
8
2
1

1"7

7
1

4
I

4
aþ
1

5
1

9
J
1

23
5
2
I

49
T2

.'t

1

I
2

J

I
2

J

I
t
J

1
2

J
4
5

1
2

J
4

Lgo
46
L2

4
1

40
T2

4
1

I
t
1



TABLE ] O

TOPOGRAPIÌTC
SHEET

6zc/ 9tr J oþ

6zc/l-5w 4,8

6zt/6w 4.2

6z t /tzn

BASIN R,. RASTN R,
n¡rproyräc nuproyrRc
PHOTOS 1:50000

SHEETS

STREA}{ ORDEIì.
E¡{PLOYTNG
PI-IOTOS:
ORDER FREQ.

104
22

6
1

260
60
24

6
I

STREA}{ ORDER
EMPLOYING
TOPOGRAPI{TC
SHEETS:
ORDER FREQ.

135

MANTTOBA DSCAIIPMENT BIFURCAT]-ON Iì.ATIO DATA
E¡{PLOYING STI]REOVISUAL ANALYSIS OF A.ERTAL
PIIOTOS lVITlt A tvtDAN SCALE 0F t:15840

62 r /L3w 4,2

6zr</rcn

2,7

3.0

3"0 1
2

Ĵ
4
5

3"5

4.o 1
2

3
4

2.O

2,0

.l rt
þL

5,
1

13
J
1

L4
5
1

I
2

J
4

1
o

J

1
2

J

66
13

6
1

25
7
t
1

2I
4
1

90
?,.
LJ

6
2
1

1
,
J
4
5

I
2

3
4

1
t
aJ

7,
I

4,4

3.0

1
t

3
4

6g
2L

4
I

6zx/:-lw 4,7

I
2

J
4

1
o
4
J

1
2

J

I7
4
1

6zN /rE 4,2 2,0



TAI]LE 11

4.6

3.1

62F /LLE 4.5

6zn / rcw 4.3

6zc/ 4w 4.5

6ze /0w

BASTN R.
nurroyrRc
1:50000
STIEETS

3"5

2.8

2,O

2.O

2"O

6.0

4.o

z.B

STREAM ORDER
EMPLOYfNG
PHOTOS:
ORDER FREo.

77
22

a
J
1

60
15

2
I

STREA}{ ORDEIì
E}{PLOYING
TOPOGRAPHIC
SHEETS:
ORDER FREQ.

130

MANITOI}A UPLAND I]IFUIICATTON RATTO DATA
E}{PLOYTNG STDIìEOVISUAL ANALYSTS OIì,AEIìTÂL
PI{0TOS lvfTit A ÞIDAN SCALE OI1 1:15840

TOPOGRAPIITC BASIN R,sHEEr 
Filåilå'ñ"

6zr /tw

6zF /zE 4,I

6zr / 7w

I
2

J
4

1
2

3
4

1
2

3
4

1
2
4J

I
t

3
4

1
.>

J
4

1
õ
L

J

I
)
J
4

1
,
4
J

13
5
t
1

8

ó
1

I
2

J
4

1
2
ôJ

60
L7

J
1

25
6
2
1

4.3

4
Ð

1

I
2

1
.)

J

20
5
1

8o
Lg

4
I

I
t

1
I

3

r8
4
1

I
a
J
I

47
11

4
1

26
n

I

6zt/zn J./

6z.t / 4tr 5,4 4.0



TABLI] 11

TOPOGRAPIITC
SHEET

6zR/zw

6zx/ 3w

6zx/zn

6zx/ Aw

(conrrmuno).

BASTN R,
elrproyrRc
PI{OTOS

STI{EAM OIìDEIT
EMPLOYING
PFIOTOS:
oRDErì. FrìEQ,

L37

STREAM ORDER
EMPLOYTNG
TOPOGIìAPIITC
SHEETS:
oRDER FREQ.

