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" ABSTRACT

Thls’study emphaslzed the 1dent1f1cat10n of factors
whlch influence irrlgatlon water use in the South o
Sasﬁ‘tchewan Rlver Basin . of Alberta. .On the ba51s of these
factors, a regression model was developed for 1rr£;2tlon
water use‘analy51s in the area under study ' I_itially, the
.dec151on was to 1nclude uhe entiye area but data avallablllty
lwas a problem. Hence, efforts were concentrated 1n/the l“ | .

Eastern Irrigation Dlstrlct, for which the data were readily

‘available. ‘The varlables,ln the model were water use (gross -

'dlvers1on§l_;n_acre_lnches_as_the—depenéeﬁe—vartable—ﬁmnr—-—”*—_—

consumptlve use requlrements, acreage 1rr1gated for dlfferent

HCrops, -average weather condltlons and prec1p1tatlon durlng

the.prefgrow1ng season\as ‘the 1ndependent varlables.
‘ N o : . '
The consumptive use requirements for each crop were
calculated by using the Blaney Crlddle Formula, which takes

into account temperature, daytlme hours during the season and
—— .

'.pre01p1tatlon. The calculated consumptave use flgures were

multlplled by the acreage of the respectlve crop in order to -

-
-

arrlve at the _water requlrement for that partlcular cropf

- S . "

'Then the crops were lelded into Q1fferent groups on the

basis of management pattern and water requlrements and the

.

.total 1rrlgat10n water requlrements for each group of Crops .

Y .

'were arrrved at by simple addition. . T 2

¢
. N
' ’ D7

o Thq’lndependent-variables explained 84.percent of |
- . - ,. . N

x . . .

: SN iv co S



Ny

~variation ‘i *water use. The statlstléal testq shqwed .

significan relatlonshlp bebwgén the varlables. ”he mode;'

Irrlgatlon Dls‘ 1ct, could be applled to other irrigation

- districts 1n thq South Saskatchewan‘R1Ver Ba51n Area, if

. ¥ ]
ata are made available. \ : N g7 f v
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CHAPTER' I : ' e

INTROBUCTION DA

N \ N * R .
DEFINITION OF THE PROBLEM. t'_)

-
*

The planning, de51gn ‘and 1mplementatlon of water
resources development programmes entall many kinds of dec151on
maklng Plannlng dec151ons are made by the communlty, the

3

electorate, leglslatlve bodles and admlnlstratlve agencles

R Thergp;nr objeetive—of water resources plannlng is
to make’effectlve use of avallable water resoarces to meet {
" foreseeable short- and long- term reglonal needs. In a grow1ng
economy the demand for goods, servf;es and nece551t1es such' Y
“as food can generally be expected to increase 4s populatlon.

and’ 1ncomes rise. 1In’ view of expected population 1ncreases,

many of today's planners and policy makers feel it w1ll be SN
,necessary to 1ncrease the amount of 1rrlgated agrlculture, av

condltlon which- may requlre con31derably more water- for

1rrlgatlon than 1s presently Used. 1 -

lHerbert W. Grubb, 'Competltlon for Water in an
Expanding Economy : The Case for Irrigated Agrlculture," Water -
Resources and-~ conomic Developmerit of ®%he West; Report No. 16
(San ancisco: - Western’%grlcultural Economlchesearch
Council, 1967)., p% 21s:
Y. a. R ' 1 » '




- ’ “r.\
(SSRB) of Alberta. The Irrlgated area of the SSRB relles

” L4
heav1ly on agrlculturt as 1ts economlc base, and a large

,portlon of agrlcultural productlon enters the natlonal and

-~

1nternatlonal markets. Wheat feedgraln and. llvestock

productlon are the 1mportant act1v1t1es in thls area. In

~ 3

1969 the estlmated Values of these agrlcultural products

’ -

for the area were $99..9 mllllon, $70.0 mllllon and’ $151; 5

' -mllllon, respectlyely Commercial vegetable productlon,

_excludlng potatoes, was valued at Sl 06 mllllon 1thhe same

L

year,‘constltutlng 99,8 . percent of the .valde of vegetable

production in Alberta.zr f

The SSRB irrlgated area has the potentlal to increase
\

I3

v

agrlcultural productlon 1f the presently avallable water is
used economlcally and eff1c1ently ‘or if more water 15 Made"

avaflable for agrlcultural act1V1t1es 1n the area. Although

of the 1mportant inputs when productlon per acre 1s taken
o

P -

1nto account: Specialists in the area 1nd1cate that corn,

alfalfa, sugar beets, potatoes, wheat barley ‘and &ll. other

cropsprespond well 1f an optimum level of water is’ appﬂled
to. these crops.3 On'thehother hand» it-has been obsér@ed,.

that often the cropped flelds are 1rrlgated 1rﬁespect1ve of

the regulrment of a crop This, practice causes“yastage of-

., 2Statlst1cs obtained from Alberta Agrlculture,
Edmonton Alberta } .

N
R

3Personal 1ntervaews with crop spec1ullsts 1n the_

Department of. Agrlculture, Reglonal Offlce, Lethbrldge,

Alberta, 1973.

a3 .

'-dry férmlng 1s possxble in this area, water 1s con51dered one

°




o 3
[ " N '
water &nd sqmetimes,results iﬁ negative cffects on the.

. product1v1ty of the soil. *

Wltﬁ 1mprovements in technology an%:amplt fertlllzer
supplies, water use in theLSSRB is contlnuously 1n$rea51ng.
In the case of the Eastern Irrlgatlon Dlsfrlct {EIDY, water

use has increased from 478 ,700 acre- feet in 1958 to 556,840
g oo ) B ~

‘acre-feet in 1972. Slmllar\lncreases have been observed in
other irrigation districts in Southern Alberta. ‘More,than

85 percent of the total water usedvisldevotedlto agriculture.

: . ' -
This‘study focused."on the ‘development of a regression
/ ' : :

- L. . s . : i
model to analyse irrigation water use5 in the EID. <Activities

oonstituting‘wa er use were.identified and related data were
collected‘t ‘test the model *formulated. This Study dealt
with only one of the irrigation districts (i.e., EID) inh the

SSRB'area of‘Alberta. Analy51s were not extended to ‘other
1rrlgatlon dlstrlcts prlmarlly because of 1nadequate data.
The area comprlslng the Eastern Irrlgatlon District
1s bound on the north by the Red Deer ﬁiver and on ghe south
by the+ Bow Rlver (Flgure 1~ -1). - ThlS dlstrlct is fbcated in
Sodth Central Alberta, between Calgary and Medlclne Hat on:

o

the Trans- Canada nghway and the main line of the Canadlan

Pacific Rallway.._(More.detalls on the dlstrlct are presented»'-

: 4Roger B. Long, "An Income Maximizatjion Model for the -
South Saskatchewan River Basin of Alberta" (unpublished report,:
Phase. I1I, Department .of Agricultural Economics & Ryral oo
Soc1ology, Unlver51ty of Alberta, Edmonton, 1973), p- 9.

: 5Water use is the quantlty of. water demanded at a
specific time for irrigation. Water use represents gross
water diversion in the EID. ’ B

) » /: A. I . ’ o

-
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in Chapter III1.)
OBJECTIVES OF THE STUDY

The‘objectives of this study~are.

-

l. To, 1dent1fy and evaluate the effect of varlous factors

affectlng irrigation water consumption in the irrigation area

parameters assoc1ated w1th these factors. ) k4

)

2. , To develop and test a regression model to be used for

analys1ng 1rr1gat10n water use in.the EID.

-4 ' ' : . L
, - SCOPE OF THE STUDY '
' ‘ .

. ’
Although there are dlfferent uses for water (for

example, 1ndustr1al domestlc and- recreatlonal), thls study
is only concerned wrth the development of a regre551on model
to analyse 1rr1gat10n water use in the EID.™ The ‘reasons for

/
emphas121ng 1rr1gatlon are that 1t is the majer source of

potential 1ncrease in water use and is the major basis for -
possible. future investments in water resources. 1In generag,
apart from natural physc1al factors, wateered for irrigation
depends on product prlces, technology and complementary 1nput
cost to farmers. However, information on some of these
varlables was not readlly avallable, hence, they were not
'1ncorporated in the model. Other varlables 1dent1f1ed for

Q

'1nclu51on in the" regresslon model were: consumptive use

requirements, acreage under irrigation, average weather o



/

" in- ditches and other water losses are usually lagklng in the " /

, ‘
' 6
conditions and prec1p1tat10n durlng the pre- grow1ng season

(i.e., January to April).

in acre-inches and*are presented in schematlc form toe 1ndlcate

dlstrlbutlon at drfferent levels

When water is dlverted from the main canal to farm

'fields, some water is lost enroute.’ These lossés are called

conVeyance and regulatlon lpsses. The water which is lost

on the farm is called the farm loss. Both”types of losses
' /

‘occur through seepage,.leakage and evaporatlon Flgure 1.2 ‘

deplcts the flow of water and the water losses at various

stages and also takes ralnfall 1nto account. However, the

1tems of supply in a hydrologlc budget theoretlcally should
equal the items of dlsposal. Therefore, in applylng such a
budget, the gross dlver51on per 1rrlgatlon acre plus the
tOtal rainfall durlng the 1rr1gatlon season (May to October,-
in general but dlfferent for different crops) should be
balanced by the waternused by crops plusg total irrigation
losses. -
Informatlon on water losses through seepage of. water
area under study. However, the water losses in this study -/
were accounted for by using data on gross water diversions. '
It is .assumed that the water losses 1n dellvery to farm
fields are proportlonal to the water used in 1rr1gat1ng ‘"b\;m,

crops. ' . : .



\. Figure 1.2

i

-
\

Consumption of Irflgatlon Water at Different, Stages
.;{.‘ - 3 .

