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Ove:: the ;oor..iod of L946-L960, Canadian agriculture has

exper"i-ei:ced e s.oectacular increase in labor productivliy,
rncreases ln labor productivity a"re comprised of trn¡o parts:

ir:cr'eases ln capital intensity, and mor.e efficieni uti'llzatlon
of resourcese i"e" teclu:.ologlcal change, The prlmary puir)ose

of this study was to segregate the v¿iriati-ons in L¿bor ¿oro-

ductivÍry due to technologleal change fron ihose due to
capitaL intensíty. i;lÒre specifical-ty, the obJectives i,¡ere to
eramine the natui'e of technological eirange, to investigate
the el-¿¿stlcity of substitution between capital and labor, to
estimaie the retu:.ns io scale, to Tneasure annual rates of
technol-ogieal change, and to segregate the component.s of
lnereased labor productivii:y into those attJ"ibutable to tech-
nol ogicel change and thoee due to capital lntenslty.

The analysis wes made on e regional basis as well as

for Canada as a whole" Flve regions were formulated acco::ding

t,o the existing produetion patierre a:td the geographle dellnlta-
tlon u viz" u the Atlarrt,lc region incl-udin,q Nova scoti-a, l{er¡

Brunswick, and Prince Edward Tsland; the euebec reglon; the

Ontario region; the Pralrie region inclu,ling l,[anitoba,

saskaichewan, and Alberta; and the BriÌ;ish columbia reEicn.
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$olov¡rs model was employed to measure technolo6icat
change based on the concept of net (varue-added) output, The

assumptions of ilicks-neut:.al shlfts of the production functíon
and eonstent returns to scale under'lying the model- were

exa.mfned" i{hi}e the examination of r¿eutr.al techaologåeal

ehange lnvolved testing the equality of the elastieities of
substi-tution between labor and capítal in two subperiod.s, Lg/r6-

L955 and L956-L965, the examlnation of ee,nstant retur.ns to
scale invotved perfor:mlng a tr¡rtr test ( ¡. = (q,e-qf ) (iq-f-f )/At )
where Qa anc Q1 are the residural sum of sqllå.res for the
restricted and the unrestrict,ed 0obb-Eouglas funciion, respee*

tively; if is the numJrer of obser.vations; and p ls the nu.mber

of ind.ependent varia-bles). The eEs produeti-on funetion r¡¡as

Llsed Ln estiuai:ing the elastlclty of sulcstitution betr,yeen labor
and eapf-ial"

Data used in this study rrere na,inly derived from publi-
cations of the Dominlon Bureau of ÉÍiatisÈics and. of the Canada

Deparfment of Agriculture" Labor" was measured in terÍns of man-

equivalent. The series of output, eapital, and" farm iùage rate
were valued at L935-39 priees. A sirr per cent reiurn on capital
was assumed"

The resulirs of Lhe statistical test show that
perlod studied, technologf"cal ehrange v¡a.s neutral and

scale i¡rere constant in all regions" The elasticities
tution beth'een labor and eapital '',{ere unitary in all
r¡¡åtLr a single exceptåon of Brltish colun:båa in which

during the

returns to

of substi-
'i',acr Ì nn o

Lt v,ras
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less 'u-han onee being approxime"tely 0"6 per cent.

It $Ias found th¿Lt Canadlan agriculture has generall¡r

experienced a coi:sl-derable teeitnological ehange over 'che

I¡e¡'iod L946-L965. Reglonal differences 1n the annual rate of

grovlth, however, were suilsia^ntial. The highest Erowttr rate

was registered, in ihe Atlantlc region, being 4.4 per cent"

Ontar"lo v¡as ranked as the second hlgh, wlt,h an annual groi^ith

rate of 3,7 ,oeî cent. Follovring Ontario, the Prairles had a

6ror.rf h raf,e of 3,5 per eent " Brltlsh Columbie lagged l¡ehilrd

fhe oiher three regioas, with a g:-.ov.ith rate of 2,8 per cent

hlgher tha:r that in Quebee (2"O per eent) only.

Tt !{ð,s also found" th¿r.t the growth rates of farn tech-

nology were subject åo a variety of change in all re6ions"

The hlgtr rates of growth ln the /"tl¿:rtlc and the Praj-rie regions

appeared to havê been concentrated ln the T(orean 1,lar period

and j-n the year"s after f960. Tn Quebec and Briiish Columbia,

the hlgh growth rates cccurced mostly ln a single subper1od:

whil-e the forme¡" was in the Korearr'*i¡ar period, 'the Latter i,¡es

Ln the years aft,er L96O. Ontario r,r'as the onty exeeptional

regi-on in wtrlch the rates of tecirnologic¿rl advance apileared

to have j¡een rel-atively stable"

Over the period analysed., labor productivity (valu.e

added per råan-equivalent ) has increased by LT6 per cent , of

which teehnological change accounted f or 75"18 per cent e,nd

capital 24"82 per cent. .Among regions, the shai"e of techno-

logieal eharrge in inçreased labor productivity varied from
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84"39 per eent Ln ttre Atlantic to 6Z"ee;oer cent in Qu-ebec"

In the Erltish Õolunbiay the ?rair.ie, a:1d the Ontarlo reglons,

lt rras 82,25 u 78"37 u and 74.97 per cente respectirrely"

Finally, the results shoii thai a large aìilcu;:'ü of

surplus labor still existed ln most of the regl-ons even

though there had been a considerable off-farm migratlon"

In the light of the above observailons, lt rnay be eon-

cluded that augmentlng tecirnologieal change v¡as much more

åmnortant than capital deopening 1n impr.ovlng labor 1:roduc-

tlvlty. To raise the gro',i'th raies of labcr produetlvlt;y in

Quebec and Brftish Columbia to the natåonal leve1, policies

should be dlrected to developing such technological acilvitles
as research, edueatlon, anC pulrlic health, and io accelerating

ulgration frou the farn, accoÍtpanied by eÍr lncrease in the

capital lnvestment"
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The ¿i.u-bhor..ls dee¡:ly:::¿tefui_ -:o Ðr'. iia-r-Lir l{. l{eh

undeÍ'r,¡h.ose e:ice11ell'r supor"visiorr.';his thesís l.¡a-s. r¡¡r1-tten.

Gi-atefui a,cknci,¡leclgeneni s a[,e ¿r"]so e:rterrde¡. i.o

Trs. J" C " G.ilsci:, i"ì" Jr" Ger,ilop, aznc, F. g. Dh::uva::,:i jan, and

'Pr'ofessor o" F. Teing-r'i fo:* ti:eir va.luabl-e conrieir-¡s anü

helpfu.l sug$estions 
"

fa:pers by Professors :ì" rl" Soio,,,i ¡,r.nd T," iJ. Leve notec

in the tliblíog-r"a:.1:hy i,,,rere pari.icuiarl;r iLe1l_rfç1 fc¡, bhis siui¡r 
"

S!eci¿-.1- -Lh¿inks ¿.í'ë du.e r.,c '[i:e l"t.ti j-cu.]--Lul-¿il Eco¡toraics
'i:e*eat'cn" f,oui:ci1 oT Cane.ca ¿nd. tite Department cf r;-¡;::icul,¿ur.¿rL

irconouies ¿ind Farm iuianagemeir'c, Unive::sity of ivÍanitobe-, for.
'b[:eir fi-nanci¿l esslstance,¡hich. nace this s'Ludy i:ossibie.

i,fr. i¡ieil- Lon,nmui::es |relp r¡ith cr¿w|ng ¿rnc1 i4rs. Eer-nice

,ãuttonrs aid in iypin.q å.j:e ar¡:preciated.

L¿isi:, but no'c l-ea.:it, ì;he auihor uisl-res ,Lo oxpress his
sincere ¿Lptii:'ccíai-i orrl.o hj-s r,{ife, ï,ucy, f or, heï. co¡ista.irt

eircoui'ageiiieni ;i.nå inian,31'lle ¿:ss-i s**etice du-rin;r the coLti-sje of
'c tlis si uCy,
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Ïi{TRODUCTÏOi\I

A. Iiisto:'åcal tsackground

Over the last two deeades, Canadian agrl-eulture has

surged for'¡'¡ard at a vi.rtually unpreced.ented rate of growth"

lìeal nei oui:put.l, afier belng eoruected. for weather fl-uctua-
/-\

tj-onsr'has lncreased aL an average annuel rate of 1,9 per

cent" This accortpanled by a decline of ferm labor employed

of 2"7 per cent per year has brought about the inc¡'ease in
net output per Eian-equivaleni*uS conventionally ternied es labor

productivi'r,y, at an average a:rnual rate of g"3 pel ***t.4
RegLonel differenees in the aveÍ,a,ge gr"or,rth yat"e of

labor productivity were substantlal, varying from 10.4 per

eenÈ in the /.1r,Lanf,ic and Ontario to 5.3 per cent in Quebec"

British Columþia v,¡as also lov,ru only 5"4 per cent, as com;oared

i,^¡ith other regions. The Aflantic and Ontarlo stooC out r,¡ii:h

the hLghest rate of growttr in 1aþor prociuetÍvity because there

lOutput j-s real e;nct net Ln the sense that it '¡ras esti--
na.ted Ln L915-J9 prlces and net of purchases from noir-agr"icu1-
tural sectors, which h¡ere eonsumed in the process of productlon.

2lu'eather indexes used vurêrê ,åerived f::om I'{.
L" D" Blaek, rrWeathe:: Cyele ancl Crop Predlctlon,
E_U_1-1_etånlq" .Q, Dept,. of Agr" Econ", University
Tlf.nnlpeg, Ca,:eada, isoveober, L964 "

7--4"îan-equlvalent was obtai-necl by modifyins farm labor of
v¿',rious age and sex groups according to cert,ein ratings which
irrill be presented in Chapter III under the headi-n6 Derlvatlo.n
of the Dafq.

H" Yeh and
tt 

-" -L e cnilic al_
offfi[õãã,

4gee Aopendix I"
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had been a high rate of inc:.ease in net output and e. high
raie of decllne in farm labo¡' employecl in these regions.
Over the twenty-year period slnce L946, laìror emproyed on

íarms has deerea.sed at' an average annual rate of 3,3 per cenl:

l-n the Atlantic, and 2.8 per cent in ontar"io. The consider=-

alcle decline in the agricul-tural labor force ln t,trese two
reglons was mainly due to the development of other types of
actlvlty such as logging and flshlng i.n the Atlantie; trade,
finance, and manufacturing ln Ontario, ruhich provided Job
opporfunities attract,ive enough to pull labor out of the
farms" rn aqdiiion, the continuous development of land con_

solidatlon aceompanied i:y an extensive use of machinerl, in
the Atlantic, as shoi,.rn l_n:þpendix TII, would seeü to be arr

important faetor resulting in a decrine in agricultural labor
force "

The 1or,r growth rates of lai¡or productivity ln euebec
and B' C" lrere caused by different factors. Whereas the forner
came from the negatlve rate of change in nei outl:ut attributa¡le
to the relatively s'uable organlzation cf productlon, the latter
eemo fron the Low rate of decline in faru labor force due to the
doroinance of dairyingu market ge-r.denlngr end fr-urt grorring
activltles, all of whlch require high labor inputs. The

Fralrie has enjoyed'r,he highest rate of growth in net ouiput
aaoÍl'g regl0ns" But, because of the lack of non-fars Job oppor_
tunitf-es, the surplus of f erm labor resultj¡.g f r.om farm consoli_
datLon and r¡echaniza'çr-on has depr.essed the growth s,ate of labor



3

productivity dolrrr io the third hlghest anong regions"

l''Ilth a constant capltar-rabor ratf o, labor productivity
and teehnologi.cal change are equlvalent,5 rn other word.su

Íncreases ln labor produetlvity are entirely attributable to
technological progress" However, farm ca.pital per" nan-equÍva-
lent, 1n real terms, also has remarkably lncreased in Canadfan

agriculture and the differences ln its growth rate anong reg1-ons

have been qulte pronouneed over" the sarne time period. rt
follons that the growth of raþor productivity was not only
attributable to the advance in farr¡ technology, but also due to
the increased use of farm capf-tal per aan-equ.ivalent, and that
the effects of eapital intensity on labor productivity ïre:-e

d1íferent i.n different regions" Table r presents a comparison

TABLE T

AVERAGE ANIìIUAL FÁTES 0F ClIl¡l[GE IN LÁEOR PRODUCT]VITy
lu.{D II{ FAFIq cA}rTAr ptir... i,fÁlï_EQUiV4"Lm{T

OÁTf AÐÄ JåidD FEGTOI$SJ, L946-L765W

Canada Atlantic euebec Ontprlo prairie B" C,

oooêÂ Pernenf.:oo oeé6c

Labor Produ ct lvity g ,3

Farn Capltal/,{" u" T "3

't^ Jt 5.3 10"4 B,o 5.4
3"L 4"5 T "9 7.4 4.3

&Sou-rcee Taken f::om -r\i:nendi-xos f and II.

2Tt is because technological ehange is defined as thatpai4 of increased labor produõtivit¡r ,¡rhfch is left over afterinereases in capital per man-equivaient are accounted for"Defails w111 be discussed in chapte.r' ff under the heading
:
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of average annual rates of change j-n labo¡" productir¡lty and

ln far:m capital per nan-equlvâ.lent for d"åfferent reglons"

The above table shor,¡s that groi^rth rates of farm capital
per men-equivalent fel} in ihe sane ord.er as ihose of labor
productlvlty amor?S re6åons, v¡ith the only excepilon of 'r,Lre

Ail"antLe in whieh farm cepital r^ras J.l per cent, the lov¡eet

among regions, ïrhereas the labor productivlty was 10"4. per cent,

fhe hlghest anong reglons" This sharp contrast betr¡reen the two

refleeted a slgnlflcant lmpr-ovement 1n the productlon tech-
niques fn this reglon" By breaking dov¡n the components of farm

capital, 1t was found that the low rate of its growth cane

from a rapld decll-ne Ln the values of ll-vestoelç and poultry
and, lairds and buLldlngs " The f ormer has dropped f rom

.fi33,146,000 in L9t+6 to lþzz,88g,ooo in 1965 wh1le the latter,
fro¡n $147,o2B,ooo to ti66,o85,oo0, all 14rere in Lg35-3g prj-ces.6

The d"ecllne in the values of 'Éhese tr¡o capltal lterns was a

result of changes 1n the oxganízatton of production on -t he one

hand, and of shifts ln the utilizatlon of land fron crop pro-
cuction to the forest growing on the other, The value of

fmplements and ¡¿achlneiry, hoi"fever, has i.:c"r.ease;.l coj].siCerably"

ïts growth rs.te, in terms of pe:' rnan-equlval-eat¡ wa,s 1o.J per=

cent, the second hígirest anong regloils , as sho','.rn in é,ppendix

ÏI' This high rate was obviously ihe result of the coincldence

of fncreased farm mechanizatlon with a ra.nid off-f,qv.rn ¡¡lg¡¿tj-on

For
$tatLsLLqs,
Ottawa"

dotails, see the Suarberly BuLleti!. of A&r:Lgg&urêl
L967 Revlsionr D
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l^rlth hlgh growth rates of farn capital per aan--equiv-

al-ent 1n the Praj-rie and Onta.rio where the pi:oduction of grain
crops and livestock dominated, the rates of growth of labor
productivlty hrere also high. Conversely, in B. C. and euebec

r^¡here there !¡ere loirr rates of lnerease in far:m capi-r.a} per man-

equivalent, there lrere low gro'nrth .r'ates of labor productivity.
The rate of Lncrease in eepltal-raþor rati.o was lov* ln B. c"

malnly þecause of its partlcurar productlon patterfls, es

mentioned prevlously, whlch r"equire hJ.gh labor inputs and are

less suitable for mechanizalion" rt h¡as row ln euebec,

oning to the rapld decllne ln the real value of lands and

buLldíngs, f ron {IEOO ,373,OOO in Lg46 t o $3og utSo,ooo i.n 1g65 ¡

as i.t accounted for a large percentage of farm capital. The

growth rate of ínplements end machinery per maÌ1-equiva"lent lr¡as

11.2 per cent, the highest among regions, however. Thus,

increasæin l-abor productlr¡ity luere not only affected by the
rate of growth of total farm capltal-, but also by the change

ln its composition.

rt is v¡o¡'th noting that labor produetivity did not grow

aL an even rate, and farm caplial per ilan-equivalent dld not
either. The growth rai;e of labor p:'oduct,ivity rrras subjeci to
a varlety of changes. Tf the r,.,rhole period is dlvided, accord-

ing to the cai:adian general economlc situation, inio four sub-

periodsz a946-195o0 L95o-L955, L955.-Lg6o, and tg6o-L965, Ð.

distlnct change 1n trend appeers" The growth rates of rabor
productivity '¡rêrê generally 1or,¡ (or even negative) in the first
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Eï:.d" -L'ni.r"r1 sui:per.iods. The low c.r:' ;:ega-Livc= :l¿ríes oil ilicie;i,se

ín l-ai:or- p:"odr-.ic'L.irri¿¡¡ r'esulte.j lir r"c1-;r f ron ¿u r.rpl-d cecline in
'bLre -Lor,¿,-1 iie-[ curti:ui ðt]-rd jlåf''ùl]i i:ec¿::use o;: tne iow off-f¿lr.m

rai¡¡rat'i oi-i due to l;'ci,i of jo-c op,cortunltie s -ì,a ¡icn*¿:,9::ici-r.l--bui'aL

sectors ciurins the ¡-.er.J-od i-noeüia-tely fol"lowing ';io:rld lr:¿;.r' ïT

and i:he 're¡.i oC of u-coiloric i'ecessior.i, The decli-ire in t ite

t,o-bs.l net ouì;pu.i in the fi¡.si suilpíj¡'ioc was aiiribu'ca,Ì:Ie io
t"he re¿.oJu.s-i;ineni: of'pi'oductioi: fL:om.,üÈ:r to fle¿ce ti¡ne ccndi-
'flonsr',¡iiile, ln'L,kle iirir'd subpei=iou, it wås iue to-i;Ì:e loiÌ

cle¡r¿:ncl fo.l" f¿.rn 1..1:odu.cts in f o¡.eign iliariie-i.s. Jidclitionall-¡,",

tlie 1o'u¡ r'¿r.ie of inei'ease ì i] f i..i=rl caipi'L;-1 "wa,s the r:,eesoii íc:'
e:^:i-.1u.inii:q 'tite I or:- or' negative r-,at,-^s of j::r.ow'ùh of l-abor" llro*
*uc-Lirrit¡i, eis tii-ey i{ere hig;i:1;' i:ssocj.:,-¡ed"

ïn -Li':e seconai ¿nc f oui-.'¿ii suol:er.iods, lbe Ko::eâ,tt ,,.1:.t,

ald 'r,i:-e nooming 3ene::r1 econoal called for, ¿ 6reai d.e¡rl¿.rid. fc¡
'l*r':n proci.t-icts i:i both oomesii c and f'cr-eign :i:¿:.r'ke'i;s" lfhis

acCÐirllJ¿;.Iiied ly a. :"apio. oulÈ-,-¡1;i¡ation of far.¡n laboi- a.nC år high

¡:ate cf i¿:creege in f-r.rr.il ca-piti-il- har,'e o::ougni for'i;Lr ¿'- -treirren-

dous su.rge in l-a-¡or .pi-oiu c'üivi Ly in tiiese tr¡¡"o suilpe.r'icds.

I'o ';he a-i:o-,'e ;4e:ter'å}itye ii s'rrouid be ¿odeC. tna-i Cntar-io

Tr,riìis tire only e;:ceptionali ::egÌ-on iir ,,Eliie'a ¡;L:oi'r"th" of l¿ii:ol, pr"ocuctiv-

ity avereged a high r'at e i-n 'c rre f i¡st suo¡;eriod arrd í'61 ]s"j n- ii lc;i

a sLreLr.p d,:'op, ';heti e-ir¡¿lirced ai incrierate r::,tes 1n trle t'oirci ancl

fourth subperioCs" Tire ,g-i-oi;tir ¡=eite fn ûntaric r.¡as ili3h dur.ing ihe

perioö. iinnec.ii-"t e-t;: e fre .c' '.io,:lc. ìia.r: lf sin;oly bec¿,use non-aEi^icultr-r;l

sec'Éoi's 1r¡ÐT'€ al-;'ea,.J¡r develc*oed by tha'r ',,'ime " The úevelopnent
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of non-agrieultura-l seet,ors not only provldes nore Jolr

opportunitles to aceomroodate the ou-b-migration of far"m 1abor,

but demands moÌ-e farm p::oducts for consurnption and. other

purposes. As a eonsequer'r.ee of the high rate of growth in the'
first subperiod, the rate of increase in the second subperiod

r¡,fas relatlvely 1ow, a.s eompared with other reglons. The same

reason wourd. apply to the thlrd subper"ioo during v¡hich the

economic reeesslon occurred" Table rr conteins the average

e-nnual rates nr ol^qnæa ìn labor. ,oroductivity in var.i-ous sub-

periods,

Not only has the g::ovith of labor proiluctivÍty concentrated

1n certaln subpei-iods, 'but li a"lso f luctuated i:emarkabl)' f rou

yeer to year. \rai'iability ln t,he year-io-year. rate of change in
labor productlvity v,'as t¡-emendously high" The standard

devi¿t1ons ï,rere more the.n three tirues hlgher than thelr respee-

tlve means in all:"egi-ons with a sing}e exceFtion of ontarLo in
whleh lt r.¡as much lower, but still higher than the mean, For

canada as a v¡hole, the relative d.ispersior.T 
"pp.ared. to be rower

than that in regions beeause the aggregation tended to offset
the fluctu¿itìons. Table rÏr exhibite the variability of year-
to-yea;. r.ateg of change in labor productivity"

Like labor productivlty, ih.e growth of f¿rra capitail per.

me11 -/âñrrÍ t¡s1 ant al-so shoued a hicrh f I uc:tl:et1on. Ttre relatives k:v'J ÈLrvtrvv L! !¿¿a!4 Å !qvuLtd,t;_LUIIo ¿ile !.\

di-sperslon of its year-to-year= r.ates of change, es shoiun in
Tal¡le rv, was not as high as tha"t of labor-produetivity, but it

t7
t Relative

var-iatlon which
dispersion is
is defined as

measured- bJ' the coefflcient of
the sample standard deviation

expressed as a pereentaFe of ttre sample meaoe l"e" e CV = lOOsÆ"
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was su.bstantLal . Iforeover., regJ-onal differences ln the

reLative disperslon l,rere substantial, ranging from 81"6 per

cent l-n the Pralrie to 400"4 pes'cent ln British colum,oia.

This wa.s so probably beeause of tlre extreme dl-fference in the
patterns of farm enterpri-ses j-n ihese tl.ro regions. lfhile the
former speeiallzed Ln the -c,r.oduction of graln crops and llve-
stock v¡hlch requires mor'e steady increages ln capital lnvestment

as farm mechanlzation continuously progressese the latter
dominated the dairying, market gardenlng, and fruit, grorrrlng

activlties, all of whlch require hi-gh labor inputs rather than

far¡n ca3:1t al"

The anal-ysisv so faru has led to a crear expositlon of
the fact that the growth of and the fluctuations 1n 1aþor

productlvity r"rere influenced by not only variations in the
utllLsation of faiæ capital, bute even t"o a greater extent, bl
technological ehange. Althourgh there have been a number of
studies measurlng la.bor produetivity done in canadian agrieul-
ture, li-ttle attention has been paici to the investigation of
influences contributing to changes in labor procluctivity" rn
order to provlde the agrieulture,l pollcy-mair.er v¡ith soae useful
information for resource alloea"tion, a couprehenslve ínvestiga-
tion and measu¡:ement of t,echnologicar chrange is required,

Objectives of the Ëtudy

The pr'lmê.ry purpose of thls study is to segregate the
variations in labor. productivity due to technologlcal change
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fron those due 'bo changes 1n the utilization of farm capital
pex' man-equivalent, l,for-e specificarlly, the ob jectives aye;

(1) to examine the naiure of technological change;

(Z) to investigate the elasticity of substitution
between capital and labor;

ß) to estiaa'¿e the returns t,o scale;
(4) to neasur"e annua.l rates of iechnological change;

4tu

(f) to segregate the conponenis of increased labor
productlvity lnto those attri-butable to teci:nological change

and. thOSe tO gh.crr cros ìn n:nlf,¿l ÍntenSity.

C" A Review of the Lltere_tur.e

For choosing an appz'opråate method for measur.ing the
rate of technologieal ehange, a brief review of some relevant
studles repor"ted in the l-iterature is necessa;r"y.

The study of tee'nnology has evolved through aany sta8es

rrrith r¿unerous approaches being used." It began r,r¡ith the measus.e-

ment of disembodied. technologleal change.B /r tectrnique for
separatÍng disembodled technological change was introdueed by

,5o1ow in his study of the prlvate non-far¡a eector of the

united states"9 solowss method is not only capabre of separai-
ing the lnflu-enees contributing to ehanges ån labor productlvlty,

ô
"Dlsembodied teclrnological ehange is deflned as an increaseln prod.uctivity _resultlng fiom improvõd. productive tecirniques,superior knowledge, better menagement, et_ge,L_ra.
U
'R." !f. Solow, "Technlcal Change and the Aggregate pro_

duction Functlon, tr Revlel¡ of-Eqonomiqs anLltatJõtiõs, Vol. 39 ui\lo" 3, August, 1957 '



irui also allows using va¡'ia.ble incoue shares to factors over

tlme as opposed to the constant ineoue shares assumed by a

Cobb-Douglas produ.ctlon fu-nctj-on" Thls method. has been

rridely used by economists to i-nvestigate the effect of teehno-

logical change on outpuf for different siectors of the economy.

