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DE:'{Ál'lD pOiì FEiiTILIZETì Iiti C¿i,iADIglí AGRICULTUIìE;*

Ali ECCri'JOì,iIi INTERPRETÀ'ITOI'i 0F TECI{NIC.q,L C.-llr\üE S

by

furing recent Cecades, especiall¡' ¿¡tr"r i',rorld i^Jar II, the use of

fertilizer in Oanaclian agriculture has rapidly incr.eased. The expansion

of ferti-lizer use has been one oI the important factors raising agricul-

tural prociu.ctivity in Canada. In vieu¡ oi' Lhe incr.eased import.¿nce oí

fertilízer input, the aì:'tenpt of thi-s siudy is to examine the mosi im-

portant factors affecting the increase in fertilizer use. Because cf the

diverse natur"e of Canaciia.n agrieulture, it lras e;;pecte,C i;hat sribstantial

differ"ences had cccurred in the regionai use of fertilizer. Thereforeu

in addj.tion to ihe national analysis of fertil-izer rleinanci regional in-
vestigation.s rdere a'l so conduc'ueci 

"

fn an ef-fort to take accoun-l- of ìag effects ancl to measure the

relative contribu'tion of the najoz" factcrs stucìietlu moCels were formu*

lateci which incorporated the ccncepts of growth ra,te and distributed-Iag.

The models are al-l fitted to ti¡ne series data frcm I)26 tc L)65 ior 1-he

national analysis and from Lg29 to Lj65 for the regicnal investigations"

The years I940*L945 are omitted because of abncrmal econonic circun-

stances resulting from the r,rar. fn ordel to cornpare the dj.-îference in

fertili-zer us€ bet'¡een different periods, ihe toral per.iod r¡as divide,l

intc t'n¡o perrods; namel¡'u the pre*i+ar pericd , L)¿6-I')39 Gr IgZg-L%g)

and the post-r*ar perioci , L9U5-Lg55 
"
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'-['h: expectecl quantitíes of fertj-lizer ciemand in all regíons for
!-!/0 ancì Lj/J are estiirratecì util-iz-ing the estim¿itecj cie;"nanci functions and

theír impl-icit assumptions.

The emçirical- results shor¡ that the real fertilizer price, rê¿Ìl_

farm cash 'inccme, ihe cluantiiy of grai-ns and grain prociucts exportedu

and i-mproved technical knor¿l-eclge aboui fertilízer use in c¡cp production

rr'erÊ the major factors afíectíng fertilizer consumption during the past

few decades" The resul-ts also indicate that improved technical- kno'øledge

has been rnore important in th-' pos'b-war perioci than in the pre-war period 
"

From considering ihe regional- resultsu it r¡as founci that fertiÌi*
zer pri-ee anci intproved teehnical kno¡¡ledge have been more irrrportant fac-
tors affecting fertilizer use in f'.estern Canacla than in Eastern Canada..

The reverse i^ras the case for the effecis of f¿rrn cash incone on fertiti*
zer consLlniption. In additicn, feriilizer use in the Fraírie region has

been, ciue to accumulative effects of resource reallccation on fa-r.rnsu

strongly infl-uenced by the quaniity of fertilizer used i-n the prerrious

year 
"

']-he expeciei levels of ferti-lizer use in ali regi-ons are prcjected

to increase continuously for the decade fotrcrr¡ing 1965. The highest

rate of increase is predicieri io be in ihe F?airie regicn where the u.se

oí fertilizer has been strcngiy affec'iecì by improveci technica-ì knowledgeu

uhrle the for¡est rate oí increase is projectecl to be in the Atlantic
FYor¡inces r^¡here Ïertifrzer consum-ction iras been strcngly r.etateci to the

level- of f arrn cash i ncoile.
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i'fajor sources of greater productivíty in agriculture have been

directly or indirectly related to the adjustments in the use of rescurces

by farmers. The increased use of capital inputs such as cornmercial fer-
tilizer in recent decacies has been a signifieaflt exampte. The increased

use of cornmercial fertilizer can be viewed as one of the najor innova-

ticns in Canadian agriculture since ì^lorld irrar II.

Froductivity in Canadian agricuÌture has been increasing over

time " The rate of increase in overall agricultural productivity in
canada has averaged 2"4 per cent annuarly from r/+6 to L965, or 2.0 per

cent from r))J ro ry65 lL5, p. 15 ]" The grorvth of productivity can rep-

resent the result of impro.¡ed efficiency in the combination cf factcr

inputs in the production process ancl of improvements in the quality of

resources em¡:Ìoyed. Changes in the composition of farm inpu'Ls over the

past decades may help to explain this inerease of productivity. In hís

study of trends in agricultural- productivity, Furniss coneluded that in
terms of the three ¡naín factors of production (real estate, labor and

capital), capital inputs, r,ihich incÌude machineryu feeds, fertirizerse
pestícides anci others, appear to have been the rnost important factors

contributing to produetivity increases si.nce 1935 [r5, p. zo]. Furnissr

study indicates that cornrnerciaf fertilizer is one of the more r_rnportant

capital inputs that contributes to the prcgress of Canadian agri.culture.

CHAPTEiÌ T
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A. Oþ-iesjliv.g of ths Såudli

The primarJr objective of ihis study is to present a ciescription

of fertil-izer use and the major factors infl.uencing its use in Canada

as a uhole and in selected regions during the period af 19?6-65. To be

more specificu the objectives are:

I. To explain the increase in fertilizer use in Canadian agricui-

ture as a'¡hole and Íor selected regions in terms of certain ímportant

varíables such as fertilizer price, farm cash income and technical

k noitledge "

Z. To measure the rel-ative contribution of each vari-able to the

groivth of fertiLizer" use for aLl" Canada and sel-ected regions.

3 " To examine the rela-tive influences of the major factors on the

use of fertilizer in two different time pericds--the pre-r^iar anC post-

r^rar periods.

4" To examine dífferential demand trends, under both sLrort-run and

long-run patterns, for fertilizer in different regions.

5. To project fertilizer cjemand for I)/O and 1975.

B. Hvcothesgs and. ¡ssurn¡¡tiong

In order to carr¡r oui a system;rtic analysis and to present a com-

prehensive interpretation of the empiricaÌ results, it is necessar¡i to

develop reievant hypotheses. For this study, they are:

1" The trernencious increa.se in fertilizer use in Canadian agricul-

ture as a '¡hole and in seLected regions can be largely explaíned by

¿



technical 
"h"ngu"1 

in both the agricultural- and

Z" The demand for fertilizer is responsive

exported.

3 " since technica-l progress has oecurred nore rapidly after rgb6,

the u.se of fertilj-zer has been much more affeeted by ihe improved teeh-

nical knowledge about fertilizer use in the post-r+ar period, 19\6-1965,

than in the pre-r.;ar period , 1926-1939.

4. Since the technical knorvì-edge of fertilizer use has been adopted

over a longer time perioci in the older using regions than in the nelqer

using regions, improved technical knoiciedge about fertifizer use has

been relatively less important as a factor affecting fertilizer use in
',,he ol^der using regions than in the newer u.sing regi_ons dwing the post-

2
war ;ceriod."

Certain assumptions are also needed to faciiita.te the testing of

hypotheses" These are:

1. Farmers aim at maximizing profits"

z. Either the natural nurnber or the logarithmic val-ues of the

variables are aciditive.

3. Technical ehanges in both the agrieultural- and the fertilizer

3

the fertilizer industry"

to the quantity of grains

t_
Technical change neans a

change in the effieiency of the
definition r¡ill be discussed in

2
TÌre clder using regions refer to the Atl-antic, -ìuebee, ancì On_

taric regions r¡hil-e the nerver using r.egions refer to the kairie andBritish Columbia regions.

shift of the production functicn, a
use of resources " A more speeific
Chapter IV.
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industry a.re cunul-aiive over time in all regions.

l+ " Farners do not adjust the quantity of fertilizer used immediate-

1y ttith respect to changes in such factors affecting its use as ferti-

l-izer price, farm cash ineorne, technology of crcp produetion.

r¡äth these assumptions, it ís possibie to apply existing econcmic

theor¡r of demand for resources to the stud¡. of fertil-izer demand. Also,

they provåde the possibility to formulate relevant models to proceed

rvith numerical analysís,

C. i"Ie_Lhçds- #d l.roceduleg

Before proceeding r.rith the investigation of fertilizer demand, a

description of methods and procedures used in this siudy is made,

The study deal-s with the national and regional dernand for all

commercral fertilizer" It is, therefore, an aggregative study, based on

time series data related to fertilizer consumpÈion in Canada as a r^rhol-e

and in sel-ected regions, to inoicate 'rgrossrt relationshi.ps between

specified variables and the use of fertilizer. No attempt is made to

determi-ne the exact factors and ciecision-making processes of indivídual

farmers about the quantity of fertilizer used.

Because of the diverse nature of Canadian agricul-ture, it is ex-

peeted that there r'¡ill- be considerable variation ín the use of fertilizer

anong the different regions. Hence, on the basis of avail-able data,

rough homogeneity in type of farming, soil and climate conditions, five

regions have been delineated by using provincial groupings: narnel-y,

tlre Atlantic Frovincess including Ì'iova Scotia, i{ew Brunswick, ancÌ Fri-nce

Edward ïsle.nd; Quebec; Ontario; the prairle Frcvinces of l,{anitoba"
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Saskatchernranu and ¿lberia; anci British Columbra. The tinre period chosen

is from 1926 t,o I)6J for national analysis, and lron I)Z) to 1965 for

regional investigations. The years L940-I945 have been omitted because

of abnormal eecnomic circumstances resulting from the influences of

t,'íorLd I'r'ar If .

The effect of hypothesized variables upon denand for fertílizer

wí11- be examined and tested by deÍining and estimating national and

regional demand functions for fertilizer " AII demand functions are

fitted from time series data by using autoregressive least 
"quu""".3

To compare fertilizer demand between time periods, the total period is

divided into twc sub-periods, i.e., the pre-rárar period (lgZ6-t93g or

1929-1939) and the post-war period (194ó-1965) " Secarate regressions

are corûputed for each period. Conventional statistical testso sueh as

the F-test and t-test, are used to exanine the validity of empirical

resufts derived from hhe proposed demand functions.

The quantity of fertil-izer demancl lor l9T0 ana 19?5 is estimated

utilizing the estimated demand functions and is subject to certain as-

suml:ti:ons 
"

D" A Þ.ie¡¿ of Previous StudLeS

This section provicies a brief revie'¡¡ of some previous studies of

the fertiLizer denand which are most relevant to the present study.

Griiiches lr9, eo], anci Heady ancl reh Lz?), employing different

methods, have derived fertilizer demand functions i"¡ith United States

3¡tutoregressive l-east squ-ares ís discussed in ûha.pter fV"
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ciata. In each study, ihe natíonal anci regional ciemanci funci:ions for fer-

tilizer were estimated. By applying the distributed lag modeL, Griliches

assumed that quantity of fertilizer use rvas, in the short-run, a func-

tion of the fertilizer/crop price ratio and the amount of fertilizer

used in the previous year. All variables l.rere expressed in logaritlms,

Gril-iches observed that the increase in fertil-izer use in the United

States (from 1911 to 1956) coul-d be largely explained by the decline in

the fertilizer/erop price rati-o" He ernphasized that the faI] in the

fertilizer price relative to the crcp Þrice i{as caused by technical

change in the fertil-izer industry" ALl this r,sas the result of the im-

pact of technieal change, leadlng tc new, loi.rer cost, fertilizer produc-

tion processeso subsequentty causing a deciine in the fertilizer/crop

price rati-o. Grilichesf application of ihe distributed lag mociel and

its interpretation with resuli;ing estimates of short-run and long-run

demand elasticities was an importan-i; beginning for the economic analysis

of the demand for fertilizer. the }iea.dy and Teh model incfuded more

variables than the previous one. These included farm cash incomes,

-r,otaI acreage of cropland anci time " They found that, i-n addition to

the loi'¡er price of fertilízer and inereased farn income, ihe demand f or

fertilizer r{as affected by technical change in agriculture itself 
"

This results in an expectation that fertil-izer dernanci functions have

shiÍted to the right over ii¡re "

In 1!60, Teh 146] published a study of fertilizer dernand func-

tions considering national- and regional situations of Canadian agricul-

ture. Both nationa.l and regiona.l demanci functions r+ere estimated by
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fittÍng Cobb-Ðouglas funetions to Canadian data of 1926-195g" Applying

the distributed Iag model, he derived long-run and short-run demand elas-

ticities. According to his findings, forrr factors--fertilizer price,

farm incomes, technical improvements and the amount of fertilizer used

in the previous year--expl-ained more than 77 per cent of the variation

in total fertilizer use cÌuring the period 1926-rg58" The regional

analysis suggested that fertil-izer príce and farm incomes v¡ere reLative-

ly i-mportant factors affecting fertilizer consum¡ation in the ¡itlantic

and Central regions (Ontario and '.luebec ) while technical knowledge was

of greater importance in rrrlestern Canada than ín Eastern Canada. The

findings of Yehrs ivork provide helpful suggestions to the present study"

rn L)63, Heaciy and rweeten lz6, p, r2z-931 rresented detailed in-
vestígations of nationa.l a.nci :rr:gional dernand functions for the United

States" In adciition to an analysis of static demand functìons based on

experimenial data, numerous regression models Ì{ere fitted to ti-rne series

data for the years 1926 tYúough 1p60 with 1p44-r950 exclude,l" rn gen-

eral, the quantitativ-- findings were paralLet to the earlier work of

Heady and Teh" this study i'urnishes basíc resource denand theory and

nunerous demand equaiions for the emp-irical study.

ilayami [2]] investigated the dernan,C for fertilizer in Japan. In

orCer to identify causaÌ factors anC to measure their relative contri-

butions to the increased use of fertilizer u Hayami applied the ccncept

of groi+th rates to hhe formulation of demand function for fertí}izer,
The model, so fcrnulated¡ ï¡râs an exponential- function ;vhich r¡as fitted
to time series data for the period ],933-].gj? " In an atLernpt to reduce



observatíonal errors and ciistributed-'ìag effects, he used five-year

averages rather than annuaL observations. The r';ork of äayami indicated

that nearly all- of the 'variations in fertilizer use were erlplained by

tecirnical progress in the fertilizer inciustr"y (ivhich lowere,l the priee

of fertilizer rel-ative to the price of farm ^oroducts) and by technical

progress in agriculture (ivhich resuLted in a contínuous shift of the

fertilizer demand schedule) " Abcut l0 per cent oI the increase in com-

mercial fertilizer use was concluded to be attributable to technical

progress in the fertilizer inCustry and about /0 per cent tc technical

progress in the agricultural i.ndustry"

So far, a brief revi-ew of several .orevious studies of denand for

fertil-izer has been presented. The models used in this stud)'to take

Aceount of distributed-lag effects and to measure the contribuiions of

inajor factors to the fertiliz-er consurnption r+ere derived frcra these

earlier s'budies. Hayamiss, and particularly Griliehest distributed lag

models, form the basis for the modei used in thís study.

E. crscåi:z_a:[i9_q -€ æ Stuù¿

This dissertatíon consists of seven chapters. Chapter I is an

introduction to the study nhich provides a brief description of hhe ob-

jectitres, h¡rpotheses and assumptionse a discussion of methods and pro-

cedures, and a review of the previcus studies. Chapter II i}l-ustrates

hisiorical changes both in fertil-izer use and prices" Chapter III deal-s

i"¡i-bir the theoretical frame',¡ork" The proposed modeis and scme statis*

tical- considerations i.rith regard to estimating coefficients are dis-



cussed in Chapter TV. The empíricaI results and their ínterpretation

¿r.re presented in Chapter V" Chapter VI proviCes the statistlcal pre-

dictions and their irnplic:rtions. $urnmary and conelusions are given in

the final Chapter "



ft is.¡e1l knot¡n tha.t economic developnent has brought a.bcut ím-

portant changes ín farm practices" One of these changes i-s the substi-

tution of inputs prociuced off the farm for those proCuced on the farm"

Gocd examples are tractors for horses, chemÍ-cal fertrl-ízer for manureo

The substitution takes place beeause, as neniioned in Chapter Iu these

inputs increase prcductivity in agriculture. Furtherniore o due to im-

proved iechnology of production, price com.oetition and sales promctícn

amcng nori-farm suppliers, these inputs beco¡ne avaílable to agricult'¡re

at favorable prices" The results iend to substitu'te these new and im-

^oroved inputs fcr old agricultirral inputs"

The progress cf agricultural development in Canada, like otLrer

developed countries, has brought about scme changes in rnethcds of produc-

tion" Changes in input composition Tepresent a distinet example. Over

the past forty years, significant changes in Canadi_an farmíng have taken

place through inereased use of capital- inputs l.rhich are suppl-ied by the

non-farm sector anC provide agricultu.re with servi-ces for production.

