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ABSTRAC!‘

S
;'iand technology on east central Alberta commercral gram f arms Three pomts in. ttme were .:
studred L971 1981 and 1986 A sample of 27 commercral gram producers each present '
-‘ .'j throughout the 19‘/‘1 1986 pertod prowrded the ev:dentral base for the analySts e
e Three obJecuves were eStablrshed for the research Ftrst the e\faluuon oF the structure

5 of commercxal gram f arms durmg 1971 to 1986 was defmed and measured Secondly. the T

relauonshrp betwee\n structure and technology was explored The fmal obJectt'Ve was to

f'-sdetermme the consrstency of selected polrcres thh the'present technology Structtu'e f B
. relattonshtp S

i,

The f 1rst step in the analysxs of the 1nteract10n between structure and technology\was .

. ﬂexamme the relattonshrps between output factor mputs and technology lt was o .‘-_, 1.7

:'_;hypothesrz.ed that srmultaneous relatronshtps ext,sted between output 1 actor tnputs «and

. technology m 1981 and 1986 A srmultaneous equatron approach along with smgle equauon

l

ordmary least squares esttmauon wbre used to test endogenetty for 1981 and 1986 The results

dld not support the workmg hypothesrs of srmultanetty. suggesttng the analysrs of structure |
and technology cquld be carned out usmg smgle equauon t” uﬂctmns
s Usmg smgle equatton double log f unctrons the dtrecuon of causalrty m the structure

j_._and technology relauonshrp was exammed f or- 1971 1981 and 1986 Three structure vartables'\

' caprtal/labour land/labour and caprtal/land rauos per farm “and four technology vanables

j.——v

' '»horsepower type of f erultzer applregor used per f arm gram mtensny and sales per acre on a
per r arm' basrs were used in- the analysrs ‘The results suggest that in 1971 and 1981 structure
_-.Was predomlnantly a f unctron of technology, whtle tn 1986 the relattonshrp Was btdtrecuonal

Over the. f if teen year pertod tll’e complexrty of the mteracuon between structure and \, -

s

l-, technology swelled where the number of srgml”tcanat relattonshtps and the mfluence of lagged

. o~
LAk ;

'Vvalues tncreased S - j DR LT 7_-
The rmphcauons of the results f or. agrtcultural poltcy, suggest past poltcres facrhtating

":‘land extcnsrl‘ 1catton and capual mtensrf rcauon durmg pertods of strong commodtty prrces may

S\
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A Context o? the Re§e;rrch

Fartners legrslators : ‘_nd mterest groups Frequently ha‘ve drf f’ére‘nt ObJeCllVCS and

N ".\'

i

o : '!u
theref ore have dtf@erent concept-t of the optlmum” farm structure As well tl%opumu tio :

\and the envrronment o ’ : ,.‘ . l‘:;s_ o e

Two commonly held objecttves for 'the develppment of the agrrcultural sector are

"-.‘i"- N

‘_‘ L Ry

growth and producuvrty’ Gr0wth m a development cor'ztext usnally rgofs to the cxpansron S

of output Productmty gams anse f rom a reorgamzauon in the fi actors of pﬁuctron and/or

' the mtrodu iort of new or quahty 1mproved methods '~ R O T

mamtenance of the famtly f arm isa f undamental objecttve held by marfy mter‘est groups
i

Sustenancc of rural commumttes 1s desrreable as they umf y sparsely populated areas whtle

M >

many regxons of Canada depend on agnculture for economtc vrtahty o B v o
K . e ‘w";::i : ’ .
. Agrtcultural development necessrtates ‘that the mdustry s, structural attﬁbutes change

,-

m order to mamtam growth and productrvrty a/d—}rcement Structural change m the grams .

s mdustry has occurred smce the early advances in subsrstence technology facxlttated the S

o i L‘.

movement '}rom hunter gatherer to horttcultural socrettes More recently the 1970 3 gnd

early 19§0 s have experrenced substantral changes m caprtal for:labour substttutton

.,{

Alberta cereal agnculture systems 3 Thewstudy, based on a farnung systems approach uttltzecL

- the census of agnculture 'as the data source In Alberta the number of commercial gram