For example, Iiasselllo has applled thj-s ¡nethod to Unlted

states nanufacturing for the perlod L9L9*55" Hj-s flndings were

slnålar to those of Solowe as r/Íere the flndings of Chandler,

who eondueted a study using the same model to investlgate
productlvl-ty change in tþe farn and non-farm sectors of the

Unlt ed sta.tu*,11

The derivation of Éolow1s model requíres assumptions of
(1) eonslant returzrs to scale, (e) homogeneåty of factor inputs,

and (l) competlttve equilJ-brium 1n the economíc system with
factors belng pald their marginal products" This rnodel ls
deslgned to measure only disembodied tecllnological change" If
the assumption of factor honogeneity 1s vl"olated, the measur.e

of dlsembodied technological change becomes biased by' an

lnfluence that should actually be recorded as enbodled techno-
'lD

logical ctiange " 
*-

10g. F" Massel-1, 'tCapltal Formation and Technologlcal
Õhange 1n Unlted" Sta,tes Manufacturing,rr Review of Eeonomlcs
and ätatistlcs, Vol" 42uNo" z, i4ay, ig6Om

IlC. ¿\. Chandler, "The Relative Contribution of Capital
rntenslty a¡rd Produetlvity to Changes in output a.nd rncone ln
the U. S. Economy, Farm and Nonfarm Sectorse 1946-58utt Jou¡.nal
of Farm Economlcs, VoI . 44, I{o. 2 s Ïr{ay, L96Z¡ Þþ. 335-4T-

l2g$boated technological ehange Ls deftned as an lncrease
in productivliy resulting from ímprovement of fa.etor qualit,y
over time"



1)r

Salter introduced a model for measuring the extent of
-l?

enbodled technological change.-- IÍe argues that or¡ce eJ't

investment in fixed ea.pital is made, the prod.uction functlon
i s no longer relevant, and factor substliutlon beeomes

imporiant" Thus, he concluded that the quality of nel.¡

capital available ls the d.eciding factor in declsions regard-

ing the adoptlon of best-practice techniques. Best-practÍee

technlques are deflned, according to Saltery âs the technlques

at' each daba i^¡hich enploy the rnost recent ieci:nleal aovances,

and are economi-ce.lly appropriate to curuent faebor= prices,
1LL

Salt,er identifLes four influenees that deter.inine

successive best-practi-ce techniques. The first suctr lnfl-uence

ls re,oreserrted by the movement tolrards the origln of successìve

product-ion functions" In other words, the extent of technleal
advance from one,oeriod to the next is d.efined and measured by
rrthe relative change in total unft, eosts '¡¡hen the technlques

in eactr period. are those v,¡hlch r^¡ould minåmize unit costs 'r¡hen

factor pr-ices aye consta::tr'"

The seeond influence is the bias tor¡¡ar"ds uneveil factor
savin8" Such biases are measured by the raie at r,'¡hich factor
proporf ions cha,nge r'¡hen f acto r prlces are constant " The

aeasure of -iriases is closely related to Hicksl definition of

labor-and-capital-saving and inplles the- saue definition of

neutrallty.

131'¡. E. G. salter, Productivit:¡ and-T-ecþ4ical Qqange,
Cambridge: Canbr=idge Univ

14Ìbid., pp. 3o-Lt¡ .
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salterrs third. f a-etor in the determination of best,-
p¡=aetice teehniques is the elasticity oÍ substttutlon betlveen

factors" This is importa,nt r¡hen businessmen equate factor
proportions to relatlve prices.

The final lnfluence is the chan8ing relatlve factor
.prf-ces 

"

Salterts model ls based on several assumptions"

0onstant returns to scale ls assumed.. Teehnological advance

must be embodled ln ner,¡ capltal, capltal goods in place do

not share in the prociuctivity lncreerse arising from the in-
ereasing efficiency that is enbo,äied in nei^¡ eapit,al, f-,e, rlo

provision 1s made for disembodied technlcal change" The qreality

of labor is assumed to be honogeneous over tiae"
Ïn 1959, ,9olovr introd.uced a method of estinatj-ng capital

embodied t,echnlcal 
"h*rrg",15 sololrss neasure is based on

vJ-nnage produetlon functions. For each vintage, v, of eapital,
there is assumed to be a Cobb-Douglas constant returyrs to scale
productlon function. These functions show the relat.ionship
between output aL time t produced by ca.pital of vj.ntage v¡

Q(v,t); the survivíng eapital of vintage v, K(v,t); end labor
vrorklng r¡lth capital of vintage v, L(vrt). Thj-s funetion is
of the foru

e(v,t ) = AeÂvK(v,t )dl(v,t ¡lj

a--'R. !f" solor^¡, "rnvestment and rechnical progressrr,
t'.{athema}1cgr }[ethods in the__$pgågr_sclences; Lg5g,"ed. J. K"Arroi,rr, S. KarArroi^re s. Karlin, and p. suppes, stárrfoFd universf ty. press,
Ëtanford, L96O: Þp. 89-104.
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r.¡here J.represents the rat,e of ca1:1ta] ernbodied technical

change, atl.d a'and 1-ëdrepresent elastieities of p::oduction of

ca.pi*r.,¿il and labor, respeciively" Caæital folrled at time t ls
equal to gross investment, f(v), and capital is assuued to
depreciate exponentiall¡r ¿1, rate &.L6 Thusy capital of

vintage v is defined as

K(v,i) = :(v)"-6(t-v)"

At any one'r,ime, the total capltal stock v¡ill be the sum of

capital of all vlntages, v¡hich cai: be fcund by integra.ting

ov-âr all vintages ä,s ox ^ & â

r 1+ \ - ^-6t f ^"(å "¿)r r**r **- * {* ^(åo),
"r J\ (EJ Ë e - " 

¿å"'* 
*'I(v)dv = j^å'^ "K(vut)dv.

Ëolov¡ calls ,I¡. (t) the effective eapital stock" Total output

in year t would then be given by

a(t) * AJÀ (t)* r(t)l-d,
Labor representec by L(t) is assumed to be homogeneous and

distrlbuted effielently' over all vintages of eapltal such that
laborrs mai"ginal productivity is equalLzed for arl equipr,nent"

solor¡ indicates that eapital embodi-ed tecir.nical clrange, À, ca;¡1

be estlmated fr.om

r^¡here

S * const,anr = tos (\_@--l
R = ( .Q , -)L/a"

L-&
L

This ¡nethod requires an erËosenous estinate fo¡" the elasticlty
of production of capltal (ry) ,

l$umerous assurn;otions are lnvolved with th-ts mode'l 
"

Tecr:nical change is assumed. to be neutr"al. Õonstant retursrs

I6A""ordi4a- to Solo-r,.r this i.mplies that the ave:'age lifeof capital is L/ 6 years" Iþå_Q.., Þ. 92"
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t'o scale is assuraed " Teehnical change must be embodied in
irer.r capLtal goods, The nature of technícal chatnge is euckr

that at every point ln time it affects onl¡r irç¡¡ ca;oltal
goods, f"e. e every capital good embodles the latest of known

teclrnology al the monent of its constructlon, but it d.oes not
participate in subsequent t,ecirnieal p:.ogress, Labor. ls
assuned to be homogeneous over time and efficj.ently distz'lbuted

across all vintages of ce"pital. Ëhar"es of capital and. labo¡:

â.re assumed to be constant throughoui the perLod" Flnall¡r, it
is assuTned capital-embodlecl techlical crrange is capitar aug-

mentlve, i"e" e it has the sÐ,me effeet as an increase in ihe

capital stock"

tn L962, Êolor,^r adcled a new feature to his enbodied

technlcal change model"17 I{e exiclicltly ini:roduced cyclieal
factors lato the productlon functi-on th:"ough the u.nemployment

rate. This pe¡mitted hin to differentiate between potenti-al
outpui a¿rd actual observed output. Potential out,,irut, p(t),

was defined as a functåon of th effective stock of capital
and ttre available supply of lalcor, L(t), or p(t) = F

pg(t ) r t(t)] " lto expllcl-t mention of technical ehange is
requlred, since it is already ineluoed in the effective stock
of eapital"

observed output, e(t), is less ttran po'i,entlal output
because employment ie less tiran the available supply of labor.

17a. 
M.

and Econonic
P*roceed,ingÞ,

Solow, rrTecirnical Progress, Capital For.mation,
Grov¡thrt, Aqerican Economlc Review; papers and
Vol" 52,
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Acfu.al output dlffer.s from ;ootential output by a facior which

is a function of the enploymeil'c rate, E, or

a(t ) z r(¡)¡'(J,L),
The functlon actuatly fltted was of t,he for¡n

/\ n,@"1-q"^b+eE*dEzq,=J{dLIUO

The unemployneni funetlon lvas tob*cE+dEz, ana afi,l-d*u.* the
productlon functlon of potential output.

$o1ou¡ e:cperlmented irrith varlous improvement factors
( e ) for capital and in this way derived arternative series

'lQ
for ihe effeetlve capltal stock" *" These various capital
stock series were then useo ln f itting the productfori func'slon"

The criter.La" for the lcest estimate for ,h lrere ttre goodness of
flt and low standarq errol's of the coefficiei-Lts"

The foregolng models har¡e considerecl the rate of either
embodied or di-seml¡odied. technical chan,ge exclusLvely but nevet

simult,aneously" Phelps made an efforb io snythesize LVrc tv¡o
10approaches in t'ne form of a growth nod,el.-' The model e:mployed

by Fhelps ls based on a cobb-Douglas typu of produc'tiion

f unction v¡hich is a blend of .$orowr s embodied a,no disembodied

tecirnlcal change nodels, Phelps I model i,lras of the f oym

g = AeutJdll-€ ,

where J represents solouBs effectlve capltal stocl{ which

l8rfti" model does not require an exogeraous estlmate for.
ed but rather requires altemative exogenous estimates for'&"In the previous model arr exogei'Lous esiim¿.te for @ r+as required,

and À was estimated irnplicltÍy"
19g. S. Phelps, 'rÎhe New Vier¡¡ of ïnvestment: A }leoclassi-cal ánalg'siqrl, Quart-efly=J9grl:ÊI_of Ec,q4on!çq, Vol . 76, t\To. 4u

lüovember , L962p Fp " 
-548:67:
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inpl1c1t1y lncludes eubodled tecîrnica.l change; L represerets

labor v¡hich ls distributed evenly oÌ/er a.11 vinia8es of

capital; an,l *ut allov¡s for disembodied technical change"

Although Phelps combi-ned. $olov¡8s two models into one

containing both embodied and disembodied technical cha:rge, he

made no efforb io estinate boi;h rates of tecirnical- clrange

simultaneously" The Phelps model was exteirdeci by Intrilig at,or
^^1n tv¡o ways.-- First, th.e rate of embodied and disenbodled

fech-zrical progress Ìrere estimated sLmultaneously. Seconcl, the
rafe of technlcal progress e¡obodled ln improved quall"ty of
labor', as well as tha,t of capital, wås estiruated.

The model- used by rntrlllgat,or involved a eonstant
retu:"ns to seale Cobb-Douglas production functj-oir esti-nating
potentlal out,put, which was relat,ed to actual output by solov,rss

unernpl oyment functlon as

e = Aeb*cE*dE2uutJ*I.{}-q .

Ás before, J is the effective eapl-tal stock, .üt Ls the tlme
trend allowlng for d.lsenbodied tecirnieal ctrange, *Ìr*cE*dEa ls
the unemployment funct,ion, and M ls the labor input index
i'ref-ghted by quality changes, The estlmatlng lroced.ure was

ldentl-eal- to thai used ìry $olor'.r in hls 1962 paper and outlined
above"

The load of assuiaptions canrl_ed

1s also heavy, Dj.senbodied teeirnlcal

fn Int.11lf-gator?s moöel

change is assumed to be

2oiut. D" Intriligator, ,,Embodied Technical Chan¡se andPr"odu.ctlvlty 1n the united $tates Lgzg-1958r', Revi**"of
EconomLcs -and "S!"a-tipt-j.cS, VoI. 4T u No " L, trebrffiTgõ5,ffi
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i'r.eutral-. 0onstant returns to seeule ls assuned. Labor is
assumed to be effectively distrlbuted over all vintages of

capital such th¿it laborrs marginal procluctivity is equalized

foi all capital. Fina1ly, eapital embodied tecirnical change

ie assuaed to be capltal_ augmentlve"

$o far, several imporbant nodels used in the üeasure-

ment of the rate of tecirnical chan¡-{e have j:een reviewed. The

largest contributlon to ¡aethodology mugt i¡e attri-bu-r,ed to the

Solow models. These models lncluded methods of meaeuring the
rate of embodied and disembod.iec technlcal change. The

Ïntri-11gaior model r.ry-as simply' an extensl-on of the Phetps rnod-elu

r¡hfeh 1n turn Ïras a synthesis of tv¡o ea::rie:. Ëolow raodels. The

models for neasuring the rate of eml¡odi-ed teehnieal chan,qe not
nrr'lrr ñ.rÞ6r ô r^^-"ú 'T n..,n ¡{¡ -^^..--- +: ^-^- r^.-¿ -i --urrrJ ç,àr'Í'y ¿, rieavJ roaa of assu,inptionsu but also requlr"e gone

data which are not usually avallable. T¡Ioreover, the assumptlcn

that technologica.r ehange must be embodled in new capital has

not yet been generally accepted by economlsts. For tirese
reasons, Solow¡s method of measur.ing disembodied tect::nologlcal
change is adopted l-n the present study. This method has the
advaaltages of requlr"ing fer'¿er assumptions and allowing varia'ble
lncoree shares to factors over time as opposed to the constant
l-ncone shares assumed by a cobb-Dougras produetion function"

Ð" Seoi¡e of ihe Ëtudg

ïn ttris study c ð.rr analysis

as well as for Canada as a rqhole"

ås ma"de on a regional basis

Based. on the existins
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produetlon paÈter¡r and the geographf-c dellmitation, five
regions are fomnulat"dr2l namely the Atlantie reglon, lneludång

Nova $cofla, Nevr Brunswick, an.d Prlnce Edward Tsl-enð; the

Quebec region; the ontario reglon; the Prai-rie r.egion, lnclud.-

lng Ma,nltoba, Sashatche-u^¡an and. Alberta; and the Eritish
Colunirla region, as shov¡n in Figure 1. The tf-ne peri-od of this
study covers 2O years, from L946 to L965. It starts from Lg46

pa:'tly because some data requlred in this study hrere available
since ttrat year and parbly beeause most of teehnleal ir:nova-

tlons rìrere introduced lnto Canadian agriculture after Ttro::ld
22t¡!Ð14 | |

ThLs di-ssertatlon consists of sLx ehapters. The intro-
ductorjr chapter gives a brief hj-stoå'1cal background, the
probleuatic sltuation, the objectives of the s'cudy, a revj.ew

of several models for rueagurlng technological change, and the

sco*oe of the study. Chapter If ls coilceryred with a dlscussLon

of the theoretical background of the study" While 'bhe measure-

ment of teehnological change and the lnter;oretation of enpiri-
cal results are presented in chaÏ¡ter rrr, the fouyth chapter

2L^--Techueology in each region where the type of fa"zning andthe natural crinate are s1mllar Ls logf"eally ässurned to be
homogeneQus. Regior:.a1 dlfferences in ad.optlng tech.nology arereflected j.n the rate oÍ tech::ological change ln¡hicit conty':-but,esto the Bror,rt,h of la bo:r productlvity.

22tt 1s evidenced i¡y rapld i.ncrease in the size of fann
and ln values of machÍ-nery, llvestock and material inputs per
tarm. See A1:pendix ITT.
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1s clevoted to the examination of assumirilons underlying the

measuyement of tectrnological change" The centz"al theme in
Chapter V is to explaln lmplleations of enpi-rf.cal result,s

for resoLrrce allocatlon, prices a"nd farø lncomese arro incsme

di"strl"bution. The final ehapter provides the conclusions

as 1'¡e11 as a b.r.ief sumaary of the entire study"
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T]{EORNTI C.Ii L FlI AT,IEI,,IOiì K

In Lhis cha.nter a,n aliempl is na.cLe to cli scuss the relevant

theorefical conside ra.Lions underlf inø t,he er'roirical- investiFalion.

'L'he discussion nroceeds fro¡r concents of techroloa'ical chane'e, t,hen

to feciors afiectins lechnolosical- changer ând finaLl¡r to a¿',r're.{e.te

hF^^ìì n* i ar¡ frrn nligng .

A. Cqnceptg ot: fecnnofogical

il-'e_ligenr_

Technolo,qice.l chan":e is cle,fined as a. shifl of lhe nroduction

funcfion re:sullins fron ihe acl ontion of' 'ì r-'nroved nroduction nrecfices,

the increased sì<ill of lhe labor force, increased resi-onal speciali-

zt.Lron, superi-or knor:.Ledre¡ l¡el,ter'nen.'-r'enent, and a.l-I sorts of'
)2

improrrernenL"'-'Sial-^d clifferentl¡', it, is a chanqe in the efficíenc1'

of ihe use of resources" Assuning t,hat factors of produc'bion are

unchpnrTed, Le chnolof ical Ðrogress tekes nlace r-hen i nputs r.ield

nronor.tion¡lry r.ore out¡ut. 'l'he ouantitatii¡e rneasure of technolo¡:i-

ce.I chanse r"¡ould 'bhen be fhe ralio of lhe increasr: in outnut t,o the

Freviolrs ou-bnul" Or a.l-sebraicall¡",

./:À(t) ::.(r+l) - È(r) ta_r_r. * t,
ÂG) : *--ACL["- = -Y-t

)v
l-R" ii. 'Solorq, rrll'echnical Cha.nqe and Lhe Aqsre .sate pro-

duction þ'unci:ion," E_eÏLgil_q_l_¡!.ç.qggg]"9q_¿å1_¡;_[¿:[!s_!:iq-g t 1dcL" 39,
ìrio. 3,;iur{usi, L957, p" 11-2"
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whereAA(t)/d(t) 1s the raÈe of technological change i¡et-r.¡een

tlme t + l and tì-me t, and Tr*, and y* are out,put at tiue L +

1 and tlme t, respeetively"

rn the real r¡rorld, however, the facto¡-s of producti.on

would not remain unehanged ia ihe -presence of tec,nnologÍcal

ehange. rhey vary both ln nagnitude and propor=tlon. Additlon-
a.l eapltal investment in e farm rareLy does not involve new and

lmproved tecln:iques. And even more y.a:re is the case of the
introduction of a new production prae'olce ihat does not involve
the expend.lture of uore caBitar of some kind" lis a result, a

reduction of faim labor ernployed becomes the inevltable eoÌ1com-

i.tant of tlre substitutLon of capital for labor, Thus, in
measur.Lng technological change, changes in the utillzation of
farm capital and labo:" force should be taken into aceount 

"

This eoncept of teehnological change ,'4 u" used ln the

study, caa be LIlr-rs'crated in Figure 
".24a 

consÍder a trvo

faetor case i¡¡here net output is expressed as a function of
eapl-tal and labor, y = F(KrL), arrd thls productj-on function Ls

assumed to be homogeneous of degree onee then y/n = .p(t</Lr]*\,

1.e. l-abor productf-vJ-ty ls a functl-on of eapital per merL-equLva-

lent. Aesume that F and Fl are truo productlon funetions
representing before and after tec'nnological change respect,ively,
then ao lncrease in labor productivlty ls indlcated

24iì"fr* to page_14- for another concept of technological
change which was d.eveloped by Salter"

^r.àzaThis figure was taken from L. B. Lane, Tec'nj:o_lggical
gE3qË% -Ite_Ëoneept ion and }teaPureroênå, prentice-Eãil-ïñõî,
Ner.¡Jersffi
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because of ttre shlft ln the. production functlon from F to Fr.
For ta-king the increase in capital_ per nan-equivalent lnto
consideratlon, assume further that a'c an initiar tine period,
the economy is operatlng at potnt 1or (kt, y.r)'5 on the
productlon function F, and at a later time n"irou, the
econony 1s operating at polnt 3 or (k3, yì on the productlon
function F-,. The movement frou 1 to 3 is then a result ofl_

the lnc.r'ease 1n capltal per men-equlvalent (i<_ - k, ) and) r-
of the shift of the production function (F., _ F)"

- l\ \
J\:_7rJ7\)

J/ -l

>)

n

'¡,t

5
rìJ

{_.

a!,

:l

.ì
.-t

-----''-:'î/ ,-24:e,|Iz)
1(kI,yI)

Capi';al- în-íensicy (i.)

l-f ¡ {.:l | -l-: ')

5"o{ convenleÐce¡ y/L, laborby y arrd K/L, capital intensity, by
-nnnArra* içr{*^" Js l.ênrê.q.êìrf.o,lP¡ vsqvvÁ v ¿uJ ,
¡!o
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Types _of Tgchnological Chgnge

A shlft of -t,he production funciion can be either neutral
or non-neutral" The neutral tyt:e of technologieal ehange, as

defined by l{ieks, ls one v¡hich alters the productlon function
for each ca.oital-labor combinatlon but leaves unchaaged the

marginal rat'es of substitution of capiteLl for laboro while the

non-neutral iype of tecirnologieal- change Ís viev¡ed. as one

i*¡hj-ch alters the ma:.ginal rates of suj:stltution of capital for
labor at each eapÍta1-1abor comblnat,1or."26 To put it dÍfferent-
Ly, glven a production functlon y = f(L, K) at tj-ne t ancl

and another production function y = e(f,, K) at time i * @ s ft
can be saj.d, for each level of capitat-rabo:- ratio, i:hat

betr.leen t and t * & , th.ere hag been a trneut raLtt lnpr.ovement

1f ma.rginal productivities of capitaLl and labor have lncreased
+- +f.^ .--Ll ^.-^ +r^-¿ ¿r--rrr une s¿ìme pi'opor-'tions, that ti-rêt'ê has been a 'rcaplteil-savingrt
iraprovenent if the marginal producti-vity of labor has increased

more than the ilarginel productivity of ce.pitar, and. that threre

has been a rfrabo¡--savingtr iuprovement Lf the marginal produc.

tivity of capila.l has increased nor.e than the ma:"Einal pr.oduc=

Livity of laþor"

The liicksian neutr¿1l technoloEieal pr=ogress differs
from the Har"::odlan" slr R.oy lìa¡.rod has d-efineo a neutral tech-
nological progr"ess as one in which the value of the eanital

26J. R"
Ltd", Londoit,

Hieks, The Thqo_rtr oL trvagee, I{cl.fill-a.n and Õo" ,L9j5, pl-Til
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coefficient cloes no'L change at a constant rate of int""**t.27
These tr,rro coneepts of neuirality ar.e equlvaleirt if and only

if the elasticity of substltutlon of capítal for r-abor is
unftary. rhis can be illustrated irrith t'ne aÍd of Figure j"

The initiar equilibrium ls at A with the ratlo of v,iages to
rents given by the stope of lLne (1) and ihe capital-labor
ratio by the slope of líne (:) " Technological l:rogress is
represenned by an ínward" shift of the unit isoquant " rn the

movement of isoquants from I to r1 u the capltar-Labor ratio
ine:"eases to the slope of line (4-) , wrrire the wage-rental
ratio lncreages to the slope of line (Z) which is tangent to
the isoquan'r, 11 at E. The pereentage change in the lai:or-
capltal ratio 1s æ/ac, and ihaf Ln the r.enÈal-r,.rage ratLo ls
also AE/AÕ, By definltf-on, the elasticiiy of substitution is
the ratio of these two ex1:ressions v¡hieh equals one" Harrod-
neutral pÌogress is indlcated ln -bhe diagram because a.i a

constantl rai.,e of interest (t/an)z8 , the ea;oitar-output ratio
(oc) remains constant, i{icks neutratity is shown by a
radical shrfnking of the unit J-soquant 'bor."¡ards the origin
witlr preserwing the slo;oe of the isoquant along any y'ay from

the orlglns âs identlcal slopes at B and E exhibited in
the diagran"

27c" T(enneoy, rräarcod on 8iiïeuir¿:lj.tyo,n Econor¡lc
{ggrrrql, Vol , 72, Idc. 285, lr{ar.ch. L962, p}r. 249=ñ:-

2BAt the inir.ial equ.ilibriurn lcoint A, the ratio offactor pr"lces ls ,¡/r = DÕ/CA, or DC = w"ÕA/r = r,u.L/r" And0c = [ represents'she auonnt of capltal required t'o i:rodueea unit of outpui. Therefore, oD = DC,n oc = (w.l * ".lc)/r-rna eompetltlve situation, ls the inverse of ihe ra-ce ofinte:'est, sinee i"he price of'outl:ut is given by (i,¡,L + r"K).,Siili-larly, for '¡ire equ.ili brium poini at E.
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rtTeutrality of technolog.lcal change 1s lmportant, 1n

evaluati-ng the relative causes of gr.ol.ith of rabor productlv-

ity, If cha"nge idere found to be non-neutreL, some of the

increase ln labor producthritl might be due to the int,er-actLon

of capfte,l or labor and technologicar change, For exarnple,

suppose the share of l-abor increases r^,rhil-e ca-pltal per unli
of labor renains unchanged, an lncrease in tLre labor. force
would ca.use an lncrease 1n output through the non-neutral

shift ln the pr'oduction function. rf technological changes

ïiere neutral, however, all the increase would be a-ttri-þuted to
the residu¿rl since capital per unit of labor" did not j-ncrease

a-,u all' on the oiher= hand, a shift of the production functlon
might have been caused by an lncrease in capital per unl-t of
labor that has interacted wittr technol,oglcal change to produee

all of the l-ncreases ln labor productivi.ty" There would have

been no incr"ease in labor productivlty w'Lthout the capital
fotmatlon; eapital had a substantial share in the increase"

Thus, to evaluate the relative contrlbutLon of capital
lntensity and" technological eha:rge to the growth of labor
producti-vi-ty r,¡ithourt examining neutrallty woul-d lead t,o a
d.ubi-ou s lnt erpret at ion.

