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ASSTRACT
¢ .

Yrteorological data from observational sites in the
Cypress Hills area were analyzed. Insufficient winter pre-
cipitation data made it nﬂ<ossdry to esti%atghthe munthly
ginter precipitation at these cites usingxobservations from
nearby stationg with established precipitation records.  The
Fhornthwaife 1957 procedure was used in providing estimates
for various combonents of the water balance equation. The
estimates of water surplus Weroe compared with the meuasured
runoff values, ‘and in Cbnjunction with topographical and
climatic considerations, tnese estimath values were used in
the“production of water suarplus mdps. Data deficiency has

. . , - v c s
causcd some inaccuracy in tne surplus pattorns,. but 1t 3s be-
lieved that the general trgnds.of the isolines are represen-
tative of the actug1 situation. Multiple linear regression
apgli§es wore pesToraed in order to 1dok for étatistj§aT re-
1atid%sh1ps between the metooro]ogicé] and hydroiogica] vari-

ables. Analyses were carried_out on both annual and daily

data. Significant relationships were found, but stable models

|

- o

suitable for prediction were not available. Relocation of
meteorological stations, cgp;inuous records and dmproved net-
york of stredam gauges .. ere racommended for more promising

model formulation attempts.
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CHAPTER, 1

v \ )

: ' THTRODUCTTON

]

Water is the best of all Lhings
- Pindar, Olympian Odes |

[ can foretell the way of celestial
bodies, but can say nothing of the e

movoewmaent of a small drop of water
- Galideo " Galiled

1.1 Hvdrodogical Forecaiting ~
Hydrological forecasting is necessary for the ra??g;;1
use of water recsources and the control of hydro1ogita1 hazards.
It 13plies'3he app]icat{ii of ﬁxﬁro]ogica] principles to the
-
estimation of the future behaviour of vater bodies, with a
specific probTém in miéd. [t may range from short-range fore-
casting of rivcr_stage, ta %ho Dredicﬁion of freezing-up and
mn]ping dates, ice-cover thickno;s or 1ong-térm fluctuotions
07 aroundwater levels. Therc_is no general formula in hydéo-
togical forecasting £ ~w oonce reviewed sixty-six formulae
developed for the y edizt on of peak runoff alone. It is
often necassary to . » e ‘custom-nade" prediction method for
each instance, for it is not uncommen to find spatial or *em-
poré] variations in e reiatiohsﬁip between‘the same hydro-
Togical phenoﬁvnon and t%e same geological, physical géogra-
phical or meteoro]ogicaf coﬁtré]s.*» |

Alekhin broadly categorizes the mcthods -of streamilow
: 2 :

“forecasting into two major groups: (1) Hydrometric methods
» B £ e -

.
™

f s
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anJ'(2)“Hydrombteoro1ogiéa] methods. (A]okhin, 1964, p. 12).
In thehydrometric approach, the balance hetwven'precipita—
tion and Iossps.are consfdured indirvectly through hydrometric
records, while hyd¢ometéor0?ogica] meihods involve tHc con-
sideration of precipitation and losses using meteorological

observations. In the former approach, the temporal di

bution of streamflow is examined independently. Since eam-

flow represents the balance bekween precipitatioﬁ %nd/]ossos,
the variatidns in streamflow would also represaent changes in
the balance between precipitation and loss parameters. The

“ .
major intercst here is forecasting based on the autocorrelation
amongst runoff values rather than the intercorrelation amongst
several variables, whichvis the‘concern of tHe latter approach.
In the hydrometobro]ogica] approacn, metcoro]oqica],paramétors
afc used as predictors for streamflow changes, buased on ceff
tain established interrelationships. In the hydrometric
r .

approach, the pattern of temporal variation of streamflow is

fdentified, and forecasting is achieved by extrapolation.

n

1.2. A Hydrometeorological Ap proach: The Water Balance v

&

. P v » .
When both meteoro]ogicaTAand,hydro1ogica1 data are avail-

able, it is desirable to begin with the'hydrometeordlogical

approach by investigating first the nature~of dependernce of

streamflow characteristics upon_metéoro]ogic@l variables.

Bernard Pa]issy,vof the sixteenth century is believed to be

the first pgr§6?ito.state categorica]]y'that‘precipitatjon is

the soleis<ﬁrce of stréameow. (Biswas, 1970, p. 151). But
Y,



stroamflow characteristics are ~lso under the inf]uencé of
other metcoroloyical, geological and physical geographical
controls, whicn through diverse channels, determine the effi-
ciency in which precipitation becomes streamflow. For exanple,

temperature determines the state of water and thus the ability

of water to flow and the form of precipitation. Bring /4a%ued
cto kinelic energy and suoface ‘tension, it determines the rate
of evaporation. It is also related to the ability of air to

hold moisture. Yind aids evaporation by advéctive transport
N
of water vapour. The physical geographical parameters such

as channel slope, basin size, basin-shape and stream-system

characteristics .affect the amount of surface runoff and the
PR

slope of the hydrogranh limbs. The geclogical” characteristics

of the basin influence the shape of hydrograph‘by affecting
, : ’ .
t" . \
such factors as surface retention, the rate of groundwater
(Y

flows end interflow and the size of groundwater reservoirs.
| . o o o
AT of these parameters may also combine to affect the vege-

tative cover of the basin.and hence con&rol the amount of.

water loss through transpiration.

¢
In scascnal streamflow foreclasting, one may reglect the

effect of changes.in the gcological and physicd™ geo&%aphita]

4 ———
—

“factors Dy -assuming, for-pravctical purpeses, that they are

: . i ¢ . ;

constant for the time scale invalved. -The changesii§ffhe
. . . : “ Ve ’ DN et e .
geoniogical ~and physical geograph1ca]-fact0rs~avé fari téorslow

9 -
- . .o ’ . ]

- as compared.with those of thne weather elements. For any '
suitable forecasting period, the variations in streamflow

-



characteristics would largely be responses to variations in -

the metcorological controls.
g

1.3 Obiectives

The objectives in the present study are to examine the

mcteoro]oqical—hydrd]ogica] relationships in the Cypress Hills
of southeastern Alberta dnd.to attempt a model formulation
for discharge forecasting. The metcorological-hydrological
relationships of ‘an area are often studied, but unfortunately,
thesundorlying laws are poorly known. It is suggested that
the general effects of meteorological parameters are more
clearly defined on an annual basis than for a shorter period,
(Mustonen, 1967, p. 123), and that it is-a misleading concept
to }e1y on pure metebro]ogica] observétions for long-range
Forecastihg of water supply (and hence stréamflow). (Yevjevich,
]968, p. 228). This is intended to be a study of annual spring
runoff ré]ationships with an attempt,fé dg?e]dp a seasonal
discharge forecasting model.
. ‘ ‘ : /

There_arevgevgfgj reasons for the choice of the study ay@a.
Laycqck, in his stuay of the water deficit paftefns in the,/
hréirie provinces using Thornthwaite's 1948 procédure, found
that southeastern Alberta and southwestern Saskatchewan con-
tain the driest’areas‘in the prairies, with high potential
evapotranspiration and low precipitatiop rates. (lLaycock,

1967). Buf it is indicated in the pattern'of water balance

that the Cypress Hills area is an island-oasis of compara-
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'fﬁ;¥$y‘humid conditions in a scemi-arid survounding. A deeper
uﬁdurstandiné of the hydrelogy of this arca will lead to

better water resources planning, which in turn leads to greater
deve]opﬁeﬂt of some areas within the begion %of agricultural,
industrial, recreational and wildlife purposes. There'are

alsp difficulties with respeoct to the a1]0c§tion to the Uniteﬂ'
Stazes of water from some of the fnternationa] streams. in the_

N
area, and pore infarmation regarding the water resources of -« . . .

the areca is necded. [

Th&>topqgraphynof the area i5¥idea]'for studying the
effect of altitude on fhe water balance pdttern. This will
be inchtTﬁaEed in the present Study. The Cypress>Hi1ls Pla-
teau rises above the surrounding p]ajn high Gnouéh to~1mpose
orographic up1if£:upon the passing air masses and this. is
abrupf enough to pro?ide a good contrast withfﬁ‘a small horif
Zzontal distance. Also the hydrographiga] patterns o% the
area ére faQourab]e‘%or"a study of the effects of'slope’ashéct
ton the watér balance. o CoL L -

\ | | |

Finally, the a%ei]abi]ity of meteorological and_ hydro-
metric dhté,rmany ofkwhiéh have on]x recently been available
and which have not yet tesp ana]yzed, provide furtﬁér ihpetyé
fowards the initiation of this study.

™~



CHAPTER 11
THE STUBY AREA

The Cypress Mountains formed indeed a
great contrast to the level country through

which we were travelling. They aré covered
with timber......... the soil is rich and
the supnly of water abundant......... they

provide a perfect oasis in the desert we
~have travelled. :

/

- Cift. John Palliser 1859

™~
—

Introduction

At present, the Cypress Hills area is the site for sev-
eral parks. The surrounding land has been much developed since
the pioneer days and still cérries considerable potential for
-more future d%ve]opmoﬁt in recreation énd agriculture. Geo-
mo:pho?ogica]]y,\the piateau itself is an erosional remnaﬁt
which was higﬁ enough that its upper @brtions were not gla-
ciated during the last glacial advance. It now stands as the
centre of a modified radial drainagé pattern over a‘surropnding
t??t-cbvered ro11iﬁg plain. The cTiméte is semi-arid with\
iong cold winters and shqft bright summers. Being in the
_rainshaddw of the Rockies, the surkounding plains have only
less than moderate preciﬁitation,'rising to more humid condi-
tions in the summit areas of the plateau, which ié-thelmajor‘

source of runoff for several prairie streams.

< . ' 4

2.2 Location and Access

The study area is situated mainly in the southeastern -
portion of the province of Alberta and includes the western

|
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D&ﬁf of_th94CypreS§ Hills p]atoay. tt %S Xbout 40 miles to

the southeast of Mgdicinm Jat' the'nﬁa?ost }AJor urhnn contro
.Itg southern Timit 1iés within 20 miles of thL lnternat1onai
border, and the Alocrta Saskdirhewan bounlary\routhy marks

its eastern fringe. (See Map 2.1). Thnre are e1(ht river
basins included in the present study and all of them lie within
30 miles of the prress Hills plateau. ‘ These %fght basins
cover a total area of over 1250 square miles, bounded at its

' extremities by Tatitucdes 49° 12 N and 49° 57 N and longitudes

110° 57 u and 109 55 W.

The. study area is easily accessib%‘ by moth roukes from
all directions. The Trans-Canada Higthy runs along its
northern édge, from vihich Highway 248 leads southwa?ﬂ~t0‘E1k—
~water, the Cypress Hills and eventually the intcrﬁat%ona]
border. From the west, Highway 6] reaches as far as Manyberries.

The whole area is served by a good network of all weather |

roads.

~
2.3 Geology
A detailed study o 2 surficial geology of the area
was carried out by J.A. . tjote.  (Wesujate, 1568). 1t was
found that sandstone or si- - far 1tions uriderlie the entire

low level area. Tne major o :s are 1) 0 rpaw Formation
(2) Eastend Formation (3) RaJTnf‘“"‘-Fren,u1an Formation (4)
Oldman Formation and (5) Cypress .~ i1ls tarmation. Their dis-

tributions are’shown'on Map 2.2. The Cypress Hills plateau

a0



—

, MAP 2:1
LCCATION OF STUDY AREA

IN ALBLRTA

»
B2ITiSH COLUMBIA .

-

SASKATCHEW’AN

Edmonten

-.:;z-w~;\‘—— Z-

LECEND

. Study Area

[of 160 ml.
— e 3

b



MAP 22 ’
LUDROCK STRUCTURE OF STUDY AREA
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10
is composed of conglomerate. The texture of the overlying
surface matefia] is aifected by the naturc of the under]ying
bodrock. HWestgate has shown that a change in bedrock struc-

ZUYQ is almost immediately accompanied by a change in the gra-

phic\mean of the overlying till. (Westgate, 1968, p. 46 &

Figure 20 & Figure 21).

|
!

The till has essentially clay to clayey loam texture.
The average graphic mean is from 0.055 to 0.094 mm. The
crest of the Cypress Hills p]atéau is covered by a thin vehegr
of Toess. The loessic origin of this materdial has bcen veri-
fied by the grain éizé gradation and by studying the mineraﬁsA
content of the deposit. It is found that the hornblende
Within the depoéit is idbntica] to those found'in the surrounding
tills. Since ice could not bg Uu)trahsporiing agént, their
aceolian origin nhas been egtab1ished; (Westgate, 1968, p. 56-

57).

It is described as "atypical" for the median diameter
of the loess deposit to be within the fine sand section, while
it is easily conceivable that frost action could have elevated

quartzite pebbles frow the underlying Cypress Hills conglo-

merate into the loess layer.

2.4 Topugraphy

The Cypress Hills plateau is a dissected plateau rising

some 2000 fedt above the ‘surroundjing till-covered prairies.
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The highest point on the platedu is in excess of 4300 feet

N

a.s. 1. and is about 2700 feet higherythan Hchicino Hat. The

»

highest portion.is oh the western extremity df the plateau
and the elevation drops to less tht 4500 Fe%t at Lhe pro-
vincial boundary in the east. The upper\par}s of the plateau
were nob glaciated during the last g]aciﬁti %. It now stands
out as an unglaciated erosional remnant.oﬁ\1igher level ter-

tiary plains in an area of ground moraine, hummncky moraine

and ridqge end moraine. : ) .

The plateau ends abruptly in the north and the wesi while

in the south, it slopes gently into the Jower level plains. Al

the steeper parts of the hoqth—facing aqd westffacfng S]opes,;

two}and a half
O \

miles, while in the south-%acing slope, the same difference

~a drop of over 1000 fecet is achieved within

in elevation is found over a horizontal distance of over six
miles, with fairly even gradient throughout. The hydrometric

gauge on Battle Creek at ‘the ranger station (about three miles

cupstream from Fort Walsh) marks the eastern
study area., It is 'still within the high ley
Cypress Hills plateau.

The plateau is dissected by numerous stream which tend to
“form steep-sided valleys on the norther» and western slopes.
because of the greater gradients. These streams flow through

large areas of till coveréd p1ain,'having but rolling re]ief

typical of morainic areas. There is still a general tendency,



: R
for the surrounding Li11 plain to slope away from Lhe pla-

teau. At the northern and western extremities of the study
area, the elevations ave 2600 feet a.s.1. and 2700 feet a.s.1.
respectively, while at the southern edge, an elevation of over

3100 feet a.s.l. is attaineu.

" The continuity between the plateau and the surrounding
plain is. disturbed in varibus places by deep coulees. These
are:abandoned'igs marginal channels, which today-may or may |
pot carry signif%pant streamflow. An_examp]e is the Medicine

lLodge Coulee.

2.5 CTfmate

3

Iin simple terms, the_climate of southeastern Alberta can
Zh;be‘deséribed“as havfng hot dry sumnrers and cold sharp winters.
It ﬁs ;haracterized by %requent chinook effects'énd Tittle
mdfitime intluence due to the+presehce of the.Rocky HOQHtﬂiﬂSs
“The mean annual precipitation oF’;ﬁe plains area 1is about
thjrteen inches, while at the crest of the piateau, mean.annqa1
precipitation méy be twenty inches or mdre. The,differgﬁcé~

in evapotranspiratfbn‘ratés between the lower Jevel plains and-
the plateaﬁ crest is another e]emeAt contributing to the cli-
matic contrast, resulting in different water balance conditions
between the plains and the crest levels of the i}udyarea.

At the lower levels, the average -annual 74ecipitation

range is from thirteen inches in the nor%h tq/1ess“than ten
v _ y :

12
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iwchcs.in the afeé south of the pfhteau. Thisﬁis probably"
d@e to awrainxhadowleffecl created hj.the orientation of the
Cypress ﬁi}]s plateau. In general, maximum precipitalion
churs during summer. Winter precipitation is chparative1y

low and-is largély in the form of snow‘\‘

The mean annual temparature at Mddicine Hat aﬁd the
Canada Department of Agficu]tﬁre Research Stqtion near quy—
berries (from herke on; fhiS will simply be referred to as
Hanyberr1ps CDA.), tho two motooxo]og1ca1 ‘stations w1th estab—
lished records lying to the north and to the south of the 5tudy'
‘area, are 41.5 OF and 39.9 op respectJvely. Frqm the ‘available
records, the.crest‘Aeve1s have an annual mean tembecature of
36°F. It is difficultwto compare this_va]ue to thosevqf Many-
berries CDA and Medicine Hat because -of the compafﬁtjvely short
period of'avai1ab1e}récbrds for the crest levels. Assuming-
a ndrmal lapse rate of 3.5°F per 1000 foot. the crest Tevel
" mean ‘annual temdérétufe may seem a bit high. Thé difference
may be caused by gregter'chinook frequency or_non—representat—
iveness of the available period of record. The qnnual‘march
6f long term average mohth1y temperature indi(ates a‘mfnimum
'in‘January and F maximum in July. -fﬁe average month]y'tem—
pefature and precipitation at 50th high and low leveks within
thevStudy areaigré sﬁown in Figure 2.1.: e |

: )
Desp1te subf:eez1ng average winter? tercratures, there

are occasional warm spnl]s due to the chinook. effect This

»

"
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often lTcads to melting of the snowpack in winté}, although
sigwificant melting does not usually occur until spring.

The summey maxinun fn precipitation>éoinc}des with the summer
maximum in évapotrdnspfration and the result is that éffective
preéipitat{on is much reduced. - It is less so at the highef

levels than the b1a1ns area,

The natural vegetation of the area consists of typical

prairie flora, such as grass and sagebhrush. Most trees grow
-on the northern ubac "slope (shady slope) of the Cypress Hills

p]ateau;

2.6 ‘Hydrography

v

The Cypress Hills plateau, with its more humiqﬁﬁondltjons

'nnd higher elevations, js;the'source region for a ﬁumbcr”df
prairié streamé, which fofﬁ s\modified radial drainage pattern
surrdunding the.cong1omerate upland. Hithfn'the:g%udy area,
these streams may flow into one of.three major drainage sys-
tem;:‘ (1) The Saskatchewan River ‘Drainage System to the north,
(2) The Pakowki-lLake Internal Drainage System to the west,

(3) The tissouri River Drainage_Systemnto”the south. These:

are illustrated in'Hap 2.3.

¢

3 6

(1) The Saskatchewnn’Riyer Dra{nage System: In the

3

study area, Stredﬁsﬁhhich flow into this system from the Cypress
‘ g . . N
Hills plateau are Mackay Creek, Ross. Creek, Gros Ventre Creek,

Bullshead Creek and Peigan Creek. Both Bullshead Creek and

3

v
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'Gy05 Ventre Creek flow northwestward from the Cypress Hills
plateau and then turn east. Gros Yentre Creek later joins

Ross Creek. Mackay Crcek flows northward into a series of

[7p]

Takes while Peigan Creek drains westward first and then turns
into Seven Persons Coulee. In this system, the drainage

basins which will be examined in the present study are thosp

17

of Gros Ventre Creek, Peigan Creek, Ross Croex and Machay Creek.

(2) The Pakowki Lake Internal Drainage System: Many-
berries Creek, Irrigation Creek and Ketchum Creek are the
major streams flowing»from’the typress Hills p1ateau foward
rPaQowki Lake. The wﬁa?gvarainage basin is gandwiched between
the Saskatchewan Draihage System to thé north @nd the Missauri
Drainage System to the south. TQ'Ehé viest of Pakowki Lake,
the baéiﬁ'is practically bjsected'b} tﬁé Etzikbn'Cou]ee, an
abandoned river channel now occupied by ribbon/ﬁékes and a
vsmﬁi] streém, leading into the dryiﬁg Lake Pakowki. Manyberrie

L . ) -

Creek will be involved in the pkesent study.