16.) ()

BASTN R-

E¡rp r,oyrRc
1 :5 0000
SHEETS

2.5

62K/row 5.3

6zK/L4E 2,9

62rc/:-5w 4.2

ó3N/3E

3"6

3.6 5.0

4"9 4,O

4,8 3"0

2.O

91

3"0

4,0 2.0

45
11

J
I

I
2
ôJ
4

I
2

3
4

1
2

3

1
2

3

1
2

J

1
2

J
4
5

1
,
4
J

1
2

3

4
1

39
9
2
I

23
6
1

2I
6
1

1
2

I
2

1
2

J

28
5
1

77
18

7
t
1

I7
5
1

12
2
1

8
a
J
I

f
,

20
5,
1

1
2

J
4

ózN/0w 2.8 5.0



138

TA]]LT 72 BTFURCATTON RATTO CORRDCTTON I.ACTOR DERIVATION

PIIYSTOGRAPI.ITC STRI]AM NET }{EAN BASIN MEAN BASTN R
REGION SAMPLE SIZE

t\b
Rb CORIìECTION

BY 1:50000 FACTOR

HUDSON BAY
LOWLAND 7

PRECAI'ÍBRfAN
SHIELD 28

MANITOBA
I,OIVLAND 13

MANITOBA
ESCARPMENT 10

MANTTOBA
UPLAND Ig

R,
BY pRoros

TOPOGRAPI{TC
SHEETS

3,96 4.50 +0,54

3.81 3.96 +0,15

3.66 3.84 +o "18

z,84 3.gS +t.rl

3.35 4"LL +0.76

TABLE 13 EMPLOYMENT OF THE CORRECTION FACTOR TO DERIVE MORE
PRECTSE BTFURCATTON RATTOS FOR MANTTOBAÎS PHYSIOGRAPHtrC REGTONS

PHYSTOGRAPHTC ylAI_lu_ __ Rn CORRECTTON NEw MEAN Rb
REGTON AS DERTVED U FACToR

FROM TOPO.
SHEETS

HUDSON BAY
LOLI¡LAND 3.60 +0.54 4.I4
PRECAMBRIAN
SI{IELD 3 .40 +0.15 3 .55

MANTTOBA
LOh¡LAND 3"60 +0.18 3,79

MANTTOBA
ESCARPN{ENT 3.40 +1,11 4.51

MANTTOBA
UPLAND 3.10 +0.76 3. 86



MAP 4

SC !.{AEFFER CREEK
M ETHOD I

r39

{-ry-

Å

scALE t:40000
CONTOUR TNTERVA¡.50'



MAP 5

SC!.{AEFFER CREEK

8vlET!-{oD 2

t40

ø-ry-

Å

scALE r:40000

CONTOUR INTERVAL 50,



MAF ó

SC HAEFFER CREEK

M ETI.IOD 3

141

I-rv-

Å

scALE t:40000
CONTOUR INT ERVA L 50,



MAP 7

SC[.{AEFFER CRËEK

M ETHOD 4

142

/-rV-

Å

scALE t:40000
CONÎOUR INTERYAL 5OO



MAP 8

SCI.{AEFFER CREEK

METHOD 5

143

/-rv-

Å

scALE t:40000
CONTOUR IT{T ERYA L 5o'



L44

APPENDTX C"

\,üATER SURPLUS DATA AND STATISTICAL ANALYSES



TABLE 1

DRATNAGE NETWORK LOCATTON
LATTTUDE:
LONGITUDE:

DETERMTNATION OF BASTN B]FURCATION RATTO

}ß}TTGOTAGAN R.

BLACK R"

hIHITESHELL R.

BROKENHEAD RU

hIHITE]IÍOUTH R"

BROKENHEAD R " (Z)

PE}ÍBINA R"

PEI{BI](A R. (Z)

WHÏTE}ÍUD CREEK

h'AKOPA CREEK

BADGER CREEK

LONG R.