~

‘Lenskr. G' and Lenskt J Human Societres*
Ced, McGraw -Hill ‘Book Co. 1982‘ Pp. 134136, .-
* *Packer; K., Structural ‘Changes “in' Alberta Cerdal Agrlc(tlture Systems betweeu 1971

‘and - 1981, Unpubhshed M Sc Thesrs Departmen -of Rural Economy. Umvcytty of
Alberta 1986 IR A '

L RO S ",_.-,- :'_'

Packer m hlS study of the 1971 1981 decade f ound some dramattc changes m ,

Introductlon to M’“@Ology,q 4t'_

ext nsrfrcatton*mtensrfrcatton tenure srze off farm work and operator age " T "



e

...... — . s '».

~ produccrs declmed b\ 12 4 pcr cent to 30 006 .over Lhe 1971 - 1981 decade The average -
| f rmprovcd area per f arrr;}rose f ‘rom 685 acres ‘in 1971 to 863 acres in 1981 Over the same E
. pcrlod the percemage of grarn f arms remmg land mcrea{‘ d from 54 to 59 per cent whrle the ' :
crdentagc of commercral gram farms orgamzed as mdrvrdual proprretorshrps decreased to 83 |
-' per (,cm from 88 per cent “ o “ h g\ L |
'“_.’.' ' Thc level of off farm work wcm up by 76 per. cem to 39 daVS per year in. 1981 .whrle_ /

Ve

T‘b‘our Jus¢ per farm,measured m"person years declmed from 1 12 10 1 10.% Machrnery value . |

pcr acrc m 1961 doliars 1ncreased}§om‘$67 lo $l33 per acre over Lhe decade Sa]es per acre A

pcracre o - }"

b\'rdence has also shown that the drsmbutron of sales and gross margrn ameng farm o

sues rcprescmed b) sales groups has been cha mg over the years in f avour of 1arger farm
d‘h

sucs Sma]l f arms arc steadrly becommg noneconomlc whrle medrum farn’l srzes have tende
ro hold omo a consrarme of sales and 2ross margm No longer can an undrversrfred

B agru.ullure polrcy bc sought as a means to resolvmg currem problems 1n the mdusm As well -

rcgronal drf ferenccs demand a targered approach 1o pohcy formulauon , 7{ ﬁ

_ Agncuhural development is a dynamrc process where structural changes in terms of

N ' s > -
' " the fi 1;‘cd f actor proporuons and drsmbutronal shrf 1s seem to occur to adapt to an " Lo

’

- ever- changmg cconomrc and natural envrronment However the causes of structural change L

@

: have not ‘been studred well in lhe hteraLure Oneof the hypothesrzed cause _technrcal change
has bccn quanmauvclv rcscarched in 1erms of mcasurmg the magnuude ot a techmcal change
. f actor. Up until lhe latc 1960 s, techmcal change was treated as bemg exogenous 10 the

o ccononuc system.* However (as) the srgmf icance of factor substrtutabrhty and/ biases came
o . M
to bc reahzcd e tcchmcal change was realrzed to be endogenous to [he system Several ST e

A commcrcral gram farmer was. defmed as a. producer %ho owned/remed at least
320 acres, wnh 100 acres - or more in crop. .
‘Labour use, in person-years, was ‘measured as; (300 e
(Weeks of paid labour/52). :

‘Binswanger, H P. and Ruttan V W Induced Innovatron John Hopkms‘tﬁ’wersrty

~ Press, 1978..

*Lee, Jung- Hwan, "A° Revrew of the Theory of@Technologrcal Change m Agrrculture
) B . -4 ~

ays off f‘arm work)/300 + '



methods for measurmg techmcal change have been used in- the hteratﬁ?e the most common of
é SRR
whrch has been the productton f uncnon in 1ts varrous f orms A common constnuem in all the

research thus far has been to assrgn an a prlOI‘l cause ef f ect relatronshrp betwcen techmcal

o change and fagtdr 1nputs to the productron process The lack of empmcal w0rk on the B

mteractton between teqhnology and structural vartables was the/l:asrs fi or mmauon of thrs k . ‘
research Insrght mto thts technolog\ structure relatronshrp should enab]e rfuller e

understandmg of the rmpact of related agncultural polrcres on the structr{re of the f armmg L

Csettor. N

B. Problem Definition. ;

Agrrcultural pohcv may be producmg structural changes drl’ f erent f rom the purpose -

B and prlorrttes held by agrtcultural leaders and wrrtten into the pohcnes themselvcs Technology.-
tax pollcres marketmg systems prrcmg and credtt may be benef mng largcr f arm operattons a Q..