(3) The Missouri River Drajnage Basip: The major stream
in southern Alberta that_belongs-fo this dra{pagebsystem is

Hilk RfVer, which turns south into the United States before

s

reaching the longitude of the western extremity of the Cypress

Hil1ls plateau. Other stréaﬁs.fiowing south from the plateau

arevdeo international streams}>,They include Lodge Creek,

Batt]e Creck, Middle Creek and Sage Creeki' A1l of-them are

parts of the Missouri River System.

AN
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There are alsg numerdus sloughs, lakes.and reservoirs.

4 .

4 | L . . '
These water bodies/ influence local microclimate and are

important to wi]dyife and recreation.

2.7.1 Surface Rlnoff

" <To illustrate the nature of Sstreamflow in this area,
the long term avlerage annual hydrographs of fivelse]ected
gauges are shown in Figure 2.2 to ngure 2.6. This, se]ected
samp]e include @s [gauges on streams flowing into each of the
three major drainage systems. "Basin area ranges from 75
square mi]es%to_34£ square‘miles and elevation rangeé from
Tow level prairie drainage (about 3000 ft. a.§,1;) to High
Ievé] basin on the trest of the Cypress Hills plateau (above

[

4000 ft. a.s.l.)ﬂ\'

It can readi]y\Pe seen thaththe peak discharge occurs
during spring in al]\streams and discharge rapidly drop% down to
low values for the re't of the year. The7océufrence of spriing
’snowmelt'may take p]acg any time from late February.td May,'
dependent upon the temperature -condition of the particular
year in the part1cu1ar basin. Usually, it is during April
when 1arge scale melting occurs. Occas‘onally thié may &
happen‘in May ot March or even Febfdary. This probably ex- °
plains the s]gpe change on both the fisﬂng‘]imbs andjtbe

recession 1imbs of the hydgographs.‘ Such slope éhanges
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AVERAGE MONTHLY DISCHARGE AT GAUGE ]

Middle Creek near Alberta Boundary Drainage Arma: 116 sq. ml.
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AVERAGE MONTHLY DISCHARGE AT GAUGE 4 .

Peigan Creek near Pakowki Road  Drainage Area: 163 sq. ml.
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may be interpreted as duc to groundwater recharge or dis-
charge prior or subsequent to the occurrence of theé discharge
peak.. On a long term average hydrograph, a likely causé of
gucﬁ inflection points would.be the temporal distribufion in

peak discharge occurrence. Hence, a higher frequency of

24

peak discharge in April will cause an April. peak in the average

'hyd?ograph, and a lower frequency of peak discharge in March
or May will give a lower value.of discharge on the average

hydrograph accordingly.
&

In some occasions, pronounced chinook effect may 1e;d to
‘]arge sgale‘winter floods. For example, a January discharge
éf 89.9 c.f.s. was recorded at Ross Creek near Irvine in
1828. The dai1y discharge of thjg'partidﬁlar month reached
a maximuﬁ of 512 c.f.s. on January 10th. The average monthly
peak discharge for the gauge.is 67.6 c.f.s. din April. B

Anomalous cases like this are results of synoptic meteo-

rological phenomena, which determine chinook frequency and in-

tensify. Since melting of such magnitude does not occur fre-
queht1y in mid-winter and since it is .not the purpose of the
present étudy to be involved with synopttc scale investiga-

tions, relationships leading to chinook occurrences and occa-

sional winter melting will not be examined.

o
Spring snowmelt runoff is the major factor shaping the’

annual hydrograph of-stream5“within'the study area. River:

0



discharge due to spring snowmelt is by far the 1§rgest con-
tribution to streamflow and it often ove#sﬂadows the contri-
&utfon from summer storms. For many smaller strecams, spring.
snowmelt ruﬁoff is the sole source bf streamflow. High .
summer evaporation rate so great]y reduces, and in some in-
stances, comp]eté]y eliminates the éffective summer precipi-

tation that it is not uncommon to find dry streams during

the late summer months. Furthermore, high evapotranspi-
raL1on rates during the summer months also make the ro]at1ve
max1mum in dvscharge produced by #the summér max1mum in
precipitation rore inssBnificant Jnvcompar1son to the

peak dischafge due to snowmelt. This is at lcast true in an
average hydrograph. |

There is also a small re]étive maxﬁmum (§econdary peak )
.in discharge during ear]}.winter in-some basins, while in
others, such a relative maximum is not so. consplcuous A
probable factor causing such spcondary peaks is reduced evapo-
transpiration, which manage° to increase the d1scharge by a

’

small amount desplue reduced precipitation. v

Reduced evapoLransp1rat1§n rates and greater prec1p1ta—
tion at the higher levels of the Cypress Hills p]ateau are the
factors 1ead1ng to greater discharge during 1ate summer and
earlj fall months as measured at Battle Creek Ranger Station.

(See Figure 2.4). Late summer and fall discharge is greatly

reduced in‘other basins where the catchment area consists of

"

25
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a considerable proportion of low level plains.

S

It is noteWorthy that the annual discharge rates of the
basins under study bear little systematic relationship to

‘the sizes of the basins. This indicates a disproportionate

distribution of surplus or deficit regions among the basins.
It is one of the aims of the present study to provide water

balance patterns for the area, and it suffices to note here

i

that, while it is obvious that much of the surplus area would
)]
concentrate at the crest levels of the Cypress Hills plateau,

it remains an interesting exercise to more specifically de-

~

lineate the water balance zonation.

6
-
7

2.7.2 Groundwater Hydrology ' \*\\

g
¢ N

Groundwater-dischafge in the study area betbmes a major

/

source of streamflow after the spring surface snowmelt runoff,

~

which has by far‘the greatér contribution té the total annﬁa]\
dischargk. In the lTarger ‘basins, where considerab1e~p0rtjons.i
a/fjsin aréa are at the lower plains.level, the net eva-
pofrahspirafign may be so high during the summer months that
streamflow ié often reduced to Zéro»before the end of summer.

@

Grbundwater'dischargeﬁor baseflow recession constitutes the

majdr source df'streamflow<along the later por ion of the re-
cession limb of .the discharge hydrogfaph. Iﬁ'tﬁe absence of
other significant sou?ces, streamflow gradually approaches

zero as the aétua] groundwater discharge approaches the
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potential amount.

“In most basins of the study a{eg,>a1most qT] of fhe po-
tential grdundwater disCha}ge is depleted QUrtng the summer.
Groundwater recharge'has to take place some fime between then
and the beginning of the baseflow récession insthe following
year. This period of recharge coincides largely with the
Winten season and early spring.’ Since most of the precipita-

tion during this. period is in the form 'of snow, any significant

recharge has. to take place during spring snowmelt and after

“the melting of around frost. Recharge from summer rain is

usua]1y not s1gn1f1can1 becauso of the high evapotrarsp1rat1on
rates. Even when significant recharge does take p]ace at t1mes,
the likelihood is that theﬁwaterﬁwj]].be discharged and eva-
porated before winter begins. | |

Meyboom developed a method'bf hydrograph analysis based
on Butler's equation. (Meybéom} 1961%, & Butler, 1957). The -,
interested reader isOreferfed to the original sources for\de—

tails of the method. It suffices here to give a brief des-

cr1pt1on of the procpnure The method involves the p]dtting

e

r

——

of the d1scharge values from a part1cu1ar basin aga1nst t1me
on a sem11ogar1thm1c graph paper, with the assumpt1on that

the straight line connecting successive minimum po1nts on the
d?§char§é hydrograph thus produced, approachesA£rue basef1ow
coﬁﬁitions. Using ButTer's equation, the total potentia]ldis-

charge at the beginning of the baseflow recession and the actual
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discharge of groundndter‘are'ca1cu1ated. (Butler, 1957,

p. 217). LA

The difference between the potential and actual dischargé

. . o N
is called the remaining potential groundwater d1scharge at—
N :

the end of the-basef]ow'reﬁession-period and the difference
between this, remaining potent1a1 groundwater d1scharge %ﬁd the
tota] potential groundwater d1schargp of the fo]]ow1ng year

constitutes the groundwater recharqé: Meyboom applied this-

method to the £1bow River Basin‘neqr CaTgary (Meyboom, 1961a).
He concluded from the~and]ysis that tné net recharge of .
groundwater within the basin over a period of years is neg-

Tigible. Similar results are found in the study area.

"

The result of the chputatfon of the_grdundwdter balance

for the Lodge Creek basinm in Alberta based on the above method,

Y

L

s illustrated in Table 2.1. .Sipce.Lodge Creek is not a peren-
nial stream like_ the E]bow River,?sdne noﬂifjcation of the
Meyboom thhn1que is necessary. A discharge va]ue df 0.1 c.f. .

- is considered as the mininum value because one cihnot plot --'
zero values on a 1ogar1thm1c scale. Thds is probab]y ‘the reason -
vthat non- zero remaining potent1a] groundwater d1scharge valuesi
ex1st even when it”is obvious from the d1scharge records that
the actdal broundwdterjdfscharge h;s reachediifs poted%ia]
amount. .Hence, the wa]des indicated are bn1y approximdti?%s,

I o .
but they show the nature of the groundwater balance as well as

the order of magrnitude of its various, componzifj/jjf/iﬁgxtherg__ |
fore worthwhile presenting. "It may be ‘arguec that the hydnpgraph,
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TABLE 2.1 |
LODGE CRECK AT ALBERTA BOUNDARY
y GROUNDHWATER GALANCE
- C 1968 - 1977
Duration Total Potential  Actual Remaining Total Total
of s Groundwater Groundwater Potential  Recharge Discharge
Recession Discharge . Discharge  Groundwater (Acre-ft.) (Acre-ft.)
' T (Acre-ft.) ™~ (Acreé-ft.) . Discharge ’
e . _ (Acre-ft.) . S
for the period shoun _
Jure 16, 1967 : | 2% -
Mar;h 16, 1968 " ""383.00 392.74 2.88
“July 2, 1968 38986 3.4 f —
April 30, 1969 264.00 ' . © . 260.86 -0.5
. ) 6 . : ‘ - A
June 5, 1969 . Lo 261.36 , 2.64
May 1, 1970 . 106.00 o - 103.36 o 1.07
July 24, 1970 - . 150.43 , .57
May 31, 1971 12,65 - , K ©12.08 C1.7
July 2, 1971 - 10.38 1.27 s N
April 1, 1972 161.00 - e 159.73 .. .87
A, ! C ) "
fay 17,1972 oo ~4£.160.60 4.
S Tl o —
827.63 -+ 928.77 ©6.02
Total Basin Area = 213,380 acres )
Mean Discharge = 185.53 acre-ft. = 0.01 inch
Moan Recharge = 185.75 acre-f%. = 0.01 inch
J , T .
bRecharge = Discharge i'cAlQStorage? s
0.01 = . ”

0.01 & 0.0 : R

i



relative minima do not proride good estimates to baseflow
conditions. But even without computation'using the Meyboom
method, the fact that most Streams of the study area dry up

\pTetely in late summer is a strong indication of insignifi-

cantynet recharge 1in any onc year.

[

15 obvious from the foregoing discussion that, so
long as ’he actual groundwater discharge agprox1m1tes the
potent1a1 amount and the remaining potential d1scharge tends
to zero or 1ns1gn1f1eant values, the groundwater recharge for
an& basin,in any onec year has to approximate the total ground-
water dfscharge, It has aJready‘been noteo that the major

noundwater recharge' in the study area occurs during sprin
g

snowme]t and most creeks dry up.in late summer, It follows

. tnat for any particular year, - most ba>1//, thin the study
area“wou]d have groﬁﬁdwater'recharge equal*i;\g(oundwater
discharge,'and the total quantfty of streamf10w for cach of
these basins Ts a functiow of the meteorclogical contro]s only.

-

.2.8 The Meagure”ent of Meteorological Conditions

2.8.1 ’Ihe Meteoro]ogica] Stationg

]

“

Meteorﬁ]og1ca] observat1ons were taken from. e]qht sites
Wwithin the study area for the per1od June 1967 to September
1972 These s1tes were or1g1na11y set up for study1ng -the
‘eFfects of topography on the atmospheric boundary 1a/ew

(Holmes, .969 pf S)ZJ The 1ocat1ons of the'meteoro]og1cg]
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stations are shown in Map 2.4. It is boubtfu1 that these
sites “"would be representative of &ajor kinds of terrains
encountered i1 the Cypress Hills and vicinity" as Holmes claims.
(Holmes, 1969, p. 5). It is also readily seen that the lo-
cations chbsén are ﬁot ideal for hydroiogica] investigations.
;For‘examp1e, station density 1s:far.too Tow on the 'plains.
Some of the bas%ns chosen for the‘present study are ‘left with-
out é sing]é meteorologiical station within the catchmé%f aréa.
Nevertheless, the records from these eight staiiqns are the
only significant sources of meteorological information upon
wnich the present 1nvesﬁﬁgat16ns must rely.. Within the study
area: thefe are also sgvera] cHimato1ogica1 stafions with dis-
, continuous records of precipitatjon and temperature. In'many
cases; the aMQunt of missing data from these climatological
stations ﬁs 1argg._ . Hence they are of 1ittfe practical
value for the purpose of the present study. |
For éonvenicnceiin later refergnces; 1t°1§ aé51rab1e
to‘number tﬁese stations. Thé present‘numbpring systém fo110ws
that originally used by Hg]mes; (Holmes, 1969, p. 12). fhe
fo]fowing ic a brief descrfption of éaéh obserVatipnaT site

(1) Summit Bench.Mark 4725 feet a.s.1.
tatitude: 499 37 45 north

lTongitude: 1709 16 15" west.

This site occupies-a central position within the study
area and is located on the crest of the p1ateau. It is about

82 feet lower than the highest point in the Cypress Hills

Y
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plateau and it has good exposure in all dircctions. | o

A%

(2) Summ1t Forest 4760 feet a.s.1.
' : Tatitude: 499 38' 0" north
- longitude: 1100 17" 40™ west

This site was set Qp to measure éummit'c1imat1c condi-
tions under Forést..'Because‘of its close proximity to Station
T (Summit Bench Mark),its records are used as supp]ementary
information to that 6f Station 1 for the purpose of the
. . ot

present study.

(3) West Summit plateau 4}80 feet a.s.l.
‘ Tatitude: 490 37 15 north
Jongitude: 1100 22" 20" west

Tnis site is about 27 feet foWerfthah the highést point
on the. Cypress Hills plateau. It was originally set up to
~measure the east—west‘vaf%ations of climate,é]ong the top of
the platead. Since'thé horizontal variation of climate aldng
the piatéau crest is not of primé 1mportance to the present
study, the record from tn1s s1te s again used as supp]eméntary
information to that from Stat1on 1. Together with Statibns 1
and 2;-it provides a reasonably good record of the crest level
meteoro]dgical'conditions.

i

(4) west‘p1ateau slop: 530 feet

Tatitude: 49° »b 45" north
longitude: 1100 23' 10 west
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This gite is about 277 feet downslope from ﬁhe highest
pofnt of the Cypress Hills, on the western extremity of the
plateau. It is located on the weést-facing slope and was |
originally set up to provide gstransitional measufe frow\;;fst
Vto valley areas and for stﬁdyfngcair dfa?nage. It is sti a
transitional station fer the purpose 6f the presént study and
due to“insufficjent stations at this elevation, the .
meteoko]ogicglarécord from this station is used 1n'inlere

polating values for the other slopes.

Tatitude: 49° 37" 35" north
* Tongitude: 1109 22 45" west

(5) North Slope Forest 4125 feet a.s.].

"Originally set up to measure the meteorological conditions
of north forested slopes, it is how used as a transitionaL

station between Station 4. and the open valley station below.

(6) Open Valley 2680 feet,a.s 1.
latitude: 499 37 30 north
longitude: 1100 26 10 west:

o

'This.site is claimed by Ho]mes to'be‘reprééentative of
valley and river-bed cond{tions? Situated on the westerﬁ edgé
of the Medicihe Lodge Coulee, this ié'one of the few low 1eve]-
stationé within the area. It is only a cduple‘of miles from

the Eagle Butte climatological station at 49033'N and 110°26 W,

and at an elevation of 3700 feet a.s.]l.
“ |

=
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(7)  North Prairie 3475 feet a;s.1. .
| latitude: 499 45 00" porth
longitude: 1100 34 20 west

"This site was set up to. represent the p1a1ns area north
of the Cyoress Hills plateau. + It s s1tuated betweeﬁ the
p]qtedu and Med1c1pe Hat, and @gs the 1mportant role of be1ng
the only station for over 400 Ssquare m11es of 1ow ]eve]
Catchment area in the northern plains. Its importance jgs
somewhat diminished by its periphera]-rather,than‘central poeif
tion within the basin 1imits*&t the ROss Creek gauge near
Irvine. | |

/ : ' ‘1

(8) South Prairie 3780 feet |
' Tatitude: 499 27 00 north
longitude: 1100 15 00 west

‘¢

3 This station was set'up to represent the geneEa] condi-
tions of the-southern-p]atns region. It is a well exposed
sites - s1tuat1ng between the Cypress Hl]]S p]ateau ~and the
meteoro]og1ca] statwon of Hanyberr1es CDA. Its-.importance is
aga1n being the only station with s]gn1f1cant record for over
bJO ssquare miles of Tow leve] catchwent area. Discontianus.
prec1p1tation and temperature records may be obtainedefor
"several c11matolog1ca1 stations, but the South Prairie site

-1s sti1l the major source.

8051des these eight meteorolog1ca1 s1tes in the Cypress

Hi1ls area and 1ts v1c1n|ty, continuous meteorological records
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fbr an extended period are obtainable from Medicine Hat and
Manybérries_CDA. These‘are'two magor sfations in southeastern
Afbefta, one 1y1ﬁg to the.nofthweét‘qndAthe'othér-to‘the'SOUth7

: west‘of the study area. These are p1aﬁhs sfations at 2]80

feet a.s;Tf and 3065 feet-a.s.l. respectively.

2.8.2- The Meteorological Data .

“Meteorological Stations 1, 6, 7 and 8 are\héavily in-

strunented stations while stations 2, 3, 4 and-5 are not. The
’kinds of instruments for each station are listed in Table 2.2.

Daily observations were carried out during summer and weekly

N .

observations during winter from June 1967 to September 1972._
The period of observation dictates the study period which is

< the five hydrological years.beginning Octdbér 1967.

It is unfortunate that this equipment was not fully operated

c

during the period of observation, and thét considerable diffi-
culties in measurement viefe- encountered in winters. With re-

Qard,to thelpr0b1em'in winter observation, Holrfes wrote: .

“Frequently conditions become very bitter
during winter montns, with much snow, -blowing
and drifting snow, and Tow cloud. Clogging
the Stevenson Screens with fine snow is fre-
quent with stoppage of the clocks and v-lever

“linkages on the hygrothermographs. The hair
of -the hygrometer becomes .coated with snow or
frost with a subsequent continual indication
of 100% relative humidity."