CRYSTAL CREEK

PILOT CREEK

BASIN PERTOD
AREA OF
(ACRES) nncono

(vnans)

^t
5 1"OO
96 L7
5o 51
96 15
5O 02
95 30
49 53
96 zr
49 56
95 57
5o o5
96 z5
49 12
99 44
48 59
97 33
49 o8
99 24
49 06
99 5o
49 o6
99 19
49 05
g8 58
49 o7
98 5ó
49 12
98 57

4448oo

170880

1792O0

L7r520

92 8000

3801ó0

88960

218240

L29204

4r344

369920

126080

36160

37952

AND WATER SURPLUS FOR

MEAN
DATLY
DISCHARGE
(c. r, s. )

11

8

8

8

I2

9

10

58

10

7

10

10

9

6

MEAN
YEARLY
DISCHARGE
(comveRrED To
AcRE rnar)

95,5 6S .65

J,LT ¡zBz,64

110, o42,97

64,939.80

384,426 ,40

L26 ,694 ,2O

rrr438.To

L2O,178 
" 50

140440. g0

6660.50

17 592 ,40

8036 . o3

3040.70

2606.30

330

L62

rsz

89 "T

531

l-75

15 .8

L66

rg .4

9,2

24.3

11 .1

4,2

3.6

SELECTED NETTVORKS

WATER BASIN
SURPLUS Rb
IN FEET

"2748

,6863

" 
6140

.37 86

.4142

.3332

"1285

,0550

" 
1086

" 
1610

,o47 5

"0637

.0840

"0686

3 .91

3 "4r

5 .62

4.22

4,93

4"55

2,78

3.02

2.94

6 "zo

4.84

4.04

4 .01

5 .61

Fè
(Jr



DRATNAGE NETWORK

}ÍARY JANE CREEK

SNO\\'FLAKE CREEK

}ÍOh:BRAY CREEK

ROSEAU R"

SPRAGUE CREEK

}IORRTS R O

BOYNE RN

SHANNO\'I CREEK

RAT RU

RAT R. (Z)

ELII CREEK #3

EL}{ CREEK #Z

ELI{ CREEK #I

SHELL R"

LOCATTON
LATTTUDE:
LONGfTUDE:

oT
49 14
98 40
49 ol
98 36
49 00
98 27
49 11
97 03
48 59
95 39
49 27
a1 26/t

49 31
97 56
49 2r
97 25
49 L2
96 17
49 27
97 00
49 47
99 00
49 48
97 58
49 48
97 46
51 2r

101 15

TABLE

BASTN
AREA
(AcRES )

1 (courrnuED).

33984

222720

60096

rr7 7 6oo

10816 0

4B83zo

295040

1344 oo

12 16 00

450560

119 04 0

16 64 00

2O416o

347 520

PERTOD
OF

RECORD
(vnens)

"9
7

7

31

z8

53

9

9

8

26

8

MEAN
DATLY
DTSCHARGE
(c"F"s")

8.5

6.4

9.3

363

63

105

55.3

39.r

61.5

113

9"2

17 .5

36 "6

5L "2

MEAN
YEARLY
DTSCHARGE
(convnnrED To
AcRE reer)

615s .7 o

4633.40

6T 3z .go

26280o. oo

456og.go

760L6,50

40035.40

z83oT "to
44524 .00

81808 .:o
6660.50

L2669 "40

26497 ,zo

37 067 .r0

WATER
SURPLUS
IN FEET

BASIN
R6

. 1810

"ozo8

" 
1l_2 0

.223L

,42L6

.1556

"1356

" 
2106

.3661

" 
1815

"0559

"07 67

.L297

.10óó

9

B

4 .11

4,9L

3 "7L

3.60

2 .97

3 "45

4.17

2 "78

5 "41

5 "92

3 "22

5.94

3 "24

2 "20

Fè
o'



DRATNAGE NET\.JORK LOCATION
LATTTUDE:
LONGTTUDE:

CONJURT\TG CREEK

BÏRDTATL CREEK

ARRO T R.

GOPHER CREEK

BOSSHILL CREEK

OAK R.