Technrcal progress rs a contmuous process whrch has a def 1mte rmpact 9‘ the. R ,ITZS

et i
N

structure of the‘Alberta gram m..lstry rrms who do not take advantage of thc cost
economres or productron mcreases asseciated wrth new techno]ogy f md wrth trmc mcreasmg L
y gculty uptakmg new technology- Apedatle and Packer in therr study of the 1971" 1981*

‘ Cade found capttal to- be contmually substrtuted for labour over the range of commercral
grar-n farm sizes; suggestmg that earher barrrers to larger f arms had beeu ovcrco / .

The relatronsh;p between structure and technology may be drff crent durmg-penods of

‘ economrc growrh *han under recessronary perrods Pohcres arr@ed at. 1ndtfcmg producers o
borrow up to thetr equtty hmrts may be lockmg them mto an mflexrble structure f rom whrch e
, they have no choxce but to search for low mvestment technologtes complementary to thctr

prasent structure As well as the agrxculture sector becomes more mterrelated wrth the gencral "
=y o
economy .the complexrty of the structure and technology relattonshnp seems tor be mcreasmg, _

' such that decrsron makmg becomes rrskrer Producers wrth more accessxble rm" ormauon credtt

>
)

"(cont’d) Brases and Substrtutabrh\tly\,\ Mrnal of Rural Developmem 4 (June
}981) 55-66 : ‘
‘v _ ’Pack_er op. cit. -




—

: and markets appear better able to handle rrsk related decrsroas " b'.- S "

As noted earlrer the mteracuon of technology and structure has not been studred weLl

-in thc lrterature ?)number of authors have hy‘)thesrzed on/he relauonslnp, but ltttle R
: 'empmcal work has been carrxed out Heady in h’ts wrrtmgs on technology and structu‘re

sungests that advances in yte"ld per acre were possrble wrth l’ertﬂrzer and tmproved seed

\ancl,tcs whnch were thought to be substrtutes for land and Xabour ' Babb states that ERR

_ tcehnolog) rs an 1mporrant factor af f ectmg f arm structure especrallv m the number and srze

—_

~or farms, and m the specralrzatron He f urther clarms that technologv is of llttle 1mportance in.

owner control and m the socio+ economtc; drmensron | Lu. asserts that technologv makes -

Y ——

-.,‘structural change possnble whereby the benef its of technrcal change are af unctton of the _‘ il

f_clasuuncs ol upplv and aemand l°-Research thus far consututesa number of assertrons and

: h)pothescs with few empirical tests R P e et

T ¢ purpose of thrs research was 10 determme ) what extent gram productron

tcchnologt is altermg the structure and economtc prospects for l‘amrly gram farms m Alberta

’ The mtcractton of technology and structure ts complex such_tha),no f acxle assumptron on the

'-t\pe ol relauonshrp can bc made .a priori to thg research One area census drvrsron 10 (CD
{'

10) ol“ Albcrta was chosen 10 provrde the evrdentral base reqmred for exammatton of the

o

« struttureand techrtolog) relauonshrp TR B

D ObJecttves L —— S @ S _,'- e

Threc obJecuves were establtshed to meet the above purpose The f irst obJectrve was _

©,

.b,'to dcf inc and mcasure the: evoluuon of the structure of famrly grﬁln farms durmg the perrod

51971 - 1986 Three pomts in time were studted 1971, 1981 and 1986 o 3

.'Heady, E.O.,, Agneultural Policy. Under Lconomtc Development Chapter 7. — :
"Babb E., "Some Causes of Structural. Change dn: U.S. Agrrculture " Structure Issues
Amerlcan_—Agncuhure USDA. Washington, 1979.. - -
. YLu; Yao- "Technological Change . and Structure, " Structure Issues of American
-‘.Agrlculture. DA Washmgton 1979 pp 121 -126. :



S E :',? I : ':,Q»-,‘",' ST

- S i . !