This is clearly shoi^in in the Cata of Table T. This indicates that the

use of total capital inpu'Ls r^ras incre:rsíng coniinuousl¡r, from 1946 to

L965, at an annual grci^rth rate of z,z per cent. Fercentagewise? use

of iotal capital inputs has íncreased about, rgz per cent o frcin the

average of the period L935-L939 to L965 or 4g per cent fron ilre average

FIïSI.ORIC.¡iL TREi\1D,S ïif FTATTLIZER USE

A}ÌD CHA¡IGES ll'l FF.ICES

CHÂPTETì ïï
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of the period 1946-1950, while the co:'responding percentage increases

in fertilizer use were J)4 per cent and Ló4 per cent, respectively. Per-

centage increase in fertilizer use from I!A16 -1950 to 1965 has been the

highest as corn'rrareci with other categories cf capital- input" [f5, p. f6l"

For the purpose of presenting a some.*¡hat detail-ed review on the

changes in fertilizer use and pricesu a chronological descriptíon of

national and regional -brends is vafuable. The first two seetions of this

chapter provide naticnal- and regional trends in fertiiizer use, while

the changes in the prices of fertlLizer and crops are reviewed in the

rest of the chapter.

-¿i" irlational Tre¡d in FertlLizel. Uss

During the pre*war period (1926-T939), the dema.nd for com,nercial-

fertilizer in Canaciian agricuLture was in its infancy since nutrients

f or pla.nt growth i^rere sullplied rnainly frorn natural source (manure ) and

crop rotations. Farmers in Canada as a r¡hole spent only $8.2 million,

the average f or the period l92ac-I939, on fertilizer and line which was

only 2 per cent of total farm o^oerating expenses (tab1e II). !.fíth

average annual- consumption being 237,6?? tons duri.ng the fourteen )rears

inter"val, the use of tota.l- fertilizer inereased from l..B01794 tons in

1926 to a high of jll,ZOl tons in 1930 and then declined sharply, due to

g-reat depression during the Ì!J0ss, to a lor.¡ of 166,40/ tons tn l-.9])

(/rppenciix lt)" Hor¡ever, since 1941, fertilizer consumption has ccntinu-

ously rncrease,l (Fieure l)"



CHANCES fN FERTILIZE,I. r.ì,¡D LIffi EXPEIISES
TOTAL FüPJ'{ OPERATTT\G EXPEI'üSES, CAiUrllA

1926-19/o5,^

L92649 roral 424 l-30
Fertilizer 8,160
'Á r"9

rgLt'o-[5 Total 596,62L
Fertllizer Il,2)J
/, 2"9

L9t+6-50 Total 972,625
Fertil-izer 32,569fr i"3

I95L-55 Total I,26t+,33I
Fertilizer 5l-,246
'þ 4.1

tanadaa ¿tlantic uuebec Ontario Prai-rie

T;TBLE ÏT

--thousands of dollars--
22,168 5A,?6r W6,OA4 2Og,?69
2,835

Ir Q

33,809
)+ ,Z 5Z
14.1

52,39l-
? ,?63

14.9

63,goz
7,840
t2 "3

69,9e3
?,868
1r.3

67,485
?,?36

11"4

7I,T79
8,061
lt.3

7l+,7r2
I OL"õ

10 "6

( a cö)ö
8,344
r0 "6

B0,198
g,4ro
rl"7

1956

AS PERCEI{TITGE OF

AiiD REGÏONs,

L957

Total I"425,766
Fertilizex J2,841
'/, 3.7

lotal I,40?,262
FertiLize r 54 ,7'/6fu 3.8

Total I,504,28ì
Fertilizer 59,558fi 3"e

Total I,600,68I
Fertilizer 66,723fr u.z

Total t,665,675
Fertil-izer 10,úLfi u"z

Total 1,692,224
Fertilizer 80"42)tlt 4 "B

2 "7 2.5 0.13

85,499 184,82/+ 268,582
4,3er 6,290 866

5.L 3.2 0.3?

r4g,or2 3t6,639 4]-r,052
6,BL+6 LZ,tlBL+ j,891+

4"6 3"9 0"95

tg3,7B4 4?g,278 5r7 ,209
8,352 23 ,964 8,263Lt.z 5 "6 t"6

236 ,28t 5OO 36 5 555 ,5r48,7r3 27 ,54r 6,296
3 "7 5.5 1.1

232,75I 4V) ,922 549,862
9,)+70 27 ,437 ? ,5234.1 5.6 1"4

?60,?IB 527 ,l:68 577 ,g74
10,03? 30.86 B 3?5

3.9 5"7 1,5

2?r+ ,97 9 566 , O7Z 6t1 , 415
I0,528 34,tL? 11,066

3.8 6"0 t_.9

28L,68? 578,295 65O,3lj-
)2,722 32,6?O 12,862

4.5 5.6 z"o

293,708 5gg,0BB 640,L5l.
15,738 35,95L L5"ggg

5.1t. 6"0 2"5

aß5L J,181

rg58

t3

L959

z6s

r3"C"

tg6o

i5 
't+22495
3"2

23,gOB
9Lþo

3.9

43,53L
r,.5gt

3"6

55,t56
2 É9'

4.6

63,623
2,1þ29

2Q

63,242
2,6l]

4r "1

67,742
2,949

4"4

73,503
3,072

4.2

76,644
3,463

4.5

79,079
3,34L

4.2

rg6r



t96z Total L,823,269 80,?%
Fertilizer 87,099 90l.23

1963 Totar L,99+,107
Fertilizer l-0]-,699

"i' 5.2

196'+ Iotal 2,03? ,1,75
Fertilizer )22,808
í¿ 6"0

1965 Totar 2,I5L,836
FertiLizer I38,600
fi 6"1+

¡o

Canadaa Atlantic r.)uebec Ontario fuairie B.C "

TABLE II (continued)

4"8 11"3

BU,3t+7
g,447
TI.2

BB,3?4
9,Lt6L+

10 "7

g3 ,080
10,?84

1r.6

'FSource: Computed from
Farm fncone--I926-65,

aExcludes liewf oundland .

309,37L
j"5,999

5.2

328,990
15 

'33t+t+.2

338,096
16,z?8

ltAnoO

365,4r3
IB,9t+9

É.2
)oÇ

6zL,54z ?z5,ot+6 86 ,5L4
39,568 l.8,282 Lt',t27

6"4

667 3ae
47,L72

7"I

?06,9?I+
54,6?9

7"7

739,l:62
60,zBL+

\) ø-

rrHandbook of Agricultural Statistics,rr Part IIu
D"B.S., 0ttawa.
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2"5

784,245
25,558

).)
-) ")

805,589
37 ,957

ltn

855,343
t+3,9Lr

Él
) oL

+.Õ

89,r37
Lt',2118

t+ 
"B

93,r92
4,43O

4.8

98,838
Ll,6?2

lta
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.{i.s sholvn in Figure 1u the amoun'b of fertilízer use in the r,¡ar-

tirne period (f9¿lO-f915) rose rapidtyo frcm 346,?2L tons in 1940 to

575,1-07 tons in l-9L+5" The year'-to-yea.r' increase averageci 11 per cent*

This sharp increase i^Jas the result of an increasecì demanC for focd in

the period and of adjustment to changes in the resources avai-iable for

utilizatiotr in procìuction "

The situation for the post-r^:ar periocl (f946-1965) ts also pre-

sented in Hppendix A and Figure 1" ltJational consnm¡,tion of fertilizer,

'.^¡ith the exception of I7JJ4-))6, increased more ra;,i,Cl;r than bef ore.

ìlioreover, since IlJl the increase was at a relatively constant rate of

B.J per cent per year, ey 1965, conLnercia] fertilizer and line e,<-

penses constitu'¿eci about 6.4 per cent of total í'arn o;oerating exilenses

(rante rl).
The increased use of fertil-izer ciu.ring the post-war period has

been attributable mostly to technical knowledge reflecting the strong

response of crop procÌuction to fertíIize¡' input, the relativel)¡ favorable

príce of ferti-lizer to the i:rice cf crops, increased knowledge and im-

provecÌ managerial- skil-ls of operations and a favorabl-e income position

of farners. Ïn order to understanci the large increase in national con-

sumption of fertilizey" it is useful to examine the distr-ibution of fer-

tilizer use among the five selecteci regions of Canada. This is done in

the follovring section.

B. r-ie_:i-igqåI Trerìdg in .þ-ertil-izçI, ü_se_

Regicnal consum:tion of conmerc-ral feriilizer a.nC ihe distribution



79,

of ûanadian total sales are presented in np;oendix r. and Table IIT,

respectively. Historical trends in consumption fcr vari.cus regi-ons

are aLsc shown in Figure 1" ,rvery region shor,Eed inr:reased consui,xf-'tion

of fertilizer in the post-."rar period as compared to the pre-war period,

In the pre-war period (I929-L939), tne ¿tlantic, Ontario, anrl .{uebec

regions were the major users. 0n the average of the ll-year intervalu

89'I94 tons of commercial fertílizer T¡¡ere used in the ¡rtlantic regiono

95,06l- tons in Ontaric, and 50,ILr7 tons in Quebec. As indicatecì in

Tabre irr, these three regíons .rccounteci for 93 per cent of canadian

iota-]- (35 p"r cent in -r,he.A.tlantie r.egion, 36 per cent in Ontario, and

20 per cent i-n Quebec). The remaining snrall percenta.ge of the totaln

7 per cent, '¡as shared by the rest of the nation. Only 5 per eent was

used in l3ritish Cofumbia ano but 2 per cent in the three Frairi e prcv-

inces. The wide difíerence in fertil-izer use uras related to different

patterns of f arming anong regions " Since agricul-bwal production i,ras

much more íntensíve in Eastern canada than in l,"iestern canada., large

amounts of commercial- fertilizer i^iere applied to such cash crops a.s

fruits, vegetables, potatoes, tobacco in Eastern canada. Only farmers

in thai: area have felt that a substantial gain could be obtainecl through

fertilizer' In addition, intensive cultivation usually recluires in-

tensive nutrient replaee;nent if producti-on is to be naintained " !'armers

in British Columbia, where fruits anci vegetables are also grol^in, have

real-ized the necessíty of fertilizer use as i¡ell in the j-,'re-ïrar period,

a.lthough the;r con.sumed cnly about 5 per cent of the canadian total.
licwever, less intensir¡e crops such as irheât, oats, barley and pasture



Cituil.GES Ii[ REGICÌ{AL FERTILIZER USE ÂS P:ii,CENT¿GE 0F CAI,úÄDIAlii TOT,,iL
1929-1965',1

I 02A-"O-/- / ) /
Lg[o-45
Lg46-50
195r-55
l-956
l^957
l-958
1959
196o
rg6r
1962
l963
rg64
1965

Canada Atlantie

100
f00
100
r00
100
100
]-00
]-00
100
I00
100
t00
l-00
100

TABLE fIÏ

35 "3
4(.)
24 "7
L7 "4
r7 "2
L7 "t1ß"5
15 

"?-
15 "9
15 

"L+
L3.9
L2 "5
10.8
11" 0

Quebec

õSource: Compu'i;ed frorn Appenciix A.

--percentage'ìo o

26.6
20 "9
L7.3
16 "9
17 "6
17.8
tô "b
18 "5tB.6
L7 "L
15 "1
L3.2
'1 I 2

Ontario

37 .?
38 "B
42.A
50.5
tJ "o
5L"5
51.8
5L.5
t+6 

"Z
46 "3l+2.2
45 "5
44 "B
l+3.2

Prairi.e

/.v

),)
3"9
8.0

:-o;3
7.8
9"3
9"8

12.5
LIl"7
16 "L
18 "3
23 "t
27.7
')o 1

B.C "

t+ 
"T

4.2
4.2
?o
3.7
J"l
3.5
3"6
J.o
1-l

3"8
3"5
)"L
3"0



ín the Frairie regicn depended entireÌ;' on the original fertiliiy of

the scil.

iuring ihe wa¡'-time perioci, ferti iizer consunption i n all ¡egions

increased b}- rrore thart j'/ per cent, as conparecì l.¡itil iLreir respeciÍ-ve

regic¡nal- averaÈ^es for the ç,revious .oerioci. Consu.nptíon in the lt'airie
regicn was even as high as 200 per cent abo-¡e its pi"e-r,;e.r average.

hfier ,Èr"Ld ,;ar rl , regionat consunl:tion has substantially exceeded

the pre-r';ar revel-s. ,(fter. the IÇJI-L)JJ perrod, the annual- sares of

all ccmnercial fertiìizer, exce,ct for sone yeers beta,een 1!j4 ani rg51,

have i-ncreased continuously over tinre for all Canacla. i,l-ational- sa-'es

increased 80l,ll! ds¡5 (fro..r ?9¿,254 tons in I95l-l'95I to I,5g3,59j

tons in f965). aìl regicns shareci the increase, but the sliare of ihe

olcìer using Ïegions r¡as rela.tively snaÌler. Of tlle tobal increaseo

abcut 5 per cen''c was in ihe litlanti.c region ; j6 per cent in ontario;

9 i-."t'cent in,.¿Lr.Êbec; al_most 48 cer cent in the Frairre region; and 2

per cent in ijritish Columbia. The sharp i-ncrea.se in fertil.ize¡ eon-

su;npti.on during tne l-ast ten years has been partly cue to a decl_ine in
the real price of fertiiizer reiative to total farm income frcm farmj-ng.

In adcjiticn, technicaÌ inprovernents in agricuLture have been mo¡e im-

portant in recent years.

C. Chanqes in tL- Frices of Fertil-i?er and Crcos

Frices of feitiiizer ancj crcps in aft Canada have risen after
i'iorlcj ',ar rr. Hc;,;ever, the increase in fertil_i-zer price has been less

than the price of crops. A decline of the fertilízer/crop price ratio has

2 il':
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been accontpanied by an increase in fertiliz,er purchases sinçe ]9Ð(Fig. l)"

1'he fertiltzer/ct'op price ratio siarteci to Ìevel off ancl increase

after' 1;ì4! nhile the consumption cf fertiiizer contj-nued to increase.

This phenonena coulC be explainecÌ partll bi'tire fae'r, that up ii1l 1pJ2

the prices of fertilizer were sÌ,ifl lo'*¡er than the prices of crops.

ft is, hoi.ieve.i', quite possible that increased kno-*rlecige of tce use of

fertilizer by far"ners has resulted i-n greater deman,l for fertilizer

du:.'ing the l-ast ten years"

In spite of the inerease in actual- levels, the real prices of
1fertih.zer anC crops- in all Canada, as illustrated in Fig,-rre 2 anrJ Àp-

pendix C, have declined in the post-r.;ar period as cornpared with tire

pre-T/ar situati-on. The real prices of fertilizer have decl-ineC far

more than tire prices of crops. Conpared with the pre-r^rar everage, the

real priee of fertilizer has decreased by 24 per cent si-nce iriorlci i'¡ar II

while the real p,rice of crops has decreased by on1-y p per cent during

the sane pericd. ït is worthwhil-e noting that there has been a great

difference, from 1!4j to 1953, between the tl¡c real price leve1s. Ob-

viously-, this was ciue partly to a cirastic drop in the real- prices of

fertilizer v¡hich r.¡as made possible b¡r improvements in the technclogy

of procìuction, marketing of fertilizer, and conpetition :ri,cng fir.ns in

the fertiÌizer indus'r"ry "

For the sj-tuation in Eastern and:.iestern Canada, the trends of

the real fertilizer prices r^iere, generally s:eaking, very simil-ar to

lTh" ruut pri-ce cf fertilizer is the ferti Liz,er price index
deflated by the conpc-cite index. The real priee of erops is the crop
price index deflated by ihe gener.al whol-esa-le price index.
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the national situation in the post-r^rar period. ldevertheless, since

1960 the real prices cf fertilizer in r'Jestern Canada r^rere decreasing

more rapíd1y than in all Canada anci Eastern Canada (Figures 3 and 4)"

The movement cf the real prices of crops in these two parLs of Canacia

does nct follow the national patiern. As compared with the ;cre-war

averages, the real prices of fertifizer and crops, during the post-r"'ar

period, have decli-ned about l0 per cent and 4 per cent respectively Ì-n

I,'iestern Canada; 24 per cent and 6 per cent in Eastern Canada. Since

L942 the real prices of fertilizer have been lorçer than the real- prices

of crops in both parts of üanadau except ouring IlJ\ (Ftqures I ancl 4)"

The dor+nward movernent of the rea] fertilizer ¡:rice is likely to ccniinue

in the future through i-mproved production processes of fertilizer a.nd

increased connpetition amcng firms"
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This cha.cter is devoted to scme consicieratj-ons of a theoretical-

nature on which the ennpirica-.J study of the demand for resources is

based. The presentation is dil¡ided into tr^ro parts" Fj-rst, the basic

theory cf dernand for faetors of prcduction under pure eompetiticn is

presentedi secondl¡', sone concepts of economic dynamics are diseussed.