HA}IIOTA CREEK

KEI{TON CREEK

MTNNEDOSA R.

JACKFTSH CREEK

LÏTTLE SOURTS R"

ANTLER R.

GAT¡JBOROUGH CREEK

GRAHATI CREEK

TABLE

5oo47o
101 17
50 31

100 57
5o 05

r- 00 57
49 47

100 57
49 5o

loo 58
5O 01

100 23
5O 10

100 33
49 59loo 36
50 01

100 12
50 52

100 02
49 43
99 5o
49 03

101 02
49 05

101 11
49 15

100 59

BASTN PERTOD MEAN
AREA OF DATLY
(ACRES) neCOnO DrscHARcE

(IEARS) (c.F.s, )

l_ ( conrrnunn )

2LI2O

27 0720

15104 0

76 Boo

4928o

316 Boo

112 00

9r52

96640o

5056

180480

7 9 36oo

30272O

r86240

10

72

10

10

10

l-0

B

7

13

5

B

13

T2

11

MEAN
YEARLY
DISCHARGE
(convnnrED To
AcRE nenr)

2.5

42.9

7.4

6.0

5 "3

9.9

.53

1.9

150.0

4,O

10.7

a6 .4

5,4

2"O

1810.00

3105B.zo

5357.40

4343,80

¡8g7.oo

7167 "30

383.7o

1303.10

1o85g5. oo

2 895 .90

7746.40

LI87 3 .10

3909.40

1447 "90

WATER
SURPLUS
rN FEET

BASIN

.0857

"7l_47

"035 4

.u505

"077 8

"ozz6

"o342

"r423

"rLz3
Íno-

"o429

" o14B

"0121

"0077

Ru

4 "06

2.4r

4 .97

4.70

3,68

4 "r9
2 "70

4.76

4.55

2 "76

4 "72

5"00

3.24

4 "r4

Fè\ì



DRATNAGE NETWORK

TURTLEHEAD CREEK

PLI-rlf CREEK

PIPESTONE CREEK

ELGIN CREEK

OAK CREEK

EPTNETTE CREEK

STURGEON. CREEK

SETNE R"

COOKS CREEK

NETLEY CREEK

OSÏER CREEK

ÏCELANDTC R.

FTSHER R.

EAST FISIIER R.

LOCATTON
LATITUDE:
LONGITUDE:

0î
49 09

100 25
49 37

100 18
49 35loo 56
49 35

100 14
49 33
99 30
49 43
99 16
49 52
97 16
49 46
96 56
5o 0B
96 49
50 t9
97 02
50 34
97 01
5o 57
97 02
51 2L
97 30
51. 13
97 32

TABLE

BASIN
AREA
( ACRES )

PERTOD
OF

RECORD
(vnans )

:
L2

11

7

B

6

j

20

11-

9

6

10

23O40

165 76 oo

998400

115 84o

232960

L2O32O

105 6 oo

316 8oo

t6rg2o

188800

63300

zBzz4o

335360

97 2Bo

(courrmueD).

MEAN
DATLY
DTSCHARGE
(c,F"s.)

3.6

10.0

23.3

6,L

19. B

9,4

43 .3

6g .1

78,0

35 "7

11 .5

93 "5

54 "5

31 .6

MEAN
YEARLY
DISCHARGE
(comvenrnD To
ACRE FEET)

2606.30

7239 "70

16 86 B .40

441,6 "2O

13610.60

6805 "30

3t347 .Bo

50026 "10

56469 "40

25845.60

8325.60

67328.90

39456.20

22877.40

I{ATER
SURPLUS
IN FEET

BASTN
R.