2

L ' (Ho]mes;;1969, p. 7)

v
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‘TABLE 2.2
LNSTRUMENTATION AT 3 SITES IN THE CYPRESS HILLS AREA:
(After Holmes, 1969)

L
Observation o ' T Stgtioz Nugber6 7 8
Daily Maximum Temperature (1) X X»l X X X X X X
Daily Minimum_Temperature (1)‘ : XX X X X X X; X
Gr ss,animum Tempefature | | X - X X X X X X Xi
‘Standard Rain Gauge (4) \ XX X X X X X X
Tipping Bucket Rain‘Géuge N X XXX
Totalizing Aﬁemometér (2) (4) . X X X X X X X X
Anemggraph (wind speed & .
g%gec ion) (3) X ¥, XX
fwgmmha?omaph(T) T X X X X X X X X
S1ing Psychrometer (4) | ' XX X XXX XX
- Black Porous Disc 7 N | . | .
Atirometer (4) -(9) : ' X . X X X X
Class "A" Evaporation Pan (4) (5) X . : X X X
Soil Temperature (4 & 8 inch | - } ’ .
e tncrn01gter) (6) - ' X X X X X X X X
301] Temperature j?) B ' X “ |
Snow Fall (8) _ - ‘ X B | . X X

Screen height 1 % meters

2 Meters '

10 Meters’ !

Observed at 0800 and 1700 hrs.

Complete with water temperature and. anemometer at pan r1m neight.
Observed at 0800 and 1700 hrs.

5cm, 10 cm, 20 cm, 50 cm, 150 cm and ,OO cm observed au 0800 & 1700 hrs
Sacremento gauge ano kn1pfer ShlE]d 3 Meters

1 s Meters

/?/-\’\/\/—\/—\
~J NG R FS I e B

e M M e e e e e St ]

——
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ConseqUentiy,'a considerab]e quantity of data_ié miésing. The
data évai]ab]e;are.not ﬁdgal for the purpose of hydrological
studies. To éétiméte'§pr1ng snowmelt runbff,'winter precipi-
tation data are essential.. Winter precipitation records‘at
the eight stati}ns are.insufficiently recorded at best, and
hon-exfstent at worst. Under such conditions, one cannot
start with any investigatfon of relationships until the winter
precipitafion has been estimated. Fairly regu]ﬁr records of
Snow an gfound'are avqilab]e for the winters. However, diffi-
cQ]ty arises asione tries to use the snow bh groﬁnd data; for

there were no snow course surveys at the efght meteorological. .

37

sites, which means that the snowpack density and hence the water

equivalent of the showpéck at the stations is unknown. Tﬁe
only snow course in operation within the area is the dné at
ETkwate}, at the n§rthern_foothi11s of the Cypress Hills pla-
teau. Here at E1kwatér, fhe snow denéity variation‘during the

five spring seasons from 1268 to 1972 is as follows:

Year Snow densivy on March 15%

1968 B

1968 2

11970 o 129 -
1971 23 o

1972 .167

4

There 15 consfderab]e variation from yeér to year, and it
is also likely that’cqnside(ab]efspatia] variation exists.
Hence 1f woL]d be Meaning]eSs_to estimate an aVerage SNow
dens?ty value,.and consequently the snow on gfound data can
only be used as roﬁgh indices in some procedﬁres of winter pre-

‘cipitation estimation.
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- The temperature data are cbmph.atively'good. For the pur-
pose of the present study, the temperature data hay be used
- to represent potentfa] évapofranspiratiqn, air humidity and
perhaps soil moisture conditions. ‘

The obseryations from a metecro1ogi;é] stat]on shaw only
the atmospheric conditions at a point. It is ngceséary to es-
timafe the conditions for the entire drainage basin using these
point eétimates.' Areé] estimates 6f the Meteorologiéa].para—
meters are obtainable from_the'point estimates by various |

methods.

Conditions

0

2.9 The Measurement of-Hydrological

\2.9.1 Iﬁg_ﬂxgﬁgmggﬁig_§£atidqsv River Discharge Gauges

As the'pefiod of meteorological observation dictateé £he
_1engtﬁ of the:study.period? the selection of hydrométric statians
dictates the size of the §tudy_areé. There are eight hydro-
metric stations séjected, covering a total catchment aréé of
over 1250 square miles. Fach one of tﬁése is essentially the
first gauge downétream from'the Cypress Hills plateau. It is
again cohvenient to. number the gaugeg_forveasy referehce Tater.
The locations, drainage areas and anbefs‘are indicated in
Table 2.3. The watershed shapes and ga. je 1ocﬁtiqn§ éfe shown

>

“in Figure 2.7.

It should be nofed that Gauge 2 and Gauge 7 (Gros Ventre
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TABLE 2.3 7

_ THE HYDROMETRIC STATIONS o
POSITION, DRAINAGE AREA AND NATURE OF FLOW

T\

Station Station Latitude Longitude Nature Drainage
No.- Bescription | ~(North) (West) of flow area
(sq. m1.)
11AL009  Middle Creek. 49%25'29"  110%3'9" Natural 116
(1) - near Alberta
boundary .
t ]
05AH037  Gros Ventre 49°53'20"  110°30' 20" Natufa] 82
(2)  Creek near
: Duniore
05AHO10 * Manyberries Creek 49%21'30"  110%43'30"  Natural 137
(3) at Brodin's Farm g ¢ '
N ) ’ \“\ .‘ ‘ 0 ' -
G5AHO4T  Peigan Creek near 49%341 50" “110756'30"  Natural = 163
(4) Pakowki Road
114831 Battle Creek at  49°36'4"  109955'21"  Natural - 75
(5) Ranger Station ’ < .
1145082  Lodge Crech at  49°12'50"  109°59'40"  Natural 342
(6) - Alta. Boundary :
05AH003 ~ Ross Creek 49°57'17"  110°20'8"  Regulated ¢ 234
(7)"  near Irvine : %L
. , . v N
0571302 Mackay Creek 49°55'30"  110°2'40"  Regulated 200
(8) at Walsh ‘ :
NOTE: Gauge Number in brackéts.
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BASIN DELIMITATION WITH LOCATION OF STATIONS
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Creek near Dunmore and Ross Creek near Irvine respective)y}

are nested basins. While Gauge 7 has regulated flow, nqtura1‘
flow ts maintained at Gauge 2. (Gros Ventre Creek f]ows 1nt0
Ross Creek and Gauge 7 or Ross Creek is below the Junct1on

}qf the two streams. ‘As 'a result, the drainage area of Gros{
Ventre Creek is also part of the Ross Creek drainage bastn

“at Gauge 7. The Gros Ventre Creek basin is hence nested within
the Ross Creek bas1n A s1gn1f1cant point about nested basins. ;
is that watershed cnaracter1st1cs for various portions of the
]argergpas1n can be/exam1ned. Downstream discharge can also .

be bredicted frombrecords of the upstream gauges, and'by'com—
paring the streamflow records from various gauges Within the
.1arger basin, the basin lag time for different'portions of

e

the draihage area can be accurately assessed).
Tne'selection of gauges.is completely ﬁimited by the dis-
tribution of meteorols, .cal sites. - Th\‘thU#ce\of a 1arger
~basin by using a gauge further downstream wou]d mean a further
reduct1on,of meteorological station dens1ty by 1ncrees1ng the
area.covered. However; thelpresent se]eetion of gauges forms
a fairly representative samp1e° Streams f]ow1ng 1nto each of
the three maJor drainage- systems are represented ' Bas1n sizes
range from 75 square miles for Gauge 5 (Battle Creek'at_Ranger
Statien) to 342 square miles for Gauge 6 (todge Creek at A]bertq
bonndary). «Basin elevation ranges from the essent1a]1y low
1eve1,basin_of Gauge 4 (Pe1gan Creek near Pakowk1 Road) to -

‘the crest level basin of Gauge 5 (Batt]e Creek at Ranger Stat10ﬂ)

4
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~presented by the d1scharge records are the total d1scharge the

i

S o 42

Gauges 2, 7, and 8 are on the north- fac1ng slope, while auges

1,3, and 6 are on the s]ope fac1ng south

N
g -
< .

2.9.2 The bydrometric Data ‘ ¥ .

4

The major 1nformat1on required is the d1scharge record
A]] of the gauges have a 1onger period of record than the ,
meteoro]og1ca] stat1ons Day to day discfarge records arel |
ava11ab]e for atll e1ght gauges and th1s makes the p]ottlng of

detal.ed hydrographs poss1b1e Streamf]ow character1st1cs re-

a
~ peak discharge and the time of occurrence of peak d1scharge
the reTat1onsh1ps of wh1ch to the meteorﬁTUchal variables are
to be investigated. : B X | . ' : Ai 4"“','

A

The 1ocat1ons of the gauges are of a cons1derab]e dis-
tance downstream from most meteoro1og1ca] s1tes which OCCupy
upstream Tocat1ons The absuence-of amy upstream gauges means
tnat many of the 1mmed1ate responses of streamf]ow to the me-
teoro]og1ca1 changes as observed at the meteoro1ogtca1 stat1ons

may not be easfl‘ detecteo Stredmflow data from upscream aauoes

are de51rab]e for the purpose of the present study Never;

.the1ess, the dlscharge measured at a gauge is an area] est1mate

»

represent13g the net water surp&us from the entlre bas1h area,_ _1\/
1

‘ ~

and the se ected gauges are thepost upstream ones avarﬂab]e,*

and for s1gn1f1cant events 11Pe pring f]ood1ng, 1t is expected

that some detectab]e re]at1onsh1p ex1sts between Lhe,upﬂiream )
v

;0bserved weather and the dbwnstream Weasured runoff v

Al_
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‘ ‘ CHAPTER 111
. 14
RESEARCH METHODOLOGY ‘

E5Y

When you can measure what you are spcaking about
and express it in numbers, vou know something about
it. But when you cannot mcasure it, when you cannot
express it in numbers, your knowlédye is of a ileager
unsatisfacory kind. .o '

- Lord K'e]#/'in ©od

3.1 introduction : | ‘)
. . / "r y
In this chapter, the methods used j§n examining the meteor-

oTogical-hydrq]ogicaJ“ré]étionships and model formu]atﬁon are
described. The aim is to provide quantitative aséessmehts
ofithé re]a%ionships. 'It ig felt that such assessments Will
,prov#deha ;etter picture of thé sjtuation, through notfneceés—
ariiyﬁsecausequ what Lord Kelvin said. The 1557 Thornthwaite
Water Ba]apce p?bcedure.{s ﬁsed“infthe computatioh of'rundff
and'%;fthe deferminapion of thé,water”ba1aﬂce zonatien with-
in, the study dreﬁl-;lidline maps. are pro%uced to itlustrate
tﬁe runoff patte}ns. Linear multiple %edression analvses
are-used in the 1nvestt§atioﬁ of the néture of relationships
betweehbﬁhe hydrological and meteoroWogicaf_vdria51es and in
“the deve]Opment of prediction modé]é. Thejgoals-of'model_
formulation are stated: The perfinent literature is féviewed.

o

3.2 The Mater Balance

CIn thé present study, it is the monthTy water ba]ance
which will be computed. The climatic water balance can be

renresénted by the ecquation: . : , X
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Ppt = (PE - D) + Sur A St -

!

precipitatfon

T

‘Hhere Ppt

-
m
I

potentia1ae{ppotranspiration
D = deficit

-

Sur = surplus

I

ASt storage change‘

Précipit&tion 1s’q'frequent1y measdred metedro1ogica1

.o

parameter, the records of which are available for most meteo-

rological stations. It includes values of all forms of pre-

1

cipitaton in terms of water equivalent. The storage change

“term represents changes in 'soil moisture storage, the range of

which 1s from'wi1ting point to pore saturation for root depth;ﬂ,

Storage change may be positive or negative. If a positive

4

]

-change gives an above-capacity value, the excessive water is

entered as surplus. Surplus s the total quantify of watef
that is Squect to ru6pff. ii exists on1y5after“the 5011
moisturevstbrage hag‘reached the water ho]ding'capacityf'
Norma11y,jit 15 on]y a portibn of the sufh]us water that is
available for.runoffwkn‘a particular month. The rest-1is

Targely detained 1in groundWater storage until later months

"Deficir represents the difference between potential and actual

, J .
‘1eii" ?r‘n::iratfon. Therefo%e, the term in brackets (PE - D) -
'vre;”e‘ < the act i1 bvapotfansp?ration amount. Potential
evapolranspir-"ic iy  quantity to be estimated, using the-
{;mperature‘d;ta, reiade of the meteorological station,

and the availuable empirical tabies.or a computing program

<

-
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written for‘the snmé:purpose. It is worthwhile mentioning
that the water balance equation in thi§ form is a concise,
numerical exprgssion of the meteorological-hydrological

. relationship/at a point.

3.2.1 Thd/Thornfhwa1te Method of Potential Evapotranspiration
Estimation. | . :
Potential evapotrahspifation Qas defined as "the amount
of water which will be Tost from a surface completely covered
with vegetatioh if there is sufficient water in the soil at
all times for the use of the vegetatipn“. (Thornthwafté
‘.and Mather, 1955, p. 15). From the hydrolegical cycle point

¢

of view, potential evapotranspiration represents the m&ximum
qua;t1tj of water transportable from earth to atmosphere unde?
the preva111ng meteoro]og1ca] cond1twons, asgum1ng un]1m1ted
vater suﬁp]y. It is an index of water need which.exists“
theprgticaTiy,-but'in pfactice, is difficult to measure.

‘Hheh it is compared with précipitatioh; (P - PE), a "rational )
definition of the moisture factor“ as Th%rnfhwa1te ca]]ed it,
canAbe obtained. It is on the bas1s of this mo1sture factor
.and’the poEentia] evapotranspiration concept that Thornthwaite
advanced his famoué 1948'C1imétic c1assifica£{5n _ There are
several approaches to the estimation of potent1a1 evapotran-'
sp1rat1on A number of procedures, eg. Ppnman; Turc, Lowry

and Jonn§%n, B]anoy\and Criddle, Hargreave, Mohrman and Kess]er,
Budyko, etc.,_had been tested~and it was COnc1uded that,the
Thornthwaite procedyre was4the most aépropriate water balance

computation method for the prairies. (Laycock, 1970 and Laycock,



46
1967). 'Thornthwaite’s method of potential evapdtranspiratfon -
est1mat1on can be expressed by an empirical formu]a relat1ng o
‘potent1a1 evapotransp1rat1on to temperature and daylength.
(Thornthwa1te, 1948 p. 89 - 90) Computation may- be carried out
us1ng e1ther emp1r1ca1 formu]ae or the tables pub]1shed for

" such purposes.’ (Thdrnthwaite and Mather, 1957)

Imperfection in such anlapproach is inevitable, eg. the
eole dependence on femperature va]ue and the assumption of no
evapotranspnratjon below 30.2 F (-]OC). However, it is argued
tnat other factors affecting evapotranSpiration, such as wind,
hum1d1ty and solar rad1at10n, wou]d vary together with tempera-

Fure (Thornthua1te cand Mather, 1955, p. 15), and that under—
stimated-potent1a1 evapotranspiration;may be partially compen—
sated. for by the under measunrement 6f snowfall and non—meaépre-

ment of condensation on surfaces of snow. (Laycock, 1973, p. 86)

~The ‘method is widely used because of its %pr1e requ1re—
ments and straight forward computat1on procedure Considerable
success has been reported. For examp]e, Carter’'s 1955 study .

| of the water balance of the Lake Haracaibo Basin, and Sanderson's
:1966 study of the water balance of the Lake Erie Bas1n are among
the w1de1y c1ted ones. (Carter, 1955 and-Sanderson; 1966). It

1% used_in the present study because of the possibility of using
the potential evapotranspiracion estimates ]ater in the come£ation
of water ba]ance for‘%he basins. It is.also because of the

fact that there are not enough data available for the use of
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more elaborate techniques of potential evapotranspiration
estimation; the Thornthwaite method is the most appropriate

choice.

3.2.2 The Thornthwaite Method of Yater Balance Computation
This is a bookkéeping method of water ba]ance'compﬁta-
tion, starting from the computatiqn of potential evapotr;h:
spiration as mentioned 1n‘the prévious section, throdgh steps
of moisture factor ca]cu1at?on, 5011 mo1sture storage and
surp]us caTculat1on and eventua]]y runoff calcu]at1on The
deta11ed procedure as used in the present study is desqribed
in Thornthwaite and Mather's 1957 pub11cat1on (Thornthwaite
and’ Mather, 1957, p. 185 - 203). _A compyter pfogram is éyai]-'
able following fhis procedure. vIt is a\modificatioh'of the'
Si1v1cu];ure General Utility Library Progfam GU-]O],-written
6%5P.‘E. Black of Syrgcuse University, Syracuse, New York inv

1966.

-

The use of Thornthwaite's t]imatic'water balance in théyﬁ”

present‘study is more than a mere sequence to the use of tne
.Thornthwa;te method,for potential evapotransp1rat1on est1ma-
tion. The Thornthwaftevc1imatic water balance procgdure is
" the best available mefhod thaf takes_iﬁto cqnsiderétion'winter
précipitatiqn'va]ues, Since the present study is concerned |
with spring snowm@jt runoff, which depeﬁds heavily on the‘

.

amount of winter prec1p1taf1én the Thornthua1te compu*at1on

orocedure becomes the best cho1ce for est1mat1ng runoff,



- 48

The resu1t of computation using the Thornthwaite tech-
nique iﬁc]udes, in addition to fﬁnoff, values of thebother
compohenté of the water baiénce>équétion; Focué may fhus\
be p]aced'upon'the potential evapotrabspiration"or actual
evapotranspiration, or changes in the soil moistura ;tored.
'Mabs showind thg'spatia1 patterns of various elements in

the water balance equation can also be constructed.

3.2.3 Literature Review

~ The use of Thornihwaité's climatic water ba]hnCe~in
éoﬁputidg runoff has been carried out by varieﬁg_peseqrchers.

Thornthwaite and Mather mentioned several s dies involving

various basin sizes and different climatig zones, and in each

case, the éstimafed runoff was.in\clos agreement Wi;h the f”%
observed Vaipeé. (Thornthwaite and{Mather, 1955, p. 48 - 55).
,These;basins include tributgry wifgkéhéds of the Muskingum
Draiﬁagq Easin in Ohio; the~Tenneésee River Basin, the James
'ijer.Basﬁn'in Virginia and. the Lake Mqrécaibo Basin in.
Venezuela. In the_Canadian scene; similar results have been
obtained recenfo by Sanderson, who used computed watér surp]usii
figures of 1959 - W960; to'produce a map of watef surb]us for

thé Grand River Basin. She found a éorre]ation coefficient

of 0.995‘w5@n she'correiated the computed runoff of some
fifteen‘basins'with the measured srunoff. She concluded fhat
thé;Thornthwaite prbcedure provjded good.estimates'of run-

off and "........an excellent correlation was obtained in

Sp{te of the varied glacial topography and soils in the area
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R (Sanderson,’1966, p. 17).

'Sanderson and Phillips studied the average annual water
surp]us pattérn 1n Canada,'and by us1ng the;Thornthwaite
method of runoff ca]cu]at1on, they were able .to produce‘maps
of'runoff which agreed very we]L ‘along theisouthern border
of'Canada wdth tanghein's map- of (neasured) vrunoff in:the
Un%ted States” ._(Sanderson and Phillips, 1967, p. 21);? |

In the same study, references were a]so made to severa]
.unpubllshed theses, which had found h1gh corre]at1on coefF1—.
c1ents betweenvthe measured and computed values of actual
evapotranspiration as well d; runoff. (Ibid, p. é).

| .. . | N ! . | .

Kake]elinveétﬁgdted'th@“mpp1dcab111ty of\{he Thornthwaite

"procedure in a subaréttc environment (Kake1a, 1969)
NA]though a stat1st1ca11y 1ns1gn1f1cant corre]at1on coeff1c1ent
suggestod that the measured and computed runoff in & sub- )
arctic basin do not vary 1n the same manner, the twenty f1ve
year'mean values of these two var1ab1es vere reasonab]y
c]ose :(Kaker, 1969, p. 215). For the Canad1an pra1r1es,~
Laycoc« used. thL Thornthwawte procedure and produced a series
of maps showing water. surp]us and deficiency patterns
(Laycock 1067) In an unpub11shed M. Sc Thes1s, Erx]eben
app11ed the Thornthwaite techn1que of runoff estimation to the
Wh1temud Creek Basin_and conc]uded that 1t is 'reasonab]y'

Su1tab1e for water-balance ca]cu.atlon for the Edmonton region”.