B" Factors Affecting Tect^rr:l.oloEical Chanse

Tech-i:ological ehange Ls measured as the ¡=esj_dua1 of
increased la'oor productivity after subtractlng productivity
lnereases whLeh are due to changes 1n capltal intensi-ty.
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General economic theory cannot explain why technology advances

at different paces 1n vari-ous agrlcultuy'al regions" lseit,her

can ii: te}l what fact,ors bring abou,t the increases" To

understa,nd the factors that make up technological ehange

requires empirical lnvestlgati.on of ihe observations " seven
^Afaclors" whieh are commonly adva.nced as inpor{ant ln effect-

lng teehnologícai change areå (1) type of farm, (z) the quality
of so1l Ln the fann , (3) reglonal differences ín the l-evers of
educatlon of the fa::merse (4) non-îarm economic variables,
(¡) chane;es in the educatlonal level of farruers and hired
workers , (6) ehanges ln the skill levels of opera.tors not

related to educatJ-on, and (f) the rate of inventlons and dj-s-

cover-Les ln agrieult,ure"

Lave made a regresslon model for Appalachian agriculture
in fhe ünited states and found ihat type of farm, tyFe of soil,
and sta-t e dlfferences indlvidua.lly explain 49, L5, and 66 per

cent of the variation 1n technological ehange respectively,
and i;hat, 'Lhe comirin¿¡.tion of -these three variaþles exI¡lain TJ

per cent of the vari¿tion in technological cnanqe.29a For non-

falm economic va-rfables, Garver poJ_nted. out that federal fars
progrâms should be the stinull- to teeirnological change. This
Ls especially true of the ac.reage control programs. Finding

^ 
t'ì

12T aai nø.lJ(tÈ ucil

and l4easurement
29s-- - ---*rþId" e

B" La"ve, Technologlcal Clrqnge: Its tonception
, FrentLcFllaÏfE 

"

p" l'64"



32

themselves r.,{ith directed. acres, fai.mers have a }ano resouree

i'¡i-th a new margin" They tr¡' and adopt techniques to put thls
resource to a productive u...30

The educaij-on variaþle nay be even mol:e important, ln
bringf-ng about technological cha,nge" Basie llteracy is
almost a prereqLrisite t'o both learzring of a new job and

learning t,o do a new job" l,lhlle a hlgh lever of edueaiion

1s essential to create technologieal ehange, a basie educatLcn

i-s essentÌal to perrnit farmers to adJust to it" For thls
polnt, Illltamo in hls siuoy of production of Fintand o found

t.hat most of the lncrease f"n output ï¡as attributable to the

human faeÈor v¡hlch includes the ed.ueational and. sklll levels
Z1of workers" t-

Vflth respect' io the effect of inventlons and discoverles
in agri-culture on outputu a nuüber of studles have been made.3Z

/ill of them coneluded the"t' the level cf publlc e>lpenditures on

a6riculiural research, education and ext,ension affected- output

slgnlficantly and ihat their social rat,e of reture was quite
high"

unfor'tunatelys r1o simil-ar data on canadlan agricult,ure
are avallable fn-.¿ 'm1l¡inr f^hose a.ppi-Oaches in thls study. Tn

50l,"ralter g" Garver, trTechnLcal change and the pro-olem of
{anpo'*e:' Ad justme?tl" Journal of Fa{p Ecsgemags, Vol, 40,
ldo" 5u December ]9rB, pp.-üãi:5õ;-----

31O" Niitamor. "The Developnent of p¡.ocuctivity fn Firrnishïndustry, L925-52r'r Frocluctiyity xÍeasurement fr.evie'/r, mo. !5,
lsovembe:. 1958, p. jo íty u"u."ure-ment Advisory serwice of the European Froductivity agäncy"

32For example, Z. G:"ilichesr'tnesearctr E>,?enditures,Education, and the Aggregate Agricu_L|ur¿.l proOuãtion ¡.uncúJ-otar'l
Amer.iean Eeongnlg-*Eg\¡å-ew, Vol " 54, No. 6, Decesber. Lg64u "

ep " 96T:W4:-
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of iheir resul¿r"s, howevero these factors i1¡ould

also impor.tant in acceleratinq tecLmo1ogio¿l_

Canadlan a¿T,:-culture,

Aggregaie P{oduciio4 Ðunctloi:

Án aggregate production function for agricul_iure is
the surnmatLon of all indlviduer farro firm input*output rela-
tionshlps, under the assumptions of perfect competition,
homogeneous faetorsc no eryors of speciflcaiion arrd measure-

nent, an,c optinum alrocaiioir oÍ faetors" rt i-s a verr
convenient tool for theoret'icall;u ex,olor.in8 sone of the
dete¡"minants of 6r'owth of i:roduetivity in agriculture" rn

^++ ^--+ + ^en aç rempr Eo assess 'írhe gr.owth prospects fo¡" agricu-t.ture,
tc ldeirtify the varia'oles that are rikely to determine the
gror^rfh rate, and to examine the poticies arfecting grow.üh, the
explicit or implicit Use of ¿-Lir â.rrâre.r.at.e nrn,l irnf.ì n-n fUnctiOn

is almost i-ndi-speir_sable"

ïn receni years e eeotlomists have developed a variety of
agg::egate production funcil-one. Two of ihem are dÌ scussed

her-e ¡¡¡hi-ch i^¡irl ire used. in the follovring anaLysis.

.lhe_ Ç q]¡þ -Do u.gt=as _FurâejLl on

rhe most, popular type of aggregate production function
has been the gene rarized cobb:Douglas type"33 lin aggregate
proOUction fUnctlon of this tvoe :ls exnons¡t,i¿f in na.turat

t1

fJsince lts introduetion in 1928,
enJoyed quite i;he same popularity. ForC. S. Cohb and P, H" Douglas, "A-TheorvAqerican Economj-c_fi.er¡iew, Vol. lB, lrl-o"" l,

no single îo-cm has
this fünction, see
of Prociu ction , rf

Supplemei:.t, Mareh
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form a;rd llnear in logarithmle for-m. For. a two factor easee

the logarlt'n:nlc foru of this fu.nctlon is r¡¡rl-tten as follor,^¡s:

1-og Y = 1og a * bl log L + ba log K + log e

where Y, L and K are aggregate variables represerrtlng, respect-

ively, net output , labor and capital of all Lndlvldual fann

firms, and they are aggregated. geometrically, i"e.e
log Y = ãlog yy

l_

logL= $roSLr,
and log K = Ç1oS Ki,
TLre regresslon coefficients bl and b, are also elast.icities of
nna¡ltraf i n'n ','{'¡/r uLrL{uu¿Lr.!r ur.th respect to ttt"i* 

"ot"u*nonding inde"pendent

va.r'åables, L and K. The elasticity of pr-oductlon measures the

response of relati-ve change j-n output to the relatlve change

in lnput" The coeffieient r¡arr i-s a const,ant whlch indicates
the lerrel of technol-ogy over the time period studied. These

COef f iCient s p y.ã a¡ qi I rr ootimated þy" standard regressiOn

t echniques .

An aggregate productlon function of the Cobb-Douglas

fypu pernits lnc:.easing, constant or decreasing marginal
7)tproductlvityr/- but does not allow both incr=eas1r:g and decreas-

ing nna.r'ginal productivity of a facior Ln the same functlon"

such cha¡'acteristlcs of rua::ginal productivity aree of coursee

d.ependent on the na'r,ure of o<rcpr-,ari=t,- n'nndqctlon functlon. The

7ltt-TYr" nar:ginal ;ohysical productivity of a parLieular
input ls defined as the quantity iuhich an additicnar unlt cf
this input adds to the toial output" In thls ca,se, lhenargÍ-na-I physiea.l product,ivity of labore l"fPp1,e is ø-ry/f; a.nd
of capltal, Ì'{?FK, ig bzy/K, irhere T T.epreser.lãs the ästimated
total oui'put "

1e Lu ooôoêooeooôoe N.
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sum of elastlclties of p::oduction, b, and bZ, lndicat,es the
nature of the returns to t"uLu35 fo:. the industry as a r,¿hore.

The returns to scale are increasi-ng 1f bl + brÞL; deereasiüg

if b1 + bt41; and constant if bl * bZ æ 1.ro

Other inportant characterisiics a. function of thls
type possesses are that of consta-ni elasticity of production

Zry
and ttrat of unitary elastlcity of substitutj.oi¡-,' ' whiLe the

constant erastlcity of producti"on meaiLÊ 'bhat the rele"tive
shares of labor and capita"l reruaLn uncha"nged over- tlre tiue
per.J-od under eonsideratlon, the unltary elasilcity of substi-
futj-on means that itre rel--ath¡e change in the use of capital
and labor proportionally responds i;o the rerative ehange in
thelr marginal productivity" These twc inplicit assumFtions

possibly make the use of this functlon restricted if they are

ì-nconpatible r^¡1th ihe actual situatioi:. Thus, for tbe use of
such a funetlon, 1t is necessary to lnvestigate whetirer- there
is strong g qrlor:L evidence against these assumptions implled
1n the funcilon itself"

')The returns t,o scale refer t,o the output response toa proport,ionate increase in all inputs.
36lur" returns to scale are sa.ic to-be lncreaslng if theoutpuf lnereases by a greater proportion 'c,han the inputs;

decreasing if the output ine:"eases by e smaller propõz.tion -Lhan
the inputs; and constant if the outptt a¡td inputã iãcrease bythe same proportion"

3T ar/a¡ç. = (ør/ar) (l/r) " By clefinlti on,

= _ (lar__rcal)1r,1 
" Gdr:+qffiIÆa = _1.
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g_[ Ful¡st-ltuiion Erånclion

/lrr aggregate product-ion functlon may usefully be

repi^esented by a linear.ly homogeneous equatlon 1n r,uhlch the

elastiet-ty of substit,ut,ion, rather tiran r.er-ative factor
shares, is constant. I+ genere,l functlon v¡ith this character-
istic hes been suggested by S,rrow, Chenery, llinhas, and

á)-{,5o1ow"'" These authors carl thls production functlon the
rr0onst,ant Elastlcity of suicstltution't, oï'g aore briefly, the
cEs, production function" The OEs production function is
wrftten as foll-oi^¡sr 

.,,

\r( / 'Ðr =ðLáK? + (r - á )L-P') o6 ô.. .. (a":_)

where Y e nei ouiput (value added),

K ã utllized capital,
| = labor input,
ö = effLciency paraneter,

6 = disiril¡ution paramete.rg

and f = substLtutlon parameÈe.1..

Thls function is derived f¡.om the loearithmj_c_

regresslon equati.on
,1/,log (i) = tog a + b tog vf + log e (a"21

where tr{ = t,he annual rrrage re-üe, ancl
'b æ the el-asticit;z of substLtutlon,

on the maln assumpt,l-ons that (l) perfeci; coinpetttlon exists

"R'"Íç-" J...Arroi^.r, -ti, B. Chenery, B" S. ir{lnhaso andR, 3't" Solow, "Capital-Labor Substitution and EconornicEff i ei cnêr¡ . ll Ror¡i or,r nf Enn-.rrr a -LU.Lerr.LiJ c r_rg_y+_s.t__ ir__.&l¿l4La$]eË anê_ Ftatlstiffi*, VOL , 4_3,i{o. 3, August L96Lc Þp" 2-a5*2-2O:
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lroth 1n the produet and the factor markets; (Z) the data

repr.esent situations in equillbr.iurn; (3) eonsÈant retur.ns to

scale prevail; and (4) pi-ices of products and material inputs
ZO

do not vary systematieally v¡lth the r,.ra6e rate"-'This tr6rt

coi'res.oonds ë$actly to the elastieity of su-ostitutlon for
Equati.on (z"t) v¡hlch. Ís L/t+f "

An åmporiant attraetive featur"e of the CE$ productlon

funetion is ths.t the el-asiicliy of substitui:ion can be any

constant, not necessarily zero or uniiy" For this character-

istic, Equatlon (z"z) rs to be used to estimate t,he erastrcity
of substltutlon l¡etween capital and labor for regional agri-
culture and Canada as a v,rho1e, lhe realiability of the

estimates is subject, to 'bir.e validity of the assu;npii.ons

39tUr" derivation procedures e:re as followq: Let y/L oy y
and K/L þe k. On those assumptlons, !,¡ = I - k gë, a4d ihen
Equati.on (z"z) becones log y = 1og a 4 b tog (yo5 k ç*), Take
antllogarithms and solve for ayiAfr u 

" dÀ

t /-v- t /u
4,f, = a-/ "y ' if 

L/ rt 
= y(l -"{vP) ^* dk dvg,Y- = é, y ' J:_ = y(f 

=-*{[') n or dk _ dy _dk --w k k .*t.t -.-_@¡y(1 -qyP)GÃ

r¡¡he:.e*= ¿*Lrlb, and F= $ - t"
Ð41

Take a parblal-fractlons expanslon, this glves + = Ê¿ .{þ
i^ihich can be integraÈed to yleld 

'& y I - qlP

log k = log y ] *f to* tr"-*Un 1 + $ :Log p, or k = - @yF-
1 -dyfl

r.¡hLch ln turn can be solved for yP, and,'Ghen y, to give

y = rc( Ë+qrf,)+ = (Fk:f* *)#
I{ri-r,ten out in fu}l, the production functlon ls y = L(FXPi,fltr q) 

,i+

= (PK-P*.{L"f)+ . set q+ F = ð-f æ1a p6P= 6, then the function
beco¡aes y =ð{- bk.P + (r - 5 )t-f',lF "
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of constant

=õ)ö

the function. Although agricultur.e is coinnonly

as a perfecily coiupetitive industry, the assumption

retu.¡rrs to scal-e shoul_d be erapiricalty verifled,



CHAFIER TTT

}fEASUdEi\,[Ei\TT OF TECIII{OLOGICiú C}IAISGE

A prelimlitary a:ralysis made in chapter I indicates
that labor procluctivity has increased 176 per cent Ln Canadj.an

agriculture over the last twent,y yeår period slnce L946" This
increase can be viewed as an indicator of technologleal prog-
ress provided that the capltal-labor ratio renains eonstant.

A 8lance at A*opert ix rr shows, however, that eapltal per man-

equlvlLent has also had a substantia,l íncrease ove¡'the såme

tine per"iod" f hus, t,he rise in l-abor pr-oductivity has been

achieved as a result of the increased use of capital and of
the advances Ln far¡n technology. This chapier is devoted to
measure annual and every five-yearts technological change,

based on different conce;ots of net (value ad.ded) and gross

output.

ll" Thq l{odels }4easuring Íechnologieal ChËnFe

The prlneipal model- ernployed ln this study to measure

tech-uological change Ís the $olol'i or geoaetrlc nodel, fn order
to uake a compar:ison, however., technological change ind.ices

based on the arithnetie nod,el are also calcurated.. while ihe
arît'h¡netie model is presented in Appendix Ti/, the derivation of
the $olor+ model for measuring net and .gross technologleal
ehange ei"e presented in sequence as follows:
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Solowrs uodel

functlon of general

roaeed on a two factor Þroduc'r,ion
40

r¡râ ë.

foim
+\

N = F(K, Le lz r \o e o o o e o o ø o \)" tt

l^rhere YN represents net output (value added), K and L are

caplfal and labor inputs, respectively; and the variabLe t
for tiroe allows for techni-eal change. Technical change (t) i.s

ar¡cat,ch allrrexpresslon fo:: any kind of shlft in the produe-

tlon function" On the aesr-imption of neutral teclurical change,

t'ae production function takes ihe form

Yw = A(t)lçf (r' r, ) . ô.. o " (l"z)
r¡¡here the ¡nultipllcat.lve faetoy" A(t)rq is an index of -r,he eumu-

lai1ve effects of shifts over time. By di-fferentiaiing totally
v¡ith respect t,o tirne and dividi-ng i¡y ym, Equation (l"e) l¡ecomes

And,." ðYr,r,L
VTT ¡¡1 Ë 

-¡! 
{ 
--!Ð erÌ &L *yN,

as the relative shares of capital and labor, respeciively, and

substltuting ihese values inLo Equation (3,3), the result gìves
tn Å(r)m ø @

--ë - ,--=å ¿ îrr K s- 1,,î & ..."(3"4)YN - A(t)1q'oKrN K r *LuN I ooooooso

þ = .q(t)N SrFl +
tN s?.{l IN

r,rrhere dots indicate t,ine
&lÀT K

,N 
Ë ar-("î)

A(r )i{åå(åç) - *+ . .. .. (t"t)l{(t i g

derivatives. Furthermore, by definLng

lf"-f\

4on" M. Ëorow,
Froduciion FunctLon"

rrÎechnical Chanse
ll ** 71^ ^^P-L'¡o )L¿.*¿v o

a¡rd the ,{ggregate
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By assunf-ng that the product is exhausted þetr.:¡eea capLtal and

labor, and th.e produciion funciioa ls homogeneous of degree

orl'e' fhen 
i\r- = t - iï., *,

LgI\ I\9J\

Let fN,/L (tne output-labor raiio or laboy. pro,åuctivity) = X¡q,

and K/L (iire eapital-labor ratlo) = Ic, then
ø

JiS-fN LY*-ç-r
oô

-øåkKLK-K L
$ubstituting these quantlties into Equation (j"4) gives

o 9 ¡. r
YN - 

A(t)N r Ì¡Í k

ffi = ãTãE + orK,N E e or

ï/+rA\t /N Xr,i k

mñ= rto 
- t'üK,NË qêêooooosoêøoooôéoo' (3'5)

fhls yields a ser'les of annual measur.es of technical chanqe

that can be estimated from time series d.ata of y*, K, L, and.

tt 
r* 

o* Vtulf " In essence, thi-s ls to say that technLcal

change in any year is measured as the difference be'oween two

ratios" The fir=st ra'i;lo is the obser.ved relative cha.:rge

in labor productivity, anc the second is the relative change

ín labor product,J-vity that is caused by the relative ehange

in the eapital-labor ratlo" successi-ve nultLpllcation of
year-f o-year measures of tecirrLear e'nanrqe and settlns
n/+\ '¡ ¡-^ ¿ì-^ :--i¿¡-r¡rru/l{ -L ¿rr. ¿he initlal yeaî Srves an anilual series of l.ndexes
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of cunulatlve tecirni ca-l- chrnsu"4'L

The $o1or'¡ derivation is easilv extended to the caÉe

'.¡here ou-'cput is qross ancì uaterial inpu.is ere included. in the

proclucti on fu.nc'cíon" l\n a.ggrege.te product.ion function ineor-
nor¡tin?- tìtree factOfs i s o'â' ôr¡1 '1 qøi¡ Ðc the fOfmIvv¡eJu4¡:\ L!¿+4vv

Y6 = ì{(K, l"l, L; t) "."3"A)
i.rrhere Y4 represents gross output; K, M, and L ste-r:d for
capital, material inpu.ts, and. Laboru resçsstivel-y; v¡hile t for
time eppears in H -r,o allow for tecimlcal change" On the same

assumptions and 'by the same proced-ures es ai:ove¡ Equation (l.A)

ean be devel ooed. into
t l+ \.¿ù\L,lrr Vfj' 'uf

6

1,&
lnl *

J! 5 \Ji !!

m
T,ì' t - -llryrur ã ôeÞoo\t.'()¡a u¡A(r )G yG

òY,,: pt

"yrhere ,,fon = ---l-.i{lf-) Ìs tho relatlve share of .matetj'a:_ ínpu.i;s"lU dMtY6_t 
4é v¿'vv urrG¿v v¿:!ç/sv¿+ç-¿

in income, and m = itl,/L is th.e naierial inputs per unit of labor.

Equation (3"7) differs fr.om the value-ai|ded measu-re of

technological chernge only by the la.st teru: 'u,r14&/n) " But this
difference níght resuli in the index of technol-ogical change

substantially smaller than tne ¿(t) defi-ned. by Equa.tion (3.5) 
"

l-lFo" tLris study u set :i(l-946) = l. Technologieal ch::n3e-indexes fo¡' suecessive ¡rear.s are calculated as follot¡s¿
A(1-g4.7) = A(194-6)(1 + t'"(W+A)/a(W+A)) ,

n(r94s) = ri(1947)(1 + -{(Lg47)/.t(tg+r))"

and so olf"



42

That is, material inpu-r,s mlght e;qrlain a large 1:arí of the

residual" Griliches argues that i;he role of maierial in;luts

l:ecomes ii:oportant as the ten,lency to use mate¡"ial inpuis f¡.on

outside the agr"icultural sector i':.as increased over tlme, anC

so the value of the value-added measure is strongly biased
hcupward"'- Thi-s is true i.n the càse of Canadlan agriculture"

ilhen interuegional or sectorial comparisons are not the oi:Jee-

tive, fhe gross measure of technological chanEe may provi-de a

better undersiandJ-rrg of ihe role of materlal inputs Ín ihe
grotarth of total gross output, as eompared r^¡lth ihe value-added

aeasure of technologlcal change. For stv'ict eomparability r+ith

the basie factors of pr.oduction ori-gi-natin-.; in agriculture,
however, output shoulcl be es'r"imated net of mate¡'ia.l inputs

consumed in the pz=oeess of pr-oductlon. ivioreover, the val-idity
of the gross measure of i;echnological cha.nge mus'u Ðe under the

assunption th¿i other sectors cf tne eeonomy have received i:he

benefit of quality changes in agriculture. But, such an

assunption is hardly legi-timate fo¡' polÍcy purposes" Thus,

ihe relevant meesure in this study Ís tire valu.e-added measur.e

of techrtological change on ivhieh a discussion cf ¡-esult,s for
pollcy implisstrions will be based" The gl:oss measure of teehno-

logi-cal change 1s used for references only.

4'22. Griliches, "The sources of Ì,Ieasured productivity
Growth: U" S" Á.griculture L91tÐ-60r" Journal of political
Es oqfl, Vol . 7I, lfo, 4, Augusi l-963
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R Derivation of the Daia

The measureä:ent of tech.nological change ìcy using

Equation (3"5) and. trquation (3"7) requires tine series data on

gross output (V.,), material lnputs (ivil , value added or net

output (vro), f-; la.bor (i,), farm capital (r), capttal?s
sha:"e in inco.'ne (t'¡L), nater'1al8s share in inconie (%) , and

labor¡s share in incorae (vr"). Most of these *u"i** ì"*t
mainly derived from publlcations of the Ðominlon Bur-eau of

statlsties and of the canada Department of Agricul-tu¡'e" The

serles on output, mater"ial lnputs, and farm capital s'cock were

measured at L9i5*39 conslant priees" The perlod I935-3g ,o¡as

chosen as a. base because 1t represents the moet stable per.iod

of Cana.dian econony" !-u.r'ther"rnore, most offlcial indexes con-

tained ln tlre publicati-ons i\rere J¡ased on this per.iod. Thls
"base, of course, can easlly be changed to any other period by

a single transforr¡ation of 'r,he daia" The derlvation and

deflnitions of these series were briefty stated as followss

Gross Output Series (V6,); The value of gross outpui is
t'he sum of va,lues of tv¡o broad categorres; field products and

anlual produc'Ls, each of v¡hich includes cash income, income

ln kind, and net chrarrge in Ínventories. Eefor.e sumiaati-on,

r?rese tn¡o categor.ies were deflateo b¡i their respective price
indexes in o.r.,Cer to arr.lve aL real values, and,r-,he category

of field producis r,vas fu¡.ther deflate,ä iry iueattrer



44
Jt7indexes-r for eli-minating the inftuence of r"¡eather fluctua-

tions on the outpu.t"

Material Inputs Segies. (tÍ)s The value of rna-r,erial

lnputs ls ihe sum of current purchases of goods a,nd servi-ces

from outsLde the agricultura] sector, r+hich were consumed in
the process of production. They lncluoe feed and seed;

fertillzer anä agriculiural 1lne; electrie por,\rer; rnlscetlane-
ous, vegetables and supi:l1es; shared e;rpei-r.ses on tractor,
truck, auto-engine, and combine; rruilding and machLne repalrs;
and so orle but exclude wages paid to hired labor" A1l iteme

of lnpu-Ls r¡¡ere indivl-d"ually deflated by their appropriate príee
indexes leefore add.Ltion"

value Added oi: Net output serl-es (ç ) e The value added

1s t'he part of gross output which origínates in a.grrculture.
Tt v¡as obtalned simply by sul¡Lracting materlal inputs fron the
gross oufput"

h4'-weather lndexes, lsr, are a measure of the influence ofweather on crop yf.eld.s .and.*were formulated by divldJ-ng the com-posif e weather effect,ø?n c1g!" yie]{g , w, try {;ne long rur. averu.geyåeld', f , iue. 'dI = ff#) x 10bj";-toõ'wnére ttre composite r,¡eather
effect is defined as åthe sum of the lndividual eycleos lnflueneewhielr night be_super-i-ruposed on orle a.nother in anþ given year.The equatlon of weather index shours toa.. any indeä Ëerãr* \óõft"åndleates a negatf-ve or unfavorable effect än erop ylelds au'eto bad weather lnfluences whLl-e above roo/" shows ä þõsitlve o?favora-ole effeet on crop yield.s. see details Ln ye-h, M, Ï{. andEla.ck, L. D" ¡rWeather 

_c¡reI9s and gj:op predictlonsefi Ágrleultur.alEconomtcs Teeh-nleal Bulretfn-irrg=_q, úniverslty of l,[anítoba,



Farm Labor Éeries (f):

emplo;rsa I'''Ias measur-ed Ln te¡'rus

measureilent of inan-equivalents

employmeni eomposeo of all sex

of Nhe f ollovl-in.¡ r:f inr"s:

45

The seríes on farm labor
)t.ltof the man*equirralent. '' The

i-nvolves an adjustment of ferm

and age groups, on the basis

TABLE V

AVERAGE ÞIAN-ESUIVA],ENT RATTNGfj*

l4ale

Fe¡rale

Female*Male ratlo

" (Jo

" é.LV

"¿ (ó

^ "\¿L4

-t.-
" 2+5

R.ìÂ

.190

"235

É. Souree e Taken fr'om -L.he lles'[ei:ri,fanitoba Farm Assocl¿Ltl_on.