4
2

l G_ro§s 1.
Diversion |-
. a
[N Y i . I
. ] -
Farm
. v
R ! |Relivery | :
4 ‘\ .
. ‘Rainfall » . . Conveyance and , .
\, | SR g  Regulation losses
‘ - g . \\

’ ! . \ S . / . > .
L2 T TF ‘ b ,//'
Irrigated | - ' o —1

Crop Use . ' R ‘Farm losses

Source: E. Rapp, et al., "A Hydrologlcal Budget for a
| Southern Alberta Irrlgatlon District," Canadian

4 . Agricultural Englneerlng, Vol. II, No.\Z—TﬁBVEEEer
- 1969)l ppo 54 57. . | hN

DATA COLLECTION / e

The secondary data for thls t1me~ser1es study covered'

a perlod of flfteen Years (195 —1972) and were collected from

research stations 1n the SSRB of" Alberta,

- »

from the Eastern

> Irrlgatlon District records, and from’ varlous publications

of Alberta Department of Agrlculture. Water diversion

flgures were obtalned from the Water Survey of Canada.6
- In the. flr

6R E Kerber and C. P Roblnson, "Return Flow Raport
. for Irrlgatloanlstrlcts in Alberta,". Water Survey of Canax

(Calgary, Alberta: Inland Waters\Dlrectorate, Department of)

<

1nstance, the data wére cla551f1ed and

the EnV1ronment 13972). ) o8

-

. ) .
‘ . . -
— - ‘ ~ . L
- \ ° . L .
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1

tabulated for ‘the EID. Informatlon regardlng acreage

'

dlstrlbutlon by crop, was obtalned from the annual reports of
N .

the EID.  Data for weather condltlons (temperatUre, daytlme'

hourﬁ and- pre01p1tatlon) were qathered from monthly weather

reports. Informatlon on water losses was found to be lnsuf—

v

ficient; therefore, no calculations were made to'estimate

v

water losses as these were 1ncluded as part of gross. water
dlver51ons. Calculat;ons were made. to estlmate consﬁmptlve
use requlrements for different crops us1ng a formula dis-

2
> ‘ -

cussed in Chapter Iv. L o {“



BASIC CONCEPTS AND DEFINITIONS \ ‘

y

.

""the amount of water or waste a551m11at10n services for

whlch 1nd1v1duals would sacrlflce resources rather than go
/

without." Thls sacrlflce may be eithe®: - o

/. a. in terms of the #hount they are prepared tofpay*for

the water or for the Waste assimilation serﬁdces,b

T \

S R
1.e., the prlcef or v '

b. the opportunltleSﬁehey are w1111ng to forego in

*1
order . not to use the resources.

5

u-‘Demand for 1rr1gatlon water is a fupction of the

"value of product1v1ty of water Imother wordﬁ, it is the

n \

. marglnal value product., To arrlue t water demand; produc-
" tion functlons are developed/to relate: varlable inputs to:

) productlon responses and product prlces. For any production
oo

process, the - unlque relatlo?shlp between out ut and ;nput 1s’f
, / L

) ‘referred to as- the "productlon functlo for~that process.

\

-In developlng productlon responie

4

’ 1t gs assumed that’q
producers buy  and sell produ

First, a production'processWin

~ ly. R. Derrlck 123,
for Water (Ottawa: Pg: :
Resources, 1968),

Iqxéconbmic terms the demand for water ;s deflned as:

r
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Yy o
< dlscussed and then a productlon pnqcess w1th two or more

I varlable inputs is considered. A production function can be
“ I Lo e

"expressed in mchemat1cal~terms; T
: ’ 3 e .

:ﬁg;; , Q=f (X, Xy) o oL 2l

where ‘Q is the quantlty of output produced ovefgzbme period

v aof tlme, and xlf X are the- quantipgmes of lnputs, i.e., water
) \

%\'product1v1ty of Xl 1n the productlon of Q is deflned,ae‘the
’ /

, ‘
" quantity of Q that can be secured from the input of X1 rIf

Xé is assrgned the flxed value Xg, then,v

BT 3 Ca(2.2)

R / -'"' - ! ' ' .
The,input.levellxg'is treated on a parameter, and Q becomes

a function of X &lone.
’ . . S -
The production decisyJL regardlng the amount of
d

'varlable 1nputs to be used hlnges on the law of dlmlnlshlng

return, which states-ﬂ if the input of one resource is.

“1ncreased by equal lncrements per unit of time whlle thé

o -

'1nputs of other resources are held constant total product
, w1ll 1ncrease, but beyond some p01nt the‘resultlng output
w1ll become smalier andlsmaller. Con51der1ng X as varlable
1nput and holdlng other vari&bles flxed the total product -
curve in- Figure 2. 1 shows the output trend.
Average and marglnal products of Xl are deflned ‘in

an.analogous manner for partlcular values of Xg 'The average

e I'd

.+ and land, employed in produc1ng this™ output. The total ‘"



A1

product (AP) of kl is its total product (TP) divided by its

quantity:

. 0.
9=F(x1,xz)_..',,.'.... X 2.3)
1 T3

AP =

The~marginal product (MP) of Xl is the rate of change of its
total product with respect to variations of 1ts.gua11ty, i.e.

the partlal derlvatlves of (2.1) w1th respect to Xl

. -—>@_= ) . "
MP = F (X, x29‘..........:.,....(2.1‘,1)

. . !
Both, AP and-Mp 1ncrease and then decllne as the appllcatlon o
of Xl is 1ncreased

Figure 2.1

‘Average and Marginal Products and Stages oﬁ_ProdUctiqn‘

Q

/

Stage 2 l Stage 3 1

/

I’
!
|
|
]
|
]
!
I
!
1
a

0o
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In Flgure 2.1 the best resource use occurs in étage'
II between a and a1 units of Xl " THe proflt will be maxi-'
mized where the value of- MP produced by the incremental input
equals the price of input. | o o

The output elasticity o X, denoted by W, is defined

as the proportlonate rate'of change of @ w1th respect to Xl
= 8Qog Q1) _ x1 GQ'= MP o o
T o X Y TS T AR - - - - - . .(2.5)
Output elast1c1t1es may be expressed as ratlos of
marglnal and average products and are positive 1f MP and AP
are p051t1ve. ' The output elast1c1ty of an input will be

greater than, equal to or leés than unlty as its MP. 1s

respectlvely greater than, equal to, or less-than 1ts AP.

v

7

PRODUCTION FUNCTION WITH TWO VARIABLE INPUTS - &

A production function with two variable'inputs is
o ,‘ -~
. used to determlne the output when quantltles of both varlable
k!

1nputs are increased o} o decreased or when one variable 1s
substltuted for another. The productlon functlon for two

varlable inputs 1s. B BRI .fl
) . ° . ‘ ’ . - - . . L -
Q=F(X) X)) .. AR CR .-.‘.(2.6%

-— : ' ‘. - ,Y N

;where’Q is the amount of product and xl'X are amounts of'/, o o
variable inputs; i;e., land and water , The locus of all the‘
conbinations of X, and Xy whlch satlsfy equatlon 2 6" forns_
,anAisoquant; Since the production functrOn is contlnuous, <ﬁii

. : . : . : P S
L > B \ . . S - .
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" ),
an 1nf¥n1te number of 1nput comblnatlons 11e on each, 1soquant.

\

All the 1nput-¢omb1natlons Wthh

lie on an 1soquant will

result in the- output 1nd1cated for that curve (Figure 2.2).

The fargﬁsr an 1soquant 11es from the origin, the greater the

output level wh1ch~1t represents\

Figure 2.2

Isoquants Showing Different Combinations of Inputs.

v X2

&,7 . o N, A

T~

Xi

. - e l
is the.rate at which Xl must be substituted for X2 (or X

_for X ) 4in order to malntain the
The negatlve slope is defined as

substitution (RTS):

= 8X»2
RTS 8X1"

If a productlon functlon

RTS of X1 for X will. Qecllne as

2

v

o . o e
.The slope of the tangéﬁt to a point on ah isdquant

correspondlng output level

the rate of ted&nlcal

R a
N

has convex  isoquants, . the

X1 is substlﬁuted for X

2

;:along an’ 1soquant. A ratlonal groﬁut max1m121ng producer :

B would never use the comblnatlon\

f variable 1nputs OL of X1
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and OE of x2 (Figurexz 3Y“as there are other ~combinations

-

PN Y

/

requlrlng less of both inputs which will Droduce the same
output. For a rational producer the choice occurs along NM

1 .
segment of the isoquant. {d' . \‘

//’J Figure 2 3

. 'Production Function'yith Two Variables

\

..'~4.‘:7 | o)

| %
Con51der1ng the productlon functlon (2 6), the producer

w1ll try to produce Q as cheap as- p0551b1e.r This meanu thc

producer 1sZt£¥}ng to mlnlmlze the cost of produc1ng a

* prescribed level of output. The cost is given by:

C = r, xl + r, x2 f . .-. = tn,xn o e e (2 7)
- where ry is the.éost of inout 1 and r, is the cost of 1nput 2.
Now using Q as o¢ne -of the 1npués, the ehterpfeneur's

explicit production functlon'couldabe states ast

=Xt DL C M e e e L (2.8)

Total Cost = C = r, 0+ r, X. .’ - .. (2.9)

s
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By transformlng (2.8) into a llnear 1ogar1th?l

functlon. ‘ ‘ " ¢

- 4

log Y = n log Q = n loq;X%'. . . .}. <. ;(2~1b)

Assuming perfect competitibn, the producer's g(ofit

"’

function

- - K U Y
', Q rz‘x.‘.,. cee .‘,v. - boL(2.11)

"X = PY-ria -r X +1 (logy - mlogQ - nlogX). (2.12)

3

Setfing the partial éerivatives equal to.Eéro, we in.

turn obtain:

C e (2.13)

"X =P + ) =0a4+p = AL L0y
STA L, _amo_ o, o = Am (2.14)
- §Q 1 Q 'i'l -

]
L

‘P - .6 .://% X __r2'

e Substituting_é for A in (2;i4); the demand functian/

for. g is obtained by:'

’ 4va . , y
0 —.;I' T T ; (2.16)
v - ' ;
- - ) / - ’\' *. :

5_“.: -r -An O+ Q = Ln' c e e v,.f . .'/(2;15). g
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o

é The 'demand for b will 1ncrease as*the prlce of the
flnlshed product 1nqreases and V1ce vensa - Moreover, there

¢
is an 1nverse relatlonshlp bet en Q and _its own prlce, rlc

‘This demand funotlon is homogeneous of degree zero in P and
r, and its elast1c1ty with respect to 1ts own prlce can be

determlned by using the formula:’

o . ~ . N ~

’ rl‘ dQ __;_,,_;»e—-j“"”' » ) ) . . . . .
EQ‘,/"di'l Q'>. ¢ e e e 8 4 e o . ‘ (2-17)

e

/ DERIVED DEMAND FOR WATER =

; T .
Demand for water 1s a. dgrlved demand it‘largely-

3

depends on the demand for- farm output. In the previoue

section, production _functions w1th dlfferent 1nput levels

. -y L
and derlved demand were‘éresented Now,‘the demand for water

is derived spe01f1callyu 1_

The productrbn functlon 1s' ¢
Q=f (W, K) ‘

@ >
1. . .