(Erxleben, 1972).' In the light of these results, the author
o | . ' T _
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believes that the Thornthwait%iwdter Balance compufation is the
most suitable, if not idealy procedure to be employed in the

present study.

3.3 The Ihopleth Mapping Method

ieth mapping is q;ed in the description of the pattern

0P
™

of runo in the study area. It is a conversion of the point’
measures at the meteorological stations to the area measures

of the drainage basin as a whole. Adjustments- may ‘be made

-

according to the physical characterigtics of the basin area
so that a‘more.rea1istic distribution pa;terhICan be described.

Subjective judgement is involved where station density is not

s

high enough to provide adequate information, and the accur-

acy of thgvdistribution pattern depends heavily on the skill

~and experience of the person who draws the map. Nevertheless,

this is the most suitable method for.the.preseht study,whete
Considérab1e 1nterpo1é£ion is required, and where topographic

influence on climate plays a significant role.

3.3.1 'Mapping Procedure

The procedure of isop]eth mapping. in' the présent‘study~
inc]udesfthree major steps: (1) The delimitation of basin
areas, (23 The *drawing of the isopleths and (3) The compari-
son between meas.red and ComputedArunoff.

(1) The delimitation of the basin area: _The~si;es}of

drainage basins in the prairies tend to vary from year to

’
'S
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year bechuse of the sgecia1 surfacé characteristics of
g]ac;ated'terrain. There is considerable surface storage
due to ‘the presence of numerous sloughs, which have their
indiVidua] small catchment areas. In a dryAyb@n, ourfacet
runoff is often reta1ned in these. s1oughs and contequently(
is not ava11ab1e for discharge 1n’the streams’ X As a resuTt
the effective dra1nage area of a pra1r1e basin tends to be

-sma]]er, and the flood peak for the ent1re‘bas1n is much

O

reduced. Conversely, a wet year will cause the interconnection

of theée s]dughs.by temporary water-channels, and water- from

their individual small catchment areas may contribute to the

discharge of the main streams. The effective catchment area

of the main basin as well as the flood peék is thus increased.

This 1% still an unsolved prob1em.1n baéih delimitation in
“the prairie. (Gray, 1964, D. 159).
. : ' 7

oot
Yoy
A

'_For the purpose of the. present study, it 1s fu]]y teco—

gn1zed that the inevitable. 1nc]us1on of such surface depres—

a alm

sional storage areas will cause 1naccungcy in thg estimation

of actual runoff. o matter what the mojstuwe‘COndition'df

a pahtich]ar year is, the presence of sloughs will always

‘lead to an overestimation of the actual runoff by the cli- -

‘matic water balance. A quantity of the available runoff is.
aJways retained by the depressioné.' Thus even when the

effective catchment area is 1ncreased in a wet year, the

P

/

J
tota] ef cct1ve catchment area can never be equal to the

actual area as de]imited by-the majdr divides. It -is expected

‘that such 0verestimat10n7of runoff can be partly compensa-
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~ted by the underestimation of winter precipitation as men-'
tioned in the Appendix of this study. Furthermore, Judging
from the topography and overall .climatic cond1t1ons of the
study area, it is likely that the surplus areas will have
comparaﬁive]y Tittle overlapping with the 1ower level ro]]ing' 
"p1ajns: where most of the sloughs are found. Fina]ﬁy, it

is difficult to'assess‘quantitotively'the effect of the var-
iability of the effective catchmenf‘area on total runoff.

ﬂ One does not know how we% a wet year has to be in.order*to .
cause significent changes in effective cafchment area and

total discharge. At Med?cine~Hat ‘the precipitation of the
wettest year durlng the study period is only 12% above the
f1ve_year mean from 1967 - 19/2 I't is perhaps not unreas-
onab]e 'to assume, for the purpose of the present study, that
the errors in runoff estimation due to surface slough stor-
‘age are neg]1g1o]e Moreover, grounduater yield from-these
enclosed basins éspecie]]y_those in the higher and coarser
textured'morainic areas also tend to make rungff variation

t

due to this factor insignificant in most if not all years.

It %s thus assumed that thebbasin area‘bounded by the
major topographical divides approximatds the effectiVe catch-i
ment, area. The areas*of the 'basins are measured by a plani-
meter, and comparison is made w{th’the areas'medsured by the
‘Water Survey of Canada tp ensure reaéonab]e accuracy. |

3

(2) . The drawing of the isopleths: Topographic -influ-
L ‘.1 R o

\
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ence is the most important environmental factor to be con-
sidered in the production of hydroclimatic maps for the study‘
area. Contour maps are used as base maps'for the drawing of -
runoff isopleths. The maps &s%d are the National Topographic
Series 1:250,000 sheets 72E and 72F. An isopleth map is

produced for each of the five yeafsvof the sfudy period.

‘The actual procedunrSd 1 10ws:

. “ . PR I

An overday i 'buared ShOW1H9 the basin de11m1- )\
1ons ofathe meteoro1og1ca1 stat]ons

20

tatiohsi The”ictuﬁﬁa1dca
were accuhﬂtelyﬁp1ptted. The runoff values at the stations
fo?-the partfcu1afAyear were indicated. Then the -isopleths

were sPetched in. The.orientation and spacing of . the iso- o

pleths are adjusted according to considerations of t0pography,

water ba]«nce charact9r15t1cs and other climatic 1nf1uences

“such as ch1nook frequenc1es and direction of the average

storm track. Vegetation distributions would be used later to’
evaluate the adequacy of the first sketch.

TR

The accuracy of the isopleths drawn depends upon the-

number of point values available. The greatér the number of

points, the smaller thé interpolation will be, and conse-

quently the more cbjective the results become.

(é) The comparison between measured runoff and computed-
runoff: This serves as a final check on the runoff pattern

. _ : i o o A
obtained from the previous progfdures. Areas between sucC-

.-
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essive isoplaths were planimetered and then multiplied by.
the average depth of annual ryhoff. The vo1umé'ofvrunoff A
“thus produced wds‘cbnverfed to'depth of runoff for'the
entire basin. This waﬁ then' compared with runoff values
measured at the hydrometric'station at the outlet of the
drainage basin. Fkt is fully rea]iéed that agreejent between
measﬁred_wnd computed runbff does not guaranteé '\comp]ete
acéﬁracy of fhecombuted runoff pattern ‘VYarious d1str1—
butions of surp]us areas can pwoduce the same quant1ty of
aggregate basin runoff. However,-th1s does serve the useful
purpose of a final ¢heck, while the ‘determination of-the |
general surplhs patferh‘within the basin depends heavily on
the interprétation of'topographic jnf]uehCe carried out in

-

the previous -step.

3.3.2. Litera ture Review
E 'Isop1ethsmapping is a'éommonlcartograpﬁic fechnique 1n
describing the spatial distribution of a geographic variable.

A1though this is Widely used. there are comparat%ve1y few

‘studies doue regard1ng the actual app11cat1on prob1ems

One of the éar11er reports’ was wr1tten by Mackay 'who discussed
the prob1ems and techn1ques of isopleth- mapp1ng (Mackay,<
1951). Carter, who has carr1ed out water‘balance studies

in Vériouéiareaé outside North Amef?ca, stressed the importance
of topogréphic influence on ﬁhé mapping 6f hydroc]imatic
narxmeters ‘ | '; \E_ o ‘. 2

“Topograph1c d1vers1ty &S ref]ected in near]y a11,

'\
\



climatic distributions, consequently, the topographic
~map is to some degree a guide to interpolation among
climatic values. For example, elevation is usyally
correlated with lower potential evapotranspiration,
with smaller water deficit and greater water surplus
and precipitation."” : ' :

(Carter, 1954, p. 453).

He also suggested»fhat oceanic influsnce is to be considered

-

for the mapping of coastal areas, and that vegetation _and
SOilAmap$¢are to be used to eVa]uéte the adequacy of the

iSOp]eth battern.

In Canada, nat10n~wide surp]uS patterns were described
Lt : o :
by Sanderson using the isopleth-mapping method. (SandgrSon,

1967). She~also did>several studies on the water balance

# -

_pattern of Eastern Canada and hydroclimatic isopleth maps

were produced. (Sandérson,,TQGG and SahdeSZOA, j97J).' In

her 1966 study of the Lake Erie Basin, precipitation values at
perimeter Stations weré used~t9 prﬁdude'isohyétéﬁ mapS’fof-

tHe area overrtﬁe'lake.‘.Sheétheﬁ conc}uded”ihat‘”the isopleth -
.mappggg method of estimating over water brecipitqtioh.forA
theegpecifinmOnth1y conditionsf.,}.. ..... might résu1t.in
smé]]er mon%hTy errors- than using eﬁpfrica] corréctipns“.
'(Sanderson, 1966, &;;&]).; In h;r 1§67 study, average surplus
maps were produced using topograpﬁié.maps as base maps:

Some aspects of'£he application of hydroclimatic isopleth-

mapping were djscus§ggééflt was found necessary to'use -

, . CuER ‘ : .
different scales for different partys of Canada. .The jsopleth

intervals, used also depended on the area shown. A geometric

scale of “disopleth 1nterva1s‘yas‘used‘for'Céntral and(qute;n
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-

. ' . . w
Canada where variation of surplus was great. The awerage
water surp]us va]ues for each prov1nce\were then computed ”f

from the 1sop1eth patterns (Sanderson 1967 p.,§ - 4).

s : . . .
oo - Lk . \\
. e
. © .

’3.41 Régressipn Analysis -

\\ Regression ana1xsis is aﬁi}Tten-used statistica1 tech-

'nlque in prov1d1ng approx1mat1ons to complex funct1ona1 re-,

1at1o\sh1ps in a phys&maT system The approx1mat1ons may

be expressed as s1mp1e mathematwc equat1ons, such as a poly-

»

nomial. The: hydro]og1ca] system is a comp1ex phy51ca1
o

system 1nvo]v1ng many variables. The re1at1onsh1ps among

\'

these var1ab1es ére often studied, but the under]y1ng prin-
c1p]es are poor?y knbwn Regre551on Ana]ys1s is common]y

'used 1n-hydro]og1ca1 studies. It 9s one of the few numer-'

‘1ca] methods wh1ch can bg'used to eva]uate s1mu]taneou&]y

A

" the effects of severa] causat1ve factors ~The regression

mode] may be unrea11st1c phys1ca1]y, but f&r the hydro]og1st
who«is work1ng w1th unceutro]]ed exper1ments essentially,
regression analysis is a- usefu1~too1- Yev3ev1ch broad]y

categorizes - ‘the current use of regresswn in h/dro1Qg1ca1
‘studies  into two major types BT

L <4
;(ﬁ)' For the 1nvest1gat1on of cause effect basedﬁ

r v

vre1at1ons, where a dependent randon var1ab]e Y is re1ated

to an 1ndependent random variable X oqualnpup of 1nde“en—
dent variables XT’ Xz,}e.L...,XN ). The independent varia-
«33h1e (or independent variab]es) can produce or affect“heeout~

L4
COme of the dependent variable Y. . 2
.

9

.
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(b) For the'investigat?On of_reiations of random varij-
ables, which have the sape Saus sative factor eg. the corre-
lative asgoc1at1on of the rumof.f of a: stream to the'ruanf

of the adjacent streams. , : R

< (Yevjevich, 1972a,»p. 233)

o

. P cL
K. : o

Tﬁe present study involves the app]icétion‘qf theimu]-

.

“tiple linear regre%ﬁion tgchhique in. a hydrometeorq]ogica]

’approach to stréam discharge forecasting. .Streamf1ow'chara-.

- éteristiéé-arp reiagéd to meteorological factors in the ;,
regression dna]ys{é._ The resuits of the climatic water béT;

ance computations can be usad as id.'ines. in variab]é selec-

tioh. [t is.the investigation of rausgtaffect based relation-

shlps with pred1ct1on as the ultinate a0al. The prahlctors

v

are the mcteoro]og1ca] variables and the pred1ctands repre—

sont o various character1st1cs of streamflow. - A ”pﬁgf
L9}
d ; g . )

3.4.1 The Oftpn vio1ated ASS uipt10ns : . ';?“

)

There are two oftcn v101ated basic assumpt1ons in a -

mu]t101e 11near r greso1on analysis: s

- . o
y

x<”ri(1) It 1s assumed that for each selécted 1ndapemdent vari-

3 P

L

b
L s

~-This_a$sUmption is Tmportant whén statistita]féignifi-
.oz ; . .
cancggtests are involved. Har/ of ‘these tests are based on

i . the Gaussian normal distribution of cvents. Hydxomet@oro—
s o0 : . s »_

. Y Co ’ i



"1ogic91 data are often found to be non;norma1ﬁy distributed
'They may beo seve e1y skewed because of the relatively 5ma11

number of great events and ]arge number of small events.

Transformat1on to norma] d1str1but1on is usua1]y carried out

if stat1st1ca1 .significance tests are to be apnli:d.

¢ \ -

LN . -,

,.(2) Indepen)encé\gmwn@ the pred1ctors ﬁ?

v

Thps is rpqu1n§d for the. stab111ty of tne regression

mode] . Thé’lafg of \Ndependence means that the.addition or
. f'-,, ._\64 - ‘.
subt?a6t1pn of. a pred1c or would cause. changes of the va]ues

- »

ﬂ
of the re ess1on coeff1c'9nts and the re]at1onsh1p‘1nd1ca—

Woqu not be stable. ) However,

ted by the regre561on mode]

@ ..“J

for the purpose of pred1cf1on a]on R the lack of 1ndepend-

ence doéds not lead to - 1nva11dat:on of the regression modek,

/

In such cases, the same 1nterdepe1dence 1s assumed to ex1st

L%

all the time (hata11” & Welk , 196

ion” technmuo is ap)l.atho hydromete
v v .

the 1ndependnnce aosumpt1on is often Vi

rological studies,
Tated because of the
'1nfercorrc1at1on among nydwometeorolog1ca

ona11zaf on techn1 ues,such a’s nanc1pa1 La4“onents anaylsis
9 q

e~ .. é \\

are often used hi) ensune 1ndependence \
. N

!
i

L 3.4,2 l1ieratur@ ﬁ%w1ew

gfi

-~

. % ‘ -~
uCu]]och and Booth used fhe Tn1essen po]ygon method

to estimate the aggregate basin precipitation, and regress1on

~vanalysis was then aBp]ied to relate the aggregate basin.pre-

.%,cé&ifacﬁon to the j@dividual station precipitation values.

Coow RS

.
» ’ B
L . . . - . . » T Low
\ s P 4 ; : : ’ : -
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, p. 213). :Jhen regress—

var1ab1es‘ 'Orthd-

N
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Using only four to five ‘stations as predictors, They were
able to obta1n guccessfu1 resuTtQ (McCulloch and Booth

1970, p.-1755). Williams used vngre<s1on ana1/51s to pre—

~dict lake ice breakup dates. The 1ndependent va71ab1es usp
. "".
¢ past breakup dates dr temperature records. {

ra-\ﬁn,

(Williams, 1971, p. 323).

One of the pioneersuinAusing regfession anaylsis in
discharge forecasting is Wong. In his 1963 study: of the
New England area, he found that orthogona]1zat1on by. pr1n-

“cipal components techn1que was necessary.in order to produce

succesqful results by regression. (borg, ]963) S1m11@hﬂv
conclusions wergzreached by Spence gho stud1ed the stream— 'y
. [ 4
flow characteristics of the Q@ngd1an prairies. (Spence, S
N ., - \ [. .

1971). However, in ang’s‘study“ onty—ome~variahle was
se]ected as a. surrogate for cach principal component

ider Fled from the pr]nc1pa1 compo:‘ﬁ£§ techanue In this

‘,
-

way a more 1nterpretab]e model was obta1ned whz@h Was a]so-

eas1er to: redpp]y . here, the pr]hr]pa] co@ﬂpnents ana]ys1s

!

Was a]sofartoo1 for var11ole se]ecr10n . On_.the other hand,

'Hustonen found that norma] regress1on is better than ‘ortho- -

i

gonal regress1on (Mustonen 1967 p.‘123). ‘His regression
'equat1on Wass found to explain wunoff very we]] déspite strong

corre1at1on dnprg ‘the 1ndependnnt var1ab1es He also avgued
that Andepcnd;nce was not necessary because 1t‘was “meanlng-
1ess in such étud1es to 1dent1f/ the 1nd1V1dua1 effects of.
the ihdependeh;,yﬁr1ab1es . '(Justonen, 1967, p. -123).

o A | . - _ ‘ S

=

’ P B !
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Lull and Sopper, in their 1966 paper entit]ed "Factors

that influenced streamflow in the Northeast“ereported that
regke;sfon tecnnique was used in re]ating_average annual

and seasond]dfscnargerto selected climatic, fepographic_

and land use variableé. (Lull and Sopper, 1966, p. 371).

They found that sat1sfactory results were obtained by us1ng
only three to f1ve variables and thae annua] runoff gprre-
Tated better w1th isohyetal prec1p1tat1on than w1th stat1on -,

values., Regre551on ¢echn1que was used by Schre1ber and Fﬁg
Kincaid .in studying storin runoff in Southeastern Ar1zona :
o ‘11, ,.1',‘7..‘

A g _
(Schre1ber and Kincaid 1967) The result showed that nun—t::

of f was 1arge1/ controlled by- storm characterbkt1cs, and thﬁt

nteced nt 3011 moisture p1a/ed only an 1ns1gn1f1canL role.
This may be compared with the code1us1on by Hartnan et al
that. "t%é most important factor in runoff ‘pre‘gction is
the amount of mo1sture 1n the top three F oFﬁ§b11 at, the

.t1me‘ra1nfa1l'beg1ns . (Hantman, Baird, Pope-and Kn1se1y

e

19605. The Scnregber and Kincaid study was *followed and
oo - ,

exténdedﬂby Osborne'and Lane. (Osborne and Lane, 1969)"

D1schar e was found to have 51gn1f1cant regress1on on pre-~
narde ¥

c1p1f/E1on values alone. S1m11ar resu]ts were also’ reported
by Baker, who found that the w1nter prec1prtat1on values

.“k e
at a s1ng1e stat1on was the: s1gn1f1can¢fmred1c{or for spring

runoff from the Cottonwood River Ba€1n i-h Minnesota, even

when the total watershed area was 1 80 équare miltes.
A :
K

(Baker, 1972). .
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Diffehen% regression models have to-be developed' for
different areﬂs and. there €an be 11tt1e transferab111ty of

pred1ct1on nodels. A most suitable subset of pred1ctors

will have to be chosen for eacmlbas1n and for each predlc-

tand ~There may also be t imes when the pred1ct10n mode]s
need to be updated. Nevertheless, regression ana]ysis is
the most suitab]e technique to be tsed in approkiméting the

e ——complex re]at1onsh1ps amongst ﬁﬁ?'h?ﬂrometeoro1og1ca1 vari-

ables. It is also the major stat1st1ca] technique in the

present study for formulat1ng pred1ct1on models of strnam

d1scnarge

3.5 The Goals of Model]ing

Mode]s can be_ v1ewed &S se]ect1ve app-
§p mations which by the elimination of
ncidental dota11 atlow some fundamental,
relevant or 1ntorest1ng aspects of the

61 .

real world to appear in some generalized N ) ‘Qv

form".