The procedu-res of ad justrnent a¡'e f ormula,rizeo. as foll-ows:
i.278 x,t{9" of females in } ( .345 x I\To" of females in -r
i Sroup (A) ,+, No" of ruales x "756/ +f group (e) + No. of ¡nales x 1"OOO/iin group (A) ,' \ ln eroup (g) ----)

S "235 x lüo" cf females ln ì
+[groun (C).+.n-o" of males x "BOBI = Total man-equivalents.\in group (C) /

Fann-ce;oitr¿ Ëeries (it): conceptuai-ry, the revelant
measu.l'e of faru eaçitat series is a measure of eapital services,
not total eapital stoek" lloi,¡ever, tne avallable data are
not so satisfac-r,ory. A measure of reåålized cap,iiarl ado;cted

ì:y ,sololrr l-s the application of th.e percentage at tire lalcor
force employed to the amount oÍ actual eapital stock ui:der the

4A *urr-equivalent is defined here as an adult male of
average capacityu fu1ly employed for a 12-month per"iod" Altother l-abor luil1 be rated on the basis that 10 hãurs equa,l oneda;i and 26 days equai- one mont,h, i"e",
rna.n-equivalent = nuqbqr o{-days ]{ork_e4 * 3tr_ = nuniber. of months worked

Tã26 f l̂/
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assunptlon that eapltal stoek will always be utilized to the

same degree as available unlts of farn labor Þer" ¡rss¡.+? Such

å.n assumption, however, is extremel-y tenuous since lal¡or and

already existlng eapltal- eould be substj-tutable for each other.
ïf this v¡ould be so, then, Jn prÍnciple, capital should ne.\¡er

be idle unless lts marginal value product has fallen to zero"

otherwise, lt would pay to use aore eapital r.¡ith -r,he cur,¡.ent

lnput of labor; the extra product would provJ-de at least some

quasl-rent" In view of this point, eapLtal stock lùas used in
thls study as an epproximation. The value of capital stock in
agrieulture is composed of three lËense llvestock and poultry,
lends and buildlnge, and implements and machinery; each of
t'rhlch v¡as deflaÈed by iÉs appropriate price index" Fur.t¡rernoree

eapltal stock wa,s neesured in net value urrder the assumption

that accrued depreclation ls a rough neasur€ of loss of pro-
ductive efficiency,

capltalss shar"e in rncome Ëegies (l.yK)s There are two

different methods to measur.e the serLes of capltal0s share ln
bzeome" one of these ts to careulate laborrs share in total
output by multlplylng the total lal¡or foree enployed by the
market wage, and the capit;tl8s share 1n ineome 1s eal_curated- as
'i;he differerlce betvreen one and laborrs share on the assumption

of eonstant returns to scale. The use of thls method. to
measure the serj-es of capitalrs share ln ineome, however, is
subJect to the restriction th¿,t labor is exactly paid its
marglnal product" rf labor is paid more than its ma"r,ginal

45.n" id" $otow,
Produ ction Fu.nct ion ,

ilTechnical Change and t,he Aggregate
" p" 3:.6"
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product, then lt understates the siiare of capJ-t,al and thus
leads to overesti¡qates of technological change" On the cont rar! s

if labor 1s pald l-ess tha,n lts marglnal produ.et, thi-s method may

overestlmate capitalls share in income; as a result, t,ae measui.e

of teehnological ehange wfll be blased dornr-ward"

Another method of measurc-ng capltalBs share in incouêy
)t6,

whLeh has gained more acceptance by economistsr-" i-nvolves the
assumption that all of the eapLtal ln agriculture earns-an annual
refu¡sr equal to the rua.r.ket rate of lnt,erest" This study uses

the second. method and it assumes that farm capltal eaÍrls a 6

per cent returvr" ActualLy u this rate of interest did prevell
in the capi-tat markeð during the tiue perf od studied" Thus, the
uay of calculating capLtal!s share ln income nerely lnvolves
finding a 6 per cent return on fam capital and. oividing thls
by the t,otal output. Howeve.r', an B per cent rate of Lnterest oil

farm eapite.l ls also taken Lnto consideration for comparative
purposes.

For makln8, a somparlson, technological change indices hrer"e

also ealculated on the basls of an I per eent reiurn on farm
capital and are presented in Appendix vr" TLlese trro series of
technologieal ct:ange lndrces for all regf-ons as r,rell as for.
canada as a r,uhole, however, were not signif icantly dåf ferent , as

indlcated by the results of statåstical tests i^¡hich are presented
in Appendix VII"

-"Lesier B" Lave, op" cå!_-"-, p" Bg.
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i.laterlalr-s share in rncoqeée_rj-er; (ç): on the assump-

ti-on that material lnputs ar.e pald for at prÍces equ€Lt,ed r,.¡ith

ttieir mar6inal productlviti-es, the series of araterlalsr share

1n incone l"s simply ealculated as the ratlo of the value of
material inputs to the value of total output.

LaÞorrq S[ar.e .ln Incone Ëe{les (W¡): On the basis of
our essumptlon thai ret urns to se¿r.]-e are consiant, the serf es

of laborrs share ln income 1s obtalned b¡r one rainus capitalss
sh¿r,re in incorne for the varue-added measure of output, and ofte

mlirus capi-talrs and materialsr shar"es in ii:sone for the sross
measure of ou-r,-put.

t1vo

Geo¡aet rLc hof I{et Technologlcal C

Annual geornetric iadlees of net iechnologf-cal change

derived by using Equation (l"S) for the fj-ve agricultural regions
as rv"eLl as for can¿:.da as a v¡hole are presentec in Table vr.47
A glance at the L965 figures shows th¡:.t ine.i.eases in technologi-
eal- ehange Ì^rere quiie nar"ked" I'or Canada as a who1e, the tech-
nologieal ehange lndex rose fron 1 in 194.6 to L"T9TD Ln L965u

whiclr inplles a grov,rth. rate of J.l per ceat;oer year. It wes

apparent that Canadian agriculiure has gone ihrough a revolution
ån the perlod L946-L965. Íhe technologicat r.evolutlon occu:.red
pa::tly due1:o the shortage of farm rabor after hrorld l.trar rr" and

rq'cation of rìesult s

4Tyo examine whether the level- of the technological changelndex for Canada as a i¡rhole is bi:s,a,t irr¡rive resions , a $r udenil s ;"å; :å3";:,FåJffi. "uËå:*?:å;T, ";u:,î:
that the mean of A(1965)'s fc¡. regiãrrs (l.s65r) rtas not si,qnlfi-canfly different froin A(1960) for-canada as ã i^¡hole (L.T9iÐ:--
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partly due to the subsianl,Lal increase 1n the den¿zncl for farm
LRproduets at thls -r,ine" '" l.fhile the shortage of fann labor"

resulted f¡-om the booning ecor,r.omy whlch ;orovlded abundant

enployment oppor-tunlties sufficienily attractir¡e to draw labor
from far=ms, ft also stlmulated and exrcour=aged a wi-despread

adoptloir of technological ehange" The lncrease in demand for.
fartl producis due io the general boom led io an Lncrease in
fe,rm lncome l'¡hlchrln turne made tLre purchase of farm equiprnent

and facilities posslble on a lar.ger scaLe"

Araong reglons, ihe resufts of 'bhe statístical test sho?¡

t'hat' there was a slgnifícant difference in the growth rates of
tee'nnological chrng..49 The cumulat,lve lndexes for L965 varieå
from 2"2728 ín the Âtlantie to L"4538 in euebee; v¡hile the
former rose at an annual rate of 4.4 per cent, the ratier
lncreased at a rate of approximately two per cent per year"

oi:tario vras rankec as the second high, with an annual groivth

rate of 3"7 per cent; the ?reirie fell Just i:ehind cntari-o,
ttrith a rate, less tha.n by only o.2 per cent, B. c" was 1ag6çing

behiird the other three reglons, l,"¡lth an annual growth rate of
2"8 per cent whlch r,¡as hlgher t,vw.n thai 1n euebec only.

The high growth rates ln the Atlantic and ont,ario rrere

1ike1y beeause of the derret onment of ac-uivities in non-agrÍcul_
fural sectors r'¡hich drew a large nurnber of la'l¡or oui; oi. farms,

4Bg. V" ï{aythorne, r!Ðiscusslon¡ Techno}ogical
Farm i'fanpower. Ad justrnent , 'r Joui.nal of Farm__Ec_g&õm1_ç-8. ,i\To" 5, Deceml¡er Lg5B, ÞÞ" 1ffiÇ--

494 
"tu.tistleaL test of the equality of groirfth

regS.ons 1s given in Appendix VIII"

Cir.ange and
Vol" 40u

rates amons



5L

over thre last tir¡o decaees, farm employment has decl-r-ned

approximaiely 63 per cent in the Atlaniic and 54 per cent in
ontario.50 The rapld deereases ín farm labor in these t,wo

regions r,¡ould stimulate the wi-despread adoption of farr¡

teeh::lology. Thls, however, would not be the case f or euebec

and ts' 0" irhile the low growth rate in euebec miglrt be

at'frLbutable to the ::elatlvely stable organizat,lon of produc-

tíon, the less improvei:lent in B. c. was likety due to the
dominance of dairyingu rnarket gardening, and fruj_t growLng

activities, all of v¡hlctr are not suitable for appllcatlon of
mechanlzatlon"

Altirough all reglons have experieneed a considerable
growth of technologlcal change over the time period studied,
the rates of grovrth ?rere subject to a variety of changes"

Figur'e 4 portrays year-to-year raies of teehnological change,

over the u¡hole perJ-od s'ince L94ao, there have occurred f'our
major troughs ol raLe of change: three of which were in 1950,

L954¡ â.lrd. 1958 for all regl-ons stuoied r^¡1th the exception of

T954 j-n the Ltlantic reglon and v¡as resulted from eeonomic

recessions; and the other in 1961 was caused by na'bural

hazards such as disease and insect lnfestatfons eoncurred aloirg

i,"j-ta i;he drought. rn recessions, both education and reseerch

eafinot'be e)çpected t,o progress at the saEe paee as in prÕsper-

1ty. lfor can innovations be expected to be pursued as

5oä"fu* to Appendj-x V,
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vlgorousl]t in recegsåons as at other tines for reasons of

tight fi-nances and redueed demand" Ìtoz. can wcr.kers be expected

to have high morale and a pr:oper attit,ude toward work i,¡hen

'i,her"e ie a widespread unemployne¡.r.t " 0orrsequeïLtly, technologi-

cal improvement pauses or even reirogresses.

Along wlth tkrese troughs, there were peaks which

oecurred, as a rule, before the contractions and durLnr¡ t,he

ea,rly stages of expanslon"

Anoiher interestlng feature was ttle hlgh concentratlon

of technological progress" The high grorrbh rate in the /rtlantLc

and the Prai"rie regJ-ons a;opeared to have l¡een eoncentrated Ín

the Korean Wa'r.period and in the year.s after T960 when there

wa,s a great demand for farm products in both domest,ic and

forelgn roarket's" rn Quebee and B. c. the high a;rnual raies of
tecirnological change have oceurred in a single sub;oeriodc whlle
the for=mer was in the Korean l$ar peri-od, the Latter was 1n the

years after L96o, Ontario v¡as ihe orrly exce.otional region in
which the rates of technological advance appeared to have been

relatlvely stable, The follor'ring iable contains the ar-:nual

grolth rates of technological ehange in d.l-fferent subperlods"

Table Vff generally exhfbits that high and low g::owt,h

rates of tecirnologieal change have occurred interchangeably

among the subperiods" l^rhile the erratLe deeline ln the growttr

rates lmaredj-ately followlng ihe World ivar TI to the encl of the
firsf recession eould be atirlbuied to the readJustnen-r, fro¡n
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uåF to peace tirue conditions, the low or even negative rates

of grovrtir in t he subperiod frorn the mid-f ifties io L96O i,rould

likely be due to the lolu d.emand for farm products in the

foreign inarket.

TAEI,E V]T

}J{l\TUAf, SF.O'rIIFI iìATES OF TECI{NOLOGICI;L C¡{Al[eE
Iif Vi{RIOU$ SUBPEfr.TODS, C}UIIADA AJ,ID FEGIO\rS$

ñ^r-.t^u a¡rc1, q cL

&
Region

L946-
L950

't qÃô-
| (llãrr L960

L960-
ryoS

Canada

A'¡"lant l-e

Arr¡Ìran!¡tqvvvv

Ontario

Þz.c i r.i a

i5o lJ"

.L5

-ö" t5

"ou

8.90

-1" OB

"to

1" 40

2"90

-1. 09

- "52

Ãryñ'
)o lv

L2"24

1Q^
- l-oLlv

trzr\
JO JV

5.To
o Ê.ar
J. 9V

.""Peycentaee6ooôô

6 "6o

lf" oo

11" 90

r" 06

9 "70

^^^¿ è \J\)

rl1¡fiource: Implled in Table VI"

It may be argued t'nåt t.he techltologlcal cheinge i-ndex

w111 differ when A(t) is rneasured on a five-year basis rather

than on a yearly ba,sls, because of the tine lag betweeri the

discovery and. general ap,olication of ner^r technical knowled.ge"

fn order to examine this argument, five-yearly estinates of

technological ehange were also calculated by using the same

data and the same model as lrere used foi- measurinq the aru:ua1



egtlmateg. BOih annUal and fltro-'r¡a¡r'lrr esti¡nates are

sumaarized in Table VfII

TAELE VTTT

TOMPÁF]SOI{I OF }JTI\TUA]. ATfD FTVE-YtrARLY }MASUMS
OF TiiET TECI{NOïÐGICAL ÕHÁI\TGE.

0AIüAÐA Ai'üD REGTOiùË, Lg46-Tg65M

A(19+6 ¡ =1

Canada
& #rngal Comnutati.on

-4.(19ó5 ) 7" Growth
Five-yearly Computat ion
/{\ IYoþ I "ii' Growtnlon

0anada

Atlantle

Quebee

Ontario

Pralrle
Ð/.1

7.7975

2 " 2728

a l. 
--^L" +r)Õ

1" 9918

L"8996

1 7^vÊ,!e ¡vIv

3"L

4"4

C-ø\)

3.7

2.8

L " 8327

2" 4286

L.5483

2 "O66L

r- B9B9

L"56T0

3"2

4.8

3.5

2"4

*soureeg Ánnual üeasure was taken from Table vr and rable vrr;five-yearl¡r ss**ure was calculated from Appendix v.

The results rovealed that i-t makes littre difference
lrhether the period taken 1s e year or a five-year for the
FraLries and ontario, and that the annual estj_nate is 14 per

eent hfgher than the five-yearly esti¡nate for B" c., and g and

15 per cent loi+er than the five-yearly estimate for the Atlaniic
and Quebec, respectively"5l rhe difference in aitnual and flve-
yearly measures ls Cue to the high concentration of tectrnoloqi-
ca1 progress,

5l0*lculated on the basfs of annual growth rates"
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Georoetrie Grol.rbh of Gross -leehnologiqal Cha'gqe

Another measure of technological change is the one

where output ls measured ln gross t,erms" Table TX.oresents

the derived a¿nual geometrie indlces of gr.oss teclrrtological

charrge based on Equation ß.f) " The cunulative lndices for
L965 of ihls ueasure hrere generally nueh Lower than those of
t'he value-added measure. This is tr"ue because ilaterial inputs
have explained a large part of ihe residual. over the last
two deca"des, ¡aaterial inputs from outslde the agrleul_ture per
rnan-equfvalent have increased near'ly 24o per cent, Regional

dlfferences in the everage percentage rate of gr.orr'bh were

subsfantialu ran8ing from L6"3 per cent in euebec to Z"l per

eent ln B. 0' Moreover, the ratios of value added to gross

output hrere very lov¡ ln all regions, eepecial}y Ln the Atlar¡tics
only 38 per cent on the L946-L76D average. That is to say that
material inputs have constltuted a }arge par+. of ihe gross out-

þüt, and played an inport'ant role in the productj-on of Ca.nadian

agriculture. The growth of materlal inputs and the ratåos of
value added to gross output are given in Teble x and Table xI,
respecf ively "

The differentlal magnitude of eumulatåve indiees for
L965 between the vatue-adried and Eross rûeasur€ of tech:rol-ogical

change 1s not only deiermined. by the groruôh rate of material
lnputs, but also by the ratlo of value added to gross out,put.

The higher the growLh rate of material inputs and t,he loi¡er
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i,rSTIOS OF t¡r1¡g¡ .{.DDED TO û1rì0ÍiË riEÁSURE OF OUTFUT
. 0.{IäADA Al'üD iìEGlCIi\iË, L946-L96D&
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the ratlo of value added to gtoss outputu the greater is the

ðlffere¡iee of curnulatlve l-ndiees f or 1965 between the value-

added. and gross measure of technologlcal ehange" For this
reasorÀ, the Atlantic 13qi 6¡, ',.¡.-s tLo 1o::qe :. ihe lei dir'; r"e¡icn, a:ril

instead, the Fralriest¡eeaile the first hlgh as far as the gross

rûeasure was concerned. Ontarlo and Q,uebec still naintained

their respective positions as ihey $rere in the value-added

measure. The followi-n6 table sumnarizes all relevant flgures
for uaking a comparison between these two raeasures"

TA.BLE XTT

COI',fPART$Oi.I O}- VALUE-AÐDED ÁI\D GPCISS ].,EA,SUT¿E}iEiljTË
OF TECI"Ñ-OLOGTCAL CHAI'IGE ¿b

t¿irI/*DA AND REGIONS , L946*tg6D*

A(19+6 )=r

&
F.eele4

Value-Added Measure
A(1965) /á Growthr RÊ.nk

Gros s l4easure
A(1965) / Growrh

öa.nada

Atlantie

Quebec

Ontario

Prairie
'Ê (\.

L"Tg75

2 " 2728

L"4534

I uutxLø / J&9

L"8996

1 z^*7Ã,!o lvf v

)t Jt

2"4

Jø I

¿"ö

1

6

¿

4

L " 3923

L"3L30

L "TL35
a 

-Õ^/r. rÖuo

1 " 5511

L"3722

1-7

1.4

.6

L.7

2"3

r"Ð

r

5

E.

I

l,fi-t h

rat'es, the

&Sout".a Velue-added meagure ancl gross trleasure wei-e
calculated fron Ta-bl_e Vf and Tabte IX, respeetivel-y.

regardsto the variation in the year-to-year growih

gross measuue shoT¡red a patter.n sitxllar to the value-
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added measu.re. liowever, the nagnl'ûude of varie.tion for the

fonner was much l-ess than t,Ll¿ii for the latier" This situatlon
ru'as probably true because material- inputs coulcr be easily
adjusted to the coincidence of economic conditions such as

recession, boomo and so o11."

TLre differenee between annual and five-yeerl¡r esiimates

in the gross Íleasure was also simila,r to tha.t in the value-
added measu-re" There iiras little dlfference bet'u¡een ttrese tr¡o
estimates in the Pral¡'ie, and a g::eater differ"ence in euebec

anC the Alfffxti-c" A eornparison of annual and firre-ve2,¡]y

estimates ls given ln the f'o11or,.'ing table.

TABI,E XÏÏ]:

COÌ'FARIS01,I- OF Ai\i.[UliL Á](D FIVE:YEA-RÌ.Y j',tEAÉUiìES
OF GIìOSÉ TECHI{OLOGICAL CHÄi\ieE.
cAr{ADA Al\D REGtOt{$, :94,6-Lg65w

Aft946) =L

Canada
& Annual Computatlon Five-year-ly Oonputatlon

ReÊ1on_

Canada L "3923 ¿o f

Atlant ie L"3L3O !" 4
aal?-L" LL)2

- -^^/I âX¿ IA¿ ô -/uvv

L"55LL

1 -74.\^
Lo)lal

6,

17¿ô I

I"O

L " 4284

L " 4427

L.2LL4

L " 4l-57
1 

-/--L"JO 20

1 ^^aaL" ¿yoo

L")

¿"w

'i 11

r\ -z

t"+

Quebec

Ontarlo

Praírie
Ð11

asourees Five-yearly estlnates
annual estirnates were

were computed from Áppendix
taken from Table XII"

u9
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Aråthmet_i_e Grovith of irTe! a:rd Gross Tech4oloÊice1l Cha.4ae

For ihe salte of contrast, annual arithmeile j-ndices of

net and gross technologieal chan6e were also calculated for

atl regf.ons and Canada as a v¡hol-e' ilhlle the net measure

was derived from Equation (a), the gr?oss measus"e was derived

from Equati-on (¡); all of l¡hich are giveir in t\ppendix TV-'

These two indices are preseni,ed in Table XIV and Table XVv

respeeflvely "

The results generally indícate that both net and gr"oss

technological cha-nge indices der'ived from af:Íthmetic uodel

ï,iere ouite elose to those derfved from the geometr'ic model in

all reglons" Thls t¡as especial-ly t::u,e in the Frairie and

Ontario" The painrlse eomparl"son of annual gr-ow'th rates

im3rlied in geometrie and arj-thmetíc indices of net and gross

technological change is contained in Ta.ble XVI.

Components of Inereaseo LaÞor Productivity

From Table VI and Table f)í, it is possible to divido

th.e total inc¡^ease Ln net labor 3;roductivity (value added per

man-equivalent) and gross laJ¡or proouctivity (gi'oss output per

man-equirralent) i-n¡o two parts: one par"L cëJL be measured 'Þy

the shif'c of the aggrega.te productf on funet,ion l^¡hieh resu.l-ts

from technological change, and another is the movements along

ihe production function attribuiaì:le to the increased t-tse of

eapital per nan-equirralent" The celculation of i,hese
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TÄELE TTV

A;¡.fTI-Ii.{fl TC GäOWTI{ OF ttET TTCFII'ÏOLOGICA], . CH;AirGEa
CÁtrIADir /.trlD REGIO}Iñ, L94.6 -L965w
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T.AELE XVT

A PAIRtrI*ISE COI'{P,4"RIËOi'f OF -AJ\TI{U,A'L G}ìO',I/TH RAÏES
TT4PLTED I}T GEOMET;ITC AND ARTTIIItrJETTC N{DTCES

OF NET Ir}TD GRO$Ê TECM{OLOGTOÁL CHAI{GE
cAr{aÐA Al{D fiEGT0i,üS, L946-L965

ñnøaÄ^
\J é,rtd,u Cö

@

freglon

'P.1¡.|. rîr 11I\Vtr to l¡o Gross T" C"
Geometric Arithmeti-e Geometrle hrithmetie

oooøô ..,Fercenfage ooêos

Canada

At]-antic

Quebee

Ontario

P:'airie
Èal

)çJ-

4"4

2,4

77
Jø I

2.8

7^

7-7Jø I

tx

l^ tsr

2"5

117Áo Í

-l )lLøA

1r?r" I

é"j

| ;2\

r,ö
l."+

1-/40 |

^-zlo J

1ltL,+

coaponents has been made as followsc

1" The lncrease 1n net end gross labor productlviiy
over the perl-od L946-L965 is calcula'ued as

^--orr,r v¡r(rg6f ) - vtr(rg+O) and av6 Yc&gail - vc(rg+o),

respectlvelye where yN is net labor productivity and Sn ås

gross 1aþor" produciivity,

2" Net, and gross labor productivíties Ln L96D (the

ending year in this study) are deflated by thelr respective

technologÍcal ehange indices, fu(ß6f) in Tabte VI ancl AG(1965)

in Table TX, to obtaln net arrd. gross labor productivity after
removing teehnologlcal change; the excess of this over net

and gross lebor productivity ln Lg46 (the inttiat year of this



stud"y) fs'úrte
,À ¡z'-J -rtt l-:! 9.8\

70

increase imputed to capltal intensiiyu i.e.,
= JN 6g6il /ti ftgen) - yN 

es+a, and

ÁÍG,k = to( Lg6il/Ac&gan) - yu(1946).

3' The remalnder of the incr"ease i-s inputed to tech-
nological change, å"e" e

ulN,T - ¿nN - 4nN,k **d

¡\r¡ = lì -t ¡\ *",, GrT *rG - *JGrk.

$uch a division of Íncreased rabor productlvity into
flrose due to technological cha,nge and those attributalrle to
eapi-tal- J-ntensity, however, f.s on the assumptlons of neutral
shlfts of the productlon functton and constant returns to
scale. rf the shlfts had not been neutral, th.e effecis of
inereasing eapital intensl-ty would have reflected ln non-neutral
shift,s and the excess of the deflated rabor prod.uctivity over
the 1946 flgures wourd represent economies of scale"

Follol,'1ag above procedures, t,h.e c¿Lreulated share of
capftal and of teclurological ehange in increased net and" gross
la-oor productivity are given i-n Table )nrrr and. Table xvrïr 

"

respeetively 
"

The result's show th¿rt the increased net l-abor productlv-
lty was 176 per eent of whieh technologlcal ehange accounted
for 75'18 per cent and eapf.ta.l 24"82 per eent, over the l_ast

thro decades for Õanada a.s a whoLe" capital has been assisned a
-a¡-l ..*.i --^1 -- -**--rerelr-very ülnor role beeause eapítal per man-equì-valent dld
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not grow so fast as net labor productivity u5' u* shovrrr in
Table r. Among reglons, the shaï.e of tectrnological charrge in
increased net labor productivity varied from 84,3g per eent
ln the Atlantie io 6a"az per cent in euebec, indicating a

rulde varia-r,lon Ln the relatlve lmport,ance of capital formatLon"

The results also shou' thet the share of technologleal
change ln gross labor productivity was much lol,¡er t,han that l"n

net labor productlvity" rt was relatively l_or¡ because a parr,

of increased gross labor productivity has been attributed to
the rising use of ¡qaterial lnputs" The difference in the per*
centage share of technological change in net, and gross labor
productivities lndlcates that material inputs have played a

rolo of different imporLêmce in different regfons over t,he

last tr'¡o decades. A eomparison of Tables )il/rr and )fiIrrr j-s

illustr.ated ln Figure 5"

52ny Equarlon (l"n'1, å.(t )¡¡/n(r)m = (r - ,,'K,un)i*,/ror, tf
$'tç/r* = tî/k" That f s u if both capital Iier ffian-equlvalent and
net labor productJ-vlty gro?r at the same rate, the share oftechnoloslcal- _change in-Lncreased net labor p:.oductlvity i*(r I lk,m) '¡r'hile that of capitai- is ouor*, the share of "eapital
ln ineõúê" ßlnee eapi-tal pe.r man-ec,.ulúäi-ent inereaeed alcoutftrree-fourth as fast as net labor produc'LiviÈyr-u.tt¿-tn" sharenf a¡;¡i*c1 irv¿ uøIiÁ,JúJr- ¿¿¡, l].icoílê trr¡ES approximately 40 per cent, this 24"gaper cent fo¡' the contrLbuti-on of capi-t aA t,o iner'eased net laborproducfi.vlty seens reasonable.