A. -ÐtgLi-g Theog of &mend f.gr. Re_slqç_es

Although static theory of demand fcr fa.ctors of production uncier

pure competition is somewhat oversrmplifiedo it serves as a useful siart-

ing point for construction of a stru-ctural model. ileady and Tweeten

lZ6, p" 42J rnention that r'(a) in some reopects agriculture is best rep-

resented by the purely competitrve market structure, and (¡) ttre firm is

a logical beginning point for analysis of nore genera.Ì, dynamic market

phenomena "rl

Staiic theory assumes perfect knowledge anci absence of .¡ariables

relating to time. I{ick" lry, p. ll5] states that €eoncmic dtatics are

those parts of economic theory r,¡here llre do not trouble about dating.

i{is definition implies tir¿t static theory does not attempt tc establish

any adjustrnent. lrStatics'¡ refers to situ.ations where equilibriun exists;

tha.t is, technology, tastes or preferences, asset distribui,ion and in-

strtutional setting are assuried i;o Ì:e unchangeC" T\+c general t¡rpes of

infcrmation are necessary to s;oecify the quan-Lity of a parì:icular factor

cÌemancl" One is the prc.iuctíon functionn and the other incfudes the

CHAFTEî ÏÏÏ

THEORETIC¡L FR.qviE ¡;OitK



prices of resources anci produ"cts,

The static iheory of deaand for inputs under pure competition is

well de.¡=lopei [tO, n.43-tt9i 2, p.369474)" .n brief si,.etch is preserried

here:

Let 'r.hs produ.ciion

T-f (xl_,K2,

'.+here Y is ouiput and 11,

used io ¡-,rodrrce ou'Lput Y.

Ievenue

71-_

Suppcse profít,Ã, is defined as the Cifference bet',¡een gross

and iotal ccsts, then the profit func'l:ion iriay be expr.essed as:

funciicn

l(. "xl_

¡'¡here P" stands fcr the price of output, Pxi for the price of input x1,

K for ihe given anount cf funis available for the firrn to spencì or in-

vesi in resouÌ'ces, and \for a Lagrange nultip]ier,retrresenting the marginal

rate of return on resource expenditur'e" Profit r'ril-l be maxinized vrhen

the anount ad,-ied to ihe revenue of the firn by an adriitional unit of

inpuis equafs the arrouni it aCds to costs" ïn other ïrcrds, all rescur-

ces are used at sueh levels that marginal revenue procìuctivity of ever:l

inpttt is equal to its marginal cost; i.e., net narginal rer¡enue cf each

rescurce is equal to zero lZ4, Cn^pter 2-6]. The condj-tions of profit

rnaxinization, as mentioned above, mâ¡z be algebraically defined i-n equa-

tions (3a) tc (3e) ¡y setting the partief derivatives cf profit for (2)

with respect to ea:h re ¡-curc€ \ ancì \equaì- to zero.

f (x* xe, xi,..xn) py - ,=, 
r*r", + ¡-(rç 

å 
e*fi)

KZ, . Xn represent different resolri'ces

take tlre form of

nt

¿.rJ

(1)

(z)
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equations (lr-")

ion as indicateci i

fn a staiic franewcrk of perfect knor:iedge

capital- woul-d not be 'ìimited, implying that

resource i-s zeroo Thus, the conditions of

in'.(4) beconre

29

(:a )

(3b )

ß")

(3d )

(äÞr',.,=€)u,

F')n

aLter n¿itì ve

n (4).

P.,/P*.=
.t '.!

specifications cf

(4)

and conpetition, financial

the narginal return of that

profit maximization defined

/Y=
"¿

ße)

,/_\. =íèL \P--lP =
1a';t/ Y xi

Fn=1 $)
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the quantj-ties'.rhi.ch specify the firnrs denan,l cr use for resoulces ai'e

ob'bainecì by sol-ving sinultaneous equations (3a-e). ?ne abcve conditions

provide knov;Ìedge about the quantity of any input that is deinanded or

used by the entrepreneuì as deiermined by the tecìrnical ccnCition of

prodnction or tecìrni-cal coefficients as shc',,rn in equation (t), the struc-

ture and the level of prices cf in¡:u-t s and product, and on the amount of

funds availab-l-e fcr investment] In specifying the quaniities of resorrces

used, output also is specified thlough the p,roduciion futicbion in equa-

tion (1). These ccnditicns anct relationships are important and relevant

for the firm and the agricull¡¡atl industry in respect to capital i"tens

of a biolcgical nature, such as fertiliz,er, seed, and insecticides

lz6, p. 461.

The static denand for rescurces obtaineci

riu¡nrr equations (3a-e ) **y also be functionally

DD- t\-: ¿v'T.=f l-^'a =l-^l_-\ÞtÞ,
^w 'wJJ

r.¡here T repi'esents the technical conCitions of producti-cn or technieai

coefficients of resources. ,t is the quantity of fixed inputs. Equation

(6) indl"ates that the quantity demanded fcr resource X, is a function

of technical eoeffic:-ents of resources, the factor/product price ratio

and the level- of fixed inouts. 'vúth sorne further considei'ations such

as tirne lag and other real .¡orll eonditions, the relation in equation 6)

provides a general basis fo:" enpirical study on cie.'rand for inputs.

Although the traditional static thecry has been useful in dealing

with n:any econonic crobleins, the entrepreneur rs or f¿rrnerts behavior in
-Åltirough financial ca;oital is theoletically assurneci to be unlinited

i"n perfect conpetition it is limitec ín ihe realistrc conciition,

ñr, ^k/

by solving the rrequi-Iib-

expresseci as:

(6)



3a

relaticn to the demand for rescurces renders static iheory somer,ihat un-

realistic. For example, a farmero ciue to l-ack of knowledge, uncertainty,

limited capital, frà¡¡ not use resources to the octimuni }evel as envisaged

by the static thecry. Fariners may not adjust instantaneously the anounts

of resowces used in response to cÌranges in prices ani tecirnology " It

is, therefcre, inevitable that dynamic consiCerations must be introduced

inio the static frarnei'rork to make ¿n estimation of the dema.nd for re-

sources in its actual- ciynamic setting 
"

3" The fu¡Am;tss qf ttemqtd f-og {eqggtges

In view of the importance of econotníc dynami-cs in'r,he empirical-

study, this section i-s designecl for discussion of the concept of econo-

rnic dynamics anci the forces ir'hich produce the dynamic nature cf resource

demanci "

ThC Eq¡c.qpl of qconen4g dl&aurqg. Hicks [2p, ,o" ]]Jlu following

his definition of economic statics, defines economic dynamics as rrthose

parts of econo¡nic thecry where every iiuantity must be dated.rr Baumol-

[S, n" t+] regards Hicksrconcept of economic dynarics as'tstatics in-

volving timert rather than ttdynamics.rt lie explains that in a model,

phenomena are not ccnsidered in their relation to preceding and succeed-

ing events; and if the process of change does not ccncern us,,¡re can

ccnsi-Cer the sj.tuation at a given mo¡nent. The moment ma;r be dated, bu'b

the analysis of it can be static" Baumol suggests that I'econcnic d¡rna-

mics is the study oí econornic phenomena in ¡relation to precedíng and

succeeding events,rr Frcm thís definition, one aay reeognize ihat

Baurnolrs concept of econo,*nic cJynamics em1:hasizes structural aspeets"



Harrod lZZ" ,o" 4] also emphasizes the changing struciural

tionship in economic d;rnamics. I{e suggests that:

In dynamicsn the funciamental conditions wilÌ thernselves be
changingu and the unknowns in the equaticns to be scl-ved will
be speciÍic magnitudes of output per annun but increases and
creases in the rates of outpuh per annum.

þnamics wilJ- specificall;' be concernecj r.¡ith
tinuing changes ancj wj-th rates of changes in the
be determineci lZZ, p. 8]"

l{arrodts suggesiions emphasize that dynarnics shou}d be confined to the

analysis of continuing changes as against once-and-for':all changes.

Samuelson []e, n. 352-8?1 argue,s that in order to unCerstand

economic problems of the real- world, one has to study dynarnics. His

conce,r:t of d;rnamics is best sumnarized in his olvn lvords:

Statics ccncerns itsel-f wíth the simulianeous and in.stantaneous
or ti-meless determination of eeonomic variables by mu'bira}ly inter-
dependent relations " . It is the essence of dynanics that eco-
no¡nic variables at ciifferent points of time are functionally re-
lated " . ø ø It is important to note that such dynamic systern
generates its o'¡n behavi-or over time. " This feature of self-
generating development over tine is the crux of every dynamic processo

ft is realized from these concepts that economic dynarnics con-

siders hor¡ changes in economy take place over tirne" In ínves'higating

changes in an economy, technical progress is indispensable" KIein

132, p. 100] states that rrin the period-to-period variations over a

'jong historical stretch, there r¡it} be rnuch technical progress"¡r In ad-

dition, lagged acijustment should be taken into consideration as well-

since the adjustrnents, due to psychologicaiu technological, and institu-

tional causes! rnay not be instan-i:aneous, but niay become perceptible only

after a period of time l3Z , O. 1 ]. 'rll these consicierations are drs:

cussed in the follor.ring sub-seciion.

2)

the effects of con-
values that have to

not
de-
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TeebnicA} .ghgnÆ., faeqç_d adjuqt_ment and deuê-qd !g resourqej;"

Technical- ehange has been described in man;,- I^,ays, Usually, technical

change implies the shifting of the production function over time 
"

Solor^¡ [42, p. 3127 states: - , .,..

. using the phrase rrtechnical change't as a shorthand expres-
sion for arlï kinci o-l shi{l in the production function" Thus, slor'i-
douns, speedups, improvernents in the educati-on of the l-abor force,
and al-l sorts of things '.rill appear as rrtechnieal change.rt

Solor¡ts concept suggests ttrat technical- change refers to an increase in

output produced frorn a given set of resources cr the same anount of

ou'uput prociuced with fewer resources" Certain technical ciranges are

designated as rtenbcdied.rr Solo¡.¡ [43, p" pl] states:

Improvements in technology affect output only to the extent i:hat
they are carried i-nto practice either by net capital formation or
by the replaceinent of old-fashioned equipnent by ihe latest models,
with a consequent shift in the distributicn of equipment by date of
birth.

The above statement inplies that an increase in productivi'by, in the case

of embodied technieal ehange, is real-ized from the improved quality of

factor inputs. It is likeJ-y thah productivity in one períod would be

higher than in a previous period if the quality of in1:uts has been im-

proved. The improvements in factcr qualit¡r could be embcdied in 1abor,

for example, through education and training, or embodied in cai:ital in-

puts such as im.oro.red conposition of fertilizers and better designed

machines [fZ].
r'n alternative r^ray cf introcìuci ng technicaL change is cal led

"disembcdied.'¡ Ïf an increase in productivity is due to reorganízation

of industryo irnproveci techniques cf producticn, suÞerior knor.rledge etcn,



rather

Itr3 , p.

So far, some concepts of technical change have been presented"

The attempt of this stucjy is to neasure the effects of total technical

change in crop production and other factor" (".g. fertilizer price,

farm cash ineome) on the demand fcr fertil-izer. Total teehnical change

in crop pt'oduction is that r,¡hich results from iechnical kno'¡l-edge about

inproved variety of seeds, fertilization, insecticides, and inereased

efficiency in the use of capiial asse'hs aniì operating resources used in

agriculburaL production. The introciuction of new technical knowledge

of crop p::ociuction hhrough research, edu.cationu and cther activities

gives better response to fertilizer used by farners. In addition, in-

creased efficiency of farm operation through s-r,ructural changes in

agricultural production such as changes in the farm size and the corn-

position cf i-nputs tnakes fertiLizer application more effective " À11

these affect the use of fertil-izer "

According to the static thecry mentioned in section A of this

chapter, demand for inputs is a function of input-prociuct price ratiosu

technicaÌ conditions of production and the quantity of fixed inputs.

Ciranges in quantity of inputs demandecl are, therefcre, related to tech-

nicall changes" Technical p,rogress l.ri-ll induce entrepreneurs cr farmer-s

to emplo.-y higher productive factcrs. ,Devel-opment anci aCoptiorr of im-

proved seed varj-etj-es, deveì-opment cf irrigation facil-ities, for i-nstance,

-,;iÌ] make fertílizer application more eÍfec'tive, a.nd hence enccurage

farmers to increase i-i:s use. Cwing -to increa.sed <.lem¿.nC for fertilizeru

than increases in inputs,

eOl .

34

then technical change is 'rdisernbcdiedrl
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research i,¡iL1 be 1ike1y conducted by the manufactriring sectcru with

economic incenti',¡es, on the processing of their ol¡tn product which may

b¡ing about a downward-shifting of cos.i: curves and hence a shifi; of the

suppty schedule. i.íth suffi-cient competitron among firms, ihe impact of

a shift of the supply curve may lead to a lot¡er supply price for such

particular input " Hence, further gro'nrth i n demancl f oi' fertilizer is ex-

pecte,J lz6, p. BZl.

Iric¡rrre 5 illustrates the intera.ction of technica.L change, demand

an<l supply of inpu'r,, ì{, in a dyna,rnic sense" For simplicity' üre consider

oniy two time periods, t1 anci t2. Curve Ï¡, is a production function

for the time period t1, r.rhile cofresponding curv"" Stl a.nd D,, are sup-

p1y anci demanci schedu.les, respectivety. Similar1y, Y¡a is a production

lunction representing the ne'n¡ technol-ogy of production in period 'i;2

whife S+ and D+ express suppl.y anci demand schedules responding tov¿ uz

technicai change in production in pericd t2 " Figure Ja indicates that

the shifting of production function r'¡i]l, -ge-!-Êrlg per-iþllg' change the

optinum use oÍ input X" For instance, at a given price ratro Pr'1, the

optirnum levefs of input,ui are, as suggested b)'th. static thecry, OXt

anci 0X, for pericds t1 and t2 r'espectively" Al-so, as shol{n in ii'igure 5b,

the shifting of production function (as shov¡n in Figrire Ja) implies a

shift of demanci schedule for input ¡ (from.!tr, to Dtr), beeause the maz'-

ginal val-ue pr.ccìuctiviiy curve shifts upward, provicìing ths price of

prcduct unchanged" Under the given suppi;i schedu.ìe (Stl), 't'he pri-ce

of input ,t may, r.n ihe shori run, go u.p from Fi to Pr. ilcv¡eyer, it

seens very likel-y to niove ,lc¡.¡ni^rarcì in ihe lcng run because the supply
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schedul.e of input Xo dtr.e to rapicì technologj-cal improvements in the manu-

fa.c'¿u¡'ing i-nciustry, flâJ shift by a greater aniount than that for the de-

nand schedule" In this case, the lower price, P3, in period t2 wilJ_

result in a decline in the p-rice ratio, fu}, and hence an even highern

leve1 of.input use, 0x3r as conipared with 0x2, if the price of product

r-ernain-c unchanged.

fnnovations in boih inpui-using anC input-furnishing sectors have,

as illustr¿Lted abcve, sorne ittfluence on the demand or use for i-nput-".

Nevertheless, becau-.e of tirrre lags farmers dc not adju.st their uses of

inputs to the cpti,'nu:n level irunedia.tely in resF.onse to new situations.

The idea of lagged adjustmeni has been well- expressed by Scitcvsì<;i

Ir,0, n. 4s-¿r9]:

The average consumsr has fixed consurrption habi-ts, whieh he has
acquirecì cn the basis of pasi price constell-ations; and it takes
time foi'a changed price to breal< an old habit anci forrn a new one"
T¡Ìren relative prices change or nevr opportunii,y arise, the consurner
usually ccni.inues in his aceus'honed grooves Íor a ,¿hile, because
he needs time to learn about a change, to appraise its significance,
anci moi'e tirne still to adapt his behavior tc it and face the in-
convÊniences or hazards thãt ehanging oners behavi-or often involves.
In ot,her words, people rs propensity to fornq habits anci iheir slov¡-
ness in adapting thenselves to ehanged circunstances render their
economic behavror a function not on1;r of current bui alsc of past
prices" The equating of rnargrnal values to pri-ces musi be conceívecj
of more as a goal constarrtly aimeci at anci approxinnated than as some-
thing aetually accoilplished at every moment of tirne.