(Chorley and Haggett, 1969, p. 23)

\[:;;7_Mode]s are links between observation and theory. They
) e?cdhdensed forms of'ne1evant information about a certain-

phemomenon of the rea] world. In4simp1e, 1nte11191b1e

o

Le#ms Ohey exp1a1n how the. phenomenon comes about. . On the
2. - o [onad

other hxﬁd they orq selectlve approx1mat1ons at best ahd

the1r“reap911cab111t§ ]s restr1cted on?y to the range of

,condrtlons under which they aae formu1ated Hhen they are
“used for pred1ct1ve purpgﬁgé *a probab111ty of error always

. BXISts. ‘The maJor task is then to deve]op a mean1ngfu1 and
R0 | - b | s

.’*l'
;*(.
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- representative model and at- the same t1me m1n1m12e the pro-

bab]e error ‘when pred1ct1on is 1nvo1ved It is necessary to

Al

“state, at this stage, the goals of modelling for the-present

study:-V(l) Only theoretically relevant variables afe to

be used .as preaictors. i.e. The predictands.should be theore-
tlca]]y re]ated to the pred1ctors se]ected (2) A regres-
sion model with a 10% statistical significance Tevel will
be,conSidergd asAacceptab]e; Significance level g}eater

than 10% would mean a probability of making error §o'great

that the model could have 1ftt1e prfEtica] vaiue‘ It is

. also necesaary to test for the app11cab111ty of the" mode]s

The existing data w111 have to be u&ed bocause observat1ons
P o

at’the metéoroTogica] stations have -heen d1scontnnued The"

~final year of record is to be set aside for testing purposes.

,___.\;;The'formulation of the regressign mé§Ey$.is based on the

-4t

records of the first four years. % LA
_ i
< . ’ "
- ] @
T
. \\\'\\; .
\ E,“
- s . 4
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CHAPTER IV , - ? ;

C " THE WATER BALANCE ” A

w.

4.1 Introductivn | , . ,

The results of water balance computations for each met-
eeroTpgica1 stati?h using'the—Thornthmaite 1957 procédure are
presented,‘and‘the;spatial‘patterns.bf watet surplus for each
year are mapped ‘A gradient pattern of moisture storage eapa-.
city wa's assumed in the water ba]ance computat1on, and a gra-
Adwent pﬁ%tern_of water suhptde was assumed in the production of g
the»surphus maps. ‘It‘isbbelieved that thelpatterns}deve1oped

are the best aﬁprox1mat1ons usamgathe ava11ab1e 1nformat1on,
N .

a]though 1moerfect1on undoubtédfy ey1sts‘ Data def1c1ency and
undesirable 1ocat1ons oﬁ metedrolog1tal statlons are the major
diffic;tties 1imtting further improwements of t%g‘present re-
sults. . f N ' ' 8 |

4.2 The Thornthwa1te Procedure - .

In the-COmputation of wateh ba]ance‘using the Thornth-
.waite*195§ pfotéddre,‘a number of values of s0il moisture

storage'capacity'were involved. It was not feasible %8 mea-

o

sure this parameter at the meteorological statioms for the pre- .

Sent'Study. Hence, a numbEP of estimated vaTUes for the soil

-

: mo15ture,st0@age capac1ty were attempted A soil moisture

©n

storage rapac1t/ of four inches was used . for the/]ower Tevel

“

'p1a1ns stations in the presgnt study, and a so1l.mowsture

63



S

| 64
stqrgge capacity of six inches wa#® used fo/ station’s at the

\\x\ ~ i
phlateaverest, It was assumed that - grad1ent pattern in

I

/

“storage capac1ty existed between the plains ]eve] and the

n

h1gher trest level, and an intermediate capacity'of five inches.
was use%hfor the slope stattons.' ' . .

P e
-1
14

laycqck used a four inch soil moisture storage capac1ty

n

for th1s part of the prairie provinces and Buck]er used a value -

of three 1gches for the Pemblna Bas1n and successfukﬁyeﬁu1ts

S

‘were reported Aan both “(Laycock, 19731,p. 97, w1th recorded

4

discussion with S. J. BucP]eY) ‘The use of a.six inch field

»capac1t/ for T“he hldh Tevel station was. based upon the fact
thatvloess~so1ls in genera] have finer texture and hence
greater field capac1ty Highe(_storage capacity is a1so due to
the vegetat1on cover. Althouqn it is a grassland type cover
‘at the p]ateiu crest, iteis re]at1vely 1uxur1ant and 1s ﬁyxed

w1th aspen -p1ne and other forest cover. Smaller va]ues 4 .

\yere used for tﬂ% crest stat1ons, bUL the. resu1t1ng runoff
8 .

~

i

from the water*ﬁa]ance computat1on had h1gher va]ues than were
= WO *

11ke7y to have occurrad /-1t is considered that.the present

va]ues‘of-soi] moisture stdragé capaciﬁy for the various le-

vels prov1de the most rea11st1c resu]ts of" water. balance com-

’

putation.

. Also, -in the computation of water balance,. the cajendar
. yéar was used 1nstead of the hydrolog1ra1 year because of the

more simplified ca1cu1at10n procedurc 1nvolved in ébtaining-
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various starting values such as the potential water loss
carried over and the storage carried oVer values. Here, it was
assumed that the total precipitation of the two months prior to

the begtnning of the period of water balance computation app-
_roximated the storage carried over for the initial year. This

is valid because runoff in the -late summer and fall months

in the study area is usually Tow or even non-existent, and
. o " %

" during November and December, evapotranspiration is low and

precfpitation éésentia]]y oécurs in the form of snow shich [::
. i ) . B i
. - L
accumulates on the ground. By using the calendar yearsy it

was also easierito obtain the potential water loss carried over
value , (This is the ya]qe of potentijal water loss with which
to start the accumdlation of negative (P-PE) values.- It is

neededs in stations where the annual sum of (P-PE) is negative.)
\

"because the mbnths with negative mbisture factor (P-PE) would
ocﬁn} together rather than sepadrated into two periods;_ahd
in many cases, the-potehtia]?water loss carried'ovqr value was

found to approach’ Zero. ) . - e .%@'
‘ o ’ ) : ) -~
I . (‘

The monthly water balance equations of the meteorological

-

stations are shown' in Table 4.1 to 4.10. The equatibns'ave .
in the form:

Pyt = (PE-D)~+ -4 St. + Sur.

whichvrepresent res
potranspiration, deficit, storage changes and surplus. The
- surplus lefmwﬁs o?»partiéu]ar interest. For the‘purbose'of

'thelpresént study, the total monthly water surplus available

-
~

e
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© TABLE 4.1a
ANNUAL WATER BALANCE
STATION: MANYBERRIES CDA
SOIL MOISTURE STORAGE CAPACITY = 4 INCHES

' Ppt = (PE - D) + ASt + Sur
SN

1968 : .

Jan 0.9 =%(0.0 - 0.0) + 0.9 + 0.0
Feb 0.2 = (0.0 - 0.0) + 0.2 + 0.0
Mar 0.7 = (0.6 - 0.0) + 0.1 + 0.0
Apr 1.0 = (1.1 - 0.1) + 0.0 + 0.0
May J1.0= (2.7 1.2) - 0.4 + 0.0
Jun o5 = (4.1 - 1.3) - 0:2 +-0.0
Jul .0.4 = (5.3 - 4.6) - 0.4+ 0.0
Aug. 2.1 = (4.3 - 2.1) - 0.1 + 0.0 . <
Sept 2.0 = (2.8 - 0.8) + 0.0 + 0.0
Oct 0.3 = (1.2- 0.9) + 0.0 + 0.0
Nov 0.3 = (0.0 - 0.0) + 0.3 + 0.0
Dec 1.3 = (0.0 - 0.0) + 1.3 + 0.0
Yr 12.6 = (22.1-11.1) + 1.6 + 0.0
1969 4 '
Jan . 2.4 = (0.0 - 0.0) + 2.4 + 0.1
Feb - 0.8 = (0.0 - 0.0) + 0.0 + 0.8
Mar ' 0.2 = (0.0 - 0.0) + 0.0 + 0.2
Apr ©0.7 = (1:8-0.1) - 1.0 + 0.0
May 0.3 = (3.2 -1.4) - 1.6 + 0.0
Jun . 1.9 = (4.0 -..1.5) - 0.6 + 0.0
Jul 1.1 = {5.1 --8%5) --0.5 + 0.0
Aug 0.4 = (5.2 - 4.6) - 0.2 + 0.0
Sept 0.47= (3.1 - 2.7) - 0.0 + 0.0
Oct 1.1 =(0.3 - Q. + 0.9+ 0.0
“Nov 0.0 = (0.1,- 0.0) + 0.C + 0.0
Dec. 0.2 = (0.0 - 0.0) + 0.2 + 0.0
Yr o~ ] 9.7'= (22.8-13.8) - 0:5 ¢ 1.2

< <. . .
*Computer rounding error may cause the equatians to be,
out of balance by.about 0.1 ine¥®. Since this, in a way,
indicates the magnitude of the values befare rounding, it
is, the intention of the author to presentxfheq as they
are. o - _ P _ N
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for.runoff is assumed to be equal to the manthly runoff This

is justified becausc of the 1]ash/ nature of “)ulul” stream-

v

flow.

It mﬂst be mentioned that one bf the major concerns heré
in the computation of water ba]ance is to praovide an estimate
of the total annual runoff. No attempt. is made to producp ths‘a
annual discharge hydrograph us1ng the Thornthwaite technique.
In the Thornthwaite Hater Balance computation_procedure, it is
aésumed‘thét thé beginn1ng of snowmelt runoff occurs in the
first montn when mean month]} temperature rises abése 31.29%
(-1%). 3(;.é°r (-1°C) is chosen as the threshold mo.nthi‘y'mean
temperature under the asspmption that, with mean mcnth]y‘tem-
perature below 31.20F, pfecipitation'fa11s as snow, which re—'
mains on ground. (Thornthwaite, 1957 E. 191). Snowme]t run-
off is the major source of streamflow in: the study area; the ,

9 :
total reliance of the hydrograph on a thresho1d temperature
value would greatly: oversimplify the s1tuat1on. There is ab-'
undant evidence that ru;off-occurs in md}ths wfth sub—freeiing
monthly mean températur This may be due to ch1nook effects\
In &pr1ng months 1n the study area when the mean monthly tem-
perature may on]y d1anr 11tt1e from ;hp threshold temperature

(31.2° F), warm spells of weather may be fréquent and high . run-

off 1is extremé]y likely 1in months with mean temp%rature below
. N B
31.29F. 1t is considered more appropr1ate to us? stat1st1ca]

-techn1ques to est1mate the occurrence time of stcharge peak.
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#.3 The Distribution of Water Surplus . | .

. The temporal and spatial distribution of water surplus

' nE
t

can be Hbserved from the ﬁesu1t%,of tﬁgwma&cr’bhléﬁté compu-
tation. The water yie1dﬁfrom tﬁe low Tevel stations was found

to be very 1itt1e, and this little surplus, if'present, occurred
main]y.in the late wintef months. HNegligible evapotranspira-

\ ° .
tion (The Thornthwaite procedure assumes no net loss due to

<~
N
“s

evapotranspiration under sub-freezing temperatures) during

o

winter allowed Lhe'comparative1y little precipitétion to go

into soil moisture recharge in the beginning winter moqths and
become surplus in late winter. _Tomperaturg’conditions wg51d
cause the accumﬁ]qtion of the,surplﬁs'wqter until spring snéw—
melt before runoff occurred. The high level crest stations >
generally went through‘a more e{tended surﬁ]us-producihg period,
and very often surp]uses\oCcurred‘through spring and during .
“early summer monthg. ‘The slope stayions also tended to follow

v

the pattern of the crest stations and are runoff producing.

.

From the results of the water balance computation, the

precipitation at\some étationé‘during §ﬁmmef a;d fall was

" evaporated direftly or stored in sdil and no runoff was pro-
duﬁed\\ %his-is at~var§ance with tpe obser&ed runoff pattern
of some basins where-a distihguishaqu minor peak can be found'
due _to summer Waximum of rain. In other cases, the observed
rundﬁf hasvT%s summer peqk in July, rather thansJune, as.sugg-

. . >
ested by the water balance results. The reason for this may

"be twofold:
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" and the plains stations qfe found to have produced 1ittle run~ =

88

. . . Vo o
(1) The low‘stat1on den?]ty cou]d not m1n1gor/éff1é:;n 1y
the occurrences o# summer storms wh1ch were probab]y V;ry 10"~
ca]wzeq. ~The spatial and temporal variation of prqp1p1tat1on
intensity in such gtorms could be very 1argel'vThése storms
were 1ike]y‘to be’convectiv: in nature”and th.}'ﬁrogab1y occur
-red f}equéntLy over-the low level p]ains.a(ea{whéré station
networkﬁdﬁnsify Was pa%tiﬁﬁ]ar]y sparée_gs Me]% as 3n‘the hill
areas.
/
(

. . § M
(2) The general distribution of water balance condition 4

. wds in such a manner that net surplus or deficit was reqion-
»

alized. Even when uniform precipitation occurrcd over the
basin area wrunoff could,only be produced.in a restricted low

e@apotranspiration zone and in low storage areas. Thorn—

thwaite's approach to the es timation of evapotransp1rat1on de—‘
penws so]ely on, one’ meteoro]og1ca1 control -'meqn monthly tem-

peratu¢e, wh1ch,/1n the case of the'present study, was pre- -

< L.

\dom1nant1y affected by the e]evatwon of the meteoro10g1ca1
's1tes " This partly exp]akns why most of the h1gh levet stat1@nsg

have comparat1ve1y high total annual water surplus from th@

s

water‘ba1ance computaﬁioh, wnile the sloRe stations have less,

off. e

I : : . ) q 'Q?
+ Due’ to the,consideréblé interpo]atég;xgnvo1vedfin the,egxiix
mation of winter precipitation at the,meteoro]ogfca1 stations,
. E\\f\/f. ' - A .‘ ) .
(See Appendix), it is doubtful whether the individual numerical

.
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values of the water balance components have any. significant

“meaning beyond ‘that of being ]ogica1 approximations. However,

it is \xpected that the results of the ‘water ba]ance computa-
tion should reveal the general spat1a1 pattern of water sur-
p]us ih spite of the 1nterpo]at1on involved. The trends and
orientations of 'surplus isopleths are be]1eved to be more
e]ast1c in rekpondwng to estimation errors. In other viords,

the isoline pattern shown have greater significance than the

individual numericallyalues._ In order to illustrate thg sur-":

D ‘ - 89

plus pattern,ta series of water-surplusomaps wasuproduoéd Maxi-

mum use had been made of a11 dvailable 1nformat1on in the pro—
duction of the mapf. A]though there are apparent 1nsuff1c1en-

cies resulting from sparce stat1oﬁ dens1ty; part1cu1ar1y~at\the

lower levels, 1t is be11eved that the pattern of isoliras in

‘the area of the Cypress HiTls plateau prov1des a good apprd§1-

9
mation to the actuaT s1tuat1on of water yield. This is the re-

&uTt?of greater stat1on dens1ty in tne area as we]] as the'

fa1r1y homogeneous topography of the p]ateau crest

A

[y

4.4 The Production of the Surplus Maps

The drawing of surpTQS 150p1eths was based on Eevera] con-

3.‘\ .

siderations: | - | 'j . : . N

(1) The Tomputed water surp]uS atsthe meteorOIOgical X

’ I P e
stations. - - : : /’ Sl

. ;’(2) The topography of the study area as 1nd1cated hy “S
»contour lines on the 1:250,000 N.T.S. . mads.

I

=
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'Qand hence the area of each runoff zone within the basin was’

90

a

;oo :
\ ' o~

(3) The climatological characteristics of the study

* area, especially in terms of storm tracks. .

e . -

(4) The measured runoff at the discharge gauges.

.(hydrometric stations).

-

The surplus isepleth interva1 was determined\individua]]y
for each year, dependent upon thd'moisture balance conditions.
For a wet year, a greater interval was used in order to avoid -

confu31on through use of an excess1ve number of 1sop1eths. It

- was assumed that the area within the watershed bounded by two

successfve isopleths formed a zone of uniform water surp]us, and
this area was measured by -a p]an1meter.' It was also assumed

hat a quantity of runoff represented by the mean value ofv

the “two 1sop1eths occurred uniformly over the area concerned
The lowest 1sop1eth was taken as the 0.5 anh 11ne, be]ow which
runoff was\a&sumed tA‘B& neg11g1b1e Since runoff is an area]

measure for;phe.ent1re baswn, the adjustment of 1sop]e£h spacwng

used to’ obtaTn a value d?’est1mated runoff matching the‘Ob-a

served one The adgustment of 1sop1eth spac1ng was performed
&

,wlth cons1derat1ons of topography ‘and climate. It was a time-

consum1ng task to adgust ‘the. 1sop1eth spacing, calcu]ate the

3
cons1der pograpéés’and c]imatit‘effect" ; Because of the

-

’11near re]at1onsh1p oetween the read1ngs on the p]an1meter

2.

S e
tO ' e

i

"scale and the zona] ruanfr 1t,was therefore poss1b1e

- , - ‘-:

. ‘,! ] .
construct nomograms jas'congenTEhce diagrams) to facilitate
co l; . ) :

¢ .

[

v

zonal contr1but1on to total bas1n runoff and ‘at the same - t1me ﬁ‘

W

.

o



the adjustment of isopleth spacing. See Figure 4.1.

LN -
In the drawing of’isop]eths, a gradient pattern was.

assumed to exist Eézwééh the Cypress Hi]]siplateau and theJ
surrounding h]éins. This#cah easily be justified for it i
is obvious that greater water surplus can be obtained - from
the higher level sites. The question'remaf%s: How far™from
the p]afeau can éhe gradient paﬁ%ern be extended?q-ln the
~absence of more data points,'it was assumed that the gradient
pattern extended as far asdpfé outermost limits of thevsluay
area. This is likely to be not true and has to be clarified
by latér results. er resulting isbp1eth patterns are §hoWn
in Figure 4.2 to Fiqure 4.5, which consist of fdur water sur-

plus maps representing each of _the form calendar years covered

by the 'study period.

4.5 The Surplus Isopleths® o/

I, was not possib]é to draw in the §urp1us"isop1eths ﬁor,

some of the basins due to the lack of sufficient data pb?nts.