—:Fhe second objectrve was to explore relatronshrps between Structure and technology in

3

-~ gast- central Alberta gram fz arms Measures for both mechamcal and brologrcal technoloz,v -
X ;-‘-.were used m the study '.-. R, :"-,:"'". .
The fmal olnectrve was to determme the consrstcncx of selected polrcres wrth the :

f.“present technology structure relattonshtp

Two hypotheses were establrshed f or the research Frrst 1t was, h\ pOIhCSlZCd that thc
_:j‘relatronshrp between sales per f arm f actor mputs and technology Was srmultaneous |
‘ Secondly, 1t was hy potheSrzed that durmg and f ollowrng trmes ol‘ mcrcasmg A _
.-‘ agncultural commodrty prices, techmcal change mduces structural change of cereal agrrculturc T
4 in Alberta The opposrte relatronshrp was hypothesrzed to exrst f ollowmg a pcrrod of dcchmng

relatrve commodlty prtces BOth hypotheses are developed in the next chapter

R ‘t(b)rganizatrion I T
The the51s is orgamzed m-to five chapters The fi 1rst chapter sets out thc SUbjCCl of thc 5
'research The second chapter drscusses the theoretrcal basrs f or the hypotheses wrth
_' -agrrcultural developmentas the overlymg pretext Chapter three traces the methodology uscd
:fm'the study’ T’he results ol' the analysrs are grven in chapter f our. Based on thesc results
some mterpretattons are drawn m chapter f 1ve along wrth hmrtattons of the rescarch and

“suggesnons for T urther research



** . Ii. THEORETICAL BASIS FOR HYPOTHESES .-

- _'»
“

S

. A Agncultural Development B ‘ i 3
Agncultural development can be def med asa process by wlnch an economy‘3

. mcrease or mamtam ansacceptable rate of growth ol‘ output and productmty in agrrculture
: -.The llterature on agrxc'ultural development has evolved from a sxmplrstrc resource
explortauon model 10 mcorporatmg techmcal and mstrtutronal change mto the development

_framework Resource constramts rmposed on a sector can be overcome by techmcal c{range

' allowmg the substnuuon of elastxc f actors of productron for melastrc f. actors Hayamr and -

A .
Ruttan s mduced mnovauon model employs techmcal change as an endogenous element in. the_ Y

3

' economlc system i -*—
Agrlcultural development necessrtates that producers be Wlllmg to accept techmcal and
: socxal change This suggests the mdustry s structural attrlbutes change m order to mamtam’

./_'_ RN

.'-growth -and productrvrty advancement- D o R RN
ATV RE .

B, Structura] Change - - . .~ .7

_ , 5 »

' Concept of Structure

’l'he concept ol‘ structure is relahvely all embracmg. refl ernng to the

charactenstrcs of the flrm Wthh af fect its beh vior and performance m the. mdustry

’ Folloumg the f ramewol:kﬁset out by Ehrensal" t and Bollman the followmg dxmensrons of .

structure can be estabhshed b -
: [} '
1. the number and srze drstrrbutron of farms for agncultrual productron as.a whole and
for specrf ic commodities and reglon _:.7\' S o N

.’ 2. specxalxzauon in commodrty productlon both at the level of mdrvrdual farms and

betwecn geographic regions; . ..‘; R | R S // "

- . S

’,“I:hrensaf L, P and Bollman R. D Structure and Concentratxon in Agrrculture A ,
_ Micro-analysis " of the Census of Agrlculture, Paper prepared. for presentation -to. the-
Annual Meetmg of the Canad Socrology ‘and’ Anthropology Assn.; June 2, 1983
p3 -4, . { C .