In his study on 'fDistributed Lags ancì Demanci for Àgricultural

anC other Comnocìities,ri r\er]ove [3'l, p. 4] states:

DistributetJ l-ags arise in theory when any econonic eause (for
exanple, a price change or an incone change) produces its effect
(for exan¡.:Ie, on the quantity demanded ) only ãftur sone lag in tirne ;
so that this effect rs not fel-t alr at once, at a single point of
time, but is distributed. over a perioC of time
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Extending Nerlovets arguments l3Z, p" 5-T1e some major reasons

for" farmers not adjusting their uses of rescurces to ner.r situations are

statecl as follows:

t. Fsychologieal inertía is a powerful force. It prevents instan-

taneous adjustments or readjustments of the behavicr of farrners. For

exampleu farnersrciecision on the use of fertilizer.nay depend partly

on iLle cluantity of fertili-zer usecÌ in the previous year. In adCiticnu

changes in eccnomíc variables may be regarded as only temporary, Farmers

míght wait, to varying degreeso for more information to predict the most

likery outcornes of nerq technology, new inpu'ts, and price trends"

2. Technological reasons: it takes time to acqui¡s and to learn new

knowledge which is essen'uiar tc apply new inputs and i-mproved, or neÌ,re

technology 
"

3" Insti-tutional fac-tors such as land tenure anC contract arra.nge-

ments may also produce rigidiiy in farrners$ behavior rel-ating to use of

inputs 
"

4. Capital limitaiions may discourage rrimmeciiate adoptiontt of neri

technology anci new resources.

5" Risk avoidance or mínirniza.tion; because of ihe dependence of

crop p'roductíon on iqeather condi.tions, farrners often hesitate to use ner^¡

inputs or efse ínitially tend to use ainounts of them i.rhich are l-ess than

optimum levels,

,rdjustmenis in use or deitenci for resources näy take many cÌiffererrt

time paii*rn" [33, chapter'2]. To give a simpÌe but rather realistic
exarnple, cne of the acjustmeni patirs is il-tustratecÌ in Figure ó.



FIGURE 6

ILI,USTfr,ATTON OF ADJUSÍì4EJIT R¡,TE
ÏN IìESOURCE DÐ.TAJI]D

AI\TJ TT,IE PATH

orT

J9

l\ote: f . i'i represents the optimu,T l-evel- of resoulce use under the
new prrce ratio (px. pv-r) or technology (1,) 

"¿" r,i represents the q-üaätity of the resource usecl"
3. dÀj* -.ãié represents the change in resource use rel¡itive to iime,

t=0 time
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Let us consider the static denand function for inpu-L x1u namely:

P...\' -r r -'!1 T¡ -/ \¡!i-r- \[*-a r, ,tk )
v

lill- v¿.riables in equation (/) are interpreted as in equation (6). sup-

pose tha.t the quantity of input usedo Xiu is at an equilibrium situatíon

at time t=0, and tha'i; there exists a neeJ equilibrium levelu i'l[o as changes

in price ratio and/or technical conditions take place" Aecording to

Koyck 133, V, lO] , clÌïve iii is the adjustrnent path of Xi and lti ,oï
representing the change in input use with respect to time, is the time_

shape cf the reaction of X on price ratio and technical_ condítions of

production. Figure 6 inciica'ues that o due to some reasons nenti-oned

aboveo the changes i-n price ratio ancl technical condibions of production

will- lead io a new equiJ-ibrium of resou.rce use, as represented by l-ine i.,I"

Entrepreneurs or .iarinsrs, however, catch u¡r to this l-evel gradualì_y

rather than immediatei-y. /is shoirn by the cuïve of the tiine-shape, *,
cr

the rate of adjustment slor+s dor.¡n over .bime as ì,1 is approacheo 
"

The static theory and the dynamies of deman,J for ínpu.ts have so

far been discussed. All these provide the background for the formul_a_

tion of the mcdel-s in the next chapter 
"

Q)



The purpose cf this cnapter is

proposed modelsu choice of variableso

tions.

A. The ilosþl-s:

CÌIAPTE.t ÏV

TiiE- j,f ODELS alrlt ST.¿TTISTIC+iL COiTISIDER¿TÏOI\S

Tl¿o modefs are used for" the anal¡'sis of demand for fertillzey"

One is designed to derive aggregate fertifizei- demand funeti-ons which

consist of a long-run denand Í'unction, an adjustrnent equati-on ancj a

short-run demand function. The other cne is to measure the relatirre

contributions of factors to the growth of fertiiizer use. ,rl-l these

models are foi"mulated accordrng to the previous studies revieweci and

these hypotheses posiuì-ateci in tha¡;ter I, anC theoretical backgrcund

p;:esented in Chapter III"

to present a cjiscussion of the

anci some statisiical consicÌera-

i'{odql I. By apptying the

inand function for fertil-izer may

g(r") = at_B(x1) + azs(Lz) +

concept of grol^rLh rate, a long-run de-

be develo¡:eri as folfons l4l,

: rat,e of

; rate of

. p¡*a nf

. " + aig(;ii)

+ ang (r..,rl

growth of the

change in the

change in the

J

+ s(u)

expected fertiiizer

real price of fertilizer

real- price of crcps

(8)

use



dx.
/-, \ :ls\\/ = ;î' "

dX
s(r-) = -rJ¡r cltr

I
î:
"l_

1

rLll

: ra'he of ehange in

variable,

: rate cf shift in

resulting in the

.function,

error ternt,e(U) : a randcrn

â., = #..X¿
' u\_ Y+

respect to

fertilizer

-- /.
^i 

(1 = 1,

use, X1 is

X2 is

Xi is

Xn is

the í-th incìepencÌeni

The magnitude of ri.e(\.) in uquation (g) is tnu measure of ilre in*
f luence of the \th varia'ole on the growth of Íeriilizer use. Tne rela-
tive contributicn of variable xi can be neagu¡sr by aigÇrr)/e(î), where

Î* i" the esiimate of the expecteci revel of fertiLizer use,

In order to measure the ¡elative contributi-cns of the asscciateo

faetors, tlo assunptions nust be marle. rt is, firstl;r, assurired that
the ar ts(i=1,2, - . n) are fi:red paraneters over the period of analysis.

secontll;r, since the level of technology in ths erop production is not

4vailable! I're as'sune thai technical change in crop proclucti-on was such

that the dena:rd -function for fertilizer shifted at a ccnstant rate.
Under these two assurnptions, e.lüati_cn (B) can be rewritten as:

2, . n) i^rhere Y* is the expected cluantity of

the re¿Ll price of fertilizer,

the real- price of crops,

the i-th indeperrdent variabl-e as indicated,

the level of technology in crop produetLon.

the long-rt¡.n elasbicity cf clernand wiih

crop production function

shi-ft in ferti]izer demand

4z



where ì'[= ans(i{n)l is a constan'b paraneter representing the average con-

tribut,ion to the shifting of the fertilizer demand function 
"

The solution of the differeniral equation (9) yrelds the long-run

demand function:

s(Y+) = al-B(xr) + ars(x¿) + . . + ars(ir) + " . +r+ e(u)

a¡+
a- 2^,-- -. r,-*¿

= ïn' /- i-*o "ft'2t

r.;here ï$ is the expected quantity of fer.tilizer

and t is timeu Expressed in logarithmic formo

log Tf - log T[ + arlog iltt + arlog X2t + + artog \.

EThX.: e U,
l_ï -[

-l'his dema.nd function determines the expecteci quantity oÍ fertilizer use "

since the expected quantity of ferti-l-izer use, Tt, is not obser*

vable, the paraneters is equation (l-I) cannoÌ; be estirna-r,ed directl¡'.
However, the estimatic¡n rnar'v be car.lie,l ou.t tirrough ihe introduction of

an adjustinent equation developed by Ìrïerlovu l3ó]. l.ollor"ring up .irlerlovets

assumption the aciual- quantity ciemanded, betr^reen one period and the next ,

changes cnly by scne fracticn of the difference between the act,ual level

a,nci the expected level-, ihe acijus't¡neni process naJ¡ be expresse,: by:

43

e)

(10 )

use in the initial period,

equation (10) becomesf

+yt + 1og U¡

Ilogarithni 
always refers io n::'tura} togarithm in this stu.C¡r"

(1})



log Y* - Ios Yt_t- = .< (fog fi - ios yr_f)

-øhere Y¡ is the actual level of fertilizer nse in the current J¡e,rr,

ï*_t is the actual- level of fertilizer use in the previoi-rs x€tr,

"( is the coefficient of adjustnne¡lt inciicating that proportion of

the complete adjustnent to the expected l-evel that is rnade in one time

period.

substituti-ng ecluation (l-1) into equation (rz) and solving f or

Iog ï*, we obiain a short-run ciernan,:i fnnction;

4log Ti -"dlog To +J.a1log

I

l'his is the basic equation esiimatetl thrcughout the siitciy. An

estimate cf the coefficient o-f adjustment is obtained by subtracting the

coefficient of i;he lagged cepencent r¡ariable y¡_1 from unity" The

ratio of the regression coeffícients to the esiinates of "{ are estinates

of ,oararneters in the long-run demantl function (il) 
"

0=.( <1

t+4

(tz)

Xtt +,(a2log riat + " +"darlog qt

uq'de} u" The average relative conrribuiions oÍ variables

s'[';riied to the gror'rth of fertilizer use can be neasured from ihe fol-
lowing f ormulations:

r¿ ¡. t + (f-¿) 1og Y, . +"(los U."r-r"t (u)



t+j

ãl¡.1
a. *laj : the ¡elaiive contribuiicn c'f tzsr-i'l-r^ -r-

I 
^+ 

utr! r çÅaù!vu vurt!I 4vuu{Jll u¿ \,af a3l/-!t 41 o

c(Y )

+=* : the rel ative ccntríbution of technica-l change ín crop
ã(Y )

lrr odu.c-bion lvhere

- ,1i' rg(Y ) is rhe estimateC averagÉ gror,rth rate of fertilizer use,

g(fii) is the average rate of change in varíable Xi"

e(i.) anA [(Xi) can be estirnated fron the fol]-or¡ing equations:

f,+ _ + ^ e(î*')t
to

v - v ^ 
g(äi)t

,'j. - ,'io "

where e is a ccnstani (¿.Tl'BZg) 
"

B. The D_alg æ !þ T/a-qia.bl=cs

Data. used in this stud¡' are tínte series obsei.vp-tions nacJe ar¡ail-

able by v¿,rious sources: the Ðominicn Bureau of Statistics, the 3oard.

of Grain Conrnissioners for Cana-cla and the Ce.nadian j,.,heat Board"

The variabl-es included in the empirical anal./si s are i:rased on Lhe

h/potheses set r,tp in Chapter I and the theoretícal background of deinand

for inpuis presentecj in chapier rrr" A description of ihe va:'iables

selected rs given as follol.¡s;

Ïn = national purchases of total fertílizer by 0anaCi,an farners

during one tirne perio<j , f rom July I in the prevrcu_s year ,ûo

Jr¡ne 30 in the curr.ent yeår, and measured in tonnages,
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Ïi = t'"gional purchases of total fertifizer b¡i farmers in ihe i-th

region during the perioC as rnentioned above and measured ín

tonnages,

Xl = th" real price of cornpcunied fertil-izer (the ferti-lizer price

index deflated by the composite inde:; fcr the current year,

r.¡ith 19J5-1939 used as the base period) for the nation or

regions as indicated,

L = the real price of crops (ttre price index of crops defla.ted by

the gener"al whclesale price inciex, with 1935-1939 used as the

base period) for the nation or regions as indicated, lagged

one year,

Xa = the inciex of total farm cash income frorn crops and l-ivestcck)
deflated ì:y the general ¡¡hol-esale price inder, rlith !935-L939

used as the base period, for the nation or regions as indicated,

and lagged one year,

Xr,+ = the ratio of current ferii^Lizer price to 'uhe pr"ice of crops in

the previous year, f or the nation or regi-cns as indicatr:d,

= the quantity of export of grains and grain ;oroducts for Canada,

neasured in inillions of bushels, and l.agged one yeare

= the total cropland å.creage for Canada in the curreni year,

= the ratio of the feriilizer priee to feed price for the naiion

and regions as indicated

= tirne (1,2, " " . n)o relating to impro.,red knoroledge of tech-

nology.

t

Xrô

.)
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lhe cause anci effec'i: relaticnshi¡:.s beti,¡een fertrlÌzer dein¿lnd and

r¡ariables stucjiecì are presentecj in fig;ure l. The arro¡rs i-n Figure f

shol.; ihe Cir"ection oí influence of the factcr^s affeciing the use of

f ei'tili zer'" They shor,* that in adciition 'bo ¡he f ar"rn cash íncome and

expcrts cf gr.ains, t€chnical changes in crcp prcduction and in the fer'-

tilize¡ industr"y are irnporiant íac'co::s inducing the grc'xth of fertilizer

use " irlso, i,he Ëigure inciicates i;hat there e;tísts inberaction b€-tI.reen

teciinical changes rn the agriculture and the fertilLzer incÌusir:y r"¡hicir

accele::ates tlre expa.nsion of fertilizer use"

iTIGUi.E 7

IITTCTORS ,+SSCOLTTED i'.fT¡i T'Hjr GROlllTH 0F FERTIi,IZEft USE

The Grov¡th of
Fertilizer úse

rt@
I 
Pr oiu ction,, r-r¡rcti onl

,/_,/ffit^t
| ÞupplJ irunctaon 

I

Expcrt of Grains
anci

Grain Fr=oducts

Shift in Eertilizer
Dernanci Function

lÞcline of ff.eal
Fertilizer fuice

Competiticn
lrnaong .lertil.i-
zer Sui:pliers

'l'echnical Change
LT)

Crop Frcduchion

'Iechnical Change In
Fertil izer fu oduc'uion

anci .,íarketing



C " Süatiqt:i{:¿È eçnsíciqra-tielrs

Tine seríes data are imporiani in an inr¡estigaiion of many dyna-

mic phenomena in the econorny. Hoç^¡evero probierns of multicollinearity

and auiocorrelaiion usually arise in time series data" This section

ciiscusses these prob-ierns and outlines the appropriate statistical esti-

mation procedure used in 'bhis study"

rtbl-t_icgl-ligegri :¿" .i{u1ticoll-inearity rs present -"¡hen two or more

of the explanatory variabl-es in a relation are highly correlated" i{u1-

ticollinearity makes it difficult to disentangl-e theír separate in-

fluences upon the ex¡-.1line,! varrable and ob.i;ain a reasonable precise

estimate of their relative effects [3f , n. 201]" If perfect rnul-ti-

coflineariiy exísL.s (i.e., trn¡o explanator)¡ variables are perfectly cor-

related), then it ís im¡:ossible to obtain least-squares estimates of the

regression coeffícients [3f , n " 202f, ',,'I]ren two or mcre of the explana*

tory variables are highly ccrrelateii but not perfecbl;r, the standarcl

errors of the estimated paramete;'s are very la.rge. ilence, ihe estírnates

of parameters have an uns¿:.tisfa,ctorily low ciegree of precision [3f, n.204],

It is possible to har¡e a high value of R2 but nci statistical-Iy signifi-

ca.nt anci the test of all coeffícíents is not significantì-y different

from zerc [f6, O. L%1. Hoireveln vrhen forecasting is a prirnar¡, objectiveu

then multicollinearity may not be too se:'iorrs, if it may reasonably be

expected to continue in the furur" [:f, p" ZOT\"

48

euloqgçgcla!ç.i] esgs ano q!A!iet;Lç-s] e_sthlgtign rggsgdUrsg" In

regression anal;rsisu -uhe basrc statisiical probÌerns are to deternine the
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nost appropriate estirnai;ing prccecÌure and to tes'b the significance of

the results. The classical tecnníque is the nethoci cf Ìeast-squares

(t.s.). ünder ceriain assumptions, the L.s. method gives the 'bestrl

estimates of the parameters and also proviCes that the standa:.d t-test
cf significance is appropriate. Jut the underlying assumptions may not

be ;olausible. One of the crucial assurnption necessary f or the applica-

tion of the L"S" procedure is that'r,he resídual errors are not serially
correlateci, being cirawn indepenijently in each time períocl from a stable

nornal- poputation flr, p" 106-16] . Hor.rever., in the case of econotnj-c

time series, this assumption is not often fulfilletl" Cocirran ancl Orcutt

[7 J fist three causes of au.toccrrelated errors: (l) an incorrect speci-

fication of +"he f orrn of relationship betureen economic variables, (Z)

omission of explanatory variabl-es whose influences are reflected by the

disturbance tern; if the omittecÌ variables are pervasrve ancl if ihe

omitted variables tenci to ncve in phase, then there is a. real possibility
of an autoeorrelated ciisturbance term, (3) errors of measurenent in the

data" Autoccrrelated errcrs cause three main consequences in apprying

the L,S" procedure flr, p" IZgf, (r) tnu sani,oling vari_ances of the co-

efficient estimates may be unduly }arge cornpared with those obtaine,C by

a different methoci of estimaticn, (Z) ttre esiimates cf these sarnpling

variances a-re lrkely to be seriousì-y unierestimated, ancl (3) predictions

rnay be inefficien'bu i.e, the;v nay have needlessl_y lar¿e sampling va.riances"

fn ad,i.ition to the probleins nentioned above, the direct a,oplication

of ihe L"S" procedure is inappropriate as ¡rell when a ì-aggecl endogeneous

var"iabLe is incl-uded as an explanatcry variable" Hunricz lla, p. ?,65-üf
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has dernons-LrateC that the L.S. estimates of the coeffíeients of auto-

regressi''re equati-ons (equations util-izing the lagged en,Ccgenecus variable

as an explanatory variable) are biased in snall sanples, Ther.efore, the

L"S. estimation of equations derived from Nerl-ovets ciistributed leg

mociel are bia.sed esti¡nates of the regression coefficients in smal-l

samples even r.¡hen the errors are independent" Griliehes [18] iras shoi¡n

that when autocorrelation ¿lrises the L"S. estimates cf the regr"ession

coeffici-ents are biased even in large sarnples.