However, the general pattern of the surplus isbp]eths is

y .

still readily observable. There are several interesting as®

pectsbindicatedrby thelisop]éth maps: P

‘A
N

~6

4.5.1 'The Gradient Pattern 3 o
Within the study area, the gradiehtnﬁqﬁtern of water

surblus,can probably hold only for the immediate ‘jcfnity of
the Cypress Hills p]atéau.. It was not pquiEﬂe to estimate

9]

)
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FIGURE 4:1
PLAMIMETER PEADING DISCHARGE CONTRIBUTION RtL/&TIONSHIP

Battle Creek ol Ranger Stohon
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Discharge in inches/at gauge.
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‘ FIGURE 4:2 | J
'WATER SURPLUS PATTERN 1968
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FIGURE 4:4

WATER SURPLUS PATTERN 1970
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the cont1nuat10n of the- grad1ent pattern of runoff In some

-

what the pattern wou]d be~’ beyond thlS ‘area due to the Tack »

of stat1ons But the presence of the nested basins of Gauge

-2 and Gauge 7, i.e. Gros Ventre Creck near Dunmore and Ros$

Creek near Irvine respectively d1d allow the exam1nat10n into

years, it was impossible to match the ob§erVed runoff at both

‘gauges using the grad1ent pattern Th1s suggested that at

Lr97

1east w1th1n the Gauge 7 bas1n, i.e. the Ros's Creek bas1n which,

1nc1udes the draxnag@ area of Gros Ventre Lreek wsome otner.

factors than topography m1ght be operat1ve 1n'predominant1y

affecting the d1str1hut1on of water y1e1d

)
4.5.2 Th® Ra1nshadow Effect

. ’.
Except for the comparat1ve]y dry year, of 1968 therew

was a pronounced bend in the surpl us )sop eths ‘to the south

of the Cypress H111s p]ateau This suggests a probabTe rdln- )
{shadow effect which the Cypress Hills p]ateau imposed upon

the pattern of water surp]us The prevailing storm track

brought cold front prec1p1tab1on from the north and north—
west, Consequent]y, the southern and south- eastern s]opes

of the Cypress Hills wa's in the ra1nshadow In the dr1er year
of 1968 ~the ra1nfhadow effect was not d1st1nct enoughth"pe

depicted by the presénttSparce station network, but it -becomes

" more conspicuous during the wetter years - 5

IO . w

PR

4.5.3 “A Wet Year versus_a Dry Year

-—

1968 was a comparatively dry year: the surp]us.pattern'ofi

1 e teaderae e -
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_ - \
which can be compared with that of "1971 which is campara:

tively wet: It is fndipaged{that in 19;1, there was a greater
surplus erea extending‘putward‘from the C}p%ess Hills p]afeau
,ggand the gradientnof surplus isopleths was greater, particu-
larly along the‘plateag slopes. Thesé were accompanied by a
greater increase invmeaSU(ed runoff.fdr the bé?Tns'havfngf
\F; 1arge'areas within the low lTevel 'plains than for ctGauge &
'basin; i.e. Battle €reek at Ranger Station, wh}chgﬁzszféd a

higher Jevel location. The rainshadow effect «as more pro-

g

 nounced. I must’'be stressed that these are only suggésfed
_pgtterns.‘ Only pre]iminary cénciusions are to be drawn. They
are acceptable suggestions because they are generally in agree-
‘ment with paﬁterns based uﬁon hydrometebro]ogica] principles.

More data collection is needed for further substantiation of

their status.

4.6 The Mapping P-oblem

The difffculty =suscd by sparse station network in des-
cribjng fhe gradientisqrplus\patternbwas mentioned in Section
4.5.1.. In the‘cases of Gauge 3 and Gauge 4 baéins,ci.e. Many -
berrie; Creek at Brodin'; Farm gnd Peigan Creek near Pékowki
Road respective]y;bthe dfawiﬁg of.isop]eths was 1impossible
because of tﬁe fack of metegfbldg%cal sﬁation§~near or within‘

the:re1ative1y"1arge'ba51n areds. It was not\kéasonab1e to

\
~

extrapolate from the water balance conditi6n§§of the North
Prairie site (Station 7) or the South Prairie site (Station 8)

( 'or to depict the pattern based on runoff aloney especially
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after %the indication that the gradient pattern might not hold
beyond the immediate vicinitiesiof the Cypress Hills plateau.
A]though there viere a number of climatological stations within

the surrounding plains which may help to ingreasé”the station

network density, the records at these stations were not con-

tinuous enough to allow meaningful estimation'bf'watqg;iyvaus.

B //4’
' Based gn ahe available information, the surpTus-producing

sone of each drainage basin was MPmited to a small area near’

the Cypress Hills plateau; especially in cases Where.thé ob-

99

served runoff was low. e.dg. bauge 7 in 1968 and 1970; all: L_*,

gauges in 1968. Very Tittle can be said about the wéter bal-
anée conditions in the vast.portion5 bf low level basin area.
Sy // S '
| Some of the meteorological sites had sheltered locations.
For instance, Station 2 and Station 5 were set up in forested
a;eas while Station 6 was .Jocated in the battom of’a coulee.

The water balance conditions of such stations may vary‘con§ifn

‘derably from those of nearby stations with more dpen environ-

-

A4

ments, situatsed only a short distance away. This means an °
accentuation of the spatiai variation of water balance condi-
tions, bringing out the odd details of the pattern, which

would otherwise be smoothed out.
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CHAPTER V ' . S
THE REGRESSION MODELS AND THE TIME LAG FACTOR

Every theory of the course of events in nature is ne- -
cessarily based on some process of simplication and
is to some extent, therefore, a fairy tale.

7 - Sir Napier Shaw

5.1 Introduction

Models are epitomes of theo%ies, and‘regression models
in partiéu]ar, are-in many ways 'fairy té]esf'Betause'they
are great simplifications of the theorjes behind the natural
bhenomena they are trying to describe. By using a regression
model, one is able to express £he re]ationships'between the
dependent and ihdepehdent variébleé or the,comparatige im-
portance among the independent variables fn terms.of real

number coefficients. If the relationships are stable and sig-
- & -

nificant, regression models may be used for prediction purposes..

Regression dnaTyses_were performed us{hg both annual
values and eai1y values of the variables concerned.
The mean spring>temperature and total winter precipita-
‘tion as measured at the meteorological stations wefe_re]ated to
the total sp~in§!discharge and the time span df the rising |
Timb of the annuel hydrogréﬁh. There were difficulties in ob-
taining sfgnificang re]ationships:when thermedn annual values
Where used because_of the smal& number of pbservatfons. Testing
 of the models by using the lasti year of the avai1ab1e data did

not produce satisfactory resu]ts, BN
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Signif%fant regressﬁohs were «obtained by usiég the daily
values of meteoro]ogica].pérameters. ~No daily 6recip1tatf0n g \\
data were avai]ab]e, and temperature variab]es were used. ~\x5 . |
Most of the regression models failed when ‘they were tested
using the 1972 data. This Pnd1cated the 1nstab111ty of the re-
latienships. Without further improvements, the models are

unfit for prediction purposes;‘ o ‘

It.was found that in the comparative]y er yéar of 1968,
the peals in degree-days ffom 32 F preceded the local peaké in
the discharge hydrograph The t1me lag between them was
three days'Tor the Lodge Creek Basin. Further investigation /

into the time lag factor is recommended.

5.2 The Estimation of Seasonal Runoff Using Annual Values

Two‘regression analyses were performed for each hydro—'
metric stafion , with the aim of finding some kind of statis-

tical relationship between runoff and the meteorological
P o

controls. , _ - //

5.2.1 The 1972 Data for Model Testing A /
/" . ‘ !

& It is necessary to.specify again at this stage that not

all available records will be used for model formulation.
The meteorological. and hydrdmetric records of 1972 are to be .
set as1de for test1ng purposes. The usefulness of fhé regrés-

sion models will depend on how closely the predwcted runoff



102

related to the observed runoff. It is recognized that such
a testing. method "is crude.! Ideally, the models should be
tested overva.numbennbf years. However, data deficiency in

the preseft study precludes such'a‘procedure.

e

' tla
-

5.2.2 The Depéndent Variables

~

‘Thé dependent variab]es, or predictands used are (1)
spring runoff (Yﬂ and (2) the time of peak:f1ow occurrence
sz) Spr1ng runoff is defined here as the total runoff -
 f/gm February to Ma;\\n'inches, and the time of peak flow

occurrence‘(Yz) is defined here as the number of days since

- melting when peak d1scharge occurred. The definition of these

two dependent'Variaﬁles reqUires some justificat}on. ~The

~

runoff from Februaky.to May 1is eésentia11y spowmelt runoff.

y

Significant snowmelt runoff rarely occurred ih Februaryfﬁ&st

there were odd 1nstances dur1ng the study per1od when d1scharge.'

Y

was recorded‘at the end of February These va1ues were 1nc1uded

-

The peak of snowme]t runoff occurred usually in.March or Apr11
and in no 1nstances did 1t occur ‘after May. In most cases,

the genera] tendency\of d1scharge in May was thgt of recess1on

G

. Y
flow. Hence the totaﬂ d1scharge from February to May const1tute

a cons1derab1e port1on, if not all, of_spr1ng snowme]t runoff.

~As a dependent variable in a regression analysis, it probably

relates well to such meteorological controls as total winter

-

precipitétign‘énd mean spring\femperature.

| -

PN
ST

The second dependent vakiapﬁewgg@ected for regression . R
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ana]ys1s is an express1on of the occurrence time of peak dis- .
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charge in terms of the périod of the rising limb. Me1t1ng was.

considered to have begun on‘tme first day of non-zero dis-

Eharge, whigh was also the startimg_point of the rtsing 1imb
of the uischarge hydrograpr Peak.discharge was taken as the
maximum da1]y d1scharge recorded It was expected that th1s
“dependent var1ab1e should &E]ate we]] to ‘the mean spr1ng tem-

perature, which is a surrogate for the quantity of ava11ab1e

»energylfor melting.

The selection of these two'variab1es were intended to Se
only pre]iminaryo If s1gn1f1cant re]at1onsh1ps were found,
further dependent variables -would be added in an’ “attempt to

pr0v1de a more complete picture of the relationships. .

5.2.3 The Independent Variables
' § ' .
There were twenty-independent variables representing

the mean spr1ng temperature and total w1nter prec1p1tat1on
for each of the ten meteorological stations 1nvo]ved The
stations included the etght meteoreiogica1»§ites ergipa11y
se]eeted, Manyberries CDA ahd Medicihe Hat,. 'The'mean spring‘
temperature was'definedgas the auerage temperature from March
to May, and the tota] w1nter prLc1p1tat1on was defined as the
total amount of prec1p1tat1on from Octobor to the fo]]0w1ng
April. It was expected that these two parameters were-s1gn1-‘

ficantly related to the nature of spring snowmelt rYunoff, and-

regress1on mode]s m1ght be deve1oped from these. However, in
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the‘ana]ys1s, onby those meteoro1og1ca] stat1ons, ‘the records a

of wh1ch were likely to be re]ated to the d scharge: at the

gauge S1tes, ‘were selected. -For 1nstance, it was not ex-

“

Qpegted.that the discharge.at Gauge‘Z,'Ross Cneek near Irvine

would be we114}e1ated to the meteorological repords at the =

South Prairie site. Consequent]ym3 the’recordsﬁof the South

) . . 1
Prairie site were excluded in the considerations of relation-

A

ships with the Ross Creek discharge. . e

5.2.4 .The Limitations of a Small Samp1e Size

There were a tota] of five years of meteoro]og1ca1 re-
cords at the efght meteoro]og1ca1 s1tesﬂ When the ?Est year
of record was set aside for testing purposes,gthe actua’

sample size of meteoro]og1ca1 records for model formu1at1on

" was reduced to four years: "This means that for each of the
independent and dependent varijaples, four observations are
to.be,used'in the analyses. From the-hydrometeoro]ogica]
_v1ewpo1nt the general representativeness of such a‘sampWe oan
be doubted because wet and dry years tend to- c]uster together
along a hydromet .-nlogical time series, and the regression
models obtained fr such a short period would probab1y need
checktng from time .- time to ensure the stab111ty of the re-
A]ationshios‘. Stat?st' 11y, a° samp]e of four means that the
max1mum number of indep=2nzent var1ab1es .0 be included in the
»regress1on model can only be two. This is due to thebpartié
tioning of the total degrees of freedom The 1in€ar regres—
s1on‘equat1on w1th two 1ndependent variables is the equation

Y
~ . /

- sy
R R T

N



'of a p]qpe which in the case of -the present study was to be

_f1tted through four po1nts 1n the observat1ona1 space. S1gn1~

ficant relationships could,on]y be established with minima?

—— -

deviation of the_points'from the regression plafe. |

-

Due to the small sample size, conclusions could not be

drawn w1th respect to the fryequency distribution of the ob-

105:

servat1ons,‘nor was it poss1b1e to apply orthogona11zat1on tech-'

niques. Here the power of regression analysis as an analyti-

ca1"tqo1 was reduced-to one for curve-fitting only.

5.2.5 The Results : ' Ly

Only four of the original eight hydrometric stations were

found -to have significaht relationships between fheir:spring

snowmelt runoff and the variebles representing meteorological

cbn;ro]s. The significant fegression models are shown in Table

5.1. But the level of significance varies from the undesirable

/

¢

25%.to the good 2.5%. Only eight regression equatiogs meef

-

the 10% sign}fiCahce requirement, which was one of the original
goals. There is no disfinguishab]e pattern aé to whieh inde-

pendent variable is related to a particular dependent variable.

Since only temperature and precipitation variables were in-

c]uded both.selectedvindependent variables were‘invo]ved in
determ1n1ng discharge quantity and occurrence t1me of peak

flow. It can be observed that the F values of the various
. .
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~

Gauge 6 & 8 had ﬁo significant re]atiOnshibs identified.

The relationships shown are signifigﬁpt at 25% orf]éss. Significant

relationships at 10% or less are marked with an asterisk.

-continued on next page

TABLE 5.1 4
REGRESSION MODELS USING ANNUAL\DATA
REGRESSTON "REGRESSION
_ COEFFICIENT &  %COEFFICIENT &
GAUGE DEP.. VAR.  INTERCEPT  INDEP. VAR. 1 INDEP. VAR. 2 F
T Y, 15.69 -0.32Xg -0.25% 33.55
Y, 15.66  -0.32Xg -0.34X, 34.31
. - ' ¢ *
o, 55.07 14.99Xg 15'.32x2 788.06
) Y, -169.53 jo.39x10 47.71%y - ;;76228
f’l'/ ) !
v, -188.21 49.06X,,, ©=0.34%7 1017.15*
:3 Y, 5.5 -0.33%, 0.23X, 316.05*
Yo, 118.j3 6.64X, -8.69X, 10.39
Y, 232.82 -5.5%g -1 11 31.45
Y, 226.2 -5.7X, 0.27%, . 14.74
4 Y | 3.94 - -0.25%, 0.2X, 6.12
5 Y, 19.56 0.48X, -0.99X, 18.55
7 »Y] _ -1:42 0.03, 0.94X,, 138.78*
Y, -1.65 . 10.04x, | 0.97X,, 458.82*.
Y -1.66 0.04x, | 0.93%,¢ :14435.20*
_ ) _ .
v, 252.59 7.5%, | 20.38X;, 69.70

.
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Y] = Total Spring ﬁischargg
Y2 = Number of days since melting when peak
. occurs: ; | o
iLegend for indépendentf}aﬁﬁgbles:‘\
Mean ring | Toﬁa]-Winter
Temperature - Precipitation
- ) - ] «
Stn 1 - X3 _ | X]]
2 X2 %12
3 | - Xy | X135
. v | : ,X4 - 'X]4 . ~
E | R s T '
5 | Xe X1‘5,
[ . "x7. | oy
& - g o X1
Manybgrries L ’ X9 N . X19,
Medipine Hat ) : X]O ‘ JF X20
X26-= Discharge (total Spring Qigtharge Fébi - May) at Gaugé 2

’
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regreséion models ha?e a very wide range. This sths tﬁat
either the data pojnts are Very close ;o the regression plane,
or very far.from'it.. Since there are only four points used
'jn flxing the regression plane, the causelfor such diffe}ence
in F values may very well be random. There ére also cases
where the regfession coeffieient o% one independent vari-
able is much greater than the other. These are indications
that onebis more reiated to the-erendent variable than the
other, e.g. the Gauge 7 tota1~spring discharge-is hore re-
\

1ated to Gauge 2 total spr1ng discharge than the temperature

conditions of Station 3, 7 or 4.

The Gauge 7 basin.(Ross Creek near Irviee), within which
the'Gauge 2 basin'(Gros VentreTCreek near Danore)‘was nested
is again presented as an interesting case. 'Whi]e thefe _\
were no s1gn1f1cant relat1onsh1ps found in the case of Gauge
2 (Gros Ventre Creek near Dunmore) for- d1scharge volume pre-
diction, the actuaf measured discharge at Gauge 2 Was 1ike]y
to be a powerful prediction for the d1scharge at Gauge 7
High stat1st1ca1 s1gn1f1cance was atta1ned whenever. the var]-
able was included. Under the present data ava11ab111ty con—,
~ ditions, regre551on-ana1ys1s is }1ke1y to work better in the. ..~
correlative ‘association of discharge characterlst1cs among

stream gauges, even where the basins are not nested.

Considerable differences between the pfedicted values and '

»
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and the observedlvalues were found when the models were put
tnto test . Even the more significant regressiOn models were
not found to be_functjoning tools for the'purbose of preQ‘
‘diction and in some?caSes, impossible or highly .improbable
.values occurred. Ah obvious exolanation is agatn the lack of
sufficient data points. The cond1t1on can eas11g be- v1sua1-
M1zed when one cons1ders that in the ana]yses, the pos1t1ons of
_the regression p]anesiwere-determ1ned'by four points in space.
The fitth~point was then used to test the usefulness of‘the
regression plane as a tool for prediction. To expect a-fifthf
- point to fall on a-plane fitted with four points is far more
difficult than to expect, say, a tenth point to fall oh;avplane'"
fitted by nine points. If theodata sample size was 1argerg
the regress1on mode]s could be expected'to.be more genera1?;ed
“and the likelihood of it beingfo usefuT forecasging tool would
| be increased. « Larger samp]e meahé 10nger period’of.record.
“The longer the record.the<more rqp;esentative.the regression
_'equation\hilf be. More successfu] models can then be obtalned

»l hEN)

- Although pred1ct1onsebased ~on the present models are not

T

pract1cab1e, the models as-they stand do prov1de encouraging -

tl

indications that better mode]s a]ong these lines are possible

.

Aww1th 1onger records 1972 1s probab]y a bad year for model
test1ng in terms of prec1p1tat1on and’ temperature conditions:
“A more, average“ year is probably better for test1ng models -
_ deve]oped from such a short per1od of record (”Average
is def1ned with respect to the ava11ab1e per1od of record

[l

-0
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ity of daily precipitatjon.
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concerned). However, there is little chaice at present be-

cause of data deficiency.

523 " The Est1mat1on of Seasona1 Runoff Us1ng Da11y Values

’

By resort1ng to the daily meteorél g1ca] .observations
\
for analysis purposes, it 1% possible to 1ncrease the number

:0 -

of available -observations and to find out if the daily values
' ' ' |

reveal better any re]atfonships Qetwéen atmosphenic condi- ‘ —~

tions and runoff, - : ‘ . o
Y , ) [

5.3.1 The Limitations of Using Daily Values
There were several problems when the dai1y.valﬁes were
to be used for ana]jsis. The greatest difficu]ty was thegdb—
sence of the daily. prec1p1tat1on records.. It was unreasonable
AN
to attempt the est1mat1$n of da1Ty va1ues of preq3p1tat1on

because Qf the lack of suitable basis and thelgreat var]ab11—'

/

b(A

The variables that were to be used in’tWe-Zra]ysis were

essentially temperature variables. These variab]/s‘had com-

- paratively cdntinup%s daily records, However, temperature

.conditfbns could at best féprésent onTy certain atmospheric

conditions relating to evapotfanSpiration.fateh e.g. humidity.

. - o '/

“ Althouyh evapotranspiration was known to be reldte to streamflow,
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the relat1onsh1p between temperature and streamf]ow, espec1-
a]]y on a daily basis, was still to be 1nyest1gated for the

study area.

0rthogona11zat1on techniques were not used because it was
1ntended to keep the pred1ctors as 51mp1e as poss1b1e A]so,
since only temperature var1ab1es were 1nvo]ved it was ﬁot
expected that -any orthogona] factors or pr1nc1pa1 components

1dent1f1ed wou]d have s1gn1f1cant meaning as far as 1nter-

_‘,..\,-a_ S——

- pretat1onﬂwas-concerned. For examp1e, a 11near comb1nat1onv
of da.;y and dewpoint, temperagure would be more. difff%u]t'bo
dnterpret than a single var1ab]e represent1ng certa1n atmos- "
pheric cond1t1ons ' The regression ana]yses used in the pre- .
sent sStudy were not stepw1se regressions, where a variable |

would be added or de]eted dhcord1ng to 1ts contr1but1on to

T re

the regress10n. Invsuch cases,‘the 1ndependence of each pre-
dictor must be observed otherw1se the regression coeff1c1epts

of the va;1ab]es wou]d change with the addition or deTetLpn of

a variable. In the present study, nine independent var1ab1es e
’ﬁpre]usedbin each case, representing three,meteoro]ogical

~stations. Interdependence amongst the selected predictors

" was assumed to be the same at all times.