D

. 1131

" 0043

.016 8

,03 81

"0584

.o56 4

.2968

.l-57 g

" 3487

,t368

"r374
.2385

"1l-7 6

.2 35r

7

6

5 .26

2"85

3 "60

4,76

2.76

5 .31

3 "53

4.83

2 .30

2 "25

3.gB

2 "IB

5 "57
a -aJo/L

Fè
oo



DRAT}IAGE NETWORK LOCATTON
LATITUDE:
LONGITUDE:

It?HITEI'ÍUD R,

ì\TEEPA\1,4 CREEK

JORDAN CREEK

PINE CREEK

h'n SQUIRREL CREEK

}{OSSY RTVER

TURTLE RN

IÍcKINNON CREEK

SCOTT CREEK

VER}{TLLTO}J R.

EDh'ARDS CREEK

hTILSON R 
"

VALLEY RO

PLEASANT CREEK

TABLE

0r
50 0g
98 4r
5o 13
oo 2,
/ / ¿e

50 23
gg 02
50 03
9B 56
49 58
98 56
51 27
99 58
5o 56
99 31
50 48
99 28
5o 5o
oo 72/ / Ju

51 11
100 00
51 07

100 02
51 72

100 00
5t 16

100 00
51 06

100 52

BASTN PERTOD
AREA OF
(ACRES) nncono

(YEARS)

1 (COmrrmuED).

15 10400

396 8o

r3952

157 440

20992

2208000

267 520

192 00

l-6640

167 o40

32l28

228480

736ooo

7 6760

MEAN
DATLY
DISCHARGE
(c"F"s" )

202

I4

4.5

40

10.6

259

78.9

10

L2 .L

64"0

24.3

61 .l
97 "B

9"4

10

10

9

10

6

B

72

10

10

I2

I2

I2

L2

5

MEAN
YEARLY
DTSCHARGE
(comvnnrED To
AcRE nenr)

146241 . 3 0

10135 "50

3257 .90

28958"70

7674,OO

L87507.40

57l21.00

7239.70

8760. oo

46333 .90

l-7592.40

44234 ,40

70804.00

6Bo5.3o

IVATER BASIN
SURPLUS R.
rN FEET Þ

"0968

,dss4

.¿335

"1839

" 3655

.0849

.2r35

.3770

"5264

cz / / J

.5475

" 
1936

" 
0r,)(i2

" 0Bg3

4.77

3 "66

5 . /O

3.38

5 "70

4.36

2 "9r

4.6r

4,3r

Jn/J

4,7I r-
+

5.28 o

-5 .3 ['l

2.74



DRATNAGE NET\^IORK

MÏNK R"

FTSHING R.

FORK R"

PINE R.

GARLAND R.

ShTAN R 
"

ROARTNG R"

\!00DY R 
"

BTRCH R.

BELL R.

STEEPROCK R.

RED DEER R.

OVERFLO\TIT]{G R.

GRASS RO

BURNT\VOOD RO

LOCATTON
LATTTUDE:
LONGTTUDE:

5toz5 
t

100 2L
51 26

100 02
51 31

100 23
51 49

r-00 32
51 51

100 L4
5Z 11

101 03
,52 0g
101 03
52 15

101 0B
<t ,9
Je

101 06
52 36

101 02
5z 43

101 06
5z 5z

101 02
53 o9

101 06
54 07
99 58
55 44
97 53

TABLE 1

BASTN
AREA
( AcRES )

( coivrrnunD) 
"

PERTOD
OF

RECORD
(vnans )

13

L2

13

I2

11

8

8

. L2',

11

9

10

6

11

11

11

52 48o

7296o

67zoo

53760

L41440

97280o

zogz 8o

52 5 440

39040

416 00

92800

3526 40o

672OO0

806400

403 8400

MEAN
DAILY
DISCHARGE
(c.F.s. )

MEAN
YEARLY
DTSCHARGE
(comvnnrnD To
AcRE - nnnr)