6

-



= c3 _'the mtemal organlzatron of f arms as busrness enterpnses whrch mcludes patterns m
' ""‘,'the use of land labour and technolOgy. fmancmg. legal orgamzatron of thc o

j'enterpnse land tenure and the locus of entrepreneurral de’clstons e
< 4 entry and exu patterns and f arm frrm growth (and contr&%on) patterns f or '_Q " _}

| drfferent commodttttes and Tegions; and _:‘-f‘ " ‘~ | e
: B _,5.",'» the socio- economrc characterrstrcs of f arm operators and thexr f ar:mes

2

The above drmensrons of structure cover econorhrc socral and spattal BRI
o 7 : T
- consrderatrons deltmrtmg the heterogenerty of agrtculture The term structure m the S

context of . thts research ref ers to the f 1xed f actor proportrons per farm

9 The Alberta grams sector has undergone substantral structural changes in the last _;'

f 1fteen years The number of farms has declrned whrle farm’ s:ze sales concentratron

¥ and machmery value per year of labour have all rlsen
‘ As farmtng becomes more mdustrrahzed and closely mtegrated wrth the general‘
.
economy the torces whrch gurde the evolutron of farm structure become more 1mportant

as they are mcreastnglv controlled by human mstttuttons The focus of thrs research rs on ‘

technology and its relatronshrp wrth structure A specrf ic causal lmk does not appear to

B~ A

extst but rather a complex system of feedback and crrcular adjustments .

.' C Techmcal Change ‘ ' Lo L |

IR The purpose of- thrs sectron 1s to develop the evolutron of thought on techmcal changew
. “»
. Also drscussed are the characterrstrcs o'” techmcal change whrch are. 1mportant m terms of?

measurmg the bras 1f one exlsts of techmcal change L e
Evolutton of Thought o
Early researchers realrzed that growrh in labour producttvrty was not determmed

v sole y by growth in captral mputs but also by another factor 1 Solow(1957)” termed thts '-' -

‘“Ab‘ralnowi’t’z Moses "Resource. and Output Trends in the U S smce 1870 "
* American " Economic Review, 46:5-23 (1956). ..~ = - CERR
1Solow, R.M..."Technical Change ‘and the. Aggregate Productron Functtons Revte.w-
: of Ecortomzcs and Staustttcs 39 213- 320 (1957) o e RS

. A’vo-" R :




L

f actor techmcal change whrle Domar(L96l)“ termed 1t technologrczx change the ,
drf f erence bemg bne of del‘ mrtton Technologrcal change srgmf 1es the act of producmg

~_‘.new know}edge whereas techmcal change concerns the mcorporatron of thrs new S
£

“ . .
A

"l_"knowledge in, the productron processes of frrms u‘ ERRNCE U ER
B Techmcal change has also been def 1ned in terms of rts factor savmg bras

'f‘,'_“.Techmcal change is sard to be neutral rf the margmal rate of substrtutron(MRS) of one
, ;! \ 3. L
: l’actor mput f or another is. not af f ected More commonly, technrcal change 1s nonneutral

bemg for example erther ]abor savmg (caprtal usmg) or caprtal savmg (labor usmg)

poe

e Teclrmcal change is: laborgsavmg W the margmal product of caprtal 1ncreases faster than
' S8 Qa) . -

i the margmal producut of fabor mcreases Once techmcal changes can be measured
successf ully the testmg of theones explammg therr causes or effects can proceed 18
Accordmg Ln_the mduced mnovatron h) potheses the nate of technrcal change is . o
‘ mflucnced by changes in- relatrve factor prrces and the growth of produ‘ct demand There
‘1s a substttuuon of relatrvely abundant l” actors f or. relatrvely scarce factors Hayamr and
'Ruttan 'suggest thety\ef ulness of decoﬁrposmg changes in factor proporttons mto the
i el" fe ect of l'actor substrtutron along a f ixed- technologyganuant in response ‘t0 changes m :

, ‘rclatrve factor pnces and the- ef fect of brased techmcal change te: Hayamr and Ruttan note

/‘ '

L ‘the changmg sources of growth

"This century rs expertencmg a transrtron f rom an era when most pf the mcreases

A

' m world agrtcultural productron occurred -as a result of the expansron in’ area culttvated to .
a pcrrod when most- of the growth in. crop and anrmal productton must come from
- mcreases m the f requency and mtensrty of cultrvatron frbm changes in- land use whrch

: ‘make rt possrble to’ cropa grven area of land rhote. f requently and more mtensrvely and

~

hence to mcrease the output per unit area per umt of time."