‘where W is;the amognt of water used and. K is the amount of
capital required to‘produce Q. The producer trys to produce
Q0 at a minimnm'cost. The: producer's explicit function.;§
stated as: P . : }lhh'“b
;o ..- . . > [ . .
!" 7 .“,. N - i ) . ) '\1
cQEwERE L L Geee o . (2.18)

and total cost ‘is:

C=PW K. . L, S e el (2019)
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where P, and P, are prices .of inputs. v
..fTransﬁopming the production function (2.18) into a
linear logarithmic .function: - ‘ 9 !

. Jo V "'\
log Q =X logW+81log K. . . . .. .. (2.20)
and5assuming perfect competition{ the producer's profit .

function is:

1 2

'"TI"-_—PQ“‘P - P.K .'.'. e e 4 e e e o e o 0(2.21)

fal

_ where P is the price of output.
¢ . '-’/ . : . .
Performing the Lagrangian function and to derive

,first}qréer conditions for profit maximizationt

-~

A = PQ-P,W-P_K+A (log.Q'- X log W-g log K). (2.22)

@ ’ 1}

Setting‘the partial derivativés eqﬁal to zero reéultA

in: |
@ £23‘= P+2Xs50-+P ;g— A .. X .A(2.23)nf'
oig'_plvg-plv_$=o+o=%.. - .»(2.'24),'_ 
2/62§=;P2_IA<_?=0;Q_=%+2........(2.25)
L8

Substitdting P for A in (2.24), we obtain a derived
demand~fu§ction-for W,»which is expressed as: o

— 7

e . | L. (2.26)

=
I
|

o

—
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.and, . similarly, (2.26) could be expressed as:

_ PR ' ' . ‘
K =3 C e e e e e e e e e e e e e (2027

The demand for "W" (water) will increase as the price
ot = |
of output (Q) increases and the demand for "W" will decrease

if the price of output decreases. It represents a positjve

relationship between the demand for water and the price of

output. Moreover, thére is an inverse relationship between

- ,
"W" and its own price, Pl . A

. f

When a producer uses-several variable reseurées,
r

‘substitution of one for the other is possible. As in the

above case, substitution of "W" for K or vice versa will

shift the demand curvef " In the case of severi} variable

U 7
resources, the demand curve for any.one of them is no longer
the value of marglnal product of the resource. A change in

the prlce of one, assumlng the prices of others remain ~cn-
. - 1

N - R 2
stant, will bring changes invthe*ﬁugﬁti ies of ‘the other -

resources, and these changes will in tufrn affect the utiliz-

o

ation. of the one’ which experienced a price change as the

producer attempts to maximize profits and reestablish a

" least-cost combination of resources.

Suppose one wants to derive the.producer's demand

curve for resource "W", which is one of several variable

resources. Suppose that - 1n1t1ally the producer 1s pro@uc1ng

J output and is u51ng ‘the" approprlate least-~- cost comblnatlon

a

of varlable respurces, As_shown ;n-Figure 2.4, the price of

v

- ’
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"W" is Pal, and quantity employed is.al. The .VMPal curve
shows the value of the marginal product of W when'only the
quantity of W is varied.
Figure 2.4

v

Demand Curve of the Producer

,Dollars per unit of w
-
N

. ai -V ap
W per unit of time
! -

Source: Rlchard H. Leftwich, i | !
‘ Allocation, 4th edltlon (Illinois: The Dryden
Press Inc., 1970), p. 289. o

Now suppose that for some reason the. price of W falls

to Pa2. Slnce VMPa <Pa, the producer will expand employment .

of W towards ai

will Shlft the marglnal phy51cal~product and the value of

However,_the 1ncreased utilization of W

narglnal product curves of variable resources complementary
to W to the rlght. The "~ correspondlng curve of substltute \
-resources»w1ll-be shifted to the left. Since prlces of other
resources will increase while that of substltute resourceS'
will decrease. _Such changes in the utlllzatlon of other
jresources w1ll Shlft the MPP and VMP curves of w to the _

‘ right. When these and higher order complementaty and sub-

)

themselves out, the producer w1ll

stitute effects have wor

be on a VMP curye similar.to VMPa will be employlng

T
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that quantlty of W at whlch its VMP equals its prlce, {.e.,

\\\quantlty ay-. :

2 ——

——Points-N-and M & are points on the producer S demand

curve for reapurce W. These pPoints show the quant1t1§; of W

" that th pro?héer would take at alternatlve prices of w when

s

the prlces Of other resources are ‘held constant and quantltlesr_

of all other resources are adjusted approprlately for éach
prlce of W. Other points on the Producer's demand curve,for
2 E
" curve such as dd. Ordlnarlly, the producer s demand curve'
o for a resource w1ll be more elastlc than will any 51ngle

value of a marglnal product curve of the résource. The

better the substltutes avallable for a resource, the_more

/

elastlc 1ts demand curve will be.
' THE MARKET DEMAND CURVE

In a purely competltlve'51tuatlon, an 1nd1v1dual'

t

/vproducer is small enough relatlve to the markets in Wthh he
Operates to ant1c1pate that his actldns w1ll have no effect
Qn the price of anythlng he buys or sells. 81m11arly{ the
producer antlclpates that his ac%lons w1ll have no effect on
the price of product sold The pProducer considers resource.
»prlce changes only. Moreover, the market demand curve for a
resource is the horlzontal summation of 1nd1v1dual producers’
demand curves. o

A simultaneous expansion or contraction of industry
. | 1 - . -

-

-~
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outputs of products is brought about by producers u51ng

L]

a glven resource as the prlce of that resource changesr

/
decrease in the pr1ce of resourcd W will cause all producers

‘using W to 1ncrease their enployment of it although no ,one

producer's increas

the market demand

dlagram (Flgure 2.

»

e in output is sufficient to cause 5

~ some external~market>factors'which'bring =
RV .

curve., SuppOSe that the producer of the

5) and every other producer who uses A

resource W is in egulllbrlum and the price.of w is Pal.‘ The

producer's. demand
employlng al ‘of W.

-employ at Price Pa

= that.prrce is Wl'

. curve for W.

cu%ue_ﬁor W lstldl and the producer is- )

By summlng the amount whlch all producers
17 the total amo‘ht taken off the market at

Thus, Q is a p01nt on the market demand

!

Now suppose prlce of 12 falls to Pa2 Each producer

will: expand h1s employment of W, but as other producers 1n_

an 1ndustry expand

products decrease.

.
employment of W .the market prlces for'

Ind1v1dual producer s demand curve for |

resource W Shlft to the left (i. e., d 2). Thus,.the indis

sucthuantltles as

v1duFi producer employment levels of vaill increase‘tOWards

a, rather thag 1 Restrlcted expan51on,,

in the employment of W results from the market or external

L

N

,~effect Qof. the decrease 1n resource prlce.' To achleveta
. / -

least cost comblnatlon of‘resources and to max1mlze proflt

the producer's emp

at . prlce Pa2 This

loyment ievel ig ay, the’ amount employed

amount .can be totaled for all prdducers

3
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~~~?””to obtaln guantlty w2 and R is a second point on the market
demand curve for W. Other points on the market demand curve

can be found 1n a similar way to trace out market demand

curve Da-Da.
- N ;g . . .
e ' . Figure 2.5 ‘
The Market Demand Curve '
. o Da | _ | /
’ T n
z z
SPa, , ; Q
SPa, _ ' : ' § — - R‘-—_ hd
8 , ' 1N 8| - ' . :
O ey ¢ d2 s ‘ '-\;\ ‘ C Da f i
. i / "‘ 0 : , .
9 ay 32 - aj N o ] ] 'W2
" Wper unitof time = . - v o W per unit of time - . "
! WATER DEMAND FOR THE EASTERN'IRRIGATlQNrDISTRICT

WNater - rates in the Eastern Irrlgatlon Dlstrlct are.

‘ charged on a flat rate ba31s. As discussed in the prev1ous .
. ot '
sectlons, demand for water is- a erlved demang and is based

on product prices. - If the prlces of output. 1ncrease, more

-

land will H brought under 1rr1gatlon to obtaln hlgher' .
‘'returns. Be51des output prlces there are factors whlch would
. effect water use .due to substltutlon of one 1nput for another

The marglnal value product of irrigated land can be estlmated

by taklng the value .of farm products sold4\d1v1d1ng them by -
the 1rrlgated acreage,_and multlplYlng the result by the B

product1v1ty coefficient of 1rr1gated acreage. The marglnal

value product of 1rr1gated land measures the changes 1n,the

/‘
. /
e 4 . - - » : R / -
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value of total output. he , ) rrent operatlng expenses

3 s \

measures the variation in the value of total output that

i
]

results from varylng the use’of current operating expenses.
| i |

7
- If the MVP of a partlcﬂlar 1nput exceeds the cost of addji-

3

;tlonal units ofwthat 1nput to the productlon process, net

~

returns can be 1mproved by expandlng the use of the partlcular

’1nput.'=If the MVP of a partlcular lnput 1s less than the /

- cost of addlng addltlonal unlts of that 1nput to the produc-'