CI{APTER TV

EXAI,ÍINATTON OF AS$UI.IFT]ONÊ I.]1{DEP,T.YT.VG THE
AND

Egf fIsiATIOI'i 0F MA.ÌGI¡IAT, PRODUCï fVITy OF

I'{EAËUiÌEI,[Ei\]T

RESOURCE$

The foregoiirg a"natysie of grovrth of labor productivlty
rn¡as based upon the expliclt assumption of Hicks-neutral
feei:.nological change and of conste.nt returns to scale. rf the
first assumption is vLolated, the measure of tec'n-nologleal

ehange lcecomes bLased upward by an influence ttrai: should
actuall-y be recorded as the Ínteraction þet,r¿¡een capit"al anð.

teehnologlcal eharrge" rf the second assumption is violated,
the estÍnate of teehnolo8ieal change also beeomes blasedr it
ls biased upi^raro i.f the returns to seale are lncreasing; down-

ward if th-e returtrs to sea,le are deer.easing. Tn view of this
polnt, the examinatlon of tlæse turo assumptlons seems necessary"
The present chapter eramines these assumptions as we}l as the
estlmates of marglnal value productivity, of rabor and of
eapital 

"

å̂o

T L¿g

functÍon of

qll=]Jubst,ltutlon - A

model used in this study

the 0obb-Douglas fotn.53

is basj-cally a pz=oduction

An implíe1t assunption of

h4

'-solowts ruodel in our study tu'ns oui to be a cobr¡*Douglas pioductl-on functi-on since the observed share of eapltal
*i_:::":3^lwn,r,i],:_pllgented in Appendix v, dld nor sisnificanrlycßange over the time period studied, in elther indlvldual orreglons Ln Canada as a who1e, r,¡hieh is sholvn by the results of'che Chi-square test.
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the cobb-Dou.glas produetiorr funetlon is a unitary elasticity
of su'bstLtutlon between labor and capital. Thr-rs, before

exanining the assumptions orr. which the foregoing analysis was
'h-^^,¡ .:¿ : ^Dasec,e r-r Is v¡orLhv¡hile to lnvestlga'ce i.rhether there is a

strong a p4lori evidence agalnst the assumption implled in the
model- itself . This assu-mption carr be investtgated by fitt,lng
a 1og-linear relationshåp between net labor productivlty (value

added per nan-equivalent) arrd the wage rate. The moctel, as

developed in Chapter TI, is wr'ltten as f ollows ;

tog (l) = log a + b 1-og tr"t + tog e

wbere Y/L is the value added per maf,:-equ_ivalent which has been

defined in the prevíous chap'cer; lu is the yearly wage rate
obtatned by d.tviding the tot¿Lr hired tu-a.ge income by the number

of man-equivalent of hlred far"m labor, defrated by the fmplicj,t
output deflator using L935*39 as a base;54 ø is the elastieity
of substltution between labor and capital; arld e is a dj-stur-
banee, log e is assumed to be normally e.¡rd independentry

oistributed with zero mean and common va¡-fance"

The results of fltting such a rer¿iti.onship are
summarized 1n Table xrx. standard eruors are included in
parentheses under the re8resslon eoefflcients. The values of
R2, coefflcient of det,ezninationu are jlresented in Oolumn 4"

ruhile the values of s, standard error of reslduals, are glven
1n Column 5"

54tt i-s assumed tha-i; family labor.
receLved the sane yearly ï¡age rale. Theper mân:equlvalent, Ís gf_ven Ín Appendix

and hired labor
yearly real hired l¡iage

TX.
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The st,atistlcal iests shor¡ tha'L al-l the values of R2

are significant at the one per cent level, although their
values very from "92oa in Ontario to "2604 in the prairie.

2
The hígh value of 1î- means tl¿at the wage rate explalns a

hlgh percentage of the variation 1n labor glroductlvlty" And

the reverse ís also t:ue" Generally speaking, all regression

equations may express the relationshf;c betrveen labor ;croducti-v-
ity and the wage raie for their respec'r;ive regions.

TABLE XTJ-

ESTT]!{ATES OF T}TE ELASÎTCIT'Y OF SUBSTITUT]OI\T
C;\::,iADA AND REGIOIrT,S s T946-L965

Canada & -r n^
ììeaion ¿v)< øJ t\

Canada

Atlantic

Quebec

Ontarlo

Prairle
Þr{

^71 
VQøvILJV

- "54379
t,-^aa

" 
¿s5Õoo

"30947

1" OOOB2

L"32900

"98747
( "Lo977)

1 a >^ê-| - | 19ts\ .)

T "lageé;l
"8o5u

(. nerr )
.90385

( "o6279J
"7344L

( 
" eeaor)
"5997L

-L

.8257^

.7L4LÈ

" 7206&

" 92OOÉ
¿

'2654^

" 4gz5*

" 0540

.o904

" UOÕI

"0398
1-rRl

"o979( 
" 14150 )

trNofes * stands for a o11e per cent leve] of sienificatLce"

The values of b, the elasticity of substitution
betv¡een capital and labor', are not statistically different
fron uirity at ihe convent,ional levels in al-l regions v¡iih a

single exception of ts. Õ. , 1n which it is signiflcantty
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aif ferent f ron unlty at' t,trc f l-ve pe r cent 'l evel but nct, ai
the one pej: cent level. Thus, tlrere does not seem to be any

stronE prima facie e¡¡ldence against the cobb-Dcu,qlas for¡a

r*.¡hich r¡¡as used 1n the previous analysis. The calculatec
Eitud,eirtes 'ri for testlng the hypothesis of unÍtary elasircity
of substitution are given in the followine tabte.55

TÁBLE Jffi

TEËTI1{G T}IE }IYPOTHESTS OF -t]NTTÆðT ELASTTTTTY OF SiIBgTITUTToN
CAùÏADA AND REGTOI\T$

Canada Atlantic Quebec Ontar'1o Prairie B" C,

LÏ¿ro o

'l^ Þ '1UI
\J

u " LL4 "B2L -L " 650 -L"51t " 922 -2"79A

I\ OEe å !',or tö
2 "87e

d ogpaaq

at, Lfr; t of freedom, the eritical value of t == 2.101 at 5/, "

The elasticity of substj-tution is used io measure the
degree of substitutlon between produeii-on factors" ifhile
e hlgh elasticity of substitution indicates that the reEj-on

tuoul-d -ne able to subst"iiuie capiial for- labor, a low

elastielty of substitution inoi-caies that it would be much:.

üo-r'e difficult for a region to nake this su-ostitution, in the
ease of a change in relative prlces. rn B" c., the elastieity
of substitution has been low over th-e last tr¡o decaðes possli¡lv

55rn. value of t was computed as b -'bo/*-, where "b isthe st,andard errçr of -o '' tb-
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because of the dominance of dalryirg, market gardening, and

fr"uit groi'ring activitles; for all such enterprisese it is
diff leult io sul¡stltute earrltal for labor"

Þ Exan:Lnatlon of irleut€aIlty of Technologlcal Change

As }Iicks-neu-r,ra1 technological change is defined as or'Le

i,^rhich alters 'c,he protluctlon function foy. each capital*labor
combinatlon l¡ut leaves the marginal raies oi sul¡stitutlon of

capltal for labor unchan6ed, the test wou.l_d then be to relate
Èhe margina] rates of substitution wlth the capital-labor
rablo. If these t'r¡o variables are cl-osely related, t,ecirnolog-

åeal ehange ls sald to be neutral. If', on the other trand., the

rel-arlonship shifts over tÍme, the sftuaiion 1s not neutral.
l/'Iith referenee to this iest, it iras required to investl-

gate the elastieity of substitutlon fro'm period to perlod.

since the elastieity of substttution 1s defined as a raiio of
the relatlr¡e ehange in the capital-labor raLio to the relative
change in the uarginal rat es of substiiuiion of capital for
laþor, neutral technologieal change is lndicated if it reiaains

unchanged from period to period" This is done by fit'oing the

above equatlon to the data of tiuo suìrperlods, rg46-Lgs7 and

Lg55-Lg65, sepaï.atuly" )o The estimated regression coeffl-
cients, b1 for r946-L955 and b, for 1956-L96De are presentea

in Table xxr. The numbere i.rr parentheses are the estimated

siandard errors of ihe respeciive coeffieients.

ea
h^ær o

"uThis studv
being dLvíded intä
degrees of freedom.

covers only 20 years" It
nore than tu¡o subperiods

Ls not suitable fos"
because of the
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TÁBLE )T,(T

E$TÏI4ATEß OF THE ELASTTCTTY OF $UBSTTTUTIOI\Ì
Itr TI,-to suBpERroDS, Lg46_L955 J,LND 1956 _L965

CÁ]{ADA AND REGTONS

& L946*L955 L956-L965
Region

Canada

Atlantie

Quebec

Ontaråo

Prairie

]f rr

"87894
( " L8226)

" 99277
( "366e7)
.89657

( . rEg+g )

" 85814
(.orszg)

" 63358
( " 46523J

"65099/ r r nnn \\ o rJ-v¿v if

L. Q64gg
( .r¡+ae )

I " 24000
/ r r n¡n\\ " LL>¿¿ l

" 66818
(.wogr)
.96429

/ r r r an \
\ " rrruu I

"89722
( "36467)

"44a64
( "384e7)

Under

coefficients

normality and

stattstic" 57

Table ]ffiII.

the nu}I hypothesls of equality of regressJ on
(u = Ïr \ ^-¡\ol Ë Dp) ano. the gener.al assumptions of
independence, the test criterlon is a rtt rl

The ealcul-ated values of t are siven in

the regresslon
rate, from the
a 

^-a 
a 

^--L956-L965; and

coeffl-cient and sum of squares
sÊmple L946-L%5; and simitarly
sá is the pooled varianee"h

for lv, the l¡¡age
for the sample
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TABLE )C{TT

TESTT}Tç TTÌE hYPOTHESTS OF EQU/TL]TY oF EL},STTCITIlÌS oF
SUBSTTTU?ÏOI{ ri{ T!Ío suBPEFroDs, Lg46-L9i5 ,ôJ\D 1956 -L965

CAI{ADA Ar'[D IìEGIONS

Cana,âa At Lant 1c Quebec Ontario prairie B. G,

Ll o -i.r

"to u -l
+u

'tâ

7 ]t ft)to I Tv-f .6Bs+ 01 Á1
" Bo47 "42L9 "6000

Note¡ For 16 degrees of freedon, the crit1cal value of t =2"92L at' L,E"; t = 2"L2O at 5'rt"

The result's of the test shoiu iha,t elastl-cities of
substitution for L946-L955 were noL significantty diffenenÈ
from those for L956-L965 in all regions and canada as a whore"

Thus, the shifts of production funetion oo not appear to have

departed frou neutraliiy.

ïn order to confirm this resuli, a:rother method of
testing neutral technological eha¡.ge was also used. As

mentloned in the prevlous chapter, technological change ls
neutral if the *at'e of clrange (*l Ís independent of the

eapital-labor ratio (tc), and "* a functj-on of tine. Thus

the test 1s simpl-y to plot the ccmputed f, agalnst the
eapi'i;a1-labor ratio" rf i¿ shows no trace of a relation
l¡etween these two varÍables, the shifts over. the perlod. ares

on the average¡ approxfuuately neutr.al"

ïnstead of plottingr the coeffi-cient,s of rank correra-
9

tlon between f ano k were calculated as given in the folloi,ring
table 

"
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ÏÁBLE XXTTT

COffi"F]CIEi.ITS OF ¡iAl.ii( COIìF,EL,¡$IOI\íA BETT¡'IEtrI{ YE}*R-TO-YEAR R.ATES
OF TEC!il\TOLOGTCAL CHÁNGE Á\ID CA?ITAI-LABO]ì RATIOñ

cÁti/"ÐA ArsD nEGTONS, Lg47-Lg65M

Canada Atlanfic Quebec Ontarlo Pralrle

"v¿Yo " 4982 "064.9 -.0158 -" ooTo .2579

ÉËou*"us Õalculated from Appendlx V,
t*For 19 palrs of obsenration, i,he value o.l coeffj-cientof rank coryelation which is signlficai:t at the one per eentlevel is "55,

The estimated cor¡'elatlon coeffletents show that no

relaùion exj-sted between these tio¡o variables in all reglons

and canaoa as a v¡b.ole" Hence, neutralj.ty of technologi.cal

change is eoncluded.

AU. Examinatlon_ofJionstant Returns to,gcale

Flaving obtalned the tecb¡nologlcal change index as

presented 1n Table vr, it is possible to deríve a serj_es of
real value-added output, net of technoroglcal ehange" This

was d.one by deflaifng the val-ue-added series by their
corresporrdinq technological cha.nge indexes. The deflated_

series of real varue added is, then, a function of Labor and

eapifal" As for flttlng a cur.v'e to this retationshipp å11

unrestricted cob-o-Doug1-as f'uneliorl was employed.. one of. the

clnaract eristics of the unrestricted Co-ol¡-Douglas funetLon, as
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diseussed in Cha;oter fI, is 1,hat it pernits inc::,easing,

const¿nt u or deereaslng returtls to scale depending upon the

sun of exuonents" The returns to scale are increasing lf
the sum of erponents is qreate.¡: than one; constant if the

sum of exponents is equal to one; and decreasing lf the sum

of er;ponents is less than one"

The statlstlcal results of such a fitting, are eontained

in Tabl-e f,{IV. $tandarcl eryors are included in "oarentheses

under their respective regression coeff'1cj_ents" Whil_e the

val-ues of Iì2 and the residual standard errors are presented

in Row 2 and iìor.¿ 3 respectively, t,he Von Neu¡nann Ratio whlch

is used to examlne autocoryel-atj.on Ln the resldual is shor,.¡n

in the last roïr.

The values of Flt, the coefficíent of deteiminati.on,

are extremely hlgh and are significant ai the one per cent

l-evel, i-niicating that all regression equations estlmated in
this study are a meaningful and usefur expression of the reLa-

t,ionshlp bet¡¡een outpui of value-added and inputs of labor and

capital ivhile abstraeiing the effects of technolo8ical chango,

for. their respective regions" The value oÍ' R' eo.ualling ,9985

for canad-a. as a v¡hol-eu for example, reveals that gg.B5 per eent

of the vari¿itlon in i:he real value-added werê explained by

l-al¡or arid capital,
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TABLE XXÏi/

,.IEGËEËSTOiS COEFFTCTT\TTS AND OTHEÈ ËÎAîÏSTÏC,A], RESULÏË
OF TÏ{E EËTTIUA'TED PI1ODUCTTON FUNCTION, T ã aLþlKþÊ,
AFTiTR ELTI'ITI{ATTTÍG TI{E EFFEOTË OF TECHNOLOGTCAL OHÁI{GE

C}JüADA ÁND F,EGÏCI'TÊ

Canada Atlantic Quebee Ontario Fralrie 'it d

Ìf-
IL

n

u1 ? [,J^

V-N R.at io

.9985e

"oo2o7

" 99LL

.55657e
( . 00556 ¡

" tt-6LTz&
( 

" 04154)

1 " OlB2g

2"3A2A

"g777e

.oL445

" 0896
n1b

?Q,h Q,lr&o -/U-ÎvT
(.o5DT5)

A<t zo&. vv eJ/

i . roosa )

L " 04623

L .90t3

*
^^- 

l.ø

" Y>)+

" oo535

L.3645

.52gLOÈ
( . orore )

7?tr"1 -4Jd
OJI)LJ

(.oreøe1

" 90423

L"L7B9

" 996g&

, oo245

L"0424

.55254e
("CI1164)

" 4'5+g6w
( "a2843)

1. Oo75O

L "9628

. gB33&

"oa559

2.L935

.64B3Le
( "aisg-r)

.263464
( "o7o93)

" 9LLT7

r.7325

iþ

" 9Bo4*

"oo7+o

2 "0536
-!Ê,zt c.â,eevJLJV

( "02256)

" 2742LM
( .04019)

"90577

1 " 6004

F

1og a

I

i{ote; 1" I{odel Ls fitted wi't,h arr:nual da,ta froru L945 to L96j"
rþ

The symbol * stands for one per cent level of
signiflcance "

The V-}i F.atio is cou;ouied ås the ratio of the "mea.i.L-squere successl-ve differ.encett to th.e trvarfance of
residu.alsr¡, i"e",
the ratio K = . 2t ^2 , D n-l ' - ,2t--Le'/ .5' , uhere .+e-= ã*f 

(.t - ei_l_)-/n-L,
2nD..1

and S: - E eî / n; 
^e' 

is a measure of autccorrelatíon
+ --I I'J
U -..L

and e¿ is the residual at" time t "

ps¡ g¡mples of 20 observations, ttre cFitleal v'¿Llue of
K ls greater taan 3"1151 or less than 1.0954 at the
one per cent level of significanee; greater than
2"8425 or less than t,36BO at the five ¡..er cent fevel
of sienificance"
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Th.e reÊression coef ficien'çs of both lar:or ana ca.pital
1'¡eT'e hågh]-y significant in alt regions ano. Canaäa_ as ¿ì, lrhole.
?L-ie Y*IIT i:iaiio *h.owe thaT no autoeor-r.elation existed in the
;:es-Ìduals. The &bsence tf' autocorrelatj-on is e-,r evidence of
::a"ndom data and. unj::iaseo regression coefficients of all-
var-ral¡1es 

"

Tne sun of b, ernd b2l re?r:essÍon coefficients oî lak¡or
and capita,l, ranged frorn L"o4625 in the tltl-aniic to "go4.21 1n

Queicec. Tntuiiively, it seemecl to ref leet, increasing retunrs to
scale in iire Atl-a*ntic and cntai.io; and. decr-ea:sing returns to
sc¿:1e in th.e Fraj-L:ie, eu.eìrec, a:rd B" c. statisticall.y , hor¡,ieverc

non-e of the sum of retr:lí'ession coefficients was significantly.
differeni from unity, as the results of test shorrn in Ta,l¡le

x;¡1."'" Thus , t ne a.ssumpt ion of constant r.eturns tcl sc¿Lle naoe

in crre previous aneilysis j-s jusiified"

58'l-jr..o.*" the null hypothesis of cons,üani returrrs to scaleand 'Lhe stand"ard- assu'rn;ot ì o¡ls of nor-.mal-ity and independerlce, thetest ci:iterion is a rrg':it s'caiistic wit,h 1 and irl-F-l desï,ees off*eedon, nhere i{ is the number of or¡servationã; nño_B"ih;-nu-uber of indepenctent v¿Lriables" The value of F is äatcula.teo as

_ (e, -' o,r)(m - p - L),,f'- * Qr

Th."I.^qr i-s the resic,ual sllm of squares for the unrestricted.cobo-Dougl-as function v¡hi-ch can 'i:e found fr.om Ta'bl-e r-îv; and g2the residual sum of squares Í'or. restricted co-bb-Dougresfunc'r,ion -r.¡hich is comouted- as
r.^,lgu¿Z = syy * bt$yl_ - beßyiC _ãl

wnere syy is ih.e su¡r of sc¿uar:es of the vatue-acided; $y¡ ana sy6are the su.ms of cross proo.ucts of the va:lue-çdd.ed a,.4cì- l-abor, ãn¿.f he value-aCaed anc ca.,pita.le resroec-r,ively; b1q a.nd oå a"*reg;ression coefficients of L and K, respeciiüet1., uãcler therestriction of constant r.eturns to sc¿,lè; ancJ ïc- j-s the Lagraitgennli.inl i o'n
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For- ihe case th¿Lt output i g ,qross a¡ro il:_:,teria1 inpu,cs

are incor;coraierl intc t fre ¡:r'oductlon fu-nction, iir i s al_so

ilossil¡1e to clerive the i'e¡.,;¡6*si on equations of u,n::es'i;ricted.

cocb-Dcu.3las form, àft'er elininaiina the effects oí' techno*

1-cgical chani{e, and test f or '¿heir' constan1, re'Lurns f,a scale.

The statistical- r.esul-ts of f it,'i;in,r such e, ¡.elation are suaTtla-*

rlzed in Table X)iì./T ". ,3u't,, here no a-t-uemOi r!,å-.s rna,d.e to r;es¡

eonstant i:etuy.ns io sc¿:.1e"

The values of ,'.2 were qu,i-t,e higli and were significant
e,L i:he one per cent I er¡el , i-ird-ì eaì,lna a 6ooii fi'ctinq of regres-

sion equ.a'bions for ¿ill :-eg;1ons and í'o:: Canarcta as a whol-e. The

suils o-e bl, bn, atd b= r.ai:gÍng from L,OBT3Z in ihe,A.tla"ntic to'!-' ¿' )

"91728 in Q,ue-þeca wet-e quite close to unitv.

Ð" ESi, irnfl,i io:: oi_ Sggå;_nq1_. i/^elue

Lab_o¡. and Capit?.]=

Having examined constant retur"ns to sce.le e one c¿¿i-Ì esti-
mate narginal value proiluctivity of labor anc of c¿.-.r¡it,;l- in ihe
a'iJsence of technological cha.nge'oy rnutl'iiplying elast j-cities of

r:.r:ocuction of 1a¡:or (b;) aniÌ ca.l--itar lnr) ì:¡r i;heir r:es,oecrive

ã.yerã,le cr.oductivity " Stateo :rte-ùJ.€tfla.t retLLy ,
cy

i,¡/:rr * ca F, e.nd
!l]-r

I \¡
i.iv*-,; = oZ ft

The es'*ima.ted rna::ginal- value p::ocluct.ivity of l-a-nor ancl oÍ'

capi'i;e.l aT'e 'presented in 'ialrl e y-XVIf and T¡_-h_t e -x.--".:i/f]T.
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l"espectively" Th.e resu.lis shoi.r thai in the absence of teclr:ro-
logieal change, marginal value pr.o,Cuctivity of labo¡. h¿Ls coit*
tinuousl-y' increased whereas marginal value proouctivity of
capital has continuously declfned.. Appareni;ly, it is due to
the fact that contlnuous substitution of capital for rabor.
calls the lar,r of var"l_able proportLons into pley"

i'4a"rginal value productivity of la-oor a.nd of capital in
the presence of technologlcal change þiere also estinated and

are given fn Table ¡-r]irx and Tal¡le xxXe respeetively. They are
caLculated slmply by multiplying I,4vpL and i{lttp" in the absenee

of technological cha:rge by t,helr eoruesponding A(t) given in
Table VI"

A glance ai Table ,ïXIX shows th¿Lt marginal value produc-
tivity has increased from year to year at a high rate in all
regions, especlally in the Átlantj_c and ontario. This increase
apparently resulted from teehnological change on ih.e one harrd,
and from the rapid off-fann æf.gration, on the otk¡er. Even
though it has made so nuch progress in the Last two decades,
yef its level of I96D Tras much lower than the r-eal rda,ge rate

troin three of the five regiorrs,'- This targe gap exisied betl,,een
narginar value productivlty and the ¡.eal wage rate in tLie

Atla¡riie, Suebec, and ontarro parbly beeause the foriler was too
lov¡ as compared i^¡ith oiher regions, and partly Ìreeause the

590o*pu.*u Table XXIX r¿ith rþpendix ïX"
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latter increased rapldly as a eonsequence of keen competltion
between egrleultural and non-agrlcultural- l-abor marirets. rn
the prairiesand B" C., the level of narginal labor productiv_

ity in L965 exceedec that of rear \^rage rate, índicating more

efficient use oí labor resources on the one hand, and the
lack of attrac-t,ive job oppor.tunlties in non-farm sectorse on

the othec'. Bven ma.::ginal value produciivity was rel_a.tlvely

high in these t,wo regionsu -out not high enough as compared

r.'¡ith that in non-agricultural sectors. Low marginal value
productivlty reflects that a large number of suiplus }a'ì:or

sti1l exists j-n Canadian agrículture.60
fn reference to margJ-nar- varue productivity of capital,

the table X)ffi shor¡¡s that it has also much increased in most

of the reglonse especially Ín the Atlantle. lflth the exeepbion

of Quebec and B. ö" u the levels of rnarginal value tr;rociuctivit¡r
of capii;al L'n L96j were higtrer than the ¡aarket

interest rate of 6 per cent. The exeess of marginal value
productivity over- the market ånterest rate (narglnal cost)
suggests fhrat it is profi'Lable to lncrea-se investment 1n those

regions" In Quelrec a.nd E. c" e on the other hand, tire j-ncr.ease

ln lnvestment l,rill suffer nore loss at the present sÍtuation
of technologieal progress. The inc::.ease in investnent lrroulc

be profitable in these tlr'o regions provided that they could
erçedlte their technologieal progress.