-

5.3.2 Frequency-bistriputjon and Transiormation’

With a larger sample, it is possibTéltd examine the:

T

nature of the frequency distributions of the variables.
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Temper&ture data ‘were found to be-fairly nofma]]y disfribU—
ted. But the discharge data; as éxpected,‘&eretvery skewed;
It“was therefore neceésa;y to apply a transformation to the
discharge data. - Al1 dischafge data were transformed logari-
thmically and the regres;ion aﬁa]y es done after transforma-
tidﬁ were fﬁund to give er results. The trans-

formation was to.be incorporated into the resulting models.

5.3.3 The Dependent Variable

The dependent vafiab]e se]écted was the daily meas-

wured discharge in q.f;s., transformed by taking the common

. Togarithm of the actual valuyes. The period during which the

analyses were performed was from Mar&h to June of each of

the first four years. This should include the major portion

of the annual discharge hyd?ograpﬁ, and be able to avoid the
presencé of excessive number of zero discharge values which
might seriously affect the slope of the regressionlsurface.

The 1972 dafa were again reserved for'testing purposes.

5.3.4 The Independent Variablés,

“For each meteoro]ogica] stations Selected, thkee in-
dependent variables were used, one kepresenting daily tem-
perature'and“twdkrepfesenting atﬁosphericﬁhumjdity. Daily
temperaturebwas estimated by Ehe equatipn‘

T =13 (Tmax + Tmin)

112
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Where: T is the mean daily temperature'
Tmax is the daily maximum temperature
Tmin is the daily minimum temperature

o

Atmospheric humidity was represented by the dew pofnt tem-
perature.and the “deQApoint depressiqn”. %he available

dai]y records of‘the sling psychroﬁeter were entered in terms
of dry bulb tempekatdre and dewﬁpoint temp;rature. Similar to
the wet bulb depression, the difference between_the'dry bulb
temﬁeratu#@ and the:dew»point is defined here‘és the "dew
point depression”; whith'js, in'part, a function of the humi-
dity condition of the air. The dew point depressidh is app-
rokimate]y two times the-wet bu}b depreséionA(Fairbridge,
1964, p. 1137). Three statioﬁs were se]ected for each de-
pendent,variab]e to introduce a spatiai_e]ément into the re-

/ gression model. The choice of stations wé; again.based on

.rcoable relationship between the'stafion and the drainage

basin involved.

It was intended that the se]ection was to be prelimin-

R

'aky. Further independeht variab]es may be added if signiJ&
ficénitrelationships were found. ThdrnthwaiEe‘s/water bal-
ance method de§cribed earﬁler 1nv01!es an estiiatioh ofnpo-v
tential evapotranspfration using mean temperature a]one:

The choice of meah daily temperature here wa; based on the
"same principle. .Ié was used as an indicator of the amount of

K]

potential evapotranspiration.



The dew edint temperature is the temperature to which
~ethe ai} must be coo1ea jeobaricajly and with constant water
vapour content, in order to reach saturation. It is, there-
fore, a function of atmospheric ptessure and the_relative humi -
dity. |
/

The quant1ty of moisture in the air is a funct1on bf thed
amount of actual evapotranspiration which has taken p]ace
"in situ’ and~the amount Of moisture whj;h&h&s been advect1ve1y‘
transpoerted. The Eumidity of the air igzgiég;an indicator of
v_the saturation def1c1t or the pbtentia1 of§the air to take up

more water vapour under the preva111ng cond1t1ons Since dew

- point dis in part a function of humidity, ‘it represents'a par-

Ay :
t1a1 measure of evapotranspiration cond1t1ons It is recog-

n1zed that an/ re1at1onsh1p detected between dew po1nt and
runoff will not have a good theoret1ca1 base. But in the ab-
sence of other more appropriate variables; 1t may be a worth-

while statistical exercise to have its inclusion.

o™

Once again, in the case of Gauge 7, Ross Creek near Irvihe,‘
the dischatge'measured at Gauge 2, Gros Ventre Creek near Dun—
more, was used as a prgdietor together with meteorological

variables. —

5.3.5 The Results ﬁ

The restlts of the analyses are presented in Table 5.2.

.
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log

Gauge 2.

log

Gguge 3.
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Gauge 4.

log

Gauge 5.

log

REGRESSIONAMODELS USING DAILY DATA

= 2

F

= 2

F

F

TABLE 5.2

-0.03X,,+0.03X,,-0.02X

+33+0.06X,1-0.04X 4 31 - 23
+0.0.X5q-0.09Xg,+0.02X g, : -
= 3.42% d.f. = 9,234 r = -0.01
.41-o.o4x2]'-o.03x22-0.02x23-o.03x62-p,o4x63
#0.09X71-0.05X,,+0.01X, 5
=12.11%  d.f. = 9,244 r = -0.1
= -1:%Jio.1x1]-o.13x]2.0.14x]3+o.04;4]+o.02x42
[ #0.05X, 3+0.08Xg,+0.08X,+0.05X
= 1.689 d.f. = 9,64 Test Not Possible
+25-0. 11X 4-0.02X;,-0.05X, 5+0.02X,,-0.05X
+0.1X,,-0.01X,, : B
= 11.067* d.f. = 9,227 r = 0.4
:12+o.o3x]1-of01x]2-0,03x13-0706x2]-o.o1x2§
-0.02X,,+0.08X5,-0.03X,,

= 2.027**% © d.f. = 9,240 r = 0.7]

N

.- continued on next page.’
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Gauge

Where

........

23

6.
log Y = 3.63-0.12X2] -0. 06X23+0 18X3]-0.03X32-0.02X33

) -0.06X8]—0.01X82+0 06X83

F-=3.3* d.f. = 9,242 r =0.26

‘v,hp-

Y = 10.14-0. 2]X]] 0. 09X]2—0 05X13+O.07X2]+O.13X22+0;O7X

N +1. 21X24 O”O3X73 N

g F = 47.99*% d.f. =.9,223 r = 0.95
| ¢

8. -
log Y = 3.09-0. 02X12—0.02Xi3—0 O;’>X21+0.04X22+0.O3X23

| +0. O3X71 Q.OSX72 0. 02X73

F = 3.543* d.f. = 9,223 r = 0.01 ’
Y. = Qischarge S
X1j = Inderendent variables

i = stn number
j = variable number 1 = daily temperature-
2 = daily dew point o
3 = daily dew point
depression
. 4 = -discharge
F = Value of F for significance test '
d.f. = degrees of freedom L
r = product moment correlation coeff}c1ent between ob-
served and pred]cted runoff, using 1972 data.
Significant at 1% level -

*

** Signficant at-5% level N
| | & gt l:,,»«_..r,,-._. .

P et R
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H]gh stat1st1ca1 significance was obtained in alj cases except

ar
\4

~ Gauge 3, (Manyberr1es Creek at Brod1ns Farm),.wh1ch bare]y

‘made the 10% level. WTth.9n1y.a'few exceptjons, the regres?
sion coefficients erevinvariahjy low. This'is‘ah indication
that the individua1 1ndependent varwab]es are poor]y related

to the dependent var1ab1e This is a-po1nt where stat1st1cs :

117

ends and ccmmon sense takes over. A]though all of “the se]ected_

variables together have g1ven a. s1gn1f1cant regress1on, the
relationship is unlikely to be stab]e-enough for prediction
purposes. whenlthe 1972 data herevused foh»testing of the |
models, the carrelation coefficients between'the observed end
bredicted runoff were low, with the exceptian'pf Gauge 7.
(Ross Creek near Irvine). The regression, equation. for the
‘discharge at the‘Ross Creet'gaugevhas the Gauge 2 (Ghos Ventre -
Creek. near Dunmore) disch;rge as one of its predfcfdrs.’ %he
regression coefficient feh this pahticular predictor is the
h:ghest (1.21), 1nd1cat1ng a strong re1at1onshnp The re-
gression equation as a who]e also has the h1ghest stat1st1ca1
siﬁhificance. (F = 47.99,_with 9 and 233 degrees of freedom).
The results 1ndicate that the. daily temperature data alones

‘are 1rappropr1ate for use as pred1ctors in runoff pred1Qt1on

mode]s.' S1gn1f1cant regress10ns may be obtained, but the mode]s

el

are not useful for pred1ct1on gurposes.
. . v »



5.4 'A Graphical Interpretation

5.4.1 The Dégreé—dﬁy’énd §ﬁbwme]t Discharge

In a bfoad sense, the degree-day can bé used to repre-

S

‘sent a measure of the available amquht of heat at a point.
When the reference temperature is ﬁaken fo be BZOF, the degree-

day total above 32°F mayvbe,bsed as ‘an index for snowme]t.

Bruce and Clark have indicated that within\limifs;_the refer-

ence temperature selected is not.of critical -importance.

- (Bruce and Clark, 1966, p.258), S¥ice the degree-day, repre-.

sents a heat index, it? variation should relate to the daily
variations in a snone]t disdharge hydrograph, no matter What

thé.reference.tehperature might be. It has been indicated

that the daily springtime/ snowmelt at a point may.be estimated

from degree-day values by simple cbrre]ation equations, (Chow,
i ~ M s | c.
1964, p.10-34). ' o -

k)

5.4.2 Gauge 6, Lodge'Creek, Spring Snowmelt Runoff, 1968

. .“' o
The usefulness of the degree-day as an ‘index for daily

diséharge forecasting was examined by investigating thé_re—
1atibnshipvbetween'the.gpringtShbwme1t at. Gauge 6, ard the |
degrée—day fromﬂ32°F at.Statibn 2 (Suh@it Forest'Site)‘and
Station 8'(Soutﬁ Prairie Site). 1968 was selected because it
_was_a,c0mparat1ve1y'dry.&ear,_during whichvdisfharbe Variation'

due to spring precipitation was likely to be minimal, and a

118
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5. SR

s .' . .
greater portion of the rundff varidations may be attributed

to témpe}ature controls. - Other years were checked and the
. . - \ -'.’

©

bestvre1ationships were theSe of 1968.
. St | .
| Figures 5.1, 5.2 and 5.3 are';;ed.tq illustrate the'fem-r
poral variatidﬁs of degree-day dnd'discharge~durin§ the spring/_
snowmelt period. Here, three meteorological statiohs”hre
involved, viz, ﬁhéiNorth Ptairie,Site (Station 7), the SoutH
_Praifie Site (Station 8) and;theTﬁumm{t{Eorest_Site.(Station
2); It.fs.appqrént Lhét thehégttefns ofwdegree-day'Varia-
tion among the stétions are very similar. Since these sta-
tﬁons/represent-diffepent.Joqatioggﬁqu énvirons,-thersimi-
‘larity in degrgéfdéy patferns'suggéstghtbgt'the\general pattern
of variatiggois'iikely to bé represeﬁtatj&é of:the Basﬁn under
vstuﬁy,;énd there Qére few factors opérétivéfduring the péfiod
.concernéd,‘ihucéusing signifiCant differences in patterns of
| femperat@re changeé.n yhide both are deé]ing'wfthltempekaturef
d}schérge‘re1ations, therge are differenceS'betWeen'thié-sch
‘tTon of the study and the%regréSSiqh-ana1ysis of daily hydro-
métyiq aﬁd méteord]dgicai,data.; The chief concgfn of the ’ﬁ@'
'sfudy deécripéd-jn this section is the local éhqnges'aiong /
the récéession limb of the -annual qurogrébh,>.rﬁ addition to.

0

this, a time 1ag factor was involved:

5.4.3 The Time Lag . ., . o

gﬂheﬁ a compaul§on 1;'made between the dischargé hydﬁﬁgfiﬁﬁ:?f
(A . - : .
—_— . L . /' “ ’ o )

e q
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and the degree day pattern, It is” read11y observab]e that the
patternslcorre§pond fairly we}] but_w1th a time lag. Here,_
 the degree-day\pattern at Station 8 (South Prairie Site) was
used. Every secondaryvpeak on the hydrogradh was .preceded by
a ‘temperature peak about three days éhead. (See ngure 5.4).
This three day tﬁme lag may be consideredves'the time requtred'
for meltwater to travel to the gauge éite via interflow ahdb |
over1and“f10w. There ere Various‘factors affecting the length
of the tine lag and these inro19e complex re]ationshtps which.
cannot hﬁ investigated due to the~present datajdefieiehcy.
Snow cover.data, fdr exahp1e, ife preéeht, may bequsedlin re-

\

lating. the time lag to the e1evat1on where me1t1ng occurs.
P ‘i{

S1nce ‘the same three day lag existed af] through the me]t1ng
season, 1t may d% suggested that. the snow cover w1th1n the

Gauge 6 basin in 1967-1968 season was concentrated Tn a res-
tricted'high“1eve1_zone.7AIn altomparatively dry'year, such a
Conditioh is‘extremely 11ke1y in 'a basin where 1ower‘1eve1 r;tne_:'
. Shadow areas constitute a significant port10n of the ent1re )
watershed. The ava11ab1e snow on ground records a]so indicate
(that'the_South Prairie meteoro]og1ca1 site had very '11tt1e.sr1_ow"n

accumulétion thrnghout the 1967-1968 winter.

- Without dgt]y precipitation data, it is difffcu]t to es-
tablish e-general relationship between the quantity of dis-
charge and the meteorological controls. However, the results

° . . —
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do indicate that, @t']eagt in part, the timing of secondary
 peaks can be establjsheda%yAan.analysis of temperature re-
cords. The introduction of the time Tag feads to a new di-
mension in the present 1nvest1gat1on Is {t possfb]e to , 2
 deve]op usefu] forecast1ng mode]s by adJust1ng the time lag?

By con51der1ng the three-day Tag in the present case, statis-
tical correlation between the degree- days and d1scharge was
1ncreased from -0.1 to. 0.47, wh1ch was 1nd1cated by a t test.
.to be h1gh1y s1gn1f1cant Much greater 1mprovements in the

resu]ts would be obta1ned with adequate precipitation data.

<
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CHAPTER VI

SUMMARY, CONCLUSIONS AND
~ . RECOMMENDATIONS

i

6.1 Ihtroductidn

In this ehapter, the\resu1ts of the present study are
suﬁmarized. These include the water ba]ahee pattern and.its
variations, and the relationships between meteorojog%cé] para-
meters end streameow. It is expected that'bétter'resu1ts
can be obtained by relocating the dbsefvationa] sites an. main-
'taining continuous records. An alternative approach is also
suggested for discmergefforecasting mede]\formuiation. How~'

. ever, this,epproach will not éhow any meteoroToeical-hydro-
lTogical relationships. A review.of prbb]ems.eneounFered is

also ﬁnc]uded with suggestions for further research.

~e

4'5" ) s - . a.
6.2 HaJor Results ' :

’

The Water ba]ance cond1t10ns estlnated by using the Thorn-

thwa1te procedure prOV1ded -a bas1s for the production of water

.surp1u9 maps. Data deficiencies were part1y compensated,for
by estimates of winter precipitation values. The patterns

identified were'produced with the belief that the major char-
S ) . _
teristics of isoline .trends has been adequately represented.

’

4 . o ’ . Dy ey s .
The year to year variations .of moisture canditions were re-

. - W' . .
flected in the areal- extent as well as the gradients of the L
« . ‘ ' . ‘ /’!' e
surplus. ' o , - -
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 The surplus isc .nes were drawn under the assumption
i

-thatba gradient pattern“exiSted in the study area, with the
highest water surplus area at the crest levels of the Cyoress
H11ls p]ateau It was found that the gradient pattern might
not hold beyond the immediate v1c1n1t1e%}of the plateau and
more weather stat1ons in the lower level plains area will

~be necessary if a more cohoiete picture is to be produced.

L] ‘
' The ra1nshadow effect was 111ustrated in the surp]us

iso]gne patternp' With the consideration that prec1p1tat1on
comes norMaJ1y feom the north and nOrthwest, the area most
affected by the ra1n§hadow effect shou]d lie to the south
and southeast of the Cypress Hills p]ateau. The size of
the area affected a]so changes with the m01sture cond1t1on
of the year. For- examp1e, during the study period, the
" expansion of the surplus ‘zone on the northern, and north eas- .
tern s]opes of the Cypress Hi1ls plateau was not accompan1ed
by a correspond1ng areal 1ncrease in the southern and south-
eastern slopes. . |

\

Linear regression analyses using the existino.meteoro-
logical and hydro]og1ca1 data did prov1de stat1st1ca11y s1g-
nificant relationships. But most re]at1onsh1ps were, f&und
to be unsuitab]e'for prediction purposes because,ofkthe Tow
“values of the regression coefficients, or instability due
to insufficient.data points. | o

3
’
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It was found that temperature variables alone relaté
poof]y to sfréamf]ow. Other parametefs, particularly pre-
cipitation,have to be fh;orborated‘if meaningfu1 re1atfon—
'Aships'ére to be found. . Howevér, in a comparatively dryryear,
streamflow Varfatién was found to respond well with tempera-
ture'chapge, ff al.lowance was made for.basin Tag'time. In-
.vesiigaéion into the characteriétics of this .time Tag factor'

“will be an interesting exercise for future research.

6.3 Recommendatiohs

It is expected that significant improvements 'in the

direction of better models and more accurate surplus patterns_ -

can be médé with a more subétantiai data base, particularly

in terms of more continuous anq'representatﬁve obserVations
of winter precipita%ionGconditions; The_éﬁght 6rigin51 me-
‘teorological sites were -located with a different research
"'prob]em than that of the presént study in mind.” (See sec-

- tion 2.8;1). Consequently, ;he'distfibution of stations was
not(exact]y(idea1 for the preseﬁt hydfbmeteoro]ogical in-'
véstigation. A more representative distr%bution'of meteoro-'
Togical sites is suggésted‘in Figure‘6.1. This proposed
d?stributfdn_invo]ves the same number of stations,'a]though .

more sites at the lower plains area would 'be desirable.

‘The re]oéatipn of~meteoro1ogica1 stations is determined

LN

\
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_ FIGURE 6:1 e
PROPOSED LOCATIONS OF METEOROLOGICAL SITES.
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so that each drainage basin is represented} Only one ob-
servational site is located et the crest level. _Compéri-
son of the observations at tAis station,with the other lower
plains stetions will provide:fnformation relating to the

spatial variatioh of meteorological conditions in'different

_d1rect1ons from the p]ateau core. The more or less central

‘Jocation of the plains stat1ons w1th1n each bas1n‘1s con-

sidered to be capab]e of prOV1d1ng fairly representat1ve mea-
surements. A1l stations are readily accessible by roads

No e1aborate‘measurements of weather phenomena are. needed

“rat these stat1ons, but recording 1nstruments for temperature

and prec1p1tat1on are -required. — A more convenient alter-

' nat1ve is a ser1es of meteoro]og1ca1 stat1ons along Hﬂghway

48. In th1s case, it would be less t1me consum1ng in terms

‘of mon1tor1ng the stat1ons The assumpt1on that such a pro-

. f11e is representat1ve of the Cypress H11ls area would also

130

have to be made. = B R -

~

It-is aiso adVisab]e to have more hydrémetric_stations

‘monitoring streamflow conditions at various locations along

~each stream. This_Wi]] make possib]e the subdivision of a

larger basin into its'component areas sonthat the runoff-

S

c0ntr1but1on from various sections of the bas1n can be cal-

cu]ated Such results will make~poss1b1e more deta11ed

. Cross- check1ng with runoff est1mates from the c11mat1c water

ba]ance method. ~The absence of gauges in the more upstream

: L.G“-

el
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, areas is a serious problem in the present madel develop- -
. ment.