EREY

tlon process, net returns can be improved by reduc1ng the

i

use of the partlcular 1nput. Appllcatlon of this pr1n01ple -

may requlre reductlon in the use of some 1nputs, expansion

in the use of: otper 1nputs, and changes in the level of

- t

‘output in order to achieve an approprlate balance or equl-

llbrlum among 1nput levels and - between 1nput and output

! i
. ' & - . - ’ v
- t o . - :

levels. -

—

In the area under study, the marglnal cost for-

,applylng addltlonal water is assumed to be zero (nll labour

[y

costs). . A.ratlonal,farmer would.apply water to the point

where he could get ﬁanimum returns.' Farmers in the Eastern

Irrlgatlon Dlstrlct are legally bound to pay flat rate

i -
charges if they have obtalned water rlghts. The' farmers in

1

thlS area apply the max1mum amount of water to obtain hlgher

2
w

=%

returns. However, deqand for water is affected by changes
'.“\

in output prlces whlch are- agaln related to acreage 1rr1gated

Data regardlng output prlces and other economlc factors were

2
not " readily avallable for relatlon to water demand hence,

- v
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'

acreage, irrigated and other phy51cal factors have been
substltuted to anlayse thlS relatlonshlp. In’ thlS substi-
tutlng situatlon, water.use 1s now related to acreage
arrlgated,=1rrlgatlon requ1remghts of crops, weather condl-
tions and precipitation durlhg the pre- grow1ng season rather
than to output prices, production ' costs and other economic¢

- factors. . -On the basis of above variables; a\regression'model
has beeh developed,to analyse irrigation water use in the
area under study: _N

r |

3



CHAPTER III

IRRIGATED AGRICULTURE IN THE EASTE;L

iIRR;GATION,DISTRICT

Irrigation- has been practiced in Southern Alberta

since before the turn of the century.' Expan51on has occurred

a
| l

over the years untll at present there are' 750,000 acres of

1rr1gated land which pkpducé'approximately 20 percent of

Alberta s gross agrlcultural output eacn year. Tht @rrlgated
Ao ¢
.land in Southern Alberta constltutes approx1mately 4 percent

of the Province's total 1mproved arable land.l

" The Eastern Irrlgatlon DlStrlCt is the largest of
the 14 1rr1gatlon districts in Souther Alberta. The total.
area of the DlStrlCt is 1. 446 mllllon acres and the irrigated
acreage accounts for 37 percent. of the 1rrlgated land in the
Prov1nce~ The ma1n Crops grown by .the earller settlers ‘were

flax, wheat, oats and alfalfa seed.2 \ / ' B [

When. the DlStrlCt was created in 1935, a survey

showed that not over 90, 000 acres were be1ng 1rr1gated. The -
. [} _‘L - t

/

~ lE H. Hobbs, "Consumptive Use of Water Studies in
Southern Alberta" (paper presented to the: Aga351z Center for

Water Studies, University of Manitoba, Winnlpeg, Manitoba,

March 19, 1969), p.. 1. - S /

2Board of Trustees, The History of the Eastern
Irrlgatlon District--25th Anniversary, May Ist, 1960 (Brooks:
Bogard of Trustees, Eastern. Irrlgatlon DlStrlCt, 1960), pp.

27-28. ‘ o T R
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number of irrigated acres had increased by.1960 to?slightly
over 190,000 and further increased to dver 200;000 .
acres in 1971. In many lnstanCes farmers,themselves
'developed more land by levelling adjacent rougﬁi! reas, and
in other instances, the District made 1and'avallable by
rebulldlng old ditches and cohstructlng néw dltches.3 |

In the wu. tern Irrlgatlon Dlstrlct 62 %ercent of the
eropland in faris .us under irrigation in 1963, A substan-
tial portion of crop and livestock_prodgctioh is .
attributed to irrigation. ﬁﬁhe distribdtiondof land acreage

in this district stands as follows:4

i% ' ‘Irrigated-Cultivated J 190,6bolacres

ii) Dryland-Cultivated , 113,000 acres
iii) 1Irrigated Range - : o 1,700 acres

iv) Dryland Range o © 19140,700 acres .
' TOTAL'/ | 1,446,000 acres

/ The potential.area for 1rrlgatlon in the. EID is -
about 281,000 acres. The area now under 1rrlgatlon is-
more than 70 percent of the potentlal area._ "

The climate in this arealls boreal, characterized

‘by. long winters and short'butgpleasantly'warm summers.
A ' o ' ' R .

3Ibid., pp. 28-30.

4Walter B. RQgers, Trav1s W. Mannlng and Herbert Wy

Grubb,. The Economic Benefits and Costs 'of Irrigation- xn the

Eastern Irrigation District of Alberta, Alberta Irrigation
Studies, Vol. V; Agricultural Economics Research Bulletin 3,
({Edmonton: Dept. of Extension,- Unlver51ty of Alberta, May

1966), p. 31.
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.~ Snow covers the ground for only short periods of time; partly
as a result of chinook effects. The normal dry weather of

early spring favors seedlng operatlons whlle the rains of
I ’ %l
June and July usually proﬁTde m01sture to maintain growth

)

The landmln the EID is fertlle and sultablebfor

dlver51f1ed crop production. The prevalllng 301l'classifiCa—

b Y

tion is brown podzolic- ' The upper land of the 5011 proflle

¢

/

" is commonly brownlsh in color apd the llme layer is found at’
depths of 14 to 24 inches. The‘;atlve vegetatlon is short |

' prairie grass. The brownish and dark brown soils are

. heavy soils and among the best wheat soils‘of Canadavéx

Brown soils are generally used for wheat production and

cattle ranching. | : - o

ﬁ The Eastern Irrlgatlon District lies in an area

whlch is cla551f1ed as seml-arld- annual average pre01p1ta—
tion is 13,28 inches. Ralnfall'from May to September
accounts for'62 pércent of the average- total rainfall
HoweVer, the predomlnance of ' the ralnfall durlng the growing
season does not ellmlnate the problem of drought.r Drought
occurs when the amount of m01sture needed for plant tran-
splratlon, the run off loss and losses through evaporatlon

. are dgreater than the total amount of natural ralnfall.

> v / , - ’ - “
AGRICULTURAL PRODUCTION  IN THE EASTERN
IRRIGATION DISTRICT :

The farmers in the District use irrigation water,

. 2Ibid.,.p. 3. S RN .
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Paying on a flat rate hasis irrespective of the.amount of"

water used. ' The bresent rate is $3.0d'pér irrigable acre. '
When a farmer's land is classified as irrigable ang he
obtains a Water'right, he pays the above rate, whether he

1 . : ) . .
uses water or not. However, irrigation has Played a signifi-
y . ) B l&

can role in enhancing agricultural production in the EID L X
: \ ‘ oo o
and in other areas as‘wel%;;__fﬁa S
_ T ) K
The irrigated.acrea\e/in‘the District in 1972 shows
N '

an iﬁcr?ase of about 20 percent over the area in'1958 »
(Appendix Table 4). The‘cfbps thch occupy'thé major Eﬁdre.
of the irrigated gcréége are alfaifa, wheat, barley and oaﬁs.
A CQnsiderable area is under summgr faiioﬁland pas£ure in
the Eastern irrigatibn District. / - B )

‘V,In thé EID, wheat occupied abou; 15 perééhﬁ Qf ‘the
tdtal'irr{gated area inf1958;ode¢rea3ing to 12 percenﬁ iﬂ ‘_
1972. Some Years Eheré weré méjo; shifts in acreage from |
whé;t to other éereallérpps (Appendi¥ Tébie i4). ‘Simila;ly,
a doanard trend has béen,observéd'in the case oonats. Tﬁe

rarea under oats waS‘more than 22,000 acres jin 1958 (i.e.,

»shif¢ has also been Observed in'the area under alfalf hay.
) Alfalfa, which covered 40,785 qcreé‘in 1§Sé§ incieaseé tb

57,559 acres in ;972. This crop‘cbvers about 36 percent of

/

i -

. B ot A -



A

kvil , " .. . .“29

the total irrigated area in the EID

¥

Water use (gross“water diversions) in acre- feet and
acreage under~d1fferent crops in the BT from 1958 to 1972
are presented 1n/Append1x %ablé 14 Range and average
Lacreage occupled by dlfferent crops dur;ng the perlod\}958-
1972 are presented in’ Table 3.1. The table reflecés con-=

.siderable fluctuatlons in acreage of various crops and 1?

the total acreage covered by such crops.



S ' ' Table 3.1

Range and Average for Water Diverted- and Area Ifrigated for Various
A

b Crops in the Eastern ;rrigaﬁion District Cl§58—72)

»

' i 4 —
B T

Description ' - ."Reﬁge B : Average
N o JO , /
Water diverted (acre-feet) | 349,000.toé§§i060 o 481,309
Wheat (acres) =~ . © - 10,387 to 29,186 20,974
Flax facres) L 2,053 to 13,935 ° ", 8,350
Oilseeds (acres) - - .,  Jto 87 o 244
| . oats’ (acres) | . " 11,549 to 23,004 16,912

Rye (acres) A S 55 to " 864 ' ' : 358

- Alfalfa seed (acres) '~~~ 332 to 2,814 R S P
Clover Hay (acres), . :"f 110 to 3,009 : . 1,214
Clover seed (acres) " . 10 to’ 496 . 184
Small Seeds (acres) . " - T 238'to 3,002 S 1,198
Grass (acres) . . = 'j5 ' 513: to - 1,425 o 811,
Mixed gréins (acres) - | 13,547 to 64510 T E }4{967.
Green feed (acres) S *‘E? 24 496 to 9,450 c © 5,016
A-Barley (acres) ' _ o : fh 868 to -45,722 L ' - 28,750
Peas (acres) =, 71,136 to. 6,280 7 | 3,155 -

. Potatoes (acres). 4a':- o o 1;387 to.. 5,003' S S ?;972{'
qorn'iacréS) e T ' 495,to 1,374 - 864
Alfalfa hay (acres) - 31,363_t6 57,559 - 46,108
Total Area Irrigated (acres) ;29 348 to 154,976, - 143,849
: aae : e ;J' I “

1

. ™ )

Squrce. The Board of Trustees, Eastern Irrlgatlon Distrlct, .Brooks,
‘Alberta, . Anfiual Report (Bréoks. EID Beard of Trustees, -1958-
72) (Prlnted by the Brooks Bulletln, Brooks, Alberta. -

%

o
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CHAPTER 1V
& . ' : R ¢
| 'METHOD OF ANALYSIS
The regression analysis technique was apélied to
study past behavior and the relationship between the identi-
: ) | " T )
fied variables. By no means uhique to foreéasting regres-

sion analysis is a very useful statistical tool which can be

‘used in.a wide varietyof analytical situations. Regression

. ., Y
analysis refers to the technique involved in deriving an
! g , , <

<

equation by which one of'the variables--the dependent

varlable——may Be estimated from _other varlables——the . .