6oR"f." to L. K. Li, a ir{aEket,str-ueture for l{lred and
@canadlan;\g Fãã-lIã 'sffre innipeþ, t4anitoba , 1965"
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ïl,fiLTCAlt I0-i\T5 OF ¡iæ I.¡.i.Cl-iT iTJISUI,TS

5o far, tecir:to'lc¡ice.J- chana;e in ¡he arricu,liu::al r-e-qions

as wel-l as i"n Canacia as a iqrhole has heen üeasur"ed. end the

assumpt i ons on r"^¡hj-ch the measur"eineni of t ecirnoloeical clta.n¡r:e

wes based harre i:een veriíi eo. As i ne .i:esu.lt s in,iicaiei,
canadi a"n aqricuitu ¡.e has e:<perÌ-enced a i:ai:i,c. gror,,rch r¿Lte of
iec'nnolor¡ieai chan¡e over the last ti.,'o d.ecad.es, and'[his ci:e,,nge

pr-oceedec. ¿--r'L d ¡:arii¿iticall;' C"if íe::,ent "r"aies in d.if f e-r.ent re5.q1ons 
"

Ti:ese result,s h.at¡e soÍle inipor"iani irirptications roic resource

al loeat'i 96, .crices ¿tnd f ar"r¡ iricoines, an-i- i-:rcor¡e ciisiribu.i;ion;
a-LL of rrr'ri.icir ,'¡il-1, :Ln sequence e 

'oe di scussed in ihis chalie¡-.

l\." The i-mplication for F.esoui^ce Al_loca'¿ion

Tecrlrfologlcal cha.nge i;enai'cs ihe sunstiiution oÍ' knoi,¡*

led,qe fo¡' resources. The con'¿inuous í'l-or.,¡ of ne-r¡ knorrrl-edge into
agriculiure has reacheci such p.ro1:ort ions that sucstaniial
increi:.ses in the ¡iet farm ou'i;put icere ceinq a.chiev'ed with only

mocie ra'íe inci'e¿'se 1n ca¡:ital- input s aird i,rit h constantlr¡ Cecl in*
in,g I ¿,oor itlpu'¿*.ot Of the niea-su.r-eci j-nere¿ise in nei, l-a¡or" 

".-i-o-
ductivi'b.y , capi'L,eLl in'Lensity l,'âs responsiole íor .l ess 'cha:r orle

thi-ro anl tiie raost perrt wes explalned ,:y tecirnolo¡;icai cne-npie"

óh*f"r' to À1:pendixes I ano. ïï"
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This 1s espeeia.lly true in the Atlantic where the highest groÌ¡tr6t1

rat'e of teeb:rological ehange v,ras reglstered v¡1th the lowest rate
a^

of the inct"ease in farm capltal among region*.oz As ,5o1ov¡ poiitbø

out, I'capltal fornailon is not the only source of growt,h ln
productivlty. fnvestnent ùs at best a ïleeessary conditlon for
grow'Lh, surely not a sufficient condiij-on" f;.ecent study has

lndicated the impor"t,ance of such actlvities es resea::ch, ed.uca-

iion, and public Lrea1t6."63 Griliehes in hls study found that
pubtlc expenditures on research arrd extension afr'ect the level of
agricultural output "signlficantlyrr and that theår social rate of

â.jt
ret¡:rn ls quif;e high,"- For regf.onal differences in the grovrth

rate of teclmological change, those activities also play an

imporbant role. The regions in r'¡hich r-esearch expendltures

have been hlghesi have also eryerienced the most rapld rates
of teclrnological cYrungu.6S ïn reeognizlng the significå.nce of
fhose actlvities in the process of economic growth, iihis study

Ls still unable to nake any c¿uanti-tative esiiuate of their

.(a

'<Conpare Table )ilfÏf wlth Áppendix II"
6.2"'Ro 14" $oloi,¡, trTechfrieal Frogress, Çapital Fornation,

and Economic Growth," Ai:rgrigg4*Eqq4qmlc F.evie'¡t, Vol" DZuNo" 2j I'{ay L962, p. 86-
â, ltu-'2. Gril-iehes, riResearch Expenditures, Education, and

The Aggregate,Agrieultural Produ.ction Function, rr Anerican
Eggggmig_Egvagg, Vol , 04, i\To" 6 u Decenber L964, p{"-ññTA"

aê
hh"-V. iì.uttan and. T. ,Stout , trRegional Dif f erences of

Techni-cal Change in Arneriea.n Agricuiturêrtr Jourrral of Farm
Econoqics, 1/ol" 40, No" 2, I{ay 1958e þÞ, lgffi
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contrlbution to the ¡neasured increase in ne'b laþor productiv-
ìty because of lack of the data. Howeve:-, as Hendi.ix has

suggested, ir technological change and capii;al inputs can be

viei..red as su'ostitutes, it beeomes posslbl-e to get ar.iay from
the question of ihe quantity of resources require,S for researcn
if output' requireruents are to be met. Nevertheless, a certafn
amount of eomplementarity does exist between j-nnovation and

capital i-nputs" rn uany casesu both caplte_l investment and

purchase of naterial inputs are necessary if the advanees in
technology are actually to r¡e j-ntroduced. This nay be tr"ue

everL though the innovatlon r.esults in a reductlo^ ): total
caBltal lnputs requlr.ed to produce a glven output,,oo Thusu 1n

order to bring produetlvit¡r i_n eue-bec and B. C. up to the
nafional- lenel, the resource policy should emphasize an lncrease
i-n the allocation of puìrtlc funds for reseerch and education
designed to speed the rate of technologlcal changee eecor¡panied

by a moderaie lncrease In capital investr{enË"

on the labor sÍde, it is apparent that ihe acceleration
of farm productivity advance sinee L946, eoupled v¡lth the
Lncreased ra'r,e of substLtution of capltal for labor, has lleen
an important factor in the accelerated rate of decline in fai:m

employnent in both a-þsolute terms and r.ela'cive t,o non-farm

oosee h'. E. Hendrix,
Productlon Innovatlons on
Economlcs, Vol" 330 No. l,

rrAvailabiliiy of Capltal and
Low-Income Fanrs,rr Journal of Far.¡n
Felrruary L9Dl, pp,W
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employrûent" GruunST expla.ins the p::ocess oy rshich agricul-
tural labor tr-ansfers to the non-agricultur.al sector v¡ith ihe

aj"d of the foll-owing Gruenrs figure" Assume that. there are
-r,r¡io goods, agricultural (¿) and non-agrieultural (i,T), ln the

econony, that t'echnical progress ls ta"ken rclace only in tlre

production A, and that t,he economy is closed. prior to the

tecïrnical change, let the production possibility curve be

LPv" Given the indifference curve 11, th.e optimum output

combination ig ai the point F, when on unit,s of iv and oa units
of A are produced, and the relative prlce of A ln -r,e:mls of N

is given by the slope of the price l1ne "\Id" Ì'/ith iechnical
progress in the produ.et,ion of A, productivity of resources ln
ihe producíion A increases e so ihe production possibility
cur¡re shifts up Èo be Bsmv. The new production possibilÍty
curve possesses the followlng properties 

å

1. rt cotncldes with the pre-impr.ovement transforna-
tion curve LFv at polnt ve when all resources are devoted to
the production of N"

2" the slope of polnt R on the nerr transformation
cufi¡e is greater than the slope of the correspondlng point p

on the olo transfor,mation curve" Thie f-mplies that, unless

relatlve prices of product ehange, the production of N will
decline after- technÍcal p::ogress in A" Tn terns of transfor.-
mati-on curve, the marginal rate of traTj.sformatÍon of trÏ for As

67F " H. Gruen, "Agriculture and Tech-rr.ieal Change rrlJournal of Fary_Eqggomlcsp Vol " 43, No" 4, Novemberr-Lg6Iâffi
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l-"e" dA/dls, rrrilr be i-ncreased by teehnieal ;orogress" slnce
the aggregate demand elasticity for farm products as a whore

is less than unityg ån increase in output'brought forih by

technical progress inevitably eauses a declÍne ln the pr.ice

of farm products " As a result , eonsuüers become bettei. off
and the price ratlo of farm products to non-farin products
drops' }trhen t,he communlty is confronted v¡ith the new produc-
tion possibillty curve BSH'V, the optimum posltion moves from
F to T where oatrunit.s of A and ont'of N åre produced. Thls
movement can be dlvided into an expansion effect from F to s,
and a substi-tutlon effect from Ë to T" The com-oLnation of
ttrese t¡,uo effeets leads to a reductlon in the resources,

Þartfeulari-y farm laboi-, devoted in agricurtural pr"oductioir.,

since T lies to the right of lì,

There r¡ase of course, some interaction; Lnsofar as

increased opportunity for emproyment ersev¡here during thig
per-iod was part of ihe expraneltion of' an increasing exoous

f rom farms, thi.s may have been a factor in accelerating tech-
'nn'l ¡æi n--l ^.1..iluru6¿uar auvance. This seeug plausible if the exodus Ì,fere

pr"imarlly frou fanns of less than everage efficienc¡r s oÍl

reduced disguised unemployment. But insofar as t,he acceleration
i,'ras auionomous, thren the accelerated technological progress has

aggravated the farm 'oro'þler¡ es it retaied to the need for shift-
i:rg labor. i-esources"

slnce tect¡nological advance in farming has been persist-
entl-y ahead oî r'esoLrrceiã adjustnent, the su¡plus of fa¡.m ]abor
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may be one of the reesons for erplalning ti:e 1ol,¡ rates of
grorith in 1;roauctivity in Quebec and B. C" Denison has

suggested that movenent, of labor from the farns to high*

productivity Jobs has playeC a relatively impor.tant role j_n

6B
econor¿lc groruth. Massel has est,i¡aated that shifts of the

relatlve all-ocation of capltal and labor between indusiries
accounted for approxlmately one quart,er of total-factor-

Áoproductivity growth ín the post-war era."- These suffice to
lndicate the inportarice of labor' r'esourees adjustment for the

growth of agriculture ¿.s well as for the ecorlorriy as a v¡hole.

Garver has suggested that "there are unfortunately a numlcer

of sei'ious impediments" ".Áequlriag the training and

skill for the non-fam jo.bs where opporiunities are great,es,ü

fs in itself a hereulean task for nanyo èoèoeoo. The sheer

eost of mor¡lng horae and family to a strange setting are

insu.perable for many. $evering home and community ties of long

standlng åppears too tragle for uany people" The ånsecuri-ti-es

and uncertain-tles al¡out such a radi-cal clr-ange is e forbiddlng
prospeci to many folke. EeonomLc fluctuations, such as recession,

F7^

are a. naJor detercenturt'" In ord.er to o'oiaín the opt,Í-rn¡g a]l.ogation

@8. Denisorx, "HoÍr to Raise i:he High-Emptoyment Growth
Rate by One Pereeniag! Polntr'! Amerlcall Eeoqoqlq__EqLiS{t¡ Vo}. DZuirÏo. 2s Irfay L96Ag ÞÞ. 6T-TD"

69"_--8" F" ittassell, "A Disa"ggregated Vlew of Teciuical Changert¡
{quqnal of 8çtlt,ic.s.I Eeopomf , Vot, jg, No. 6, Decemben }961
3),555.

f7^

'"Tü. B" Garver, 'rTechnical Change and the Prolcle¡a of îvian-
power Adjustr:leiltr'r J-sumat oi }.ar.n EcinoiTlcs, Vol" 40, No" 5,
Ðecember 1958, p" 1450"
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of labor resources e publlc polic¡r should -be dir.ecteo to
remove these obstacles of out-nl,qratlon"

The Lmplication for Prices and Faril Incqmes

ïrutovations designed to lov¡er cos.bs usually have a

curlous propenslty to ¡.esult in expanded output. It fs
difficult to conceìve of an innovaiion that successfully
lorrrers costs r^rhich does not also expand outpuÈ under free
market conditlons. Ttrl'bh an j-nelastic demend fo;: agri.en¡lt,ural
pi'oduc1;s, the output increasing irr-ieovation will undoubtedly

eause a decline in the prices of agrl-euli;urar products, and

hence reduce farq ineome beloi,s the levels i,rhieh iuould otLrer-

wlse p**ou,i1.71 As Gruen polnted out, rrpz.oducers get less

for produ.cing noreo o o e o o o -4n inelastie demand may be noi
on1;r a neeessary but also a sufficient condition for an abso-

lute decline ln far:m lneomes" rn other rçords that, even if
the supply elastlclty is large and positive say greater
than unlty - an inelastie demand nnay still lead to lor¡er farn
lncomes after technlcal progress than l¡efore ,,t72

To assess the general implications of a change in
technology for prices, and hence fo¡" ineomes e Figure 6 Ls

er:ployed again" Let the pr.oduction uodel be

Ê

N

71g" o" I{eady, rtBasic Economie
Fa::m Technological lrdvance, rr Journal

and i¡ielfai-e Aspects of
of_fa.qn Economics, Vol.

3Lu No. 2e May Lg4gy Þp" zg3-3ß.
72p . H, Gruen, lrAgríeult,ure and Technical- C hange , rl

gTq_i¿¡'nal,.oå*äa{q_E-eo:eomics u i,ToL. 43, No. 4, November ig6t, p" gtg"
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where A is the per capiia productLon of agrieultural gocds,

and i{ is the ;oer capils rcroduction of non-agricultural good"s;

\r ç'aÅ v nan¡egspt ihe per eapita output if all I'esourceg are"tA *-*- .tN ¡vr/

employed ln agricultur"e and non-agriculturee respectively.
Furthernore, let the eonsunption model be

UO" UOt = e

r'"'here U^ stands for the per capila consumptio¡-r of agriculturel
products, while U* stands for the per eapita consumption of
non-agrj-cultural products; arid e is the structual coeffj-cient
lnferpreted as income revel" Assuming that wirat is produced

ls also eonsumed, then UA = A and U* = lI. The procluction nodeL

and the consumption model ean now be put together to determine

the r¿:tio of e>rchange for agriculiural ano non-agr-ieultural
goods" one unlque point of tangency of t,hese tr¡¡o curues is F,
before technological progress, where the slope of both curves

7Z
1s equal to yA/yN" '' This is the exehange ratlo of agri-cul-
tural pr"oducts to non-agricultural products aj, an equilibriun
positlon of consumer preferenees and producttos. A chailge in
tecirnology in agriculiu.re iner"eases IU vrhile a chanqe in tech-
nology Ln the noil-agricultural sector increases yN. Thus,

technologicat progress in the agr"lculturaL sector alone reduces

t,he prices of agricultural products, and hence farm lncones,

as compared l.¡ith ihose in the non-agr:icultural sector, rn
order t,o iæor¡e frorn the positlon oatsnr to the new equlllbrium

vz
^ ,'-Ehe slope of the

- l{y'lAyñ " The slope of
dA/di,r = -. a/it.
A/N ã y¿,/ys"

productlon posslbility curve is dA/d\î
the consumer preference curve is

the slo;oe of these two curves EivesEquating
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position OarrTnr¡ in Figure 6, it is necessary to shift
resources from the agrici;ltural to the non-agrl-cultural

sector. However, in arriving at the nei.¡ equilibrium position

T? the p:'ices of agricultural products rLse r"elative to those

of non-agricultural prcducts, but thls prlee r.atio at the new

equilibrium position T is s'¿111 lower tl:an i-r" was at the old

equlllbrium position P"74 One of the more comprehensLve

studies of the relative Lneomes of agrlculture and non-

agriculture ind.icates ttrat lt 1s almost universally t¡.u-e th¿it

agricultural lneorne is lol¡ relative to non-agi.ieultural i*"oruJ5
ïn addition, this study inüicates extreÌne varlability in this
income ratio among regions" The differenees in the elal,icity
of de¡rand for agricultural products, the grørv-ih rate of tech¡ro-

loglcal ehange, and the inobility of labor. resources are, of

course, the main reasons for e:çlaini-ng this variabllity. 'idhen

technological change is relatively rapidly in a region Íaced by

an elastic demand curl¡e, it tends to incre¿se labor as n"el} as

capltal thart should be allocated to that region" On the other

ha.nd, when techno]ogical change proceeds relatively r.a.cidly in
a ::egion facing an inela.stic demand curve, thet regionrs

optlmum share of the economyss resoul:ces tends to deeline.

741t" A. I{acGre6or, rrïmplicaiions
for Prices and Incones in Agriculture,

of Ch.anging Technologyr-YY-" Journal of Farm

T5¡" R. Bellerbyu Agriculture and InQ.ustry iìglative
=**: X3:Illlan & cô" . 18-
rve @¿ru vtta.yvèT 6e pp" 89-L53"
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C" The Impli*eation for lneoae Di_strlbuiion

Kend¡'ick, ln his dlscussi-on of the eff eets of techrro*
logical ehanqe on incone dist¡"ibution, aÌgues ihat 'r". " u " u o u

teclenological advance has increased the relatlve den:and for
xûoi'e highty skilled and professi-onal personnel, while lts
contributlon to real Lncome has made possible the i_nc.r,easlng

investments in education and traLning requrred to effectuate
a gradual upgradi-ng of the laicor force. The increased rela-
tir¡e supply of more highly tralned and educated ne¿mbers of the
labor" for.ce has, in tu:r¿¡ coil.ti"ibuted to a naruower dispersion
of wage aird salary rates. This'i;oo has been an impoz,tant force
in reducing income inequallty.nT6

secondly, technological advance has brought about ihe
lovre¡- ag;'icul'bura1 pr"ices" since the inccme elastielty of
denand for agrS-culturar produc'bs in the lov¡ income gr.oupsis
greater than that in the high ineome group, the former rnay

share the gains from t,ech-nological progress nuch more than
the ratter" This, too, has corr.èributed to greater equallty
of income distributlon"

"rr. 
Td" Kendi rexu rtTeehnological 0hange andPr"ogressr" sÏournsl g! Farm Æc,onom:.cs, Vòt " \_A, if;.December 19ffi

EconornÍe

E" o" Heady, Econoinics of Aåricurturar production andAeSgq¡gg_Us e, Prent i ce-I



CHAPTER VT

SU},ruAFðT AND CONCT-USIO¡IS

Over- the perlod of L946-L965, Canadian agrieulture has

been spectacula":"1y successful in raising real net ou.tput per

man-equivalent which fs coär.¡entiona-l}y termed as labor pr.oduc-

tir¡ity" Increases in labor pioouctivlty are compouniled. of tv¡o

parts; movements along the production functlon r,esuliing fr"om

the use of adaitional capital- per men-equirralent,, and shifts
of the pr,oduction function stemming from a change in the
efflciency of the use of resourcese i"e., technological change.

The prímary purpose of this st.udy wa.s to segr-egate iire varia-
tions ín labor productivity due tc technological change from

throse due to changes in the utillzaüion of fann capltal pe:.

man-equivalent" I{ore specificatly, the obJectives wereB

(1) to examine the nature of technological change;

(Z) to lnvestlgate the el-asticity of substitutlon -þetween

capltal and laborg

Õ) to estlmaÌ:e the retu¡rrs to scale;
(4) to neasure annual rates of technologieal change; and

$) to segregaêe trlre components of inc.i:eased labor
prod.uctivlty lnt'o those attrlbuta-ble to tec'nnological ehange

and those due to eapital intensity"
The anal-ysis wa.s uade orr a regioi:al basls as ire1l as for

canada as a whole" Five reglons were fo::¡nur-ated accoz.d.ing to
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the exisiinE produciion paite:.n arriì. the ,qeoÄi:e,phic delinltat.ion_,

\t'Lz e the :{tla:r'i,ic :'eqi on incIudi.ng,,,,,,,,,,,,,,,,: ll-ova Scoi i a, Irie'¿.¡ llr-.unswic.lc,

a.no jirince Edwsr.r'd rsla-rld; -bhe euebec r"egion; the onta.rio

:"egion; the P::airie region iircluiiing i,{a.nitoba, $aska'bchewan,

and J¡.lberte,; a-nd ihe British Columi¡ia region"

Teclrnoloeical ehang,e r,.,ras measured on ihe bas-is of

ciiff erent conceot s of iie'r; (va:.lue adcr.ed ) and ,jross outpu-i " The

nei outpu'c differs from tlre qr"oss outpui in that ii does noi
inclu.de inaierial inputs consumed in t he i,rocess of p::oduction"

lror si::icì: cornrar-a:it i"ty i^rith the ì:asì c factor.s of p.r:o,J.ucti on,

lai:or anü eairital, ori,qina'[inq in t.he reglons âs 1,,¡el-l as in
'Lhe elg.c-] cul-iura-l se cto:' as a whole, the r.el çy¿¡,.t¿ teasur,e aLiould

be i he va-ru.e-adci.ed measu re of i,echnological ciran.ge. The gross

measure oí tecnnolo¿rical cne.11,3e was useû 'i'or rei'ei-ence only.
Tne principal method of rneesuring -becirnologicerl change

used 1n ihis study was tite Fjolow or geometr'ic uodel" rn orcer
fo merì<e a eor:nparison, l:r.owever, 'cire a¡:iihiletic ind,ex of Lechi:ro-

logical ctriurge was also calculaLtec.. Solonrs moil.el- äer"ived from

en el3..c;r-egat, e pr.od uc-b ion f unct ion inco.r"porat 1ng two f ac't ors e

under "ihe assunil:'i;ions of T{ic}cs*neuiral iechnol_ogical change

a"nd oî constant re*r,Ltíns to scale, is girren ìr;i iÌ:ic eqi_iaiicn
¡ /r \ll'tr'l-\- JN 'K

;G[ - l; - 
'ur,i,I Ë

l'¡irer.e dots iirdicaie ti¡le der-,-1,¡a.tive_q; :l(t )iç rs an ind.ex of ihe

eUmUl¿;f iVe net, f.,=nirnn'l no.i nc,] Chan,qei l¡r,r and lt efe neL OUlpU.í;
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(rralue ad.Õed ) s.ncl f a::"n capiil"l- oer nen-equivalen¡ , respe *LitreLyS

"*d- iläul1 deno'ces tl::e i:elative sha,r:e of í'ar-rn capit;,l in nei,

inconie. This equai:ion yíel-cs a. ser.ies oj airnual- rneasures of
teeimological change,,successive r¡uli:i-plica,cion cf ;iç¿a¡-to*yeai.
fleesures of' tecirnol_oEical_ chairge and. set,uins A (t )U in -che

ini'clal yeev', L946 in this cese, llives an annual- seríes oí
indexes of cu'r.ulat.ive tech:rolo,gica-t- change 

"

Ïn the cese tha,o oUtç,çi is ipeasu"l-ed i1 r,:-l-oss te::ms anó

in¿iterj.al in-rruts eJ.e includ-ec in the proar-rction function, t.he

der'i*¡ed modeL ceco:tes
il\ r, /^
îl*tlf-* * * o G

t'rnere ii' re.!-rreseir';s the .v.elati¡¡e sì:rar.e of inaterial_ iniruts j_n

sross inconìe, and m is -[tle materia] inpu.-ís per inan-equ.ivalent,"

Data requireC f cl" äte¡'rsuring t.echnol oplical- chanee wej:e

uainl-y derived from i:ublicaiions of the Dominion Eureeu of
Êii;¿ii;istics anrl of the C¿Lnerda Depe.z'tilent of Agr:iculture " The

tirue series of ou.tpu.t, rnat,erial inpui;s, and farm capital wer-e

v:ilued et L9j5- j9 prices" Labor sei:ies r,.rere measured j-n te:rms

of man-equivalent" lvhile iLre snare of eapital ån in.corne was

*al culated, e,s a ,5 per cen-t re'¿u;:ri on Í'a,j-m co.pita-l- äir¡ided ìry
t.'ne'cot;¿l output., tne shai-e of i-aa'i,ei:la]- in lncome l;a,s estina-bed-

as f he re.tic of na-íei'ial ín.outs 'co the io'cal- or_rti:rut. LTnd.e:: th.e

årsEllirption oÍ' constan'r ¡.etli.::ns i:o scaleu labor's share in
incone i.¡as olriai.ired sinply hy oile ininus cap-ii"1t= shar-e in



income for ttre value*added ¡aeasure of oui;out, and

capital r s and nate:-ials E sha:'es in income f or the

measure of ouf i:ut.

1r1OLVJ

one minus

gi:os s

liaving measured iec'onological change inoex, it is
possible to segi:egate ihe componen'Ls of incr.eased Labor pro-

ductivi'r,y into those atiri't¡utable io tecirnological change and

those due to capital intensity. The viay of segregati-on

involves calcul-atf"ng the increase in labor productlvity over

the period L946-L965 in the presenee of technological change

and that ln ühe absenee of tec'nnological ehange. !Íhile ihe

latter is iuputed 'bo eapital intensi'l.y, the fomrei- after. Seing

accounted for the latter 1s inputed to tech:rologieal cirange"

.such a sesrega.'bion, however", is under the assunr¡t'i ons

of Ïiicks-neutl.al shifts of the production function and consiant
returvrs to sca1e" In ot'der to ascertain wheiher the estinated
sha:'es of capital intensity and technologlcal cira:rge in
increased labor 1:roduciivity are biased, these tv¿o assurnl:tions

rrere examinec. aecordingllr" The assunption of I{ieks-neuiral
tecirnologlcal change i.ras examined by two dif ferent nethods¿

one of v¿hich was io fit a CEß production function to the data,
value added per man-equivalent and the rear l.¡ege z'ete, of tr"ro

subpe.riods, L946-i955 anci LgD6-Lg6D e separately. If .the

regressf.on coeff icient , t he elastlciiy of suÌ:stitu.tion between

labor and capital, remains unchan,qed froia one suì:perfod io
another subpe.riocl, neutz'al technological cha-rrge is indicated.,
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The other method. used to examine liicks-neui:.aI tecirnological
aI^-'¡ - +^ calculat'e tire coefficient of cori.elation betweenUrlcf,r¿1tt t'{d,ù UU Ud-l-UL{Iú,UEj ULlr 

:

'6he r"ate of tecirnologicat chanqe (i) anci tire capital-labor
ratLo (x)' ff no relation exists ï.trneen these tl.¿o varlables,
the shifts or¡e.r' tire per.iod aree on averegee approximatel¡'

neutral_.

The exanrination of the assurnptiora of constant re1,uT"].ts

to scale involr¡es fitting ar'1. ui'r-restricted and a restricted
colrb-Ðouglas pro<iuetion function, separ.a'bely, to the data on

va.lue-aCded output net oi tecirnologic:'.1 chernge, laboi", and

capitatr' under the nult hypothesis of constant returns to
scale and ihe sianda¡-d normality anci independence assumptions,

the test eri,terlon is a IrFrr statis'Íri_e

( = (ar*Or)(n-p-f )/a, where Q2 and e, are the residuat sum of

squàres for the restrl-cted and unrestr.icted cobb-Douglas

fuirctione respectivety; N is the number of obse:-vations; and p

ls the nunber of independeni varj-ables) with L and lf degrees

of freedor¡. Tf the calculated F value does not exceed the

tabular value at conveniÍonal levels of significance, ihe
assumption of constant retunrs to scale is verified.

Furthermore, lt was considered v¿orbhu'hlle to investi-
gate lf i,he model used in this study is appro;oriate. since
the observ'ed" share of eapital in i-ncome was fair'ly eonstant,

the nodel v¡ouId 'i"urn ou-i; to be a Oobb-Douglas functLon. Án

implicit assunption of the cobb-Ðouglas functi.on is a uni-,rarry

elasticity of substituilon between 1a-þor and capital" Thus,



111

to investlgate whether- the inodel used is apçropriate or not
1s to inirçstr1*ate v¡hether the elastieity of suþstitution
þetween labor and capital is unitary or not. Thís invest,i-
gation r+as done by fitting the cEs procuetj-on function ro
the rel-ationshlp between value-added per man-equivaleni and

the wage rat,e over the per"iod L946-L965.