.."Domar ‘E. "On the Measurement of Technologrcal Change Economzc .Iournal
~71:709-729 '(1961), i

;.”Yotopoulbs P.A. and J:B. Nugent Economrcs of . Development 1976
‘"*Hayami, Y. and V.W. Ruttan, " Agricultural Development -An Intematronal
Perspective, The' John -Hopkins . Umversrty ‘Press,. p.-188-1985.
»1"Hayami, .Y.. and V. W. . Ruttan, Agnculturl Devclopment An- Internatronal
Perspecnve The John Hopkms Umversrty ress. pp 44 45 1985 SO




The trend that agncultural development takes ts dependent upon the avarlabrﬁty ”
';i_:and relattve prtces of resources In countrres such as Japan where the supply of l‘arm
RS :land 1s melasttc there has been a htstoncal trend towards btologtcal land savmg
"_'ftechnology ThlS has led to the development of seed vaneues whxch are more responsrve .f .
:.f"jl.O htgh levels of fertthzauon On the other extreme countrtes hke Canada and the U S e
- tradmonallv have had an elasttc supply of farm land but a scarctty of labour Thrs has '. '.
led 10 the development of mechamcal labour savmg technology f aethtatmg the movement
B towards extenstf lcatxon of the farmmg enterprrse~" However as the prtce of land nses .
| relatrve to that of feruhzer, there has been a shtf t to croppmg tntensrf |catton thure Il l

» —_

PO deptcts cases for both neutral and non-neutral techmcal change

2 A‘V‘Y

: D. Capltal Accumulanon and Technologtcal Progress

Economtc development has long been thought the key to greater socnal wealth

__—_._.-

: _'Htstortcally, capttal accumulatton was consrdered to be the tmpetus to economtc
f;‘\development 19 However caprtal accumulatton cannot by 1tself be rehed upon 10 achteve
, ‘economtc developmentmor lS 1t mevrtable that resources w1ll be. freed for the f ormatton olf
‘ .caprtal or that any resources not used for consumptton wrll be used f or capttal fi orhtatton
Solow suggests that growth of prodt.ctmty and output ts partrally dcpendent‘upon o
: caprtal forrnatton However techmcal progress growth of product demand and mstttuttonal
' ,change are all necessary growth condmons 20. The thetmes underlytng caprtal accumulauon and |

<

K technologtcal progress are outlmed m the followmg two secttons

Capltal Accumulatton
,_ T Savmg centered theorrsts belteve the accumulatton of money wealth to be the | e

o drnvmg force behmd technologtcal advancement i Adam Smtth founder of the

‘o s

“'Ibrd — N N 1 o e
,',"Capttal for general purposes mcludes plant and equrpment soctal overh\\ and -
~human_ capti rﬁ . ‘ '

. *Solow, R: "Techmcal Progress Capltal Formatton and Econor‘mc Growth " v
American Economic ‘Review, .52:76-86. May, 1962. _ L
‘_"‘Dugger W M , "The Nature of Capttal Accumulauon and Technologrcal Progress in
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: ‘savmg centered theory beheved there exrsted a natural profrt motrve amongst

B mdwrduals to better dnes condrtron n 'I'he basrc pnncrple ts that capttal accumulates i
o through savmgs retentron of prof rts and mvestmg

: -_‘;' . On the other srde demand srde theorrsts assert abstrnence rs more hkely to
A rmpede caprtal accumulatron Erchner f ound that a corporate leVy has been used recentl\

T by mdustry to fi mance new. mvestment "The srze of the corporate 1evy and the total R

KR .amount rt generates depends upon a number of factors Most rmportant among these
s faetors f or our.own purposes are the long-term growth go’“l and the actual capacrt)

jutrhzatton rate of the corporatron recervmg the levy

A more recent attempt to explam economrc growth relres on the theoryof human

S W '
_- caprtal : "TI" chref soiirce of economtc growth m the country has been human caprtal and

3

its mcrease the greater educatron hrgher skrlls potentral producttvr?y and mventrveness

of workers whose effort combmed wrth caprtal )helds current ou;.put Techno]ogrcal

o ’change rtself represents a return on human caprtal since people'
L % 5
o 'as developers drscover new knowledge and devrse new produj" or processes e

5 =3 . . .