\__,\

»

1ndependent variable.
Regre551on analy51s has two main purposes.

1. To construct anﬁgguatlon whlch would enable estima-

2

tion of the value of the dependent variable frgﬁ the given
@

values of 1ndependent varlables. v

2. To measure the closeness of the relationship between

. 4 . iy

A

the variables.

Multiple regression analysis involves more f%an one
independent Variable at a time. .Generally when two or more
1ndependent varlables are con51dered jOlntly, the estlmatlng
procedure is. far more acCurate than when only one 1ndependent
variable is used. The~coefficient of multiple correlation
and the related coefficient of multlple determlnatlon

measure’ the closeness of the relatlonshlp between the

2%
4

31 . ‘ ' R
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<~ 2mpia., p. 447.
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dependent variable and the joint simdltaneous configquration
1 : S

of the independent variables.
G

The estihating equation produces estimates- of Xl (the

dependent varlable) from given values of other 1ndpendent

variables. 1If, for example, ‘there are three 1ndependent

va;iables in the-problem, the equation is:

The.syﬁﬁa used are a simplification of a more
elaborate and morc precise system which would represent the

» ’

o

equation as:
&

+b., .,X. =0b X, ¥+ b

v o
12.34%2 T P13,23%3 ¥ D1y 23%y-

17 %1(234)

-

/

In,ﬁbis sytem:
/ . .
Xl(234) f the value of Xl
reg;ession in which X2, X3 and X4 are the independent

N . ~-

7 K]
estimatedeﬁrom the multiple

variables,

o

SR 4 .
™~ b12_34 = the coefflcent @f-x2 in the\multlple regres-

sion equation in which Xl is the dependent varlable, and- X2

4]

X3 are alsd’in.t?e equation. It is called "the coefficient

‘of partial or net regression.2

. Regression énalysis can often be misused, especially

lSamuel B Richmond, Statistical Analysis, Second
Edltlon (New York: The Roland Press Company, 1964), p. 424.
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with modern computlng machinery. It is all too easy to take

""black box" approach and throw all avallable data into the

hopper and then try all comblnatlons to ‘see whlch is "best".

T

Regre551on analysis 1s used in the constructlon of a formal
model whlch can serve the purpose. Without some klnd of

model, the output of regre551on analYSlS is nothing more than

a collection of numbers, and 1nterpretatlon is 1mp0551ble 3

Once construdted,'a model needs t@ be tested byaempirical
analysis. g oy

Y
’ . v

MODEL DEVELOPMENT
0 '
In choosing a model for planning,Anot only must the

‘ |
statistical attrlbutes of the model be taken into account
but also the avallablllty of data. A model whlch prov1deS“
good statlstlcal estimation would be worthless to okanners/

1f it is 1mp0551b1e to obtain the 1nformatlon requlred.

< - . h

Keeplng this ig mind, a regression analﬁsls technlque has

been applzed in this studx\\ It used the relatlonshlp
between factors such as water use (gross water dlver51ons)
{ as - the dependent varlable and consumptlve use requlrements
for crops, acreage 1rr1gated for each crop, weather condi-
|

tlons and precipitation durlng the pre-growing season as. the

1ndependent varlables This model descrlbes a mathematlcal

V-relatlonshlp between the varlables mentloned

o .

. 3Chlsholm and\Whltaker, Forcastlng Methods (Homewood
Illinois: Rlchard D. Irw1n, Inc., 1971), pp. 94-97.

) . .o .
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The steps followed ln the development of the model

are dlscussed 1n the follow1ng sectlons Flrst, a formula.‘
was developed to calculate evapotransplratlon for dlfferent
/ l
crops in the EID. When the precipitation for the crop season .

- was dedgg{ed from evapotransplratlon,<lrrlgat10n requirements
were obtained for each crop The "K"- (monthly" consunptlve-

. use coefflclent) values for varlous crops were obtained from
the United States Department of Agrlculture publlcatlon,

Deternlnlng Consumgtlve Use and Irrlgatlon Water Requlre-

/

: ments,4 and are presented 1n Appendlx Table 1..

a.

Secondly, the crops were grouoed together according
to thelr management pattern, acreage and 1rrlgat10n require-

ments. Grouplng helped to reduce the' calculatlons and to
mlnlmlze errors. :

-«

‘The calculated consumptive ugarequlrements for

)

dlfferent crops are presented in Appendlx Tables 3 to '12.
After calculatlng these figures, the area 1rrlgated for each
AcrOp was multlplled by the respectlve net consumptlve use
requlrements 1n order to arrive at the water- requlrements
" during the grow1ng season. The grouplng was done by simple

addltlon of the calculated water requ1rement flgures for the'

respectlve crops in each greup. For example:

pi

. 4Blaney and Criddle, De rmining Consumptivie Use ‘and
Irrlgatlon Water Requirements, Technical Bulletin Na. 1275
(Washington: Agricultumal Research Service, USDA, December
1962), pp. 49-52. : o o o

A ' S

.>Vn | : . - A4/7'<9'

v
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L the crops in group V"

35
‘GroupI-—(Area irrigated for wheat X net consumptlve /_j
) /zuse for wheat + area 1rr1gated9for flax x '
o net consumptlve use, for flax) + .. .‘4 '*.‘

(Area 1rrlgated for canary seed X net

.S consumptlve use for canary seed)

»The flgures ﬂw:other groups ips-of crops were 51mllarly cal-

. , ) ‘ \
The reg7e531on model formulated for analysing past

-

trends of the variables spe01f1ed and for water use analy51s
' ' /

*in the EID took the form-f,

WS R X, X

'.whersz

°

W = gross water dlver51ons (water use) for irrigation

- '"

in the Eastern Irrlgatlon DlStrlCt,

'

,Xl = Water requirements durlng the grow1ng season for -

o -

the crops in group I; ,

V'X2 = Watér requlrements durlng the grow1ng season -for
/crops 1n grouplII' v‘y
'to .
X, = Water requlrements durlng the grow1ng ‘'season for

5

6
et o
R

-

| xst

= %ﬁecipitation during the pre-growihg season;

E = Random error term. T : / . -

o i



~ "Evapotranspiration

Evapotranspiratior;5 is 1nfluenced by temperature,
/ _

irrigation practlces,xlength of the growrng season, - prec1p1-
tatlon, humldlty of the alr, wind movement, 1nten51ty and

duration of sunlight, stage of development of plant, type of. .

follage and nature of the leaves._ Evapotransplratlon is an

_1rrlgatlon purposes. At some places in the area under study

(e.g., Brooks), it leads to a m01sture deflClt of 24 1MChes
1n the case of grass and 23 inches Jin the case of alfalfa.6

In 1963 Underhlll7 conducted a’ study on 1rr1gatlon

, water use in the Prov1nce of Alberta. The approach to the

problem was to determlne the amount of water required 1n
evapotransplratlon or consumptlve use. He indicated that for
every change 1n locatlon, a dlfferent amount of water was

requlred dependlng oh varlous cllmatlc and 5011 condltlons.

‘Further, he observed ﬂ“t it was dlfflcult to dec1de on the

amount of water reqU1red for a p303ect becau3§,of'lack of

5Evapotransplratlon is the sum of" two terms: (i)

,Transplratlon” which is water enterlng plant roots and o
‘building plant tissue then belng passed through the leaves

of the plant into the atmosphere, (ii) Evaporation,. Wthh is
water evaporating from adjacent soil, water surfaces or from
the surfaces of the leaves of the plant. Water deposits by

36

dew, rainfall or irrigation and subsequently ‘evaporating with-

.out entering the plant system is part of the consumptive use.

Flgures obtalned from the Reglonal Offlce of the

’Alberta Department of Agrlculture, Lethbrldge, Alberta.,

: : 7A. G. Underhlll, Report: on Irrlgatlon Water Use |
Study . (Edmonton, Alberta: Government of Alberta, Department
of Water Resources, October 1963) L S

o

a
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;data on whicH'to base calculations;r' T . o s
'Underhill suggested that calculations be divided into

{four maln parts. | V E |

1. Water requlred for plant consumptlve’use/ ] ;'A Sy

'2.‘ Water requlred to. supply the losses encountered at |
the ‘farm level, 1 €.y deep percolatlon, waste and evaporatlon,:

3}‘ Water requlred to supply the.losses 1ncurred in
carryang the. water from .he_poant of dlverSLOn through the
canals and reserv01rs to the p01ht of dellvery to the farm
unlt, ‘ n R :
4. 'The‘water returnedS\o the streamyor adﬁacentfstreams

o -8
for use downstreama

" The total requlrements or . gﬁoss”dlverSLOn to a prOJect R

dls the sum of the plant consumptlv_lme, farm effl¢1ency and.
the conveyance losses. The net depletkon from the stream Zs
gross dlver51on EiEEE the return ﬁlbw O '

‘The water'used by a. crop may ‘come from any one or all

& oL !

e.of.four sources:
1. Prec1p1tation}
2. 5011 m01sture,-d°
37/ Ground water, - ~.t "1 o n ;'”' . ST ,;', C
-4_, Irrlgatlon water;' )

When maklng an estlmate of the water requrred for 1rr1gat10n,

Lo
] .

onermeds to know the actual consumptlve use of the plants

xogether w1th the water avallable due to precggftatlon;vsoil.

LN

e

BIpid., p. 1. ¢



moisture and ground water. When these factors are all
Ve
avallable,,one can’ determlne the 1rrlgat10n requlrements of

a crop. P
‘ Underhlll used most of ‘the empirical formulae devel—
oped to ddte to determine the consumptlve use rate. He
;mentloned that these formulae -take into account. one‘or more'
of the cllmatrc factors. Temperature; prec1p1tatlon, evapo-
_”ratlon, relatlve humldlty, radlatlon, and . hours of sunshlne,'

etc. are- generally con51dered to have the greatest effect on'

plant water requlrements.' Other factors which affect plant

”water requlrements are‘501l topography and water supply. He:

suggested that 1n u51ng these emplrlcal consumptlve use
formulae, judgment is. necessary in the selectlon of the

formula best sulted to the area Under ‘consideration. The
. .