Flnally, in order to deter-mine the efficlency of
resouree usee marginal value productivi-t,y of labor a:rd of
capital had to be est,imated"

The accuracy of ihe results ob-r,ained from foregoing
analyses ls subjeei to tire validlty of i;he untestal¡l-e essLtmp-

tions of perfectLy conpetltive markets and equili-crium situa_
tions of p:"oducticn underl.¡in.g 't,he clobb-Douglas and the cEs
nna.ilt¡n*i nrr Frr.¡,'uuu.u ur-urr r unctions, If ,oo* e assunj.Ftions confo r with the
actual sltuation, the :'esults suggest the folloluing conclusions"

l-. Tec'rurologlcal ehange during the period analysecl was

neutral in all regions.

2" The elasticities of substitution beiireen l-abor a.nd

capitall were unitary in all reglons, with a single e>iception

of B. 0. Ín which it r^¡as less than one" r¡hile a unitary sub_

stitution coefficlent impljes that a relative change in the
wage raie will not cause å. cir.ange in the .r'elative share of
laþor in income, aïL inelastic su'þstitutlon coefflcieni inplles
that the relative share of labor in income varies v¡i-th the
wage rate, The elastlcity of sul¡stltutf on in the B" c" reaion
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has been lovr over thre last two decades possibly i¡ecause of
the dominance of dairying, market gardening, aned fruit grow-

lng activities; for. all oí' those enterprises, labor is not

easily substituted iry capiial in the case of change in
relative prices.

3" Cotrstant retur.ns to scale dict exist in etl r.eeions

during the period studled,

4" 3'arm technology has progressed at an annual rate
of 3"L per cent in ihe agricultural sector as a whole"

Regional cllferences in 'bhe annual rate of gronth Tilere sub-

stantÍal, va.r'ying from 4"4-per ceni in the Atrantic to a"o

per cenf in Quebec" Ontarlo was ranked. as the seeond lrighest,
i^¡ith en å.nrlual gr-oirrth rate of 3.T per eent; the prairie fell
just behlnd Ontario, wlih a rate, Less tiran by only "Z per
eent" BritLslr. coluinbla was tagging behind the other -t,hrree

regions, with an aTlnual g::orith rate of 2.8 per cent greater
than that in Quebec only.

The hlgh growth rates in the Atrantlc a.nd ontario were

likely because of the developnent of activi ties ln non-agrieul-
tural see'bors whlch drew a large number. of labor out oÍ farm"

over the period studied, farm employment has cleelåned approj{-

imately 63 per cent i.n the Atlantie a:nd. j4 per ceirt j-n ontarlo"
The rapid decreases in farm labor in these tin¡o reglons urould

sti¡nulate the widespread adoption of far"¡: technology. This,
hror¿¡ever, would not be the case fo¡. euebec ano B" C" Whil_e the
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1ow grovrth rate Ln Quebee mi-ght be attributabl-e to the

relatLvely stable organization of production, lhe less inprove-
ruent in E" C. ïrås 'ì i l¡e1v 'lue to its special productiOn

pattern.

Although all reglons have e>çerlenced constderable

technologicar changeu the ra1"e of chairge was subject to a

variety of fluctuatlons. The hlgh growth rates ln the Atlantic
and the Pralrie reglons appeared to have been eoncentrated in
the Korean War period and in ihe years after L96O in¡hen there
l,ras a great dema-nd for fam products in botir domestic and

foreign markets" rn euebec, the gz.ovúh of teciinology mostly
occurred during the Korean uiar and tended to retard or1r,çard"

B¡-ltish 0olumbia enjoye,c a high growth rate of technological
chanqe only ln the years afèe::196CI, but no significant retard-
ation of change has ever happened" The exeeptional region in
whlch the rates of teclrnologlcal advance appeared to have been

relatively siable was ontario. Fa.rm technology stably
ad.vaneed ln ontario posslbly because of the adJust:aent nad.e by

the development of non*agrf-cuItural sectors"

5" over= the perlod L946-L960, net labor productivity
i-nereased by LT6 per cent, of which technologlcal cl:ange

accounted f or 75"18 per ee.nt and capital a4"Bz cer cent"

Capital has been assigned a relativelJt ninor role because the
eapital-labor ratlo did not grow so fast as net labor produc-

tivity" Among regions, the share of technolo,gical chrange in
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lncreased net labor productivity varied from 84"39 per cent

in the Atl-antic tc 6z"ze;oer ceni in euebec" rt was also
consid,erably high in B. c., ihe prairie, and ontaråo, being

82,25, 78"37, and 74"97 e respectively. The different per-
centage shares of technologicai- ehange indicate the relati-ve
importance of capital foz"mation in different regions.

6" In 'r,he absence of technological changeu marginal
value productl-vity of labor eontinucusly increased, whereas

marginar value productivity of eapital coniinuously decrined.
Obviously it was cj.ue to the f act, t[:at continuous su,ostitution
of capital for labor called the iaw of variable r:roportions
lnto play.

rn the --resence of teehnologicar change, marginal vaLue

productivity of labor and of capital all lncr'ease,å r.emar'6ably

in all regions. As compared with the ¡"eal i,\rage rate (narginal
cost of labor) u however, ma.r.ginal value prorluctivity of labor
in 1965 was low 1n the Atlantic, euebec, anci ontario" This

suggests thart a lar6e number of surplus labor still exlsted in
canadian agriculture. The ¡larginal value productivlty of
eapital in L96D was }or,,¡er than the market interest rate of 6

per cent ln Quebec and F" c" This suggests L'r..e.i the inerease

in investmea.t r'¡ill suffer more loss at tlre preseni situatLon
of technological progress, The Lncrease in investnent v¡ould

ìre profltable in these two regions provlded that they could
expedlte thei r teclr.nological progress,





:ìi..lLf 0ii_;-t¡tY

:tb.r'¿r"itto¡¡itz , i{" ¡ "!,esoui-ce anaÌ Ouip.ut Tr.enils in tire Un¡-,,ed-
f-La"tes ,iiir.r.ce !3-(O," lågç.I!q:é ¡Eqüq-ilrc _1_LgjÀe3y Vol " 45,
1"956

;!sj ¡1¿Ìç9nu1os, ii" r "Tae
Econoriirc Jou rrra.L,

Deflniti.on oÍ' ìdeu'l::'¿ri Inr¡ention, rl

Yo]- " T3 , l.953 "

116

i'¡ o:'1cr rig i'1 cu lt u ::al¡/oi. 40, L958"

tne i'roduciion

in Corn
" Journerl of

::urdei'sotr, -$'" r "Teclnol-og:1ca-l Der¡elo¡-ilent in
F::oiucticnr'r Journal of Far,ix îcono'nics 

"

i,'t'T'aw, ä., CLierrer,;,', li., ì,iinha"s,8", and Sol-ow, R", "C¿;'-ì,:Ltat-
Lp-,-úor Su-o.s''ti'¿ution ¿ind, ;lcononic Iif icienc.-,¡, rr ii_evi ew of
Icononics glg .$tji:'!*rl4'Lgg, Vot- " 4 j,'L96L"

i:üer, L" , a,nil i{eac1y, tr" 0" , "Tiie contributicn of líeather ¿urclYield Tecinoio{¡, ì:o ch¿rnqes i"n u " s" co¡.n F.r,ocii-iction , LgSg
'L c 1951 " 

Ir 
¡ealq ì:p i, ano OLr,l:_Iç,çjl- ,Til;q:lJ]L)., Õi,ED .rrei:or-jc 20 ,üenr,er i'oï;i¡;'îöLtlir'-ìr'Ðr r,Jró. rconorÉc JeveLc,-inell'u, ïorv:r

ÍJteite universlty of iic-ierrce ¿:nd recn,r:ologiy, ,li¡:les, To,,,rs,,
L95¿t "

i:elie:-oy, J. n.., .i{Ëru,sligtg_e¿{*I$Ug"!.Iy*_¡.gl¿i'q+vç r!L_co_r:.e,
London: liacliil-l¿rn & Co., l,id" , 1956"

Black , i . , "?tre Tec'nnical ?::or{ress Fu.nc-[ i on ancj.
Functi onrtr E_corl.qqetricq, Vol " 2t), L96Z

Ei:ay, J. 0" , anc iiati¡ins , ? " , "'f eci:nlcal_ Cne_rrge
Fr"oouction in Lhe -ijnii ed fiiates, I_BZO-l-960,
iia{m_*Ec,?gomics, Vol " 46, L964..

Erown, lii", a"nc cteCani, J" S:., ',Tec:rrrological_ Ch;inge in ihe
ijirited .3ti.tes, I95O-5Cr rr Frc.iuc;ivi{-v lie¿:_sur.en:-rt. ,tevi ev¡.Lg62 '- :' :r'-'

'ñ..^-^ f ^ *- --, - "^ r-IJur¿uIUJilei"l(J I

___e Ernd l:o1:kin, J",
and lietuins tc Scal-er¡l
Vol-" tr4., L95z,

Brozen, Y ", rrT ire De'¡ er.niin¡:,nt g

",': ì.e;.su.r.elieitt oi recirnclocric;-l: Jr. aruqJu.L vlilvi:
-Jat¡i 

^r.¡ nír ,i^-:r¡mi^¡ ,.-^:, al--+.;^¿;^^ rr^l l,-f LU- vI c:v.' (Jl :ru'JlJ-\-rlrlrL.;,: ¡-jj.u ,, U¿,t f ;¡-tl9P_: V O | " 
LrJ 

S

'rA I.'reasure of 1'ecirnolog;ica,l Ohange
,l.er¡i_ e-u¡ _oi' _trcgnoql c s qnQ i!__c e,i Lqi.i. qq,

of Tecii-riolcrical- Õha:nge, rr

Vol-. 4T , 1957..{lneric¿n Economi c Reviel¡



Lkv

?r'ozen, Y" , 'rl;.lconoüics ar:o CnanEe Tecnrl.oiog;,.r--j:ne Jconotlt-j csof :'iu.loinatio:r," ;iqq':Àg,r4*+çg4qgrq ¡-eV+,eiqu Vol- " 4T, L7ST "

ch¿:.lrd-1e¡" u Õ " , "Tire Rel¿.,tive Contr"ibr:-rioir cf c;L1,iir,r.l ïn,iensihv
and Frociuciivriy to clran,ges in outcul and lncone in iire
Ij " $. ,fconorny , Fl,.rn anO, irr on- f aria iJec-Lor.s e L94"6*t958 ,,,
,Lour.n,al pi*ågg,U*Egçilo41c*g_, Vol_, 44., L96A 

"

Ch.¡'j-siensen, iì. F", and. Yee, i{. T", "Ttre .lole of ;-Lgçi-icuLi,ura-l_Fi-cäusi:iviiy in Econom-i c Develoi:nent rrr Jcurnal of F¿.::,nl
Eqqnoqiçq e vol " 46, L964

Denison, E, I¡", "The Lagging; -r_r. S.
i;he Fiigh-Enploy,nent Growth äate
Amg_r'r eä¡3 .llpçqqi:iic*Iigv¿e.U, Vo I .

Domar, E. D"
Economic

Gr-owth iìeie--Hoi^¡'bo iìerise-i:¡r One Fe.r:centage ?cin-b r'ri 
^a^2t s L>O¿.

, 'fon the i,leasur.eneni oí Tecirnological Chan8e, íl

VoI. 7Lu L96L

, Edciie, fi " i.j. , äer'::,-i c,r, E
I
" îi., i{ohenber.g, Ê. i{.,
f", I'Econon'ic Gror¡¡tir anct

, Ca.rta ci¿i , United KÍ:i:rrdom u

l'eri od- rÌr iievi-el.¡ oÍ'
!çonomics anci SLatisi:ics, Vol_. ¿ta , L964.

Easterr'ì-elcl, T. E. , P.r:oduct*Vå'!y_JeeÊqf9,qg+_i,_i4_*erea,t *jlqit-fli{i,Loirdont Depa.rtment -ör 5c'ieni ific and Tnffiu tFffil-ri"se¿i.r.ch 
eI OÃOe/J/1

Ezekiel, fi", "Distrii:ution of Gains f r.om Rislnq Tecirnical
Ef ficiency in Pro,qress'ì nE 'ììlconomics, " ¡.\mer.Ïc¿,n Economj_e

^-*-: ^- 1 ¡,r2_tìçvrew¡ vo!" 1(s LY>("

o**=u=o* a " E" , "c:'oss-sec'¿ion pi-ocju etion Fu.irct i ons and The
Era_"sticity of surrst itution in i\meric¿n l'i¿rnuf actu r:ing
I*9yst,ry, " igv¿ç* _gi,_-Eco4gmigs q.nd Ëtatis,ti,c_s-, \¡ot,' 4.5,
L963 "

, "su.bs'[i-tutior:., TecLi-Lric¿r1

U vq lr¿l-I e

Tnfriligaioz., Ii" Ð" u and iriiy¿-r¡iaic
F.r.oo.u.ci;ivi'c-/ in ihe united siaj:es
Ger.nany and. Japan in the .:lost-viar'

i, o ,a cale , lunei'ican Economic l:ierr-iew,
È r.n'r'4,ê a e

VoI" 55,
lr.e-r, U i''i1g

of i'fanpower.
4.a, Lg5B.

.-:¡ i
g l-!t Li

Ga.rrlç¡, ¡1 " 
'E 

" ,
Â-l.irr¡-!'-a^.-i-_:JJqÐ Lill51tú

Grlliches, Z" r "Soul:ces
St a,t es ri,3:-.:L cu1-i;u r.e,
Vol-" T!, 7963"

it.-'',,,r3^ -ñtô. I r...t::-ncâ:vvrrrr-LUa ! u:l

, "-;åutt;i-"; ;;;;
anc. '[he Problern
Ec-qqo¡aic_s_, i/ol.

of Uje¿Lsu,red Frojuctirrii:y Gi-owiLr: Uniie,l
L94O -5A, " {qU ::nal efj qi:-i: isal_jgg4gg,y ,



Grillches, Z"
Aggregate
Econoulc

, rl.if.eseareh Expenditures,
Agricultural Production

r-^IIÕ

Education, and ihe
Fu¡tciion, " A&eriean

HevL evJ I v or " ,+ g L9a4 "

Gruen, F. H,, "Agriculture and Technical Changerrr Jplil:nal o{
Farm Ecgnoürics-s VoI" 43, L96A.

Grunfeld, Y. , and Griliches , Z. u "Is Aggregation l{ecessarily
Bad?" Rev:þE of Econcmics and_Sla:tlqtics, VoI . 42, L96O"

äeady, E. 0", rrBasic Economic and ir¡elfare Äspects of Farro
Technologtcal .A.dvance.tr Journal_o:f Earm Economies,, Vol-" 3L,
L949 "

, Ecq4çr,rlqs of A€rj-cu1turAI Productlon and
rìesource Use, Net¡ Jerseys Frentice-Iíall, Inc., Fourth
-i-:-----==7-
!.;a].tl-oi'L g I90I "

, êt a}" c Agqisul'cural Supply Funst,lon, Ames;
;e University Press, L96L"Iowa. Eitate

, and Di11on, J., 4gric.uJ-!,u¡.al Froduetion.Functioq,
t¡a State University Fress, 1961";lmes s f oT¡¡a Fjtate Universiiy Press , L96L"

Hendrix, if. 8",
ïnnovat fons

rrAvailabillty of Capital- and Pi'oouction
cn Low-Ir'lcome Farms r'r Journal o!-Farq

vo1, 33, L95r"Economics,

I{fcxs, J" R., Th?Theory o! i¡laggå, Londonc i\,Iae},ii1}an and Co",
Ltd", L935"

Hildebrand, G" li. e and L1u, 1" C., Magu{actur.ipg EroducËqn
Fgnctions 1n the UniLed $ta!eÊ¡ 1952, New Yor.k;
i,'.Í" F. Frurnphrey Press fnc. , A965"

Hogan, rv'f . P. e rrTechnieal Progress and Pr-oduction Functiorrrrr
R.evie'¿{_of Econom:Lcs anci_statis-bics, VoI. 40, }958"

fnirlligator, l.{" D", "E¡rbocli-ed Tech¡licel Change and
Froductj.vity in ihe United States L929-1958,rt Revi-eq of
Uco4onicq anO gtatlsÌ;tes, Vol " 47, L965

Johnson, D. G", trAl-loeation of *griculiu::al Incomer" dqq-{i4_rl
of Farm Economles, Vol. 30u 1948"

Jones, R. W", "T{eutr'a} Technological Chan,ge and t'ne Isoquant
Mapr " ,{qqiiçAq EçonqqlgLeyi_qi,rr, Vo} " 55, 1965^



,¡ -Kaneoa, Ii. u "lìegi-onal Paiterns of Technical r{t.-.,--^ iu
L, rrcl-t.t'Ëi- .Lfi

Economics,Agi'icultuFee L95A-63 r'r ¿ç_u.¡¡oa! of Fa::m

tt--',^i. , "!r'oduc-t ivity Trends in Ág:'iculture ¿ind
," dqq_ryrel o-f Eary--Ecqnlgiqe, Vol, 4.O, 1958,

rlq

Tìq
17^1 .lr atvur" -i7s

1a6,7¿ /v I a

V ATñþ1 ã17 Itle¿¡g¿ ¿v¡¡ t I o

T',rrlrraf. rrr

Lave, L"
.merrt e

, Pr_o4r-lctivity Trends 1n ih_g_U"Ê", Princeton:
FFïñõêTon universïr,.Y ffi

ñhç-næav r¡er¿¿¡(rv ,
'I_og 

r31a.l q | ìTCg-g _E_q_o¿ro_mi q q,
, "lhe Gains and Losses frorn Technological

Vol. tr6 , 1964"

B" e Technologiqal 0hange; fts CoÀr,*ception ang l{easure-
Itev,i Jer"sey : Pr'ent ice-Hal-l , Inc . , L966 "

MacGi-egor, 14. A. , rrfroplicatl-ons of Changing Tecl:nology for
Prices and Incomes irr Agricultur€ rtr Journal of Farm
Ecg4Qmles, Vol " 40, 1958

ltÞli.,lackenzie, !ï", "The Impact of Technolo6ieal Change on the
Effielency of ProCuction in Canaca Agrleulture,rr Ca4a{ian
Jo_!14a1 oE -ågrigll-tj¿ra1*Econcuuþs, Vol- " 10, L962.

I4assell, B" F., tr0apit.al Formatlon and Teeh:rological Change
in U, S" Iuianufactu::ing,rr F.ev_i-ew of Economies ¿nd
Statis.Sics y Vol " 4.e, 1960;

rrA Disaaeresrated Vlew of Tech,rri c¿1 Che-ncre rl
4 v r¡çvr¿5v ,, å u4Èqóó¿ vÈicuçq v JEW u¿ ¿ (TLrLutrL

Journal of Politlcal Economy, Vol . 69" L96L"

ï'iiita*mo, O" , "Tire Devel,opment of Froductivity fn Finnish
Industry, f925-52,r' P{od,!rct,it¡itT Mge,qqreqqnt F.eview , L958.

Paslnett,i, L" T," e r¡On Concepts and l'[easures of Changes in
FroC,u ct lvity , 'r lìeviev¡ _€ Eq qqqrn:lg s _amll jS Lq-Uls1récq, Vol- " 4-1 ,
L959.

Fhelps, E" S", "The I'Tew Vie¡,rr of Invesiment¡ Ä Neoclasslcal
:\nalysis,rr 8ua.4er1y_ JoqrnAl of _4qo4emigq, Vol " 76, L962"

liesek, ä. ,-ìiu , trldeut.re-LL'ay of Technlcal Progress ,'t ¡ievievr of
Econom.ie_s a¡r,il Stetistics., Vol " 45, l96t

iìuttan, V" W", "The Contr=ibution of
Farm Output u L9JO-75 r" Review of
vol. 38, 1956"

-õñãG 
e-E' *3;i :ää"L ;î" : 1;,ï: :î "i å Ë":i

TecLr¡ologi cal
Economics and

Progress to
Sta"ti-stics,

leclrnological
of Farrn Economlcs 

"Vol" 42, 1960"



120

Itutian V" 'É{", 'rTechnological Change ,e.ncl Resource Utlllzatlon
ln Ameri can Agi-icu It u lre e'r Prq_ceed!4gq -ofjllre-InLi:LepaAca.demy o.L Scienceg Vol . 7L, 1961,

, aild Ê'cout u T. u rriìegiona,l_ Differ"ences of
Technical Change in Ameriean Agrlculiuyau't !ournal of
Ea.:ro Economì cs, Vol" 40, 1958.

Ëcott, J" T. Jr. o t'lhe l,feasur.emeni of f echnologyetl
of Faqm .E_conomicsc Vol" 46, A964,

Saltero 'lr'. E" G", Productivity ¿,ng Ïechni-cal Ch:,.nce,
Neu'York; öamirr '

Êolow, R" M., I'Technical Change and the Aggregate Production
Functlonr" ReÏleq of Economics ¿nd Siatlstics, Voi. 39u
Lg57 

"

, 'rÏllvest¡aeni and Technical Prosress,r¿
I4atheglatical Me'r,hods_in the Soc,le..1 Science, L959, ed"

:

, "Tech¡:ica1 Progress, Capital- For.mation, and
Economic Gr'ov¡t hr rr Ar¡eriqe4 E_co¡ronig_Fçgielu, Vol " DZ, Lg6Z,

Futtan, V. W. e 'rR.egional Pat't,er=ns of
ñ1,ì-- 

^.^ 
i- Ána.uru¿irÌge ¿n :-werican Agricul-tui-e e " J_qq+:å.q-l*_qf

¡ Vol" 40 , L95B "

Tweeten, L. G., and Tyner, F" I{, e ItToward Àn Optimum ,Rate of
Technologlcal 0hangerrr .Iournal od-Earrl-Ese4gmics¡ Vol " 46,
l.964 "

Journal

Stout, T. T,, and
Technological
Farm Econo¡nics

i{ilcox, i{" W",
Agriculture 

"TñffieTï.
Yeh, I'f . H" , a¡rd

Fredictiotls g

Â+-¡inrr'l+"-qlgli3¿ ¿vq!uu¿ ç

/1 ^ø-¡-V Õ.LLú"gCL ø

and Cochra.ne, W" iìI" ,
Second Edltion, Nevr

..Black, L" D. e I'Weather Cycles and. Croprf T_ec!nica1_Bu11etin IrTo" iì, J-964-, Dept. of
Economics, University of i'lanitoba, Lrinnipeg,

Economics of Ame:"lcan
Jersey : Prentice-I{ail,



¡.i P 'ir li ìri il T a¡*¿'}'



l -,^| //

..\f:iiiDlX I

G,ì.OÌ.'IIJi I{ .ÌE:.T V.:iTUtr .ADDED? .ILi|,.j_Ec:UI\I:ilEi':T¡ OF ¡-j,-?J,! L*AIìOIIì
EiÍT OY-r,DY ¡i,iD IìEAL Vj\LIjE ¿DÐED t ljl j,U\j\i-E,î¿UI1,/;iT,EidT, C;ü,IhD¡i
ll'lD iìEG f Olrl$, L946-L965ø-

C anada -l-l'L le,lri; i e Qu.ebec Ont¿r.r'io Fi.a.irie B. C "

¡Ìeal- Val-L4e ,åQaeG

L94-6 level- (r;roo0 j 628 ,259 zL,606 68, t9B L46 ,591y 366 ,1oO

1-955 ler¡el (l;tooo ) B¡f ,421t zj ,63g 56 ,4TB 2oL,ggg j3g ,o04.
ïnere¿rse over
i:eriod. ('i;)" J6.P
Ar¡eppe',+ ¡nirll¡l_ f-a-ie
oi' cha,nge (i;) 1, g

9"4 -L7"2 i7.8
.5 "9

Iii ¿ln : e q u tv.aÄ ç4!. S gf, J"ç.eÍi_l,qp_a. r:*E mir l{¡ ¡¡ e d

9" 5 Lt 
"/.!,-

5"4 5"9

)" ) tQ"4-

i"7 5.9

4-( "A

)Ã

a-'rh

24V

- 5j"7 - 4r.8
.)Qn/)

- - -!\ - / - /

o"u

h {ì

È41¿>, (oL

35,254.

¿vøt

aô
L4 /

''ì Q
a-l)

'1 aì

a.\
- -,) tJ1øL

1ñ
!o I

c?n

IUt.¡

4 ^¿L

L94-5 le vel ( f ooo I

L965 level (roOO)

Tncrease over
i:eriod (f;) a * 50 .7
.¿iverane ¿-.lnua.l tr.¿;t e
of charrqe (/r) - z "T

L,O95 B/r // -¿-i / 9t-ì,

^L,-O
'li ]rìE 17.7

Lv] LJI

/- - -ô .
- ir a | - L-Fi '7

v/e _¿ )vø |

- j"j - )"L
i¡e Al_Vþ 1-U. e A 4 4 e Q le{,**{en - e- gg+ v_o-r e4!