7094.90

3402 ,7 0

11801.00

23963.30

227 32 .60

107871.10

5277 7 ,20

LLzg3B.9o

2735 7 ,00

283O7 ,70

62rL6.70

629B5r "2O

z 8oB gg ,zo

296826 .40

9.ö

4.7

16 .3

. 33.1

3r"4

749

72 .g

150

29,5

39.L

85 .8

870

388

410

3B7o

WATER
SURPLUS
TN FEET

BASfN
Rb

.1351

.o466

,r7 56

.4457

,1607

.1108

.252I

"za4g

"5470

.6804

.669 3

.17 86

"4180

.3ó80

.69 37

3 "56

3"60

4 "47

4.56

4.38

2 "2I
5 'lo
2.74

4 .11

3 "96

4.70
ts

3.45 v,
O

3"96

J,/4

4,0L2 Bol T Sz .J.o



ANALYSTS OF VARTANCE

151

F'OR RTFURCATTON RATTO VALUESTABLE

PRECAI"IBRfAN
S}ITELD

3 .91
3 .47
5 .62

L2.94

4 .3L

MANITOBA
PLAIN

4,93
4,22
4.55
3 ,02
3.60
2 .97
s .45
4.r7
2.78
5 ,4r
5.92
4 0õ
J.LA

5.94
3.24
3.53
4.8s
2 ,30
2,25
3.98
2.L8
4,77
3.38
6,76
5 .57
.)./z
3,73
5.f6
2,74

111 .32

3.97

MANTTOI]A
ESCARPMENT

4 "o4
4 .01
5 .61
4,TI
4.9L
3.7r
2 "91
4,6L
4 .3r
4 "7L
5,28
5.20
4 ,38
2,2I
4,LI
3 .45

67,56

4,22

be tested states

rvith respect to

326 "L4 T0T.A.L

4.I4 IÍEAì\

MANTTOBA
UPLAND

2'78
2,94
6.76
4.84
4,06
2 .4r
4.97
4,70
3.68
4 "79
2.76
4,76
4 ,55
2 "70
4.72
5 .00
3,24
4.r4
5 "26
2,85
3 .60
4.76
2,76
5 .31
3,66
5.76
2,74
3 ,56
3.60
4 ,47
4 "56
3.96
4,70

TOTAL

15 .66
14.58
22.45
TI,97
12.57

g ,0g
11.33
73,48
r0 "7713.77
13 .96
13.18
l-4.87

8"31
rz '36l-3.28

5 .59
6 "39
9.24
5 .03
8 ,37
8 .14
I ,52

10.88
7 .38
I ,49
7.90
6 "30
3.60
4 "47
4.56
3 .96
4 "70

134 
" 81

4.08

The nrl11 hypothesis to

regions are honogeneorrs

rabio.

that the 4 physiographic

Lhe SLrahler bifurcation



VARTATION A}{ONG COLU}{N MEANS:
t-c-,Nl (il -i)"*N2 (Tz -Ti"+N3 (X-g-1)"*.o.., therefore,

.2 2 23(4.31 4.L4) + zB(3,97 4.r4)- + 16(+.zz 4.L4)" + ooo

: J.,L77I, The estimated variance of the universe is 1,7I7L / 3

: O.3723. Since the variation is measured. by the 4 column

means, rvith I restriction represented by the grand mean of

the sample, the number of degrees of freedom is nl k -
4-r : 3.

VARIATTON \4/ITHTN COLUMNS :

f ,. e 2-t" " L 
(¡ . qr 4,3r)' + (3,4t 4.3L)' + (s ,62 4.3r)" J +

.o
I (¿.gS 3,97)' + (4.22 3.gT)¿ *. o o. I etc . : 2.69 +L)

35"57 + 10.50 + 33.83 : 82,59, Degrees of freedom:80 4

: 76, therefore the second estímate of the universe variance

is 82.5g/lO: 1. o867, Total variatíon : 1 .LI7I + 82"5g

:83.70. Observed F ratio : o.3723/L,0867 : 0,3425, Since Nl

: J and N2 :76, an F ratio as large or larger than 2,75 or

4,O9 rvould occur 5% or 1% of the time. Consequently, the

smaller observed F ratio of O,34Zg rvould be expected to

occur purely by chance even more fr'equently. Therefore, the

hypothesis that the 4 physiographic regions are homogeneous

with respect to bifurcation ratío cannot be rejected on the

r52

TABLE (cournrunD).