More hydrometric stations a]ong the stream Wi11 also
a]]ow more . comp]ete analys1s of the groundwater ba]ance con-
d1t1ons in var1ous parts of the bas1n Th1s can be accomp-
Tished by hydrograph analysis. A]though the'1ong-term' "
netfgroundwater recharge within any sub;basin is Tikely to
be zero, the short_term changes stil]vWarrant'inveStigation,

especia11y with a spatial e{euent involved.

6.4. The Hydrometric Approach

For'the purpose of predictiontﬂthe streamflow time
series'may'be ahalyzed~ and a model based on autgcorre]ation
maf be foruu]ated A]] stream gauges involved 1nkthe pre- |
\sent study have estab]1shed ~discharge records and it 1s worth—
wh11e to attempt time series analysis and exp]ore the poss1-
b111ty of using the- hydrometr1c approach in d1scharge fore-

cast1ng .- Such an approach does not have direct reference

to-the meteorological-hydrological re]atidnships.- So, while

7

mdch 1e§§_difficu1ty in terms-of data avai1abilityimaY-be -
expected ;h\u;ing such an approgch for the’present'stUdy,‘it
is no® considered as an’apprOpriate-choice However, ft is
‘suggested that the hydrometr1c models may  -be used in supp-.
]ement1ng the hydrometeoro]og1ca1 ones-. Further deve]op-

ments along this 11ne may 1nvo]ve mode] Eest1ng by hydro-

~



metric methods. \ﬁredicted values from both apprdaches may

“be comnared.

6.5 Mode1 Stab1114x

°

132

In the present study, the ava11ab]e data cover a per1od

of five years, as far as the meteoro]og1ca1 parameters are"

concerned. Any- mode] deve]oped within such a short span of
time is subject to 1nstab111ty due to long term changes in

c11mat1c trends. Normally, a per1od of 30 yea;s is cons1d;
fered acgeptable as being representatjve. When sucﬁ a ]ong_

term record is not available, periodic-updating.of reiation-

‘ship models becomes necessary. Models are also subjecf to

~change due to environmental modifiCation by human activities.

Cbnsideration of such changes is a]so necessary in order
" that a usefu] mode] for d1scharge forecast1ng is ma1nta1ned
"Additional studies are needed for more effective re-
1ationship developments. Meanwhile, the exnerience of the
_present investigation is'very valuable from theieducationa1

point of;view. . "(— .- B
1 . . .
. N _};;
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APPENDIX
THE ESTIMATION 0F WINTER PRECIPITATION

o~

!
L

(i) Introduct1on

It is necessary to est1mate the w1ntervprec1p1tat1on
at the meteorologica1 sites before the water balance com-
putation. The snowpack ‘thickness data are not as useful as
they can be because of the lack of snow dens1ty measure-
ments. C0nt1nuous prec1p1tat1on recOrds from nearQy stat~

~ions are used in the estimation of winter prec1p1tat1on at
the meteoro]og1ca1 sites and correlation coefficients are

" used in- the assoc1at1on of stat1c S. Sat1sfactory results

" were obtained by u51ng two d1str1but1on rat1os and an-est17
mate of the ]967 1968° w1nter prec1p1tat1on us1ng snowpack
th1ckness 1ncrements and a 10:1 conversion factor Better
.prec1p1tat1on records would st111 be preferab]e, Eut s1nce

‘these are 1ack1ng, the estlmated va1ues become the best

'substttutes;

(13) The Usefu]ness of the Snowpack Thickness Data

Weth a reasonab]e amount of snow dens1ty 1nformat1on,
the snowpack thickness data may be” used 1n est1mat1ng the-
water equ1va1ent of winter prec1p1tat1on, in terms of. both
quant1ty and var1ab111ty It s a1so ossible to est1mate
the potent1a1 quant1ty of water ava11ab1e for, spr1ng snow-

me]t runoff There is only a very limited amount . of snow

\ s ) N , ].3‘7 | . o | o,
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density jnformation»within the study areaqm (See Chapter 2)

hConsequent1y,'the'sndwpack thickness data esrobserved at the
meteorological sites Cen.only be used’as thdiees'in'éome.
estimation methddQ |

Tt was found that.the measurements of snow on ground
dur1ng the study per1od had very 11tt1e practical value in .
&st1mat1ng w1nter prec1p1tat1on at the meteoro1og1ca1 s1tes
The rat1os of the total w1nter prec1p1tat1on of each indivi-
'dua1 year to the overa]] mean wlnter prec1p1tat1on for the'
study per1od for bdth Manyberr1es CDA and Med1c1ne Hat are
shown in Tab]e I.. The-average snowpack th1ckness as\meas-'
ured at the stations are also exp¥essed‘in'ratios to the
' oVerd11ameanCFer each of the-fiVe'wihterﬁgcovered by the -~
present study. It is found that wh11e the genera1°patterns
- of f]uctuat1on ‘are fairly .close, the snowpack ratios tend <>
to be s11ght1y hi 'er for _the ]970 1971 w1nter and s]1ght1y
19Wer fer the_1971-1972Aw1nteh than the prec1p1tat1on rat1os;'
Thehefore, if the totél'wtnter brecipitatiqn for the meteor-
4Tbgita]‘stqtidhs are generated-usingAthe;showpack thickness
" ratios as 1ndjces; gverestimation of the 1970—1971:udnter
precipitation and underestimétion of the41971f]972 winter
prec1p1tat1on may probab]y result. M may be argued that the
vsnowpack rat1os involve high level stat1ons, the precipi-
tat1on reg1mes of whﬂch may be d1fferent from those of

. b
Medicine Hat and. Manyberr1es CDA, wh1ch are essent1a11y 1ow
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level observational sites. But the magnitude of such a

-:difference is difficult to assess. Untj] further stua:es
are-carried out to this purpose, it is considehed inapprap
prjate tatase the snowpack ratios alone as tndices for __f
.ei%}matﬁng Qinge} precipitation. - Moreover, this‘has“to bel
dbhe under the assumption that the average snow denstty over: .’

the entire ‘situdy area did not change significantly from one ° 3

year to anoﬁher. Justification for such_anuassumption is
* . e . . -

d1s0 difficylt to make. ' :

«

‘;it'was alsoe found tha't the avai1a51e“show.survei.&ata
_ahe not 6f much-use by thehse1ve5“tn bhbvidjng betteh‘esti_
”mates of the ﬁater equfva1ent of snowpack.- Snow surveysv
were carr1ed out towarnrds the end of February or the. begrn;-
“ning of March at E]kwater, Alberta and Cypress. Park, Sask- '
'atchewan The results of these surveys are 1nd1cated
the 10wer ha]f of Tab]e I It is readily seen that the
dens1ty va]ues at both s1tes are c]ose]y corre]ated dur1ng
the study per1od Average snow density va]ues were computed
using these measurements and app11ed to the snowpack th1ck-
ness va]ues to obtain a measure of snowpack water equivalent.
Rat1os to the overall meah were aga1n used for compar1son |
'-purposes (See Tab]e I) Greater eev1at1ons from the pre-
c1p1tat1on ‘ratios are the reshlts Thws 95 an 1nd1cat1on
that the dens1ty values used are .not representat1ve of the

4

study"area, Resort to some other 1nformat1on for est1mat1ng

winter precipitatiop is needed.. -

v L " AN . \ 3

\ >
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TABLE I

PRECIPITATION, SNOW DEPTH AND SNOW DENSITY

VARIABILITY DURING (1967 - 1972) STuDY PERIOD.

(Us1ng average snowpack’

depth and average density)

/ : . ,
"3 1967-68 1968-69 1969-70 1970-71 1971-72 -
‘Winter - Winter Winter Winter W1nter
R *Medicine ‘-_ A ‘M«r—m‘ﬁn
" Hat ppt. 0.94 . 0.80 1.08 1.12 1.06 ™
*Manyberries ce ’ _ o o
CDA ppt. 0.94 0.91 0.83 1.28 .04
*Snowpack . ' : ,
depth(Avg) 0.99 0.81 1.15. 1.44 0.77
Snow dens1ty | s , .
“Elkwater) 0.40 | 0.20 0.29 0.23 0.17
.(Cypress ) o B : .
Park 0.48 . 0.28 0.33° 0.31 0.22
(Average) 0.43 0.24 - 0.31 . 0.27 0.19°
Water equivalent T ” :
1 40 0.64 1.16 1.30 0.50

*These are expressed as a ratio to the overall mean of

the study period.

iThese are snow course surveys carried out about March 1.
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‘Eﬁgéjl The Selection of Base Stations by Correlation Method
‘z“: g . K
It is & common practice to estimate missing-precipi-

7/
/

- tation values by resohting to the continuous precipitation

record of a nearby station (base station). The two nearby
3 " ) J
‘base stations with continuous precipitation records during

'the study per1od are Manyberr1es CDA and Med1c1ne Hat. (See:

Chapter 2) It is' 'necessary to dec1de wh1ch of the e1ght
Imeteoro1og1ca1 stat1ons within the study area.should be re-

lated to which of these two base stations for the purpose
B \

of estimating winter pnecipitation. The summer precipita-

t1on measurements at the eight stations were related to the

“summer prec1p1tat1on measurements at both Manyberries. CDA

141

{nd Med1c1ne Hat by simple product moment .correlation coeff1f'

cients. (See Table I1.) These were used as criteria in se-

Tecting the base station for seven of the stations, while
“Stati%n»B' which correlated poorly w1th both stat1ons, was
vass1gned to Manyberrwes CDA on the basis of distance alone.

~

It can be seen from Tab]e Il -that in a number of'%ases,

the values. of the correlation coefficients are comparat1ve1y

[

small. But this does not mean: that the re]at1onsh1ps g

poor. A number of t»tests were performed and it was found

th:* :  of these correlation coefficients were statjstica]]y
sl;n:ficant, it the exceptioh of those involvjng Station 8.
The level cr s. lcance used was. 10%, but in many cases, -~

statistica: significance can also be obtained at a 5% level.

This’meahs that, with small probabi]jty of making error (type

-
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v TABLE II

- CORRELATION MATRIX OF SUMMER PRECIPITATION

[

Medicine Hat Mahyberries:CDAA
Station 1., '0.4358 | 0.4182
Station 2 0.7042 | 0.6446
Stagion 3 ° - 0.7427 . 0.8127
Station 4 0.4916 | 0.5164 ‘
Station 5 0.6221 " 0.6075
Station 6 0.8298. = 0.7937
Station 7 . 0.5766 . 0.5868

Station 8 0.1341 . 0.1303

The value of the correlation coefficient determines the
assignment of the stations, except station 8. Stations

1, 2, 5, and 6 will be associated with Medicine Hat rec-

ord for estimation, and stations 3, 4, 7, 8 will be assoc-

iated with Manyberries CDA record for éstimation. Station
8 is assigned to Manyberries CDA because of distance.

",
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I error 0.1 or 0.05), one can say that a linear reﬂationship
exists between the summer precipitation record of any one of
Stations 1 to 7 and the summer prec1p1tat1on record of efther |
Manyberr1es CDA or Medicine Hat

The summer precipitation record of Station 8 was found
to be poorly correlated with the records pf both Manyberries
CDA and Medicine Hat.~ (0.1341 with Medicine Hat’and 0.1303
with Manyberries CDA). This may be due to the tact'that S
Stat1on 8 was situated in a different hydrometeoro]og1ca1
environment. It was sheﬁtered in thé leeward s1des of the

Cypress H1lls plateau. The presence of rainshadow effects

may be the maJor cause of the 1ns1gn1f1cant corre]at1on

(iv) The Method of Estimation

The present method was deve]oped after severa1 attempts .
&

us1ng d1fferent approaches, and 1t was found to g1ve the

most rea11st1c results. : o

/

\

(a) Two Rat1os A 7

Two groups of ratios are computed from the “ecords of

the base stat1ons

zd) The ratios indicating the distribution of total
winter. prec1p1tat1on dur1ng the study period.

(2) The ratios. indicating the d1str1but1on of month]y_
prec1p;tat1on during each winter. %

For the sake of convenience, the terms: 'winter' and
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'sdmmer"are used in a Joose.sense. Sumher represents the
months May to September, when precipitation records_for fhe
eidht-méteorclcgica] sites are available, and winter repre-
sents the period from October.until the following May. The.

ratios computed are shown in Table III.

~

:(b) _A'Startiﬁg Point for Calculation
| A.starting point is needed for each station and’ the

winter precipitation‘can‘be estimated uSing these rafios.

The 1967-1968 winter precdpitetion‘and snowpack records | -
are used for this pdrpdse. This is the'first ye%r of _""
record and the precipitetion'end Shdwpeek data are'cemparaf
_tﬁve1y good. The precipitafion value for,eaeh monfh isd
>obtained by summing the occasional readinge of réinfa]T add‘
snowfa]f together with én estimate of precipitatidn based

on the f]uctuat1ons of snowpack th1ckness when prec1p1ta— -\ |
ut1on records are absen{\\Mﬁn increment in the week]y readlng\u,
of snowpack depth is cons1dered a result of prec1p1tat1on |
The tota1.1ncrement in a month is converted to water equi-

valent value It is assumed that no- prec1p1tat1on had

fallen dur1ng periods of: snowpack depth decrease. Th1s is o
probably not true and underest1mat1on of w1nter precipitation
may result. However, the moisture cond1t1og Qf the 1967-
1968-Winter was_s}ightly below average,.when comparison was.

' mdde to the overa11“meén of:the etudy peribd.-'(SeeﬂTab1e I,
}\theﬁMedicihe Hat and Manyeerr%e51CDA,preeipitaiibn ratios.)

It is also expected that 1ittle preETpitatfon.wpuld have occurred
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PRECIPITATION DISTRIBUTION RATIOS FOR MANYBERRIES CDA (MR)
AND MEDICINE HAT (MH) '

Ratio 1

Ratio 2 is the d1str1but1on ratio of monthTy p

TABLE III

|

is the d1str1but1on
precipitation throughout the study period.

tation within each w1nter

Ratio 1.

Ratio 2

0cT
- NOV -

MH
MR

"MH
0CT-
NOV
DEC
JAN

FEB .

MAR

APR-

MR

DEC
JAN
FEB
MAR
APR

cooooco0O
)
o

1967-68

1.0

1.0

[eYoNoNoNo oo

OCOQOOOO

1968-69
.85

.97

_— e O O -
OO YW W

0.05
0.22
0.40

- 0.14

0.04

RERE

efolololoNalaly

t

1969-70

1

ratio of the totaT winter
7éc1p1—

1971-72
15

.88

cCo0o00OO

.27
.01
.05
.21
.12
.16
.19

1

L OO0 0O000O

cooOoCOO

11970-71
19
.36

o000 OoOO

Soocococoo
w
s

1. 13

1.1

b

145



e | ‘ ) | ‘ : . | 146
during_the comparatively rare"occurrences of snowpacké, |
depth decrease. Itfic thus not unreasonable to cqnsi&?E"T*\?Q“

1such7underestfmatf0n insignificant and'it is also expected 'ej
that the overest1mat1on descr1bed in the fo]T“W1n§ SQZETBn.

Q:wog1d have a compensating effect.

)\

(c) Conversion to Hater Equiva]ent

e It is necessary to convert the d1fferent readings to
‘the sem; unit of water’ equ1va1ent in order to obtain a
va]ue of prec1p1tat1on for the 1967-1968 winter for each
.station. Such convers1on is necessary for both snowfa]]

“
a

and snowpack .data. s o )

_It is a w1deTy used though mucnﬁcr1t1c1zed pract1ce
to convert new]y fa]]en snow to waier equ1va1ent vaitue by
as;suming thet ten inches of Snow wou]d yield one inch of
water. Potter called thistéenera] use of the }O:J conver—
-sion ratiowfﬁnfortunaﬁe” and cited studjes‘cﬁet had found.
raties\ranging frqnvl3:1’a£ Saskatocﬁ?¢6;537 in Alberta.
(Potter, f965). However, tne }Of]@canQrsion factor is used-

.in the present'study for.both newly fallen show(and sSnow-

pack da;a_Because of the'fo}]owing‘reasons:

(1) . Potter used a ratio to measure the usefulness of.
T : L : ; _
the 10:1=tonversion factor_and producekd a map to show its.

spatial distribution. (Potter, 1965, p. 8).  The ratio is
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Totél measured water content of snow
"Estimated water equ1va1ent Besed on 1/70 of total snow

'The va]ue of this rat1o for southeastern A]berta and the

Cypress Hills area is-0.9.

i

This means that the use of the 10:1 ratio for'thé

- | - |
study arga would probably lead to about 10% overestimation

of precipi‘atione Sanderson also suggested a 10% error

when the 10:1 conversion factor was used. (Sanqerson,

1966, p. 30) When one takes into consideration the under-
estimation’ mentioned in the brgyious s?ction, the error
involved is Tlikely to be 1é§sithan‘the expected 10%.

|
(2) The snowpack th1ckness data was taken week]y at

-~

the stations. One may argue that 1t is unreasonab]e to

use the same conversion factor for snowfa]] read1ng and,k~=7“

v
IR ORWS YAl it

'snowpack depth But here one is dea]1ng with the surf1-
cia]fincrement of ‘snowpack ‘depth which does not involve thé”
ﬁigher density firn layer undernnath.' In the face of»the
frequent absence of phoper-snona]q_reCOrds, the‘ﬂeekfy
jncrements in snowpack depth provide }he best apbroximgtion.

i >

(3) The 10:1 conversion ratio is easy to app]y

3"“"‘ [

(v) The Results.
The resu]ts from use of the above estimation method

prove sat1sfactory The total annual precipitation va]ues 
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for the various stations in each year of the

t siudy.period
are listed in Table IV. A]thought there is ho.exagt cri-
terion to assess the accuracy_of these generated daja; it~
is considered that:the procedure fo]]bwed'isw}ogical and
the.estimates:reai{stic'and acceptable. - A word of'qua1-
ification may befédded~heré. 4The'est%matad monthly winter
precfpitatién has some unrealistic'vaaues due tohotcasiond1
large precipitation events at the base statidn that . affect
the distributioh ratio. Sinée-wintéf prepipitationlnbr—
ma]Ty accumulates until spfing snowme]f~funoff;'the'éxact
'monihly.distribut{bn of winter précipitation has only
secondary.impohﬁahce; Moreﬁver,‘whenuusing the Thornfh_
waife b]imatic watef Ba]ancé'brocedufe, the monthly tembef—
‘ature of any particular wfnter month has to r%ge,apove |
3022°F'(-10C) before rﬁnofﬁ starts. Thislseldom occurred in
fhe stbdy‘period.‘ﬁThe‘prgcipitation of Qinter months .

accumulated until spring.



" YOTAL ANNUAL PRECIPITATION AT THE 8 STATIONS
WITH WINTER PRECIPITATION ESTIMATED

-

) Station

Station"

Station

Station

;_Station

Sfation

~Station

_Station

23.
22.
18.
17.
17.
1.

TABLE 1V

1968

Q

3

> 00 O

[ B Vo Y

6.

1969

21.1

21.2

14.
16.
7.
7.

”
'10.2

B

B o > =

[}

1970

21.8
21.4
21.3
201

20.1

13.2 °

)

1971,

21.6

20.5
19.7
26.9
18.0

11.1

12.1
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