The processes Of agrrcultural development and -_';'- accumulatton are: closely

cludmg screntrsts as well

. :“(cont’d) the Modern Economy , Joumal of Economrc Issues 18(.'9) (1984) B

- “Ranson, B.,- "The ‘Unrecognized Revolutron m the Theory of Caprtal Formatton
- Journal of Economrc Issues 17(2) (1983)

R
ﬂ -

'“Dugger op cit. . = a ' T
“Bell, *Human Capital’ Formatron and the Decrsron Makers - Journal of ‘ .
?Economtc *nsues, 18(2) (1984). - ' S
. Caitneross, “A.K: "The.-Role. of - Caprtal m Economrc Progress in Capital ‘ "‘

- Accumulation. and Economzc Development ed by SS Tangn and H. P Gray (D C
: Heath and Co 1967) :
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/lcchnologrcal Progress - | o
ef l” orts to rmpute the recorded expan\)n rn mdustrral productron to the addrtrorral

labour and caprtal contrrbutmg 10 rt mvarrably leave a rarge unexplamed resrdue It 1s »

~ necessary theref ore to take account of. orher mf’luences such as\techmcal progress

whrch may operate through mvestment ‘or mdependently of rt so as.to rarse the 'evel of

productron L IS L \

| Mansf 1eld def ines technology as. socrety s pool of' knowledge reg;k ng the

mdustnal and agrlcultural arts. ra Accordmg to Thrrwall techmcal or technalo%al .

o

progress ma) be. descrrbed in three drf ferent senses Frrst techmcal progress can’ refer to

»

T the el' fects of changes in technology Qn the growth process Second techrucal progress rs

e ;
used to dcscrlbe the character of techmcal 1mprovements and is often prefaced £or thrs

purpose by the ad;ectrves 'labour savrng caprtal savrng or neutral' "'" Lastly,
techmcal progress can ref er to the changes in technology rtself %e 1t mechanrcal
blo chemrcal or mformatlon technology c a _» E \;\

Supply srde economrsts beheve the mdrvrdual entrepreneur rergns supreme m the

o Loe L

technologrcal process Just as the mdrvxdual sav€r does m caprtal accumulatton
Contrarrly demand srders assert (T)he Jornt rnventlon tnnovatron pmcess as Veblen and

Ayres explamed isa socral process based on the accumulatron drssemmatron and

o 1mplementatron of a Jomt stock of knowledge and skrll "3’

, Techmcal progress may not necessanlyI mvolve high net rnvestment lndeed it -
may perrmt of a reductron in the stock of- caprtal or an expansron in output wrthout any

comparable mvestment "3 In agrrc’ulture the adoptron of optrmal seed and fertrhzer R
. . e o7

)

placen‘ient methods is an example of technologrcal progress whrch does not requrre a. large

mvestn‘t The adoptton of a double swath SWather is an example of mechamcal

_“’Carrncross op Gt. B =

- *'Mansfield, E., Mlcroecenomlcs Theor) and Applrcatron, 4th ed W W, Norton _and
ompany, 1982 b8 :
PThirwall, - A.P: Growth and Development 2nd ed. (‘19:37

“¥Dugger, - 0p. cit. '
%*Dugger, op. - cit.

‘\ :._':



*“technology which'may permit a reduction in the total capitalstock. < .

¢ o . ae e o . - I . . R

E Lmlr Between Structure and Technology ‘ ',:.-i‘" S ', o A'.- A S

LA - R

ve

’ The lrnk between structure and technology is explored wrthm a systems theoretrcal o
f ramework The agrrcultural 1ndustry is an open vsystem constantly rn exchange wrth rts o =
'envrronment the economrc pohucal socral and agro chmatrc spheres The commerclal gram B
i_,‘producer strrvesyoth opér and close éertarn segments of the envrronment Frgure ll 2 “; B
".portrays the rela,txonshrp of the farmer wrth hrs envrronment On the natural envlronment | :
; "f ront pests adverse weather topographrcal rgstnctrons' sorl erosron and depletton tend to
"’drmmrsh productron as well as the net margm of the commercral gram producer The producer
attempts to mrmmrze the rnfluence of these factors through technology decrsrons be they new T
Qseed varlettes ferttlrzers pestrcrdes machrnery, etc Wrthm the economrc and polrtrcal

envrronments government mdustry, f mancral mstttutrons and mternatronal markets all
'»endeavor to open the boundary between them and the producer Over trme thls boundary
'V-erodes as producers berome more dependent upon mternatlonal markets government and the
.‘-.’recurrent mdustrral mputs market The pro%rcer strtves to marntam thrs boundary, whrle ‘

pressurrng f or a more open mternatrOnSl" rnarket to drspose ol‘ surplus prcxl-uction :