;ilthough several statistícal tests such as the Durbin-i',atson

test f 9] anO the von i\ieu;nann's ratio test [tO, p, 335] are avail-ableu

Ladci ancÌ i{artin []4] have shoi¡n that these tests appear to be weak r*hen

an equation contains a lagged value of the dependent variable.

In order to overcone this diffícultyu Fuller anci i,Iartin Ifa]
have develcped rtautoregressive J-east-squaresrt (rr"L.S" ) to furnish a

nore powerful test for au-boccrrelation, especially in an equation con-

taining a lagged dependent variabl-e. ihe ¡"L"S" esiimation prccedure

is one nreihod of obtaining estirna-hes of the para:neters of a Iag model-

when errcrs are a.ssumed to folloi^¡ an autoregressive scheme. A"L.S.

simultaneously yields estimates of the autoccrrelation coefficients"

The /i,L"S. approach ís employed in this ,study and summarized in Appen-

ciix D"



This chapter provides and evaluates the empirical results derived

for the naticnaf and regional de-and functions for fertilizer estirnated

by the autonegressive lea.st-squares approach" The presentation ccnsists

of tirree secti-ons. The natíonal demand functions for fertilizer are

presented in the firs'u section, The regional demanci functions are given

in the second section" Foll-o¡,ring thate a measurernent of the relative

coniributions of the factors studiecl to the gror,rth of fertilizer use is

providecÌ 1n ihe last section.

"â" The ìùational æ¡tê¡g Functiq! for ¿11 conunerqial Fe.r!*ia-er

The resul-ts oí ihe national demand funciions lrith three or four

vari¡bl-es in Cobb-Douglas fcrm for the time period Ig26-Ig65 (omitting

I9l+O-lr9l-+5) are given in Table IV" Folloxing this, the numeri.cal results

of the naticnal demand functrons f or the pre-i^rar perio,J , I926-L93!, and

for the post-rvar period, l-946*1965u are also discussed, respectively,

Standarci errors are given in parentheses bel-ow the regression coefficients,

The coeffi-cient of cletevminat,ion (R2), st,andard erroïs of estimate (s),

autocorrelaiion coefficients (Q), and tlie coefíicient of adjustment (¿)

are also presented in the sane Table,

There are ir.¡o equations (i'J"l and i'ì.2) for the time perioci 1926-

1965 (onritr:ing L94O*I945I showing thai tl:e R2 values r^rere aLl higher than

"97 anc were significant at the l-per-cent level, indicatirrg tLrat abou.t

ü'IFF.ICÀL litl SU LTS A¡iD Tä¡lïfi. Ilì'l T'Ei' HIE T,rTIOiri,S

CHAPTER V
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97 per cent oí the variation in fertifizer use ivas explained b;' iheír

cor'Ì:espondrng inciependent r¡ari-a-bles; namely, the real fertil-izer orice

(x1), tne fertilizer/crop price ratio (1"'4), th-^ exported quantity of

graiirs (t5), the acreage of cropì-and (xó), the actual ievel of fertilí:

zer consumption in the previous year (t*_r)o and the tirne i¡ariabfe (t)

relaiing to improved l<no'¡Iedge oi' techno'logy. The remaining i per cen"L

of the variaiion of the dei:encient variable may ha.ve been due to variables

r¡hich ar.e not íncluded in the equa.-hions studied. fhe regression co-ef-

fícients in these tr"ro equations l+ere significant at eittrer a J-per-cent

or a l-pei'-cent l-evel- i,rith tire excepti-cn of the acreage of crop-Land and

in eqrration lí"1" The mean elasticit¡' for the fertilizer price, inthe

slrort-rrln, Íias about -L.065, inclicating that a l per cent change in the

fei'tifiaer prìce in one direction has been asscciaieci r.¡ith a Ì.0ój per

cent change in fe-rtilizer ccrìsumption in the other direction for the

tinie period coverecÌ, i"e., a l- percent cjecrease in ihe fertilïzer price

r.;i11, ceg,lqrlg F€l-!þ!s, cau.se a 1.C65 per cent increase in the fertilizer

use a.nd.¿ice versa" The mean elastici-by viíth respect tc the ferf.Ilizer/

crop price ratio i,"as about one-half of thai fcr the ferti'lizer price, im-

plying that r";hiie the fertilj-zer/crcp price ratio affects the prcfitabil,-

ity of ferLilizer use, it is possibie that farmers are moí"e responsive to

a change in the price o.f feriiiizer than to a. cllange in the price of crcps"

The regress-i on coefficient f cr the grain e;rports (-'15) r.ras abcut "Ì1

and r^ras signiflicant at the J-per-cent level, This coefficient inCicates

iha'i: a I per cent increa.se in the grarn exports r.ias predicted to increase

fertilizer consunlÐtion b.;r ,11 per cent lhese finciings ccnfirn that
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farmers respond not cni--v tc the prcfitabilíty of fertilizer use but aiso

to the pctential l.¡orl-d market of grains. The sign of the regression co-

efficienL for the acreage of croplanci was, as expected, negativeu rêP-

resenting an increase in fer*uil-izer use r'¡ith a Cecrease in the total

croplancÌ ""ru"g""f 
In other viorcis, a substituticn effeci between the

acreage of cropland anci the quantity of fertifizer dernanded exists" How-

ever, the statistical- test of that substitutional effect was very weak 
"

The regression coefíicients fcr the time variabÌe 'n¡ere "02 anlì .0J in

these two equations (r\.1 anci ì'i"2) r'espectively, suggesting that the

dennand function for fertil-izel has shifted u¡:,ward cìuring ihe period

a.nalyzed. I-t seens possible that this uprvard trenci of fertilizer use

-v¡ilf continue du.ring the next cjecade sirnpì-;r becau.se of further tech-

nical- irnprove:nents in crop production and scne deveiopnents in processing

anci imprcving basic materiåIs used in fertilizers" The estímated re-

gression coefflcienis for the lagged dependeni varíable (Y*-f) were

signifi-cant in both equa.tions, inciicating th::t i-armers do have inertia

in cìeciciing the level of fertilizer u.se. For example, according tc

ecuation N.l, abcut 40 per cent of fertilizer used in the curreni year

rias cie¡-.encjent upon the level of fertilizer u:ed in the'c'revious year.

On ihe other hand, the c:uantity of fertilízer used by farners rüas pre-

dicterl to be about 60 per cent of its adjustment in respect to a change

in the fertilizer price, the farm ca.sh income and inproved techni-eal

hire signs cf ih-'
rjemano ¡u¡sf i on baseci on
,,À:0, /;5>0, ìi6<0, \.4,

regression coefficients of ihe varíabl-es ín
epI¿gr-i ex,cectatrcns are; X1<0, ^2>0,,{j700t>0, ïn_170.
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knoril-edge" In other wordsu farilers ïrr€r€ uh&ble to acÌjust feriilizer

use instantaneously to a new siiuation. The l-ong-run price ela.sticity

for fertilizey wa.s about one and half times þrgher tltan the short-run

elasticity, based on equation N"1."

Table IV al-so shorvs the results forthe national fertilizer con-

sumption f or both the pre- and post-war periods. For ihe pre-r,;ar

perioci L9¿6-L939, the short-run dernand el asticity r^rith respect to the

fertiiizer/crop price ratio was about -.68. It i,'ias rnore inelastic than

i;hai in the overall period bui was relativefy elastrc as conrpared lvith

ùhat elasticity in the post-'niar perrod, L946-L965. 0n the other hando

in comparison with equations i\.1' and i\.6, the regression coefficient

for the time variable in the long-run model ¡¡as smaÌler in the pre-irar

period than in the post-war period" The results imply that due to

greater improvement of technical kncwledge, the shift of the ferti'ìizer

ciemand function has been greater in the post-war period than in the pre-

rnrar pericd. This is consistent v¡i-bh fertilizer experirnents thror:gh the

nation rohichr ha-7s s¡.r.red an important yield. response from fertilizer ap-

plicaticn since rrrbrlci War fI.

Equatíons i\"1¿ ani i\"-( sþsi¡ that the price of crops and the farm

cash incomes irere also significan't factors aff'ecting ferhilizer consump-

tion in the po-st-r,;ar period" The short-run elasticíty for the price of

crops'^ras ¿Lbout "242, indicating that a I per cent change ín the price

of crops Lias been, o-ther things remainíng equal, associateci r¡ith a .242

per cent cÌrange in fertili-zer ccnsi,i.npticn. The shcri-run eiasticíty for

farrn cash incone r¡ras about .?84, su.gges-cing ihai a I per cent increase
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in far¡n cash j-ncone i,res expected to resul-t in a ,284 p,er cent increå.se

in f erti-Liz:er use. Thj-s elasticity refiects the influence of farm

cash inco;rre in thc p;:evious y.ear on ilre fertil,j-zer purchase in the fol-
louing year'. T'he e;<poi'te,i ciuantíty of grains i¡as also incruderl in
eciuatiori rj.ó. riit[ror-rgh the regress:ion coefficient inciicatecì a, posi-tive

ef'fect on fertihze¡'use in the post-r,'ar i:ericcl, it was not siatistically
si.gnificant because of the h:.gh cor'reration wíth a iine variabl-e.2

The coefficients of adjustnent, as shoru'n in equations i{.1 aniì i\"6,

tenrlecj t,c be sn¿l.ler in the post-r.r:r" p=i-j-od than in ilre pre-r.;ar pericd.

These findi-ngs lnrjica.te that due to accunulative effects of adju.stment

in the use of rescurces fertil.izer demanc in the post-,;ar period has

heaviì-y de¡-,endecÌ upon the amount of fertil-izer use in the pr.evious year.

fn cont-rast, cnly a snarl remaining propcrtion of fertilizer pnrchase is
expected to acijust to a change in t,he fertiiizer price, grain exporiso

and irnp'rove,j technical knowlsdgs ín the current crop yeaï" For example,

according to equation ì(.6 the aCjust;'ner¡t coefficient (,() was about ,11,

It suggests that cjue to accumulative effects of adjustment in resources

use' about 89 pu. cent of Íertilizer ccnsunipticn has been dependent upon

the quantity of ferbilizer use in the previous year and due to linited
funds available, ri-sk anci uncerta:-nty cnly about 1l per cent of its use

was orecij-cted tc aCjust to a change in the causal variables stucjied in
the current crop year.

Because of the relati'¿ely s:na1l coef íicient of ad justrnent, the

2-
f X. t = .'1Y'i, see Table E-Z in Appeni,x E.),



long-run efasticities were, as shot-in in Tabl-e IÌ1, all subsiantially

greater than the short-run elashicities and also greater than those in

the pre-war period "3 i''loreover, the regression eoef ficient fcr the time

variable was nearly six tines greater in the posi-war period as compared

to that in the pre-i\7ar perícd, based cn equaticn i'i.l anci i\,1"6. Thís find-

ing suggests that the gradual infl-u.ences of technical- lcnonledge as rep-

resented by ihe time variabl-e r,¡ere much stronger since 1946 than before"

Due to the declining original nutrient stock in soils ancj the accumuia-

tive effect of fertilizer use during ancì since the war*time period, the

demand function for fertilizer r'¡ouLd be expected io shift upr.rard" In

addition, the inirociuction cf im,oroved seeds, and the effects of ccmrner-

ciaf. advertisemen-h, ex-i:ension servrces r^¡ould also raise f ertil-izer cie-

mand,

The autocorrelaiion coefficients (?) fot' ail equations i.rere sig-

nificant at the 20-per-ceni or higher levefs, indicating that the resi.-

ciuals were autocorrelated" 'I'he resul-ts support the application of the

autoregressive least-squares appr"oach to this study.

B" The Resienal. Jçügß {ruC-!å-gåå for AL] B:mnnerglal ¡qertilizer

HarTi¡19 analyzecÌ na-tional fertilizer demand functicns ín ihe pre-

vious seetion, the nunerical resul-t¡ of the regrcnal fertil-izer denand

57

â
l

'The regression coefficient for lagged depenaent variable (Yt-f)
in equation i"1"4 r';a.s not significantly difí'ereni from one at ihe 5-per-
cen"L leve}, implying ihat the adjustment ccefficient (¿) was apprcxí-
maiely equal to zeio" This su.ggests that there r.;as no adju.stment ai al-l"
ThL'Ls, the l-ong-run elasticiLies r+ere noi derived fer this equaiícn"
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functions are evaluated in this section and ere surnmarized in Table V,

rtrI, VII ancì ;lppencìix F respectiv"l-y.4

Regional dernanci equaticns for the total period L929-I965 (omitting

L94J-L}45) are presentecl in Tabte V and Appendi;r F. The i?2 values r.rere

significant at the l-per-cent level in all regi-cns o ranging fron .))2

for equation F"l in the Atlantic region to ")8J for ecluation R.4 in 0n-

tari.o. These equations, therefore, ailpear to be a rneaningfr-rl and use-

ful expression of the demand for fertilizer. Tne regression coefficients

for the fertilizer price (;i1)were significant at ihe l-per-cent level in

the Fra.irie region anci Bri'hish üolurnbia. 0n the al¡erage, the short-run

regi-onal price elasticities for fertil-izer" variei between -2"0T and -"09"

In generaì-, the ccefr-icients indicate that the ciemancì for fertilizer T.Ías

affeciecl greatly by the price of fertil-i-zer in those regions where fer*

tilizer consumpiion has exp.lnded rapidly such as the I-ìrairie region and

L3ritish columbia" 0n tire other hand, ihe denand for fertilizer was

I'reakly affected by the ferj:iiizer price in ihe older using regrons, i.e.,

the :rtiül-rtic, "¿uebec a.nsi c¡r-Lar"io regions. Tn equations containing the

price of crops, the highest price elasticii;¡ru "6è, ,¡¿s in ,ìuebec, fol--

lo',"¡ed by .J8 in Ontario" The elastici+"y fcr the crop price v;as rnuch

lor,¡e:' and less significa.nt in Sritish Columbia anci it '.¡as neither con-

sistent i-n sign p6¡ 5ìgnificant in the Frairie region. r-he resul-ts

srrggest that the deinand fcr fertilizer v;as p:'edic+ued to be significan'ii-y

Eo,uaiions indicated by F"i, (i=I,2
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responsíve to i,he príces of cash crops such as tcbaccc, potatoes, corne

rtegetables, anC fruits but not to the price of sm¿.l-ì- grains in mixed.

farning areas, e.8., Onialio and Quebee. The mean shor-L-r:un el-asiicity

of fertilizer use in respect to the farm cash incorne irras significant at

the 1-per-cent level in the Atl-aniic region ',vhere the level of far:n

incorne nore clearly affects funds avail-abÌe for the purchase of ferti-
iizer. 'Ihe regression coefficients fcr the tiLne variable ranged from

"a687 in the Prairie region to .a\j in the iitl-antic region" rhe co-

efficients indicate that techni.cal l<nowledge rda.s a mucìr nore important

facior affecting fertilizer use in those regions '¡¡ith the mcst rapid

rate of lncrease in fertiLizer use since L955. The adjusi:nent coeffi*

cients (,{) ranged from "4j in the Frairie region to .6'l tn the ;,tiantic

region" In general-, t,hey i¡ere snal-l-er in ihe þreirie region and ¡3ritísh

Cchirnbia th¿ln in the atlantic, ;juebec and Cntario regicns" iis indic¿-ted

by results, due to accu¡rulative effec'Ls of adjustment in::esource use

fertilizer consumption in the curuent crop vear has depencÌed upon the

quantity of its use in the previous year to a greater extent in the

Ilêirrêr using regions ihan in the older using regions. In other -nrords,

a. relativel;r small proportion of fertilizer consumpticn in the nei,¡er

using regions r¡res expec'beci to adjust to a change inthe fertiLizer price,

íarn cash iïcorn.r, ancj improvecì technrcal krro',lledge in the current crop

:)/ ear ,

Since Cntario is a highly div:rsified agricultr:raI ayea, fa.z'ners

with l-imíted capital nr,tsi decíde l,virether it is n'icre ¡rcfitable tc in-

vest theír l-irníteci funds in fertíl rzer or feei íor "l ivesicck enterpr.íse"
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To consicÌer this fact, an adciitional equation coniaining the fertilLzer/

feed price raiio (;i7) t"as speci-fied" The coefficieni for this variable

was significant at the 2O-per-cent level-, indicating that it was also

a significant factor affecting fertilizer use in Ontaric. 'Iher"efcre,

lhe increased fertilizer use in Cntario cou'ìd be partly attributeC to

the fa}l cf fertilizer ¡:ri-ce relative to ihe price cf feed u if these

were the critical variahle costs ínvolr¡ecl lcr those farmers making

choices betlseen l-ivestock anci crops production.