\

formulae w1ll use the measured meteorolog1ca1 data avallable

'for the: area.'

©

‘The f0110w1ng methods are listed by Underhlll for

\
14

-5 calculating consumptlve use:

| l. Actual-measurements;

2. tBIanethriddle,Method,,J
3. ‘LoWry.Johnson'Method, :
4. Penman'Method;fl j 1‘; ; — /

5.. Thornthwaite Method,

7. Hargreaves Method, and

.'8. Atmometer Method.gv | R ]

Ibid., p. 18

6@ oliver Methoda, =~ . | S

Ay
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On the basis of data avallable, he selected the three

methods enumerated below because in the Prairie Provinces the

only meteorologlcal data-generally available for an area are

‘temperature and‘precipitation; This means that to be usable,
a formula must be based on these two factors.
The emplrlcal formulae u51ng these data were~

l._ Blaney Crlddle Method -
2. Lowry- Johnson Method and
3.‘ Thornthwaite Method. -

h:Of these three, only the Blaney Crlddle formula uses
the- crop coeff1c1ents of 1nd1v1dual crops. Underhill pre-
ferred to use the Blanﬁy—Crlddle Method for calculating the
consumptlve-use rate. His preference for ‘this method was

,,’

basgg on*the results he obtalned and was also due to a general

"acceptance of the method by the Unlted States Bureau of

,Method. Blaney and Crlddle assumed that coniumptlve use )

Reclamatlon, U.S. Department of Agrlculture and the U.S. “Army

Englneers, as well 5% the states of Montana, Idaho, North

Dakota and’, the prov1nce of Saskatchew%n.
!

For the present. study, evapotransplratlon or consump-

tlve use flgures were -developed us1ng thé BLaney Crlddle
e

T

_varles w1th temperature, 1ength of day, a?d avallable mois-

ture, regardless of its source - (prec1p1tat10n, 1rrlgat10n
/

,water or natural ground water) : Multlplylng the mean monthly

temperature (t) by the pOSSlble mOnthly percentage of daytlme

hours of the year (p) glves a, monthly consumptlve use factor

R
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(f). Blaq!y and Criddle assumed that crop consumptive use';

. varies directly with the factor when an ahple water.supply
is'available.lO Research data have made'poséible the sefer-

mination of a seasonal coefficient (K) for different crops.

K is the summation of the mohthly/qonéumptive use coefficents
' ' SReE

¥

(k) » ) .

Expressed mathematically: | , : ' '/
U = KIpt = KF

where:

U

Consumptive water requirement in inches for any

period of time (us: i1l. growing season) ,

v

K. = Consump. i1 ¢ use coefficent (annual, irrigation

season or dgrowing season), -

'

F = Sum of the consumptive ﬁse faCtOrs bf‘thebperiod

/

(sum of the products of meaﬁnmonthly temperature during the
- (Y

aperlod and percentage of annual daytlme hours in the perlod)

14

(t X p)/100, 3 _'\ o

t = Mean monthly temperature in degyees Fahrehheit,

p = Percentage of daytime hours occurring during the

/
period;,
‘For monthly caleu ations,%%ower case letters are frequently
used: - ‘ ’ -

[ ._\

f = Monthly consumptive use factor; t X p)/100,

- 10Orson, W. F. Israelsen and Vaughn E. Hansen,
‘Irrigation Principles and Practices (New York: John Wlley &
Sons, Inc.,.l962), PP- 252 253.° :
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. k = Monthly consumptlve use coeff1c1ent,
. u = kf Monthly consumptive use in inches. . _ .
Precipitation

The amount and rate of: prec1p1tatlon may have some

.effect on the aﬁ:unt of water used during the grow1ng season.
Under certain co ditions, precipitation may occur as aseries
of frequent, light showers during the hot ‘summer. Suchf
showers may add little or nothlng to the soil. m01sture for
use by the plants through transplratlon but they do decrease
" withdrawal of stored moisture. Such prec1p1tatlon may be
‘lost malnly by euaporatlon directly from the surface of the
plant foliage and the land surface. .

| The avallable soil mOLSture through prec1p1tatlon may
substantlally reduce the amount of irrigation water needed.
Varlous methods have been used to estlmate effectlve pre01p1-'
tation under different climatic soil and crop condltlons
Table 4.1 shows one of the methods used.ll To arrive'at net
consumptive use requlrementslfor the crop, theYeffectlve
prec1p1tatlon was deducted from the gross water reqUirements
of that crop . These net consumptlve use requlrements were
ca!culated w1th emphasis on the length of grow1ng Season .

(varies for dffferent crops) The calculated values for each

month were accuvﬂlated to obtain seasonal consumptive use

.

llHarry F. Blaney -and Wayne D. Crlddle, Determlnlng
Consumptlve Use and-Irrigation Water Requirements, Technical
Bulletin No. 1275 (Washingfon, D.C.: U.s.D.A.), p. 13. -

‘A
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’

Crop Groupinmg /

The'crops grown in the Eastern Irrigation District
{ .
were lelded 1nto five groups. “The criteria used to group /

the Crops were the management patterns, acreage and the

consumptive use requirements. Efforts were made to place fu

aéﬁ crops w1th Similar characteristics into one group. The
/

‘logic in grouplng crops was: smaller number ogxobservations.
' N O {

'

ot e

Fewer observations and limited data made it difficult to {?
/ L o

1nclude each crop separately in the model development. More-

overf_lack of observations and data would have resulted_in'a
omodel tqp complex for. thlS study Grouping helped to‘condense
the model o : o ' | u
%he'grouping»Of crops is‘Ss follows:
Group I sincludes wheat, flax, musta‘d'seed, rape-
e o seed, sunflower seed and'can y seed;
Group II -includes oats, rye, mired;gfains_and
v g'vugreen-feed; C -i‘ | ' ’:. Ny
Group III_.jépnsists'of barley only; R
- éroup v - —1ncludes peas,:corn, potatoes, turnlps,
- parsnlps and other vegetables, |
.-Group'V v,,-lncludes alfalfa hay, alfalfa seed,i
| clover hay, clover seed, grass, and-

small seeds. S

Economic Factors for Changes in Acreages

-The. model developed in the previous'sections was. .

K’
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" based on water used for irrigation in the Eastern Irrigation

District as the dependent variable, and acreage under 1rr1ga—

tlon for different crops, lrrlgatlon requirements for

dlfferent crops, weather condltlons and prec1p1tatlon durlng

-the pre- grow1ng season as the 1ndependent varlables. Acreage ‘ (

junder each crop, .as well as total acreage cropped 1n the

Dlstrlct, showed con51derable varlatlon between 1958 and.

1972 These changes can be attrlbuted to the economlc

factors dlscussed below. r L.

In‘Chapter II,~efforts were made to rgfate water
- 4
demand for irrigation tp output ptlces. An increa&é in the
price of farm products would favbr brlnglng additional land

1nto use and would encourage more 1nten51ve use of~acreasr‘
already in use. Slmllar changes would be observed:in»water
‘use. 'Decalnlng prlceC}evels,|on the other hand, can force ‘ anjMJ
‘retrenchrng policies, shifts to lower use and sometlmes"
land abandonment; These phenonena apply to the Easternl_

/

i '.Irrlgatlon DlStrlCt. Farmers make dec151ons on the- ba51s of -

past years 'experlences when they allocate land and other '
.related inputs to dlfferent crops They have to keep 1n mlnd
the market s1tuatlon for the crops that they produce. _A\A*’
In the dlStrlCt under study, crop substltutlon has-
'taken.place to a con51derablevextent. The shift of acreage
from one crop to another may be explalned by farmers belng

able to foresee relatlvely better returns from a partlcular o

crop to which the area'ls-shlfted. 'For some years total o

‘
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~acreage declined over the previous year and in other .years

) the opposite was true. Decllne in acreage could be linked:

" with relatlvely smaller returns and farmers leaving the -land
as summerfallow. When' there was an increasing demand for
farm products, the farmers cropped‘the davailable acreage and_

.. even brought marglnal land undér cultivation which 1ncreased
the total acreage and production. ) |
Another factor which could have caused varlatlon of

acreage in varlous crops 1s cost of productlon.. If one crop

: requlres.more %;Euts than another and has relatlvely smallerr
neturns; the farmer w1ll allocate hlS land to that crop Wthh

. brlngs greater net revenue. Along with the cost of produc- .

tlon, the price of land also affects farmers' decisions when

—~— a

'maklng plans for land allocatlon for different/crops.'”
- U}

The modbl formulated fortlrrlgatlon whter use analysrs
dld not take rnto account output prlces and other substltutlng
factors as the data were llmlted for such factors. /Hence,'
the model was developed on the ba51s of some ph¥31cal,factors

\

rather than on economic facotrs . (see Chapter II) The'

'1mportant factors in the regre551on model for water use
analys1s are 1rrlgat10n requlrements of different crops,
v

' acreage 1rr1gated under dlfferent crops, weather -conditions

durlng the grow1ng season and precipltatlon durlng‘the‘pre—
o o 4 ' T .
grow1ng season. o o .

at



:each'of,the 1ndependent varlables

,/"

CHAPTER V -

. o
D . /

THE ANALYTIC' RESULTS

* The varlous factors affectlng water use have been
dlscussed 1n the previous chapters. Thls chdpter is devoted
to a formal presentatlon of the water use analytlcal model,
a brlef dlscu551on of the emplrlcal technlque used to test
the hypothe51s and finally the reg;2551on results..

The follow1ng is the hypothe31zed relatlonshlp

between 1rr1gat1bn water usel as a dependent varlable and i
!

w: f (Xl'X"Z’X3’X4,),(5,X6’E) . - . - . . - . . (Sol) L

where: S .o : - : R
. _ . . , , . g

, /
W = Water. use in.acre-inches-in the Eastern Irriga-
tionADistrict | |
X1 = Water requlrements in acre- 1nches durlng the
growing season for the crops in Group I (wheat,

flax, mustard seed rapeseed, sunflower seed and

/- ’

canary seed). B

Xy = Water requlrements in acre- 1nches during th‘.
?grow1ng season for the crops 1n Group IT (oats,

rye, mlxed gralns and green feed) : : .