T94ri level- (':)
19ó5 level (,: )
ïncr'ea,se ovei:/- \ ^
*ù 311o3. (i, J "
L.\'Í ètaF tr a rntr rt: f T,e-T e
n-F nl.--.^^ /:'\v¿ vrlg::fxu \tc I
Coni,e-ouni a.rrnual_ r.:--L e

. / \4
C ! I t"ol.¡L. il (;. ) '

,74'
1,584

17'6 " O

)^7lJl

tvJ

268 495 84.2

538 T,4--(4 2,L27

L96 "9 100. B Lg7 "8

á,3or.::*": Õomi¡ui: ed f roiii /t.iieiiiJ.i-x V,
al,ìefer. io foot nci:e l-.
l^

"sc-f er' -Lo f'oot ¡iote j.
cC¿rlcuil¿-,ieo ¿is reti,L va,lu e ¿:cdeC. (lgó¡ ) i rea.L v¡ilue
d , eCrl-cril-a'r ed s 1inil-ai-l¡l as c ,
fTiri* t:e.-Le çoul-cj. h¿-r.ve o¡.ouqhi ri:e inci-e¿lse"



'1 .\z
J.C. J

rrli'¡E..iDï:; Ii
üÈ.OirTil -tif F-l¡].: C:lilÐTT;tLe FEli r.lc.I*EeUT',I,:LIi{r Ej*IrtCIy:lrD

C:iild¡:,Dri,l]iD Ã-ÊIOi'rË, t9Ll.6^L95jw

CanaC.a Atl ¿.n.ti-c Queí:ec Oni:¿i¡.i"o ts¡-ai"ri e Ë/1

1 -,' : I.rr:r.-l (,.\
" \.i/

L965 l-eve-L (l¡ )
ïncrease c\¡e.r,
ir o i-.i n,i I .. \ 

-C

--tÍ:-rl::'e ¡rnnU?-i
of erlanÊe (r; )

t-*r6 -r-eve1 ( )
1:155 Lcvel ( ,,)
Trrci'ease ovÊ:^

/-.\r¡
i,':-i:]-OO, lrr j u
/tr,I e I'¿,r,'I e ¿-i:.-l-Ì]ii ô. l-

) t\Cj' 3il"'.n,le [;, )

r94 6 ter¡et- (i¡ )
L955 l-evel- (li)
ïnç r,ease over

/.r\r^Cel']. O0 [ :i J rr

-,\¡ers le ¿,nnu¿.i
n-1 ^h..- ..'^ /:-\v; !LJCllf4; \r./

L9/: c l_;=v el (, 
,, )

L965 level (l¡ )
ïncrease ol/er

/-'\'h
_öe r'1oc t., J ,,

.Àverai:e ¿r.nnua I
nf' ^h-- ^.^ l::\\r¿ rvLtcìLl1 i; \,r1

Çom1:ound- a¡rnuaL
n-l c'-r¡^1.¡i-.h / -\C

^,Ll-.)
-t 7.)t,(,\ t )-l'v

'llrQ 7,t-i\J þ J
ø-.* ^

'/ /'
¡ ov

) F,oot-:te/¿

- a,^-h çlvr-
J t // )

L22"7
i c!!g

ra t\vr_-l

696
,1 Al,aI E\J'i )-

tcz ,)
J-/JOL

-.,, l- ^
-ll1 

^LtJ"í

't ç¡ .ìt I
J 9 / JV
U 'aÞ',')J I ./vt--

t3A 7J-l\'o j

L ç.-UÇ

-/v
IaJ

rat e
jt .7
T" f

L,279 L,-(74

ll ')

-ì {.Q Jt 1 -/r} -?
r_JrJo.i. :-l(")

-t67
L,66Li.

)-"j"9 59"¿:

¿ø (

869
1 Q )t,â

LLZ"L:.

i- -r- i¡ : --¿t '¡ c t , ,.r:._ls qil'! f' / - i. tl,
1:95
738

8ó" 8

485 675 /+96
L,O7t1- L u589 L,35O

t-. 1 /"o

1J'ç. .z

I:{pleulent s enü iiiac h+n?ry:1'jvl. E r-

i98 408

L2L, /¿ l-J5 " ,11 L72"2 LL6 "g

4.5 5.4. 7 "L 9"L ()"¿

Lq'igå*lr: t -å,.*l{i*9,/1.: . f .-

l-,75O L,97A 2 ,5T9 j,Z6C )-t ,i_j312,7.32 2,9¿13 5 ,?56 7 ,2gg g,zTD

21".8 4ç"4

1 1JÂL3-f,1\J

ì^-
)-/J è _i

tl ì I
LvøJ

îl

9"3 5"9
!p!-1 lleiil Ç._qg:i'q: t /ij".8.

2,JL:3 2,864 3,855 4,687 6 ,5lg
Lt ,cLt6 5,296 g e62g Lz,23L 3-\,779

59.1, 84 " 9 149"8 L19 "6 Arl .7
.j\2 a i

2.4 3"3 Lt.9 )t ,z 7 1î-. i )o L

ôA

7"9 7.4

ái*ou:.cu:
1;,;.1:nl-e.r,ed. f'r'o:n^0,.!,.*p.4gil¿Ër_rtlei;1n ?f. {g.rleiitiural- $-;+r:gi,..{gs,
L9r' ( l:ier¡is i or.r, Domini cn Eui'L5åÌu. or-,.:tL[ljJîlc-f;-õrî:,,..,¡â-

åigoin,r..r.:l-ses li-vesi;oc,.; aniì. 1;oult::y, l_¿-,nd.s :-ind. buiidir.o:g, eif,_i.iitiplerienis anii iiachine;.y, ,q.l-1 of 'f hein ¿lþe v¿,"lui;a aL LgjE*jg l;:'ice ",b6e.l-cul¿rtec ,,= Jel-Le- ct Lg-6-l- * -i

va-lu.e of 7.91,,5cT'ni-s r.¿-r-i€ r.,ioul-d har¡e r:;-cughi t'no incr-ç¿:se.



L24

i.l"Éi:-üi,'lIX III
T;ìï.r'iDrS Ii$ TËiE i:Iil,Í, 0i¡ FHiii"i, V]trLLir;l¡ CF i'.l:*Cj'il-i'I-ri;I{, LII/¡ijTOCK

L:li:Ð j,lÂÎ:riìI"i..L ïr,iIiUIS .i__¡fR F:inH .

c.ei'iiÀÐ,¿ ¡f,:íD ji:i$lQi,Is, Lg4t*l_g6tv¿,

Lç)é,L' Ca:racla ;\iie,ntic euei;ec Onte,::io Prai ;.-ì e 1ì f1

t9l+l

t9\l

i ô:-: l

C)I
lo0
lal
ttq

-?OU
a-^

"7|r-t<I 'vtnn

teo/u
¿¿Li.

- r\)tO4 9'J'i't)
276

682
"l a'ìa)

Lirl I

r+,1

+3JJv

^^Ê

-528

1 rìô

7L,-2

¿¿o

L,264"
1X L\

-L LO

lCO

L2g
t_ t_ t_

170
147

126
100

4.36
-t 7)t

7A'7
lvf

¿+.L

1)á
LO7

L48
127

587
too

749
128

I ,1gB
204

(.["cre)
(iÁ)
(.,tc re )

(ecre)
\t'al

p.ÐIze oI'l'ar'tn*__*l- 
rru

roo 100
1 ;ôJ-)>
't 1^

1t'l

lt.Otr,

t_00

/rôÊ

12V

ätzv+ |

1á)

1llô

1 )tJt

L,BLl L,652
4.+L

l1')

t-oo

17tr'
IIO
.1^ Ê
- -l )

r48

V¿¿lu.e n;-' l.l.:nl¡-ì-.er,rz -f ¡;a -;;:-- -.'rDùf :ao.vtlr-_iû.! v I u: !'c:t -f,

I Yt-\ |

!9r¡l

1 cÁ1

L94T

I qtr]

tvrll

I'.,,¿II

I q6t

tvr\t

(;ii )

(L: )

(ti)
?,4)

({¡)
ut)
(ii )
( s:\

(ií )
(1,)

({t)
/ r; \

/,1i \
( ":l\

f,l¡ \
I ¡¡'' \

328 505l_oo l-oo

ól-O B/:.5
186 -l-ó7

L,ATA. 1 ,zjj
327 238

7'(1 982 225100 100 100

L,590 2,47O r,191
206 252 227

L,826 ?_,74.4 i,6ó0
2t6 279 i1_6

\/e f rrê ^1 f .irr=elOelr 'Pa'î F,pinrfluu¿veÐuvvú! ¿çl :c-ILL

9L9
100

I -l- aLs)))-
1 lr.7

478
100

L,O42
2L8

-l ôr1

B:l_2
1.i-
"_l

J- , tUO

bof i!'Taiez.ial Innu'ils ?e"r. Farin

L9-l
100
LIo L
23¿r

1 îttr.7¿rv)t

537

24.2
100

577

J- 9 J-"i )

4.7?

lf1

72c.
)Da 200

1 L,(\Ê.+9 tvL

¡qq
L,72A L,O73

36a

.MËources te*jg¡=gj_geq?"Sg' L}SL ¿ìnd 1961; guÞfþg.gfa*Eu.tt_et_in gI
Aericlllt Li.{e,1-j}tãti.stÀç_q]--fg6T iìer¡ision; and*lie-nd6oõk af a.lîõlïural
Sig!+g:q*gs, Eari II, Fe,{m .Iqçogie, L7Z6-L965; Dor-.'1irlion Bureeu;f-
5f af i-s'lies, 0ttar^¡a"

aOccupi ed f¿:"¡a. bir,, f gi5 *39 prLces"



iìi-'l-]fi¡¡Ðïr{ IV

Ànliili-ii'i,ÍI rt i'tûDELTi_iE

The ariihmetic inoe>l

technolop:ical c'n¿Lnp:e. ft is

value a.dde,l to ihe index of

inpu.i wei,ghied by its share

of ou.tpu.t in the base yuu.""l

model is given ì:y

C r-,- ". t r-
\r,fI,/-ü ït

is the niost colnilon lneasure of

sirnp.ly the ratio of '¿he -ìndex of

iabor' ani capi't al inputs, each

in the corres¿oonding value aCd-ed

i'{at'nensr,ticallr¡ " i;he ar-iihrneiic

Kr- , ''k+¿
(a)

å..f,l-
"" ï,l¡J *1, ¿ |"¿--ali

ü T,,*L

wh.e.r.e C s'uand"s i'or year'*'Lo-year measu i-es of arithmetic techi:o-
I nr.'i nçl Êh:trr.#ê; Ye L, elld K are value ad,oed, lai:or, a.nd

ca1:ite"le respectively; îr' ano i rejireseilt the relative shares

oí lalcor and capita.l in the velue added of' ou.tpui e rËspec-

tively; and i denol,es t-ìine equalling l to 20, or L946 to L965,

in this s'ouciy" Successive multipl-ica'bion of year'-t o-year

measures of ctran.¡e ano settinc C (t ) = ] in the initial J¡ear.

yields e seri es of inclexes oi' cuaulative a.ri'r,hnie'bic 'i;eciino-

lcgical cha-nge.

rThis is tne Ê;\K ::rethoa oî eïpressine ihe ;tesid.u.al" $ee
J " Ëchrooolcle::, "The üiranqe Efíicie:ncy of the Amer-iea.ir :conoÌrly;
L869-L938, " iÈrrie-l¡_j.É_gqqr.grqi_cq -and _St,a'ù_is_þiqs p Vor " j4, L952,
p.r-)" 2L4*jL; î'.4" /ilraniovi.',,2, "Resou.rce and Outpu-i Trends in 'i,he
U" S. since 1820,'r l!ile::,ic¿n E-q_qneni_g I!_qw, Vo}, 46 , L956 ,
p:p. 5-2_3; and J" î¡" Kendrick, trËroducrivity Tr.ends: Capita,i and
La'bor," l{çIigE-*ql Econoln+cs ano $i;a-bisi:igÊ, Vo-l , j8, L956,pri. 

"47-57. -



ïn the cÐ.se tlrat tne ineasu:'e of ou.tpui i-s gross and

merterials å:-e inclucied amcnfi i:ire iir-puts, ihe fornul aiion
ei:iails an adait ional ter¡n io the derroninaì:or-, of the .riçrtrt

hano side oÍ' Ecr,uat 1on (a) " That is , i he ¡:odel_ becones

à l.& |
Lr/'J- d't \t u r l_ ./ - u aa

*'11 lrifjg+r * i., þrL * o_þtl
"^ii ur\

L26

h¿netic inCe>l oi' tecirno*

assunpii ons of col:stant

t¡oi' the forïler, Ea:ezeL

the sl¡ecifi-
as surri;ot ion
of' no

ïr'r ¡l r r q'f. r¡7

, 'LlVJ,

îrhere Y anct i+ i:e:resent ar-.oss ou'l,.ou'1, and nia-[e¡=ia.l -inpu.'ùs,

rc:s-cectir¡elf ; and o is the rel-¿,tive sirare oi' maierial inpu¡ s

in '¡he gL:oss ou.tput.

Li.ke,loloç I s a;oproacn, tire ¿.r-L-L

lo:jical chan,se ís also tüeasu:reü on tLre

refui"irs to scaley anti. oí neutrali.i;yn

e;çhibits tha'c:

Tr.ie oi-ltitut-per-unit-cf-input rnei:hod avoldc¿tion oÍ a pr.od.uciion funciioir.. .ine
t ln Ä a rr'l r¡i n o' i. ho n'nn'i r r n* 'ì a-¡ f¡rJrr¿;?a urrL !¿vquvu¿vrr.'UnCiiOn iS ih¿i
econonies of sca1e. c

aod for the laite::, Domar ooints our thaì:;

For the marp;inar pr.oduc-bs cf the inpu"is are ch,ngeJ. 'ir¡r
ì,he rrother forces, eJrd ahrays in thã su_,nà i:r'oporiiionr" sot"na'L their. rati os reinain cciLsianir ano inoeþerräent ojl thereiio of' t,he o,uantities of the inpuls, horuävei- fastcapital may ,airow ::el-eti-ve ',,o Laitor"S

unl ike ,sol ow ¡ s app i-oacn , îor t, ire arii hinet i c ae:¿su r.e

fac'r,or cha.nges ere coïrrlir:Ìeä ariihiiie-[icalli¡ r,a:vner tha:r.

geomet i'ica-.1 ly .

/ì
T

1 ltat ô
EJ¿J JJ 9

iî VA^ji o J /v Þ

" BarzeL,l' -$ev]-etot

rrProciuc'b ir¡iiy in Eleci ::i c Power
of .-gg.gngqr .ce eqil i.stics_, Vol " 45

-ft-^

ÐuaL

2Í," D" Damar, "on 'rctar p.coductir¡i,[y ¿i:ci ri]r îha.,r,rlJournal- o.í' ¡:_olir,.ical_'i!conoq¿, L9,5pu *t" óOi,
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AF?Ei\iDï;t VI

GnOi'riETl.ÌlC GrtOl,qTIi CF i{El TECÏ'J'IOT CGICAT: CFIA]\TGEa
CA]{ DA AjiiÐ FEGIOIÍS, I946-L965w

Year Canada Atlantic Quebec Ontai'1o Prairie 'r:l 
^

L946

T947

1948

L94.9

L950

1 qÃ1

1 qx2

IUha

L954-

'ì oÃtr

L956
1 

^-?

L95B

L959

LYO\)

L96!
LYO ¿

l963
L964
I Vr\ra

1 " OOOO

^---/ø JJJJ

^^aa"Yyoo
1 

^-r 
a ^L"u)o¿

"-9745

L "0392
L " 3L75
. -,4^-
Lo )vvJ

L " L475

r " 2897

1 ^7qh)+'-+J | '

L "3292
L "L964
- ^^--L,¿'¿O5

t " 2557

L "L654
L"2977

L " 4877

I L\h I tràeJvLJ

I " OIöö

1.0000

"7896
. 826B

"8403

" 6908
a l,'r 

-.04.) (

1 O JB

^-a 
t

" 
yoo¿i-

l.OBBB

I " o7r4

1 " 1006

L.L2O5

"9642
.98t7

'l ^a\^ r'r o ¿vv+

"9628
. öö)'(

r"50rõ
1 -Ì'7Ê.7
LA T IJJ

2.O51O

1 rlô^^¿ o VVVV

^^- 
A

ø ,vJ ¿

r " rou)

L "L232
L.0257

^-1 ^e/tt1

L .2705

L " 438L
- ^^-aL. ¿Y )A
a /^a/
r_. oyoo

L " 3542

r.4068
L.2896

r.3LL5
L.44.t2

L" 4353

1.4488

L " 2rO9

L"3773
a ^^a^L"'¿\JOg

r,0000
1 

^aFer. rJoS I

L. t53L

L"2462

t" s'(oL

L " L4++
a 

----| î /hAL6JIJV

L è -/ | )-)

L"2L2L

L " 2557

r " r99B

L.225L
| 1)')V1o JlLJ

L " 2476
n -a- -L o r/V LJ

| - 4\\'{

1 - 62q'1

L" 4597
I Ã-t:l )t
-LoU-Ll-a¡'

L.7298

t" oooo

1 " 0129

t, o100

I l ahìE O L¿JJ

^^Fôv-)4-\. /L)v

L"5749

I. O+II
1 7 )t Q,'l!o f Tv!

^^^-O /LJ)

Lsa)J- I

L " 45L7
1 Jlqn!ô ¡ r f f

L " 27rL

L "5502
L o )á.é.)

1 " 0500

L "5L9¿
i a^^õr. oyyÕ

L "6A22
1 -72¿t1

t " oooo
^^- 

a

"YQLO

" 86i:5

"9L75
.9802

"97CO
1 

^- 
aFL. ¿LOj

LêJ)IL

1" 1Bj5

L"O7W

L " L7O5

L " 2962

L "L904
r. I17t
L " A24B

r " oB95

L " 2552
-t â.,2-ar_ølJI Í¿.

1 -/^ar. louo
L.5837

åSou**r: Galeul-ated f rom data in Appenclix V,
â.----3aseo oíL

return on farm
value added meesure

capit,al.
of output a¡rd an I pe;' eent



TESTS
0iü

A}FHüDTX i/TÏ

FOR EQUAT-ïTY 0F T"ü¡0 SERTEÊ OF
TriE El\SïÊ Or' Bi¿ aJiD 6íi, F,ElUR'ii

CAIIADA A]TTD IìEGTOI'I-S

A (-" ) CALCULATED
Oi.{ CAF]TAL

^ -,-^ - /ì ^
R.

,ìao-i nrl
F value t value

Canada

At lantic

Quebec

Ontari-o

?rairie
':- 1I

-1 <^^J-e V¿.¿.

1. t40

I"5Iö

2"o3¿r

L"279

L.498

L 6 L¿¿1'

O I LJ

| | ltx

1 Ã)¡a

Qr\.rø(Jv:2

Notes The F statistic is used to test tne equallty of
vari-enceso For L9/L9 degrees of freedorn, the
value of F whieh is sirrnifinrni_. nf.5i¿ = Z"5L; at
1.¡i - : ,trr\LlO joa'Va

The t statlsiic is used to test the equalii:y of mea_ns.
For 38 degrees of freedom, -uhe value of i irrhich is
sÍgnif Lcan'r, ar, 5% = 2"O4; at, l% = 2"74"



,",1-- ; iì-,r']t ì-.r lrT T T

i-gGÏCi'JS

,t tesf Íor'signiÍicance of ii-fÍe::'ences in lhe i::r-,owth

:'¿.¡es o.f t:chi:ologic:1 chu:r¡;3 ¡;:nonT i'er-i gna 'i s â..rr ;..:i:tl-¡rsis of

\¡€,"¡-it!i1ce. -Às if has been irnown tirat consider-¿,ble vsì,ì:i-åìtions

e:tisier: ¿-ilcn"' .ïe¿'rt-s, â 'ú'...iJ ',,.'e;' cl-l.ssii'ic¿-¿ion i.¡as einl:l_o;'eC

aocorcli-ngly " Trre perf crllai:ce of itris 'i:est i s rJ¿is€d on the

assump-bion of nor-ma.litv e.nd oÍ conmoÍL vari ance" Fo¡. tne

for"nei'y r'Ìo aiternpi '["raÉi il;;"de i,o test hele sínce Ì:i-,re F' -lesì: is

a. ha::d.y one , e lil,t 1e o.eper{ u-r"e f r.on nor:¡nalii3; tend.s '¿o have

snalL eff'ecbs " Fcr t he )-ej.ier, Ëa¡'iLe'i:'b 's iest r¿as 'i:erfo¡.med.

uÍ'bh resul is su.mina.rj-zed in Tar:le ;i,

.I.A¡LE A

ilíST Fûri IiOl.l0Gi:ir.lTrITY 0F \r"¡:¡rhr[Ct 0F ri(u) llorrc;¡ .itrGlOiri5

l¡lI.Is.G 'rIjE _Eiì¿!¿Lrll reli+W.ij $gåi

',-eryi n-n ,{€
¡J- ^)rvü Þ

:it li;n.l: i c
fìrrahan'*JH V rJV V

Oat ari-o

Pr"¿-"irie

rjrn* --l ^

Ëno'l I nrr

¡ /---ñ| ;a thi-\a\ê Lv J))v

.058293
^a.'--1. uor)r, I

1 1 7,a,Jt ne !!;/V? f

" 08004 7

-¡Ç) l¡¡- . | \.)t)aá

-T " 2342tL

-"L,LTB7?

- .94-462

-1. o 9564

^-^a-
" u2¿o 2

^-^a -
" u)¿o )

^--.4-ov)LvJ

^-^/-."u)¿A )
Í lÞ\'-f^ áo v_JLvJ

-t q

19

L9

L9

L9

-a-,-
-9V 

h;-\ 
^h/¿OJVJJ

-96 "52LA

"253L6
. a96 j-(5 - r. ulif ul-

3.2= z",al6 = 7"tC57 'ritii 4. C."f .{t-rr.bz',o (.-se.5fi5ü



T36

The result of .lhe test sn.oiued ihab there 1{as no evicence '[o

re jeci, 'the hypo-liresis of -l:le honogeneiiy of v¿lr-ì ance of l(r, )

p.c r-¡.,s s r.c.¡i ar., 
= " 

4'

A.f'r,er verif;rln'. the assuinlj':ion, otfe cåjt crcceec to
i:es'i, the ec¿ua.l-it¡i of Er.oir'-bir rates ainong i-egions" In Te.ble B

th.e results of ihe -ti,"o-i+ay cla,ssif ication analysis of r/¿.,ï'iance

,r,Þ -an.ac¡-nl.a.ì

T"¿ßLE E

AiSOV:i irOtri T'FrSTIi\iG li1E EQU;:,L[!Y Cil GF.O1.íT¿ p"{iTilõ ;li{OirlG ,.ìEGfCI,jfj

,f,ou¡'ee of \,'a:'ia-ticn d. f "
gÊi F

Ârnnrr¡ rarii ¡-nq

i;i i f" h -i :r 1rêi z-q

Err"or
]VUéI

4 L"246L22 .3LL5-j 8"3835M
L9 6.33'1844 "1)325
76 2.8238L4 c17L6

99 10 " 
llc,l78o

i'Iote: For 4 and. 76 degr.ees of f reedom, t he c¡.iticer v¿.lu.eof tr" æ 2,5 a.L 5ii; F = 3"6 aL Lii.

'bince calcul-et ed F exceed"s LíL tai¡r_rlar F,, one re jects tiie
hypo'chesis anii concluo.e i,rrat tire¡-e r^¡as a si,qnifi cÐ.Tt-,. ,Lif i'erence

in ihe g,rowt"d :"¿r,tes of tecìr.nol-o¡:ical. cheinge among regions.

¡l

¡r -'¡-or 4 degr-ees of f ¡.eedon, tne crL'uical val Ll.e of
^¡¿ = a ¿.A tf. r,i'
-¡\ - /ø^:7 Çv 2io'
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Y.¿AP'I,Y ir'åal,
C ¿L'li;.".Di.i

irl'j'xÌdDTX Iï

i-l IiìID liÁr.iile i I¡ì :",];:u'i-EQUfi/:,L'lliriT
¿i.,ID -ii-üGIOiìS , L946-L965tÅ

Yea-¡" üa,i:,a.da,b A-t lant i c fr lrnt'lcn Oni ¿rrio F:r'ai;'i.e

"...Dolla-rs. "

L946

1ÇL7

1 A¿,O

1 ()Ëô

| !jr, I

I c)ã¿-

| Ç1tr\l-l

l Qq1-/¿ |

1 AtrP,

1 C,<rì

l\J^¡

"ì ô.4ô

I un4.

I sinh

4r- t- i-ì

Lt.C\7

nQ-,;

\71

.< (\-

656

741

Þ.1 
^

8,bB

l¿l

7tr'tr.
IJJ

'7Jtz

7V1

9'77vtl

/vl

oÕñ

¿J-^{ I

Lt86

htlal

^Õ)
q2-1

!oo

)t AA

)t1 -1*iLL

499
.'r3 I

4.84

856

866

!P,o

lAO

i1L-
^;,-/ (\
Jtv

Jr I 'j
r!l

Li-] 6

4.4.4

'Õ ¿Ll.

70ç.

;(l Q

^ /t1

)ou
ÃÃQ

OUI

69Lt

c()

/J. '¡'^

54"
xÔË

480

67nr/ f v

7)1

Õ(,

c5U

-76^
lvv

CIAZ

Q'/L.
¿tl

't 
^T.iL9vLJ

q7q

q¡.ì¿L

l_,1o7
-1 r ,Ê-l! 9IU¿

I rRo
ì ?-fL c ))L

7ÕL-

C L'¿

6Ll'a

7,4-7

73n

{o>

787¡ -t

887

4.96

a'¿ |

)tt Q.

vtJ

7 J.J

noî
9v/j

c L1'Y

QÂ-7

903 L,2L4
o,a¿- 1 )7á-È941v

i,008 L,2-(2
Rol 1 nol)\/¿& !9v/1

c]l7 04"
-,¿l /vJ

902 996

1 
^'77L 9V I J

O-^

1 ,060 )_ ,a29
L,L4-2 1,056

1

i

¿aiìôìr.¿^ô ¿ 1ra'r.1yr:f, ífOfn .¿l_lCenC]iX Vvvq-vvó JvL-

Stat is'u.-ics , .la.r't If , f rr.r'il fncong,
Oi'carr'e'., L926-19ó5 "

:ind dend itoo{ of _;:t:lricu }i: u.::a.l
Dcninion Ëui'e¿ru of FÈ¿it is.[ -i cs ,

oltsi-nrz corrl-oosr-ie pl:i-ce index of f aar.it pr,oduct as e
i-ef le,i'or" arrcl, Llsing L9i5-39 ¿s e 'Oâso,

"Geone-L l'Ì c ÍleaiL of 'çlie r-eÁrioiLs I vå:lues "