In bhe long-run, the ¡nean el,asiicitíes rn respecL tc the ferti:
ILzer price t¡ere substan'r,ially greater in ihe Frairie and Jritish Colum-

bia regions than in oth* regions" Ho'n;ever, the lcng-run elasticities
Íor the price o-f crops rvere relativety higher in the ol-cier rising regions"

The Cemand for fertilizer'"{ås aiso elastic r¡ith respeci to the farm

cash incopre in ihe At'lantic region. The coefficient for the ti,-¡re

variable i.ras, in the long-run, the higirest .r5 inthe Flairie regíon,

follovred by .A? (equation R,3) in Ontario, .04 in :ìtiebec ancl "0¿r ín

British Columbia" I'he loi^¡est r.ras sþ6u1 ,00J in the Atlantic region.

The resul-ts su.ggesb that the deme-n,l funciion for fertilizer has sìrifted

ri.ghtr,reff'C rnost rapidly in the Prairie regicn i,¡her.e i-.chnical- knorrrledge

abcut -vield respcnse of grains from feriil-izer was more recenL as coin-

pared to the other regions.

For the pre-T.'rar oeriociu the applícation of distributed lag mccle]

appears sornewhai discoui:aging becau.se in most equaiions, as shcr.rn in
Aopenciix F, tiie coefficients for lagae,J depeniìent variabre (Tt_l) were

either ínsignificant or dio not have the ccrrect sign as hyiro-bhesized
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by the distribu'bed lag modef" Ït indicates that the adjustment coeffi:

cients (X) were not significantty,Jifferent frorn one, irnplying theit all

of the adjustments io a nerir equilibrium bras ccrnpleted within one yearr

and there I.Jas nc significant lag in response. lherefcre, a iheoretical

static noclel involving the fertíIizer/crop price ratio ancl time variable

i.,ras employed f or all regi-cns.

The resul-ting equations are given in Tabie 1fI, Generally sueaÌ<ing,

the coefficients of de'r,ernúnaiíon (nZ) in all regions except for tsritish

colurnbia l.rere significant at the l.-per-cent level, rn all- but the

i)rairie region, regressicn coefîicients haC correct signs and were sig-

nificant at the lO-per-cent or higher level s. 'the el-as'Licities for the

fertil-izer/crop price ratio varied frorn -1./2 ín On+uaric to d.33 in

liritish Coiumbia. In general, the demanCs for fei:tilizer l^¡ere relatively

el-asti-c for the fertilizer price in Eastern janada in the earlier period"

The abo¡¡e results hlere expected because the heavy users of commercial

fertilizer r'üere in Eastern üanada. l,{ore ihan p0 per cenb of the Canadian

total- i^rere used in the ¿tlaniic, Quebec, and Oniario regions" Very tittle

fertilizer was used in i'æstern Canacia before ¡¡iorici ],r'ar II" Fertilizer

was sefdon reconìJlendeci foi'the grain crops in the earlier periocl since

the criginal soíl nutrient stock ¡.ias abundant. Thus, farrners in l','estern

Canacia r'ri€ts€ oot responsive to the relative price of f e::tilizer, The

estimate of the coefiicient fcr the time variable, "334, in the Frairie

was much qreater than one r.roulC e:;peci on A !f.þ1å grounds because the

level- of technical- kncr¡lecige abcut fer.tifizer i.jas very f6¡¡ in th:.s region

during the= pt'e-r+ar períod" rhe time v¿.rieble inclucied 'Lhe effects of
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other variables r^ihich'¡ere not ínclr:ded in the equation. The coeffi-

cients for time were .064 and ,056 ïn Ontario and Quebec respeu-'live1y"

The results appear tc be o,uite reasonable sínce fertil-izer use has been

wides,oread in these areas in the ear"iier period" Fertrlizer consurnp-

tion was consiCerably affected by technicaì kno,¡1edge in this lreriod.

TLre coeffícients fcr time r¡ere negat-ïve in the ¿tlantic and Briiish Co-

lumbia regíons and were not consisient rvith our hypothesis.

Von r\eumanrs Ratio was used to tesi, autocorreiation for the

static demano functions. The test indicates that no autoccrrel-ation

exists in resíduals in all regions.

The empirical results for the post-war period indicate that the

demand eiasticities with respect to either fertilizer price or fertilizer/

crcp price råtio tended to be greater in the regions iuhj-ch have increased

fertilizer use mostly since l'946; nanely, the Prairie region anil Brítish

Columbia" It is true that fertilizer is a new factor oí crop protlnction

in vr'estern Canada, esi:ecially for grain production. Fertilizer use in
-bhis area is expected to be relativery responsive to price change" The

positive price el-asticity for fertilizer -u;ith high standard error was

not signifj-cant in On'lario. AIso, tde )J per cen'c conficlence interv¿.1-

of 'this elasiicity was betr'reen *.6e6 an,l 1.0ùó. iìenceu this positive

reiationship betl^;een fertil-izer ccnsumption and fertilizer" price in

the post-isar per"iod was like1;r meaningless" rhe elasticities i.;ith

respect to the far¡n cash incoine r¡rer"e stil-l higher in ihe o1 der using

regions th¿'in in tire ne.'.rer using regions, ra.nging fron.8l1 in the:it-

lantic region to .0u36 in Ërirrsh Colunbia. These elasticities sugqest
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that dernand for fertilizer róIas consicierably influenceci by the level- of

farm cash incones frcm such cash crops as-bobaccoo potatceso fruits and

vegeta.bles " Demanci f or f ertilizer in the Frarri e region :.ras also res-

pcnsive to farm ca,sh incomes, because, like the Atìantic region, farm

cash incornes increased sl-owly during the post-vrar period" The regression

cceffieients for the tine variable, in generalu rvere relativel¡r greater

in the newer using regions as ccrnpared to the olcjer using regíons.

ilased on the first equation in each region, it was the greatesto .ojLu

in the Frairie regionu followed by "012 in British Co1umbia. the srnall-

estu "005, was in the Átlantic region. Àgainu these resr-tl-ts indicate

tha.t ciemani functions fcr fertil-izer have shifted unr.¡arC most rapidly

t¡íth iirne in areas where technical- kno'¡ledge about fertilizer use was

more recent. Due tc depletion of soil nutrient stccks and due to im-

provetnents of ner,¡ varie'hies of seeds ¡-,nd farm practicese co¡Ì!*nercial- fer-
tíl-izer needs har¡e subs'tantially increased. Improvemenis of technical

l<nowledge about fertilizer use certa'ìnly have beert rel-atir¡ely i-mportant

along r:ith ihe farl- of the real fertiliz.er pri-ce in the newer using

regions ' \¡'hile technicar knowledge has also increased in the order

using regions, it probably has been relatively l-ess important.

The acijustment coefficients (<) tn all regicns dere smaller than

thcse for the total period " These findings h¿rve the same inplications

as those for the national results" Tnat iso due to accunulative effects

of adju.stment in rescurces use, extensive research anci extension ser-

vices cver the past two decades, fertilizer consuinpiion in the post-war

peri.od has been strongly influenced by 'ihe level of feriilizer use in
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the prerrious year". fn contrast, only a small- rernainíng amount of fer-
tilizer purchase in the current crop year rdas e,\pected to adjusi; to a

cÌra.nge in those variabfes stuciied. ¡rfter i,.,brlci v,¡ar II , because cf raoid

improvements of technica] knowleCgeo the use of fe¡'til-izer became more

acceptable to farme::s"

The long-run efasticities with respect to the ferbiLizer price,

fertitizer'/erop price raiio, and farm cash inco'r¡es were all greater than

those in the short-run. The nagnitudes of the difference beti¡een the

lcng-run and short-run el-asticities depend upon the size of the adjust-

rnent coefficietits. In generaì-u ihe long-run price elasticíties for the

fertilizer priee tended to be greater in the ner¡Jer using regions as com-

pa-red to the older using region,s. These results indicate thai du¡ing

the past ti'ro decades the declining real fertilizer pri-ce along l.rith rapid

improrrements of tecirnical- knowl-edge of fertilizer response have beeome

¡nore influential factors causing a strcng upwarcl trend in the use of fer-
tilizer " Ïn contrast, the long-run elasticities r.¡ith respect to farm

cash income rdere generally higher in the older using regions ihan in
the nei.rer using regions" Tirey suggest that the farm cash incoine have

clearly affected funcis avaílable for purchase of fertilizer in these

regions.

4 ,'.Ie-g9BI-enent ol 4elativg conlr'ibuiions of Fqçtors iç lgg Grol+!þ o!

Fe{LLl:Lzei Use

since the situation in the post-war ,oerioc is of much interest
-r,o the siud;;, ihe rel-ative ccnt:"j-butions of factcrs io ihe increase ín
fertilizer use !;ere measureci fcr this perioc onry" irccoi,eing to the
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statistical findings pre,sented. in the previous sect'ion, the real fer-

t:,.lizer priceu real farm cash incomes and improved technicaÌ knowledge

abcut fertil-izer use have been realized to be the most important fac-

tors afi'ecting fertilizer use. Thus, relatrve contributions hrave been

ineasured for these three factors, tsy applying a simple groi,rth moCel- as

girren i-n Cha,oter IV, the average rates of change in the real fertilizer

pr'ïce and the real farm cash incorne i^rere estimated for the post-rnrar

period and were presented in Table ITII" The neg:itive average rate of

change in the real fertil-izer price indicates tnat the real fertilizer

price was decreasing in i;he period IgLl6-I965. 0n the average, it r,,ras

decreasing at about .19 per cent per yeår in all Canada, "14 per cent

in Eastern ûanada anci "37 per ceni in western Canada " 0n the other

hand, the rea'l farm cash rncome has grown at an average rate of about

.5 per cent a year, Tnere are regional differences in average farm

cash income trencÌs" The highest average groitth rate',ras about I.1 per

eent per year in Ontario, as ccmi)areC with "0J per cent in the Frairie

regicn. By using the model propose,C in Chapter I-r/ anci the estirnates

shor¡n irr lable VIff, the rel.ative contributions of these factors are

evaluated as shoign in Tab1e IX"

-u''1th an average groriih ra.te of e;rpected fertilizer use as 100 per

cent, for Canada as a '¡ho-l-e about I0 per ceni r^ras atÌ;ributable to the

decline in the real ferti-Lizer ¡:rice whichr r,Jas caused b¡r ls6¡nica}

progress in tlre fertilizer industryu about l/ per centlvas a.ttributable

to the increase in the fa.rn cash incorne, and abcut'12 per cent to the

inpro-renients in the tecirnical knoi.¡iedge of crc;c produciion whj-ch



TABLE VITI

ESTIi%TED AVEP,TIGE il.ÁTE CF FALL IÀi- F.TEAL FEd.TILIZEiì F¡IICE,
ÀVJì:ì.AGE æ,O',,,IIH P"ÀTE 0F iìEAL FAiì,r'i CASII Il.iCOì,E,
iiil AÏERÄ0E C0iüTF.ftsilTI0i'j- 0F TI{E DEi''r¡iÌilÐ SäIFT,

ü¡ii$rrDA AiùÐ i.EGfONS,
rgt46-L965

P.egion g("I) e(":)

Canada -.00190 .00498 "0520:rtlantic -.00f43 .00061 .0094ü
Quebec -.00143 "00898 "OZI?Ontario -.00143 .01147 "0Ig6Prairie -.0W66 "00056 "1046
B.C . - .0W66 "0115g "0339

a1he values of f Tdere copied from Tables IV and VIf"

Áo

Y



Average growth
rate of expected
fertilizer use

-* -_-__* ' -E ff"-u

TABLE TX

AVEÌìAGE RELiir rvE t3ilärlifiti*iÏå-3iri;g]'fi 
3r: 

tsoc rArED i'r'ru rnE

, CArìiÀDÀ allD ¡ìEGIONS
LgLt6-t965

ReLative
c ontribution
Canada 100
.stl-antic 100
tluebec I00
Ontario l-00
Prairie 100
B "C, 100

Hdjusted relative

Contribution
of fall in
real- fert.

price

Canada (tt¿= 
" 997 ¡1oo

¡,tlantic lnf= .7e9 )rOO
Quebec (rì.¿=.839)lOO
Ontarío (t!="97f)foO

contribu.tio

Prairíe (,i¿=. !82 )100B"ü. (;z=.879)roo

xr )xtoo

Contribution of
increa.se in farm

cash ineome

ulong-rrrn price el-asticity of demand
95 per cent confiCence interval- for

10.00
12 "07

tr.ZZ

7.BBA
18.88
12 "37

,&=.9a2)too

)xl00

ro./o
6 "go

20.49
45 "6r

"41
"¿o

9.87
9 "52
4.00
?.65

18.54
I0 "87

Contribution of
technical- change
in c.rop
production

ì- x100

L6 "5Lt'
5 "45

T7 "L9
l+4 

"29
"40
"23

for fertilizer
short-run price

73 "21+01 
^ô()¿ oV,

74.74'
46 "5r
B0 "71
87 "37

Contribution
of other
factors

(a1=+l 32L6) is estimated frcm the l_ov¡er limit
elastieity 

"

n) 2a
6s "gl
6z.Zt
45 "ú
79 "26
?6 "Bo

I.30
21.10
16 "102.Jn'
1"80

12.10

of

-\)
O
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r€sul-tecl in a continuous shift oí the fer.tilizer- qerna.nd function. The

remai.ning portion, about l per cent, was ciue to other fact,ors not in*
cluciecì in'Lhe norjei stu,lieci. On Lire regional resul-ts as shcr.rn in Table

f,i, the relative contribution of the rear fertiiizer 1lrice to the
grovrth of fertili-zer use l'ras greater i-n l,les'Lerri Canacja tha.n in Eastern

canp-da, r:anging f::om about 18 per cent in the Fraíri-e region to /r pe::

:ent in Quebec. ?his is because during the priocì rgu6-Lg65, ilre *ea]
ferbilizer ¡:rìce in Easiern Canada was d-ecrear.sing nore moderateiy than

in i¡iester"n Canada. Since price cor.ri:etition among fertil-izer-furnishing
firns has alr'eaciv exi sted in Eastern canada. for a long tine, it is likeIy
thai fir,ls are al-l de¡¡cting attention bo services associated r^riih sal_es

j-n order to mainta-in and extenci their oi+n markets. The major" fcr.ns of
such activitíes have consisteci cf efforis to ,orovide inprcveci knowledge

cf f ertil-j-zer use , i-nprovernent of f er-til-izer quali.Ly, a.ñcÌ p.romotional

advertisrng. Howe.¡er, the fertilizer incìustry in ,rÍesLern tanacla has

been responoing to expi;cted fertirizer deinands thr"ough expansion of
existing and nei^¡ entering firrns during recent years. ¿s a result,
firms have apparenily engaged in p.rice competition in an attempt to esta_

bl-ish theír narket positions ithich ís noi.¡ being increasingly suppl-er,rented

by services an'j prcrnotiona'l acti-¿il:ies" üontrary to the result cf fer-
tilizer price ccntribution, the real farm casLr inco¡ne accounted fcr a

larger contribu'bicn in Eastern Canada tiran in i',iestern Canacia. lhe high-
est, 44 per cent¡ r¡Jås in on*'ario ¿,nci lci.;est , "2.a per cent, I"ras in ,3ritisi-l
coiurnbia' Tìre resuits indicate that the expansion of fertilizer use in
Eastern canada ha-s been rargeì-;,r a-ttributabie to ¡he increase i n the real
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farm cash incorne frcm casir crops anci livestcck. Improveci 'bechnical

knor^rledge ha.s been founcj [o be the greatest contributor among these

thlee factcrs" Its relative contribution was the J-argest, a.bout 80 per

cent ín the ft"airie regíon, followedby 7? per cent in tsritish Columbra,

64 cer cent in the Atlantic regi-on, 53 per cent in riuebec and 4J per

cent in Ont'ario" Ihe results confirrn the hypoihesis that rapid íi-nprove-

rnent in technical knol^rledge of fertil-izer use has affecied a, ¡narked

expansron of fertilizel use in al-l regions, .oarticularly in the ner{er

using areas.