T

€.

LAl ' o ;J

lWater use represents the gross water diversions in
the EID . . R ' : : '

46 o I
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X, = Water requirements in acre-inches during the

L

growing season - for the crop in Group III (barley
“iny).

X, = Water requirements in acre-inches during the

-

' growing season for the creps’in Group IV (peas,h
corn, potatoes, turnips,;parsnips and other
/ vegetables).'
X #‘Water requireﬁents in acre-inches;during the
, growing‘season é;rlphe crops in Group V‘(alfgffa

hay, alfalfa seed, clover.hay, clover seed,
. ‘

grass and small seeds) . o
X = Prec1p1tat10n during- the pre growing season.
E =" Random error term. ' ; 4 /

fThe‘postulated a Erlorl relatlonshlps stated in, terms
of partial derivates are as follows.- )

- i

W5 SW " SW 6W 8w sW |
6%, 9" 8x,7°" ®%,7°".%x,7°" §%. 70 §,.>@ - - -(5.2)

I O B - B -
, / o

'EMPIRICAL REGRESSION MODEL

L]

s

The goals of thlS research and the nature of the'
avallable data requlred an emplrlcal technlque that could
estlmate the 1nfluence of each of the 1ndependent varlables-'
on water use in the ‘Eastern Irrrgatlon DlStrlCt. An

emplrlcal technlque was requlred which could take 1ntd

account the s1multaneous effects of all the varlables.

F
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Multlple regression was a suitable téchnlque that could meet‘
these crlterla-—lt could sort out the effects that may have
been masked in a 51mple one varlable comparison and it could

estiqate which variables were: significantly related'to one

§ -

another and the type and magnltude of their relatlonshlps. et

The follow1ng dlscu551on is' based on the model

..developed for regression analysis. ' The overall_test of the

] X ' r N
modéT'Was based on the F-statistic. The tests of the

. N
*. individual regression coefficients were based on the +t- -

values. However, little ' emphasis was ‘placed on the test of
individual coefficients. The tests of 51gn1f1cance were also
-

based on the level of explalned Varlatlon for i: <.71dual
oy L :
groups as indicated by’ -r2—va1ue. The multlpl coeff1c1ent

of determlnatlon (R ) 1nd1cated that fraction of the total

)

varlatlon in the dependent varlable associated w1th the’
varlatlon 1n the explanatory varlables. The Durbin—Watson

statlstlc was used .to test the evidence of serlal cornela—

, Y
tion. Slgnlflcance lev@%s of 0. Ol and 0.05 were set to.

test the regre551on coeff1c1ents of the equation. The

regre551on coeff1c1ents 1nd1cate how much the: dependent
'varlable will change w1th the change in 1ndependent varlabies.’
The coeff1c1ents of the moaéi WErﬁyg§t1mated by thé ordlnary

- least- squares me;hod. : o B : .
) . 1y .
v Essentlally, there are four statlstlcs on the ba51s

of whlch the. equatlon of "best flt" may "be chosen.- These'

are.
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1. The mult;ple coefficient of determlnatlon (R ) indi-

X
o

catestje amyunt of total varlatlon in the dependent vaflable
assoc1ated with the variation in 1ndependent variables.

2. The F—value Bhows thé rate of; the explained
variance to the unexplalned (re51dua1) variance.

3. The multiple standard error of the'estimate measures

. / : o . ! .
the preciseness of prediction of the dependent variable on

the basis of the indepehdent variables.

4. The standard errors of the regrésSion coefficients‘
increased the degree of significance of the individual
regre531on coeffIEiéﬁfS“In—the_equatlon.

In a regre551on analy31s the error from the eqyatlon

L

1
‘

may be attrlbuted to:

0 .
1. measurement error,:
2., 1m§erfect or-lnc_orrect specificdtion of the for‘y,bf
equation; and | 0 | |
. 3+ the inherent 1rreproduc1blllty of blologlcal or
gyncial phenomena.2

The model for emplrlcally testlng ﬂxahypothe51s in

.the preceding dlscu581on1was a Llnear regr§531on model-‘ -

! ) . ———T——

\\J\Bx +B.X +e3 3+'B4x4+'35X5+86X6'+E .(5.3.)

where: o - o | >
« X, denotesythe intercept,‘- ‘
, .

v

2R J. Wonnacott and. T. H. Wonnacott, Econometrlcs
(New York: John Wiley & Sons, Inc., 1970), p. 17.

BN . A
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Bl‘to"BGpdenotes regression coefficients, !

E cenotes the ranfom error term,
The‘remaining symbols were the eame’as'in equation ks.l).

'! . The water use (dependent variahle) figures were '
2re§re$sed against thevindependent-variabies and'the results
obtained are'preaentedpin Table 5.l{ “The independent '
variahleS‘expLained 84 percent oﬁ the variation in water -
nse. VThe variablesux2 and XS explainedvmdre;than 67 percent

' of the total variation. The F—value was 51gn1f1cant at the
- ‘ o L,

T 0 OI level of 51gn1f1cance. , ! Do !

[
f

. The regression coefficients of’X5 and'xs,were

" significant at the 0.05 level of significance. The coef-
ficientsvof Xl and X3 were 51gn1f1cant at the 0.1 level of
51gn1f1cance, and the coefflclents of x2 and~x4 were not . s’
51gn1f1cantlatlthe 5 percent level. The latter two‘variables
'Qere not‘omitted from the modei devélopedvay‘these'covered B
1mportant crops "which lndlcated considerable water use. .

The Durbln Watson statlstlc 1nd1cated no auto correlatlon in
/ ) _ .

-

<'the,data. o o _ L D L
The negatlve 'sign for the coefflclent of tpe X4, | j
varlable (peas, corn, potatoes, turnlps, parsnlps Lnd other'
‘vegetables) was'not expected because it 1nd1cated %n 1nverse
.relatlonshlp between ‘water use and the area under thlS group.
of crops. It should only happen in extreme cases and. 1n:‘: '
unusual years when ther is enough ralnfall to account for

”ewater fequlred for these crops. ‘However, the.negatlve/51gn
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Table 5.1

S | | o

) ‘Regression Model Results : ' L

L -
Variable B-Coefficient 'ﬂSﬁ.,Error" t—Vaiué' Vériation
. /
Xy 4.12263 . - 2.1602 S 1.91 4.36
. ) . /- .
X, 1.57364 .. 2.1605  0.73 °  47.05
ot ' -

Xy ..4.9714 . ' 2.6837 .1.85 "1.01
%, -13.6086 8982 T 1.72 6.067]

Xg 5.3729 1.3703 3.92 . 20.28

) ' R N A “

X - 3.14578 ©1.3508 2.33 « . 4.93

- o 4 /

to0

" F-value

X, = -130,438.695 . .. % R® = 83.68

2
. . . ( . A‘. -
DW—statistic = 2.79

= 6.83
| R Lo

|
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”yforrthis coefficient could be_biﬂchanceuor:ﬁay be due to'
_someﬂunidentitied factors}" | | |

The negative.sign for the coefflcient of'the X¢
variable,fi.e,,'precipitation, was expected as it would lead
to a decrea;e ln water use if the precipitatlon-level.was
high_during the pre—growing'season. o .

Theé. 1ntercept Jhas a large value w1th a negatlve 51gn
. The s1gn may mean that the relatlonshlp between the varlables
could have been curvlllnear, but in thlS study a llnear o
,relatlonshlp has'been applled A large 1ntercept value does
not flt in the range of- regre851on llne, and llnear regres- |
sion’ equatlons'do not take into account such high yalues.

/.
"The B-coefficients of the;regression equat&on
explalned a past relatlonshlp between the dependent varlable‘
and. the 1ndependent varlables. For example, 8‘ 1nd1cated

that, certeris parrbus, -as the water requlrement for ‘group I‘d

’crops (wheat, flax,-mustard seed,>rapeseed, sunflower seed
, /
'*,and canary seed) 1ncreased by one . acre-inch the total water

'use 1ncreased by 4 12 acre- 1nches. 82 indicated that as the

'water requlrementwfor group II crops (odts, rye,'mixed,grains

: . ) ) EE '
and green feed) increased by one acre+inch, total water use
A ) ¢ ! . . . 1
i

increased by 1.57 acre~inches. 583 exhlblted that if water
~ .

‘use for group IIl crops’ (barley only) 1ncreased by one acre-

°

1mch,.1t 1ncreased total water use hy 4.97 acre-inches.
_ Slmllarly, Be 1nd1cated that one acre- 1nch increase’ of water
‘use forpcrops in group V (alfalfa hay, alfalfa seed, clover

/
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_hay,.clover:seed,‘grass and small seeds) would increasé total
water ‘use by 5.37 acre-inches. -86; the coefficient for the

precipitation variable (XG) showed that one acre-inche
increase of water during theipre—growing season, would

!

_ decrease total water use by‘3.15 acre-inches at ‘the seeding

time.
The model explalned the past relatlonshlp between the

dependent varlable and the several 1ndependent varlables.