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

evidence. The subgrot-tps to wh j-ch the esl,irnated variance

refer are considered to represent the sarne universe.



TABLE J ANALYSIS OII VAIìIANCE

153

FOIì V/ATER SURPLUS \¡ALUES

PRECAI'{RRIAN
STITELi)

0,2148
.68ó¡
,6140

I . 5151

.5050

MANTTOBA
PLATN

o ,4142
,37 86
,3332
.0550
,223L
,42L6
.1556
,1356
,zLO6
.366r
.1815
.0559
,076L
.l-297
,1579
.3487
.t368
.L3L4
.2385
.og6B
.1839
.3655
*L7-7 6
.235r
.2773
,252L
,2r49

MANITOBA
ESCARPIVIENT

o.0637
. oB4o
.0686
.1810
.02 o8
.112 0
.3770
,5264
,5475
"L936
, og6z
,L607
,1108
,5470
.17 g6

MANITOBA
UPLAND

o .12 85

" 
1086

" 
1610

"047 5
.0857
"LI47
"0354
.0565
"0778
"ozz6
.0342
.L423
"LIz3
" 5727
.o429
.0121
.007 7
.1131
.0043
.016 I
.0381
.05 84
.056 4
,2554
"2 335
.0893
,1351
, o466
.L7 56
" 4457
.óBo4
.669 3

TOTAL

0,8212
r"2575
r ,L7 68
0 .2 835

,3296
.6483
.404 5
.5691
.8t48
,9362
.4093
,2944
" 349L
.8132
"8867
.3574
"L445
.2 445
"2428
.1136
,2220
.4239
.r7 40
,4905
" 5108
,34L4
.35 00
,o466
,r7 56
,4457
.6804
.669 3

ó.1905

.22I0

2,9339

.1833

be tested on

4 .7954 1¿ . 88S o ror-{L

"L45 3 .2722 IIEAN

the basis of theseThe nu11 hypothesis to

samples states tha1, the 4

are hornogeneous in respect

universes (phy.iographic regions),

Lo the average rt'ater sur.plus o
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TABLD 3 (CONTTNUED).

VARTATTON A}IONG COLUMN MI]ANS:

-oNl (trr - fl' + N2 (Tz - Ð2 + ug(Xl - l)' * øooo, therefore

3(.5050 ,z7zz)2 + z8(,zzto - ,z1zz)2 + 16(.1833 .z1zz)z o

: 0.8931. The estimated variance of the universe is O.8g3I/

3 - O,2977, Since the variation is measured by t,he 4
column means, with 1 restriction representecl by the grand

mean of the sample, the number of degrees of freedom is
nl ft : z[-]:J.

VARTATTON I,úITHIN COLUMNS :

,". f (.zt+a - .5050)2 + (.6863 - .5050)2 + (.6140 .5050)2 ]IÔ2. 1+ I (,4L42 ,zzl4)' + (,3786 .zzI4)" *.oo. letc. : 
"1288LJ

+ .3055 + ,475I + 1.0130: L.|ZZ4, Degrees of freedom:
8O - 4:76, therefore the second estj-mate of the universe

variance is I.9224/76 : O.OZJ2"Tota1 variation : O,8L4T +

1 9224: 2"737a. Obserr¡ed F ratio : O"Zg7T/0"OZSZ: 11"8134;

Since Nl:3, and N2:76, an F ratio as large or larger
than 4.09 would occur by chance L% of the time. consequently,

ùhe larger observed F ratio of 11. B13d would be expected to
occur purely by chance even less frequently. Therefore,

the hypothesis that the 4 physiographic regi-on are homogeneou

with respect to water surplus can be rejecLecl at the L%

significance levelr or the basis of the given sample

evidence. The subgrorrps t,o which the estinrated variances

refer are considercld to represent diff er.ent universes.
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