Fol lor'¡ing the empiricar results cf the national and regional

fertilizer cemano presented in the previous chapier, this chai;ter in-
tends io describe probable Í-uture trends in total demand for. ferti)-izer
if past and present tendencies continue. Frcjections of these trends

are carried to the years 1!/0 and 1975" .issumi_ng that loglcal rnodels

tiere derived ¿rni reasonable results cbtainecl in the previcus chapter,

they will provi-cie reliable esti-mates oÍ the regional demanC for ferti-
lizer ten years in the future" The national fertil-izer ccnsuìltption is
the sr:.nmatrcn of the quantities demancied by the individual- regicns. In-

formatir:n of this ty;:e'rrilr aid tire fertilizer procìueers in pla.nning

their operations and give a partiaì- indication of ihe average price

situaticn to be expected. In other wordse some a..ijusiments rçil-l have

to be made both on the ¡:rcduction ancì rnarketing side and on the consump-

ticn sicie of fertilizer use in order Lo ach-ier¡e a partial equili-brium"

Å. åta3.istical Ese,.Èctiojis

Since several- demanci equatronsl^¡ith different cornbina-tions of

causal^ variableso âs sho',,rn in Chapter Vu have been s¡:ecifiedo certain

críteria are nece.ssarl/, for the pur'pcse cf pr-^dictìon, to sefect that

function '¿hich represenis th¡. clcsest ai:pro;';ima.tion of actual demancj re*

lationshíps. The criteria are lZJ, p, l-02-10/]:

FÈEDICTICI',IS 0F FEIìI'ILI¿E¡¿ tEî¡u\.ù 'IA L975

AND THELD, T,ÍPLICÁTTCÌ{S

CH]I.PTiI,' VT
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l-" 'Lhe nunber of signíficant indep.sn6snt variables and the levels

of their significance--in a- staì:istical sense, inore conficìence i^¡oul-d be

atta"ched to the more sígnificant regression coefficients in estinating

the variation in oependent variable,

2. T'he size of the coefficient of cjeterminatíon (R2) ana its sig-

nifrcance--sinee RZ value incÌicates the approximate proportion cf var-

iation in dependent variable (Y) r,¿hich can be expla.inecl by the incle-

pendent variables involved in a denrand function, the larger value of
2R- might be taken to inciicate the equation v¡hich is mos'u appropriate

f or predic-bion.

3 " The magni.bucie of the stanciard error of estimate--the standard

error of estimate also serves as a guide to select the most adeciuate

demancì function for predictj-on, because its rnagnituoe indicates the dis-

persion of actua.l observ¿rtions around the regression line. thereforeu

the smal-fer val.ue of tire standard error of estinate mignt be taken to

show the closeness of the estimated regression tc the true line"

Accorciing to ihese criteria, equations R,D, R.14, F,,12, R.18,

anci R"20 in the post-r;ar period were selectcd for" prediciing the regional

fertilizer ccnsumpticn" i\ co¡ni:arison of the actuaf fer.til-izer eonsump-

tion.¡iih tha'b predicied frorn these equations is grachical-ly shcwn irl

figure 8. Generally si¡eaking, the predicted quantities of fertlliz.er

were reasonably close io ihe actuai quaniities and the direction of

these predicted curves r.¡as almost consisten'c wi-Lh ihe actual. curves over

the periocì analyzed" Therefore, ihese equaticns are chosen to s€rve as

a guide to for"ecasting future fe¡'tilizer ccnsurrlption"



À
C

I,L
JA

L 
¡I

N
D

 F
;IE

D
T

C
T

¡]
D

 (
-t

JÁ
i\Ì

T
Ii'

Iii
5 

O
iI

?0

(r
) i: +
-)

 
L)

,a
l () ..) (f .i i,"
 

.iv

-i-
)

C
]

.J ..-
t'

I L)

A
ct

u¿
rl 

itu
an

tit
y

IÌ'
ec

jic
te

cì
 r"

¿
ua

nt
 it

y

F
IG

U
IìE

 B

f 
E

Í'I
'Il

,IZ
E

ri 
U

S
J,

-q
s.

lg
iÀ

e

t¡
iN

rr
ù¿

 A
N

D
 H

E
G

IO
ÌJ

S
, 

I9
t+

7-
I9

65

A
ct

ua
l 

Q
ua

ni
ity

F
le

di
ct

ec
l 

fr
or

n 
E

Q
ua

tio
n 

(r
i. 

J-
,r

ì 
)

¿
tl-

an
tic

 jf
eg

_i
_?

¡

ïe
ar

tJ \J



¿
ct

ua
l- 

Ç
)u

an
tit

y

F
re

ci
ic

te
'l 

fr
on

r 
E

qu
at

io
n 

(ü
.1

4)

(î
) c c) -P C
I

a_
) -^

 ,)

r1 tr
J 'É flr (t

iiu
eb

es
 R

en
io

n

F
IG

U
iìE

 E
 (

co
nt

in
ue

cì
) 7 l:

ín ç:
, o € r_
)

a) O Õ
L+

r-
-{ -iJ .r
í

4J L

)

¡ic
tu

al
 Q

ua
nt

ity

F
re

cj
íc

te
d 

fr
om

 E
qu

at
io

n 
(¡

¿
.f

O
nt

ar
io

 R
eq

io
n

55
 -

. Ie
ar



5a
i-'

:"
¿

r 
iIi

 e
 iÙ

e-
si

or
l

r{
c-

hu
âl

- 
Q

ua
lrt

i 
ty

P
re

c.
Ìic

ie
-l 

ii'
oi

l 
i(f

u¿
ìt 

j-o
n

{D ,,)
 )

-1
.)

(-
.) c) Õ ri '- -ì

J ll rj 1: .l 
)'

IfG
U

iiE
 É

l (
co

nt
i.n

ue
cl

 )

LO

Â
ct

ua
l 

Q
ua

nb
ity

F
re

di
ct

ed
 f

ro
nr

 iþ
ua

tio
n 

(p
,.2

0)

ll'
) o -lJ i:_
) -) ()
+

11 -p 'rl -P ç: ñ t-
l 

o

¡J
¡:

i t
i 

sh
 C

ol
-r

iic
i¡i

-a
 i

ì.e
qi

on /
/.t

./'
,'

/7
+

 J

-r



7B

ts. IEgie-ctíons of ¿11 Conmqfcíal Fer_!i}:!zeE Demanci for 1979 ano 19:ó

Looking several years aheacì, one nay i.irsh to foreseethe magni-

tudes of the forces governing the use of all ccmnercial- fertilizer.

Thi¡^ section then attenpts to project the expected quantity of ferti*

Lizer use for 1970 and L975" Ecuaticns Ê.Pu tl,"l-4, R"17, R"18 and

R"20 along wiih their assoctated acijustment equations are used as guides

to estimate reliable projections. There are two difíerent sets of as-

sumptions which serve as guicies io simulate reliable projections.

!aqç. J. T'ire first set of assunrptions is;

1. The demand relationships represen'r.ecì by the selected equations

i.¡ilI be assumed to hold in the fu'bure, at ieast until L975"

2" There rvill be nc sudCen economic ano politícal upheava.ls to

interfere with the norrnal siiuaiion of the economy"

'iiith these assumpiions, a forecasi of fertíl-izer eonsumption for

\970 and l-975 l¡|LL be worked out by projecting past trends of the in-

de,oendent variables into the future" Âccording to the indication of

scaiter diagrams, the trends of independent variables a.re estimatecl by

fitting differenh types cf equations to tfre data fy'on 19l+6 to ]965 tn

different regicns as shor':n in Table ;,i.



ÏÏP¡]5 OF ECJLJATIC¡J ÚSED TC FTi' V,CRTOUS T¡ID¿-FE]'fDBJIT VIiF,IABLES
li'J DItrFEREiiT RltGICi\ÌS

Variable ¿itl-antic

lir

X¡
"-,î.'f
ÐIC

i\ote: L.: I=a+bt; G: i=*ub'u ,

d-
þT anci Pc refer to the actual- price of
of c:'ops , re s^cecti.¡ely. Tire pro jected
the fertilizer/crop price ratio (X4)"

L.

TAtsLE X

- G.

I'able .(f shcl.rs the projected values of inde;oencient variables.

Extendrng f946=L965 linear trends, the real fertiLízer prices in Eastern

canada are predrcted to decrease about 2.1 per cent in l-920 and z"g per

cent j.n L975 as cornpared with ihe L9lJ,6-f965 average; whil-e correspondi-ng

ciecreasing percentages are 5"3 per cent and / "6 per cent in irestern

canada. Frorn L946-L965u the real farm cash i-ncoine rdas gi:owing at an

average r'¿te of .8! per ceni per year in iluebec. Based on this gror^ith

rate, th-^ projected real farm cash inco¡nes in 1pl0 and r)lJ i-ncrease

about 22 per cent and 2l per cent from l-965 to 1!/o and LgZs. The pre-

ciicted fertilizer'/crcp price ratics are 1,063 in lplo and 1"r04 in
I975 f ox l,;estern Cana.Ca r¡hil-e ccrresponcìing prcjected fertiltzer /cxop

price ratros are I"oóo anti I,oB3 for Eastern.lanada. since the ree.l

farn cash inccme in the abiantic and the lrairie regi_ons were fairl_¡r

stabie ,-luring the past two iecares, the ten years average, 1956^1g65,

farm casÌr ìncoin*,'s, Ð]17 million ana i:¡L,\Jó mil-l-icn inthe respective

regie¡sa are used" rn real terms, tney are Il+2"2 a.na il-z.6, respeetírle*

)-y Q935^I939=Ioa).

Quebec

t.
Ontario

;
L"

Frairie

C"t *. - atb i¿here t is time

fertil-izer and the actual price
F¡ and Fc are use,C to cornpute

t'1 î,t7

L.

^- t/"
- L.

Ðrl



ïean and
variabl-e

PIìOJnCTED LEVELS 0F I¡ID'EPEIJIENT VÁd.I¡iBiJlS
(L935-Lg3g=100)

L97a:
x1

\
Þ..

Et-r
L975:

x1

.t^11
P
'ru-r

Àtlantic

T¿tsLE 7,ï

74 "4
r42 "2

73 "B

: :-r

In general, the trend in the use of fertilizer seeíns to be contin*

uously upwaro in all regions. F?om Table )(IIu the expected l-eve] of

fertil-izer use in Canada as a who-le is projecteci to be 2,3L8 thousand

tons in I!/C aniì 3,1+50-bnco.sand tons in 1975, or about 4J per ceni anci

11ó per ceni more cver the l!óJ Leve}" A regional crojection of the ex-

pected quantit;'r o.f fertil-izer pu:"chase is an i-ncrease oi about J per cent

in the Atlantic region, 2j per cent in Q,uebec, 67 per cent in Ontarioo

28'/ per cent in the ,rrairie regicn and 2f per cent in &"itish Colurnbia

fcr the ten ¡iears ¿ifter 1965. ÀiÌrcng regions, the highest percentage in*

creese in the Frairie region r.¡ouid be i,rainly due to a. continueC develcp-

nent of the feriilizei' indusiry in 'i;estern Canada r^rhich i.¡ill reduce ihe

unit costs of fertilizer pro,Cuction, leaCing tc(a) fur',,her ciecline of the

real fertll..izer price, assr-ti,ring a siinilar patiern of keen narkei ccíûpe-

tition, (b) greater inprcr,'eraents in techn'ìcal knor,,¡]edge cf Íertilizer

Quebec

7t+.4
287.8

,.J' Q

'i'

FoR rg70 aND rg75

Ontario

)1 0 2

¿uo.,Ð

ðU

Prairie

6r.z

':"u

* 64"s

¿,¿ö 
" 
j

210 "8

Ð^

-
r95.t+
183.8

243,5
rB4 "3

¿t¿ "o



Canada Atlantic iþebec Ontario hairie .8.0 .

]'ÂBLE XÏT

PROJECTIOI{S OF E;{PECTED QU-ANTTTIES OF FERTILIZER USE
FOR 1970 AND 1975

ñ^^^ Tvd,ùg -L

""tr.l 1pó5 level I,5g3
ProjectecÌ 1-Çl0 level 2,3L8
Annual percentage change +9"t
fuojeeted l-plJ level 3,t+50
rrnnual- percentage change +11.6

Case Iï
Actua] L)65 Level
Projected l-!/0 level 2,723 189 234 940 t,3l_O 54
Annual percentage change +I4"2 +L"6 +2 "L +? "3 Ð6.u
h'ojected 1975 Level- 4,81+Z Zlt- ZØ L,Z1Z 3,0?3
Annual- percentage change +20"4 +2.0 +4"8 +?.9 +56"2

-=E=

use through research, comrnercia] cornmunications, exiensÍ-on services" the

]or¡est percentage increase in the Atl-aniic region ean be related to the

sho:'tage of capital"

CgsS JJ" The seecnd set of assunptio¡ls is based upon the i'ate at

¡¡hich fertilizer iras u.sed during the last ien years" -{s shor'¡n in Tab'je lIIf,

the rate cí increase in the use of fertiÌizer in all- regions r,{as higher in

the period 1956-1965 than ïn lg45-Ig65"

T¡iBLE iiIII
,t-\r¿:RAGE R¿]'B C,F Ii'iCRE,rS¡ I.l,{ iHX USi Cr,'Ff,r,;I'TI,IZE,ì. BI RËüIOÌ,JS, 1946-L965

.a-r,}an'cic r¿uebec Ontario kairie ts.C,

]-75
178

+.3
184

f-A

--thousands of tons-*

L,593 r75

2I2 6eg 464 t+7

232 903 955 50
+f .9 +6 "z +zI.Z +1.3

26t t-,150 L,?95 6O
+2") +6 "Z +zB"? +2.?

B1

2L2 6Ag

r946*t965 -r(^;; ,óB
1956-L965

464 47

+3,4
7a
+4"9

1 ,-j') I "Lli) 7 "7L 25.22 5.74
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The rapid rate cf increase in the use of feriilizer during the

past decadeu in generalu has resulted Íroin changes in teeirnoiogy, capital-

use, and in the agricultural structure" Snec-ji--fical-1y, rapiC improvernent

cf technical Ì<ncir'ledge about f ertil-izer use i¿oulci be the mosi i rnportant

factcr. Ïf -bhi.s assurnpticn ean be realizeci, then an upward shift of the

crcp prcciuction function will- l-ikeiy result in a rapid shift in dernanC

function fcr Íertilizer in the future ten years after 1965.

tu'nth assurnptions meniioned in Ca,se f and the estiinates cf averåge

rate of increase in the use oÍ feriíl-izer for tiir period I956^L96j, "
second set of prcjeci;íons for the fertiliz:er use is also shown in lable

'{II. The results indic¿rte bhat due to greater technica.l improvemen'ts

in crop

tion are projected .bo be increaseci in all regions for ihe period under

consideration" In ccmparison i'¡ith the projected level-s in Case I, ihe

e;<.oected l-evels of f eriilizer consrrrnpiion -i n Canada as a ',;hole ivill in*

crease If.6 per cent and 40,J per cent more in 1970 and L975 respeciively"

Regionallyu the corresponding percentage increase uiilf be 7 "4 per cent

anci 14./ per cent in tne -A,tlantic region, .9 per cent a.n,l ,B per cent ín

Quebec, 4.1 per cen'b anci 7.1 per ceni in 0ntario, 3? "2 per cent and fZ.Z

per ceni in the Frairie;'egicnu 8"0 per cent and 16.1 ,oer cent in i;ritísh

Columbia " Therefore, the treitds in the use of fertilizer ín all regi s¡g

studied are confidently expected-bo be up"Iard in ihe fu.ture ten years

after 1965"

¡rcduction alone, the expected levels cî feriilizer consump-



In view of the resul-ts presÊ;flted in Ðha,ciers V and VI , soÌne con-

clusions relating to the demancl for fertifrzer are:

l-" fn Canacìa as a r¡hole, the de¡nanci íor fertiliz,er l{as responsive to

either fertrlizer price or ihe fei'tiIízer/crop price ratio" Both vari-

ables Ì,üere ståtistically significani at the lO-per-cent or higher levels.