These relatlonshlps are expected to: remaln 51m11ar assumlng
all other factors remain the same. However, in case of
varlable X4 where the relatlonshlp observed 3G negatlve, the .
future flndlngs may . contradlct thlS unexpected relatlonshlp.v
The model presented fulfllls most of the condltlons

~

whlch a regre351on model should meet. The statlstlcal tests

a

show that the relatlonshlo between tne varlables are 51gn1f1—
. cantly dlfferent ‘from zerf ;32 1nd1cates that the amount of
varlatlon explalned by 1ndependent variabfes to the dependent
varlable 1s 51gn1flcant Hence, this model can be applled
for 1rr;gatlon«water use analysis in'the Eastern Irrigation
District. .The model developed for the EID Can be suggested
for water use a&eiy51s in other dlstrlcts of the SSRB area,
1f 1nformat10n regardlng 1ndependent varrables 1s made |

A
avallable, o



N o .
CHAPTER VI

.) [
) '

SUMMARY
/

M~

This study was concerned with water use analysis.and
the development of a regression model for water use projec-

tions in the South Saskatchewan River Basin of Alberta. It
was initially proposed for the entiﬁs.SSRB, but was eventu-
ally concentrated only on the Eastern’Irrigation District

. , . r)

due to data iimitations. o

A regre551on model 'was formulated relating waterw

use for 1rr1gatlon to acreage under 1rrlgatlon, con—'
vsumptlve use requlrements of dlfferent crops and to’ some .
.measured weather condltlons.' Another 1ndependent varlable
representlng preclpltatlon durlng the pre—grow1ng season was
alsollncorporated_ln the model. It:showed a 51gn1f1cant
effect on the depenoent variable. S R ’ ;
Consumptlve use requlrements for each crop wére
calculated u51ng the Blaney-Crlddle formula. The formula‘

accounted for prec1p1tat10n, temperature and daytlme hours.-

gt

‘ Data for acreage rrrlgated were taken frol the Annual ports
of the.Eastern.IrrigationrDistrict. Data for weather condl—
‘tlons were obtalned from monthly weather reports.

All crops were d1v1ded into five' groups, on the ba51s
_of acreage, consumptlve use requlrements‘.and»management.

The major reason- for grouplng the crops was the: small number.
/ ; .

. . 54
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of observations. The Jinear-pegressiOn techniquée was applied
to determlne the relatlonshlp between the dependent varlable
and the 1ndependent varﬁables All the regre551on coeff1c1ents
except X2, and X4 were 51gn1flcantly dlfferent from zero at

| spec1f1ed,levels of significance. Other tests for ‘the model

v

were also 51gn frcant at. the levels spec1f1ed The negatr%e

slgn for the co fflcent of the X4 varlable was not accord'lng to -

™~
expectations and could be due to chance or some unldentl—' -
: + ' , s
fie:ff;ctsrs\\\gowever, the model”™ presented}fulfllls most of o
. ) . ~_ ,‘ . ’ . P
the statistical conditio s which a regression model should

neet. Therefore, thlS model could be suggested for water use

ana1y51s ln the area under study

IMPLICATIONS OF THE STUDY

l. Despite the theoretical limitations which cdnstrain
theyuse of-ordinary ieast—squares'regression.in dehand
analy51s, the model could be relied upon to give valuable
estlmates for the future. All ﬁ%émvai1ables ln the model
generate an effect s1gn1f1cantly dlfferent from zero.» |

2. The technlque attempts to ldentlfy the 1mportant

'varlables constltutlng water use, The model could be further

' ‘.modlfled to analyse water use Tor each group of crogs or each

0..

crop separately

~ 3. The study 1ndlcates that water use .is greatly : o .

affected by prec1p1tat10n durlng the pre grow1ng season.

4. The regre551on model explalned satlsfactorlly the-

R +



" costs. In the ﬁﬁstern Irrlgatlon District, data are avail-

to water appllcatlon and water loses)

56

»

relationships between‘the dependent variable and the indepen-

dent variables. The model was statistically valid.,

WION_S OF THE STUDY

‘ ' \ \ .
\- The llmltlng\£§ctor 1n\\hls study was lack of appro-

priate data. With respect to the data needed for development

'of functlonal relatlonshlps for analy51ng ‘water use for

1rr1gatlon, little direct information is systematically
- . . .t

" gathered on irrigation diversions, gross water appllcatlon

and 1rr1gatlon efflclency, crop types, wl types, 1rrlgatlon

method management practlces, and 1rrr1at101 and dralnage

-

o

able on dlver51ons from major streams, but thlS lnformatlon
is seldom collécted on a systematlc or c0nt1nuous basis and

generally is not publlshed. Dlver51ons and gross appllcatlons

for 1rrlgatlon water are estlmated by 1nferenc from such

"

1nformat10n as water llcences that are held by 1nd1v1dua1

1rrlgators. The 1mp11c1t assumptlon is that the 1rrlgator

_ uses all ‘the water to which he has a rlght, ragardless of

4

its cost and regardless of the’ cost of appllcatlon and

'pdralnage. ; T i

' The technlque used to undertake such studles are not

<w1thout llmltatlons. Using regre581on analy51s precludes

A

'jthe 1nclu81on of several varlables (such as yleld respon?e'-‘-

The technlque ois appllcable to speci

thh affect water use. .5

Y
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the dependent and independent variables.

.
[
B

‘ FURTHER RESEARCH NEEDS

This study focused on the development of

‘model for irrigation.water use analysis}

“ables Wthh could have affected water use
the model due to l%pk of data.

- ‘ Studies‘are needed to determine a

ductlve opportunitles, both 1n terms of p

~ ments and economic costs and returns. Th

regress1on
Some of the var1-
were omitted from |
lternative pro-
hy51cal require-

ere are several

1mportant varlables about wthh understandlng is Stlll qgste

/
llmlted. These 1nclude: farmers' respon

nologles and productlon p0551b111t1es, th

\~p£ov131on~of credlt fac111t1es on the farmers' willingness

© to. invest 1n 1rrlgatlon facmlltes, and th

1;;Eferent types of publlc pollcy such as

and price support on 1rr1gat10n farmlng.

L8

"collected for such varlables and should b

, fo?m of reports.A Efforts should be made
‘tpr§c1ng system because adoptlon of a prlc
1rr1gat10n water use would release water
- would oreate,moreveff1c1ent use of availa

| | Informatlon regardlng water losse
farm should be malntalned. Data on water
: would be useful in worklng out some measu

'3 \ . v

if they are above average. Furthermorey

B . o ¢

ses- to new. tech-

’

e effect of

e 1mpact of
dlrect sub51d1es
Data should be

e publlshed 1n th%
to work out some
1ng system for "
for other uses and
ble water. —

s from headgate to..
use eff1c1ency

res to qheck losses

¢

thls would help to
o

-

Pt
Co o

L e,
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’ . ~ . R
save water which could be diverted to other areas where it
is not available in the quantity needed or it could be
/ o N ‘ S .
stored to meet the conditions of drought. . . ; '
. : ] , K .

o ’ ) LI
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" APPENDIX
CONSUMPTIVE USE COMPUTATION PROCEDURE

Many-factors influence the amount of* water consumed

2

water supply, soil and topography. 'The ‘climatic factors

believed to have the'greatestfeffect on»consumptive use aré‘

‘temperature, precrpltatlon, humldlty, w1nd movement and
) grow1ng season.< Irrlgatlon practlces, klnd of crops grodz

'thelr stage of growth and spe01es also 1nfluence the amount

!
of water.consumed. a

There are several methods avallable to calculate

e
evapotransplratlon, none of’ whlch are free from assumptlons,

R {

", arbitrary constants or technical dlfflcuﬂtles (e.g., datﬁ

/

-G
, measurement) The Blaney Criddle method is based on the-

"assumptlon that the consumptlve use. of water by a partlcular -

a.~ the type of cro grown,
b. “the temperature,h' ST ; . L v'g;
c; the-length ofvthe Q%gying season, and .

d. -the'monthly percentage'of annual.daytime hOursJ;-

Thls formula shows a- relatlonshlp between tempera—

ture, length of grow1ng season, monthly percentage of daytlme.

hours and consumptlve use of water. The procedure developedj"

allows for the computatlon of. consumptlve use of each crop

65

by Plahts.. The“more-imbortantjnatural influences are climate,‘“",

Mg
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1f the monthly tewperature, latmtude and growing

" 66

P

g

perlod of .

the crop- are known and if the computed- monthly percentage of

annual daytime hoqu are avallable.:

/

L

Seasonal consumptlve use in inches can be estlmated

from the formula.

: U =

where:

U

K

of the products of mean monthl

¥a
(P)).

"monthfof the grow1ng season for the EID are presented

5.

o

F
_‘zlu‘

KF

ﬂ;; Fahrenhelt and monthl

4

-

emplrlcal seasonal coeff1c1ent

consumptlve use of water in inches;

sum . of monthly factears (f) for the season (sum’

Yy temperature (t) 1nrdegree

# percentage of annual daytime hours

).

-

1
*

The percentage of annual daytlme hours (p) for each .

below: .
'Mbnthly Percentage of Annual_Daytime Houré (p)
Month P . Month . P
"'?f“ -_ FEN

January S 5.83 June 10.99
February 6.25 July 11.08
March- g8.22° ' August - 10.03
‘April 9.25 September ! . "8.47
May 10.72

%
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The flgures for average monthly tempefature (t) are

Ll

,given'ip Table 2. The monthly factor (f) was calculated by:

B

£ -t x P p
100

'lo‘;,-r N -

F = If
. 'S

or
— Zt X - o ’ . "‘b
Y T1o00 ,

. fhé computed valﬁes for "ﬁ" for each crop are gireﬁ
in TableS'3 to 12; Average monthly rainfall and effective
ralnfall are presented in Table 2 for each year. for the
months of May to September, )

Wy



Table 1

©

The Seasonal Consumptive Use Cdéfficient (K) for Créps

in the Eastern Irrigation'District

S. NO' ‘ Crop - May Junev Mgﬁi; .Aug: ‘ Sept..
-

1 Alfalfa % 0.88  1.00  0.96 0.80 0.53

2 Grass 0.70  0.98 1.10 1.02. 0.50

3 Clover Hay & Seed 0.40  0.70° 0.98  1.10 0.50
/4 - Potatoes 'A o.Qs 0.75 o.;o 0.80 0.40
5  Corn 0.50 . 0.65  0.75 0.80 —-—m

6 Wheat 0.45 | 0.78  1.05 4.40 --t-

7 Flax 0.55 - 0.70 ~ 1.00 ¥.10 -mon

8 Barley ==~ 0.87. 1.00_ 0.40 ——mv

9  peas . —-le 0.50 0.90 0.88  mee

, LTV . ‘
Source: Harry F. Blané§ énd Wayne D. Criddle, . -

Determining .Consumpti

ve Use and Irrigation Water requirements,

‘Tachnical Bulletin No.
1962), pp:.. 49-52.

'
'

r

1875 (Washingtbn,‘D.C.: U.S.D.A.,
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