This significant response implies that the changes in fertilizer price or

the fertilízer/crop price rati-o have been significantly associated r¡ith

the r¡ariation of fertilizer use" The ferhilizer demanci r.jas also respon-

sive to the expor-beC quantiti-es of gra.ins and grain oroducis, suggesting

that' an increase in the expcrts cf grains l^¡ill result in an expansicn of

fertílizer use. In adciibicn, improved teehnicaf lcnor+-l-edge p)-ayed an im-

porhant rol-e ín the use of fertilizer. This factor appeared to be more

important sinee 1945. Tire adjustrnen'l coefiicient i,ias much hrgher for

the pre-r+ar per:iod than for the post-r,,rar period" The r.esults suggest

that due to accumulative effects oí adjustinent in resources allocaticn

fertilizer cieiranci in the posi-war period has heavil-y depencied upon the

amouni of fertilizer use in the ,orevious year " In contrast u cniy a

srna.ll remaining proportion oÍ feriifízer purchase ir-s e)ípected to acljust

to a ehange in fertilizer price, grain exports, anci irnproved technical

knouledge in the current cro.o year"

2. Regression analysis of the regícual demanr-l for fertilizer. has

also been conCuctecÌ. ügainn deina-nij fcr fertilizer iJas resi.lonsive to -r,he

c¡iÀIrT'ER -'/lï

SUi'l'f¡-kÏ rritiD COittrCLU SICi{S
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real fertilizer price cr the fertj.lizer/erop price ratio in al,r- regions,

Tlre mean short-run elasj,rci-bies with respect to the fertilIizer/crop price

ratio were higher in the older using regions nanely, the Átlantic region,

;uebec and Oni;ario than in the ner.rer using regions namely, the Prairie

region anci Brítish Colunbia. It r.¡as aì-so responsive to the fertïLizer/

feecì price ratio in Oniario. this was so becau.se agriculture is quite

diversifieC in Ontario, farmers must deci'le ¡,.rhether it is more prcfit-

able io invest limited funds in fertilizer or other items such as feed

for livestcck " Improvelnents in technical knowledge isere much more irn-

portant in i^iestern Canada v¡here fertilizer us€ has increasecj greatì-y

ciuríng recenl; years than in Eastern Canada" The adjustmeni ccefficient

r.ras dif ferent among regions. It was ]owest ín the Frairie region (.j84).

Ihe result im1:lies that,lue to accumulative effects cf adjustment i-n

resources useu iertiLizer use in the l'rairie regi-on has been strcngly in-

fLuenced b¡¿ the o.uantity of fertil-izer u,se in the pi'evious ¡rear and re-

lativel-y small amount of ils use in the current crop -i¡Êa¡ i.ras expected

to adjrtst to a change in fertil-izer price, far:n cash incone and technical

Ì<ncwledge. l,',.hile the price elasticities for fertilizer ',.{ere higher in

ihe olier using i"egicns than in the newer using regions for the pre-i^Jar

periocì, the reverse i¡as the case for the post-r,'iar pel'iod" Since ferii-

lizer" is a ne-r¡ factor of crop ¡:roduction in'idestern Canada, especialÌy

for grain production, farniers in these areas are expecled Lo be much

mcre responsive'uc price change iiran in Eastern Canacia. 0n tìre c'uller

hand, the elasticj-tíes r;i'tir respect tc the real farn casìr inccmes r.¡ere

higher: in the oider" using regrons than ín the nev¡er using regions, sug*
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gestíng that demand for fertilizer i,ras strongly affec-bed by the level of

farm cash incone in llastern Canacia. The regression coefficients for the

ti:ne variable varied between .011 in the hairie region and "00J in the

¡.tlantic region, implying that de:nanci function for fertil-izer has sig-

nificantly shifted upwaz'cÌ with tirne in the area r.¡here technieal knorvledge

has been rapidlf impror¿ed ciuring the post-'øar period 
"

3" lhe relative contributions of the real- fertilizer prlce, real

farrn cash income and inrprovecì tecirnical knovrledge have been measured.

¡'or all Canada, about 10 per cent rdas attributed to the decline in the

real fertil-izer price, about If per cen-h to the increase ín the real farm

cash inccrrre and aboui f 2 iter cent to the improved technical knowlecige 
"

The regional r"esults incÌicate thab more than B/ per ceni of the increase

in fertilizer use r,ras due to im.crrovenents in technical knowledge and the

f all of the real fertilizer price in the nebrer using region.s " Jn con-

trastu the relative contribu'hions of these t¡¡o factors accounted for aboirt

73 per cent or less in the older usíng regions " The ccntribution cf real

farm cash inco'ne tended to be relatively l-arge in th-^ older using regions,

ranging from about 44 per cent in Ontario to J per cent in the Âtlan-Lic

regr-on .

4, Under ti.io different sets of assurnptionsu projections of the ex-

pected fertílizer use in aI] regions are carried out Lc 1975"

a) Extending 1946-1965 trends, the expected fevel of feu'til-izer

use in Canada as a ',¡hole is projected to increase 116 per cent i.n the ten

years efier 1965. On tire regicna.l basisu the prcjecteil percentages of
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increase in the expected fertil-ízer use rangeC fron ?Bf per cent in the

Prairíe region to J per cent in the Átlantrc region in L)lJ.

¡) By incrrrporating the aveïage rate of increase in fertil-izer

consumption for ihe peri-oâ I956-L965 into trends of the period I946-L965,

the expected levels of fertilizer use in all regi-cns are predietei to

increase rnore than those in Case ï. again, the highest percentage in-

crease is expecteci in ihe kairie region r¡here the use of f ertíl-i zer has

increased most rapidl¡' ¿oon* r'egrons during the pasL decade"

In conclusionu it appears th¿rt there is a signal cf an increase

in fer-cilizer use in Canacia in the fu-bure ten years. .ti marked ex¡:ansion

of fertilizer use coulC be real-ized in all regions if a further decline

in the real fertil-izer price (reflecting in additional irnprovements of

techncì-ogy in the fei'tilizer industry) occurred together rvíth good

pro.spects in the grain export markets and rapid intprovernent of -bechni-cal-

kn'oi.rledge about fer'ì:ilizer use from -bhe standpoint orî farmers.
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t964 I,t+5t+,33?
rg65 r,5gj,5g3

sAi,ES OF FBF.TïLïZEi'ì,S, yEARS EI{DED JU}[E 30,
C¿il{ADr Ai\iD REGIONS I926-L965"

Canacia Àtlantic
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69 

"?08
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73,BBL
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02 2"Q./-) r))v
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ztz,56L
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""::
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Lto3,jzL
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-
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L2 u]l+z
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r3,66a
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2A 
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3 0,130
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32,692
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*Source¡ The lrertilizer Tþade, Dominion Bureau of Statistícs, Ottawa,
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C:rirlÄDu. ÁirD REGIOI,úS, 1926-L965"
(r%5-r%g=100)
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't o20
rg30
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L%6
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L938
r%9
19¿¿o
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'l olr(
l.946
l-947
r-g48
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10< <
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l-957
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r53 "9
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r?0"6
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2I2.3
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47.6
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2no o
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oÕ "r
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*source: Computed from Ìlandbook of -rigriculi:ural .Statistícs, Part IT"
Farm Incone-1929-65, D"B,S", Ottawa"

aFarm cash incone fron farming operations incLudes those from cropsu live-
,stock anci its_prod-u.ciE, and suppleineniary payments.oExcludine liewföundlanci " "

() I.
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This appendix is designecÌ for a sunrnary of the auic,regressj-ve

l-east,-squares estirr¿rtion procedure deve-l-oped by Fuiler anC ilartin. Autc-

regre-ssi-ve least squa.i'es is an iterative technique v¡hich reestinates the

val-ues of al-l- par¿llre.{;ers in the mociel-, incluciing those of 'uhe autcregres-

si-¡e structure liniil. they converge to stable values.

fuppose that equaticn to be estimatecì is of the form:

Tt = ao + a1X1tr + a2X21 + arTa_1 + Ua (1)

Assunring that the Utr foll.ol":s a first order a.utoregressive schenie,

i.e. ,

ÀU1'OäIIGRES,SM LEaST SQIJiTRE.S

AFFEiii]IX D

Ut =?Ut_I * €t

r¡here €¡ satisfies the foilor,ring assurn.otions

E (€1) = o (:)

E(ét€t_j)=o i/o (4)
//E(el)=o* foraH-. (¡)

n (\t€t) = 0 for all i (6)

E (T* .€*) = o jz1 (Z)ri-J !

Solving equation (1) for U¡ ancÌ lagging each variable one

time period qives

Y'ì

U^ . = Y, . - aó -.1_Xl-t_I - ^ZXZt_L- ^3Yt_Z(,-À '-r - 
au - a1x1t-l - ^zxzt-L' ^zYt-z (8)

Substituting equation (8) into (2) anC then replaeing ü1 of equa-

tion (f) ¡y the resulting e.<pression yields:

(2)



Yt = bo + b1il1tr + br)irt + brYr-1 +

where bo = (1-Q) ao

't-

'l-or
ìûz-oz

b. = a-+0) ) \
't^ 

^ôU * êlia
,t \ I

b_ = -0a^(!/
)a

h, = -Qa^o rJ

If q = C, equation (9) recÌuces to

least squares estimates of parameters.

to an equation of the form (t) rohere the

first differences"

96

b4xrt_t + b5ï2tr-1 + b5Ytr_2 +€. (g)

The direct application
/^ \(9) is possible, but itill, in

the original- parameters since

ti-ons in five unknowns.

To circumvent this problem an iterative technique has been devel-

oped by FulJer anci i'lartin. First, an initíal set of es'tím¡,.tes is se-

lected for the unknorvn pararneters. The number of parameters to be esti.'

mated ean be reduced from fi-ve to fcur by expressing al-l the variables

as deviation frorn their respeciive neans. the ordinary least squares

soLution of eciuation (9) utilizing equations (9a) affords a.n acceptable

set of estimates"

(ga)

equation (1) and ue obtain the

rf Q = l, equation (9) redu.ces

variabfes are expressed in

of the nethod cf lea-st squares to equation

general, yield conflicting estinates of

the systen (9a) is composed of seven eolua-

Let the initial set of estimates be indicated by



Da
o

üihere âfO= al_, OZ0 = ã2, Ð30 = "j, AA0 = q

= (910, Ð29,030, 040)

The second subscript on 01e denotes the iteraticn number, Fcr instanee,

91g represents the start value of parameter a1"

Nexto expanci equation (9) about Po in a Taylor series retaining

only the first order terin. This provides:

rihere Ylo=016X1a+0rgXrt+ (039.+0+O)Y¡-1-fup04u,{11-1-0¿O04OX¿t-r-fo00+oft-Z

ZLO= Xtt - O4Olift_f

Tt - Tt" = 2., Oa€tO * ZZOÑZO * Z3Oa€.'O + Z4OaO4O

zzo= xzt - O,roxzt-r

Z30= Yt-r -0+oYt-z

z uo= 
Yt-r - 0 r-otr.-r - a zoxzt-t 'a 3oYt-z

The Z1o are the first derivatives of equation (p) r,rith respect to

eaeh unknor^rn parameter, ancl the ^ $io are the deviations of the 0ø from

the true parameters. The variable T* - Tto is regressecì on the Zls to

obtain estimates of the o 9io"

If the estim¿Lted a$¿o thus obtained are noi smal--Lo the prccess

is repeated usrng as the second start point:

Y(

(10)

P, = l(n,r*oô,") , (0ro*oô,o), (Ðro oo6uo), (\ru.^ô",).]
where the ¿ ôi" rru the least-squares estimates of a 0ì.o. Iteratíon ís

carried on until the o ôl; become insignificantly s;nail and thus ccnverge

to a fina'ì solutíon"

(r1)

(tz)
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ST'IPLE CORJìELATTCiIJ C CEF.¡IC TEI\ùT i"iÁTRr;i
FU,NCTïOI$, CAÌ\]ADA, Ig26-1965
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Y*r
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0 "886
-0.131
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, t-r tt3 

, a-t

E-1

I .000
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- 0 "484

Füi VAN ABLE,S Ti\¡ FERTILTZET" ÐEIÞ.¡]D
(1940-r9¿t5 ¡xcl,u¡no )

SI'IFLE COR.¿ELATION COEFF]CIENT i"ic.TiìIX F0Ì:¿ V.{RI¡IBLES fi'ü FEiiTIl,fZER DEi'tilND
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1.000
-0.442
o.620
0.4L6
0.889
0.Ebl

.(4
) ¡ l--J

Y
x1
x> +-r
l\î+t

+
f¡

't-1t

] .000
-0.r09
- 0 .090
- 0.r15
- 0 .082

9B

Y
b

Ï Lr -t- , . x_ - 1¡- "1 /-, L,-J- J, u-f nu

I .000
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T¡,BLE E-2
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Sfl'iPLE CO]ìAEI¿'TIOI] COEFFICIENT l'I.TllIX FO?, VÀRf¿rtsLES T1¡ lltriTILIZEt¿ Dm'iÀi{D
FUNCTION, QTJTBEC p,EGrO¡T, 1g2g_1965 (1g40-1g45 EXCLUDED)

Y
rtl
"2 t-'l
^? +-l
.,t¿J

Tt-t
t

Ï xf x.r*_r x"*1 x4

1"000
-o "g2g
-o "247
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- 0 "310
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0.95a

TÀBLE E-3

1.000
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- o'e9z

1"000
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SIi'fPl-E COP"RELrTIOi\ COEFFICIEIiIT ltuTiìfI FOh V;{,Ð"IAÌILES fj'ù FERTfLIZER DEiviAND
FUNCITOI{, Oi\iralìro REGrcN, tg2g-L965 Qgì+o_rgt+5 pxclunnl)

I .000
-0 ô76

0 "963
0.943

YXxrr!v

ï
x1
Xz +-r
x3 

, t-l
^{4
Y-
ït-t
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9t)

\¡IIr r L

1"000
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000
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1"000
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I "000
o 
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I"000

1 .000
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1 .000
0"566 I"ooo
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- 0.141 0 .7 5I

1.000
0"975 t-,000



,Sn"iPLE COtìdEL¡iTfClù COEFFIC]EI'JT ltuTiìL{ FGt V;\RIåBLES Ii{ FERTILIZER Dfr"íir]'ID
FUNC',rfOti, THË p¡L4IiìJ-t REGIOI'í, Lg2g-L965 (1940-]gAr5 EXCj,UDED)
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1"000
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FUi\JtTIOi\l, BRITISFI COtUÌ,.{ilI¡. p.EGTOi't, tgzg-t965 (l7t+}-IgLes exeiu¡nn)

ï j(1 XZ, t_l_ Xj 
, t-I f,4 yt_t t

1,000
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SII{FT,E C0iì,rEI;iTïC1'l C0EF¡'ICIEi',ü-T i'Í}lTlìL{ FOfr. V.qRfaBLES IN
FE?TfLIZETì DEtui\,1 FUNCTIO¡J

CANlrD.r,, L946-I965
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t5,*-a Yt-t

101

J

,'I
ì'2 t -1
,\3 

" t-1'; t,
a¡f,t-r
L

1.000
0.479
0.701
0 "896

1.000
-0.43r

A,t+26
0 "653

-0 "2w
o.6go

-0 "14¿+

1"000
0"484
0"783

TTiBLE E-B

x1

1"000
0 "200
o.1r-g

- 0 .102
-0 "579
-0 "209

r. 000
0,899 1.000

rz,t-t t3,t-r

1"000
o "768

-0 -539
0.404

- 0 "488

1"000
-0.539

0.401r
a ¡,co

- \J o+OO

x4 Yr.t,-t

I"000
-0 "332

o "847

1"000
*o "329 1. 000



SII,IPLE COILGL¡rTIOI{ CCEFFICIEì{T rÍAT-'lIX F0ä ViIR}IBLES I}J
F&I.TII,TZI-1II I]U.fu N¡ FUNCTTCN

QUEBEC IìEGIO}I, L946-L965
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SIÌ:.ÍFLF COärìEIÀÍ'ICI'J CO¿FFIC fET''iT I'iÁf iìLi FOR VaIìTaBLES Ii\i
FEÌìTIII¿ER, DIIÌÛTND,trUNCTIOI.ü

FRÀrRfE REGIU{, L946-L965
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