‘\ Durrng hls efforts to marntam the\boundary wrth the natural envrronment the |
" _producer may not reahze the l;oundanes w:th the economrc and polmcal spheres become more
: permeable For example a technology dectsron m the f orm ol’ a new fertrlrzer to ward off sorl
b depletton and increase productron tmplres an mvestment decrsron The new mput and the :
| caprtal f or rts purchase most comm‘c:tly come from the mdustrral sector and f mancral o

s uttons Over trme the producer may reahze an mcrease 1n productron of hrs land base

I_beyond 1 what the market can support 2 what he needs tg mamtam a des:red standard ot‘
' hv;g\nd/or 3 the capabrlmes of the current factors of productron (techmcally beyond the

: 'optrmal margmal productrvrues) Consequently a structural adJustment in. one or more of -the -

"factors of productlon l'hay be requrred to. marntam equrhbrlum
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Neoclasstcal theory suggests thts soenano ends wlth the structural ad Justment
However no quantttattve research has been done to support thts theory There does not

appear to be a srmple, dtrect lmk between technology and structure but rather Ro‘tnplex L

a system of f eedback channels and mdtrect lrnks whtch are addmonal to or lte behtnd the f actor

.lmes m the ftgure repreSent the perrneable lmk to the emnronment ) S

pnce ef fects and product demand 1ssues rarsed by the mduced mnovatton hypothesxs Frgure - “_',4

v

II 3 outhnes theuhypotheSrzed technology structure relatronshtp developed f or thrs research As

A

'_ can. be seen the above scenarro may not be‘a smple cause effect chatn of eve ts The dashed

o : | "v,{

thures 1. 4 through II. 8 show the specrf 1c f lowcharts used to model the relatronshtp
2R

: _thure H 4 depIC[S the structure - technology relatronshtp in 1971 The numbcr of e ;"f"

: ,5 relattonshtps does not appear to make decrsron mdkmg comphcated The one Way causauon of

K

: .'_the f erttlrzer apphcatlon tndex to. output takes mto account the rela‘uvely sxmple f e'ttltzer

-3 e ’

"'.3'3"appltcatron technology avatlable m 1971 oo

/ . thures Il 5 and II 6 illustrate the structure - technology connectton for 1981 wrth the

J;ef f ect of lagged vanables shown in the second -£i tgure Compag\ed to 1971 the model is mbr—e

‘fcomplex WMere the number of relatrt)nshtps has rtsen As well each lagged vartable tends to

have an ef fect on at least two vartables in 1981 suggesttng a growmg complcxrty in. dCClSlon - 3\

maktng where athe producer is partrally bound by past decrsrons SRS '-_" T

A

: AN
" In 1986 fi tgures II 7 agd II 8 show the number of relatlonshtps mcreased to the pomt

'»where 1t bEcomes dlff 1cult to separate "any two vanables from the rest of the system As well
: v

:“‘the,lagged effecf f; rom 1981 mcreased to the pomt where most vartables m 1981 tnfluence at

‘_: least four vanables tn 1986 The tmpltcattons of these ftgures suggest that as: the agrtculture

' sector mtegrates mto the general economy. decrsron makmg becomes 1ncreasmgly bound by

Py

:former decrslons - B R

Quantttatrve anaIysrs of the technology structure relabonshtp at one pomt in ttmc

»enables understandmg the complextttes of the assoctatton. Companson ol' dtfferent pomts trt . vf- ';

\

'ttme facrlttates the understandmg of thts relattonshtp as it ;noves overmme ‘l'he complextty of

_ _.the\te«\.msbgy - structure relauonshtp mcreases ver ttme as. the producer becomes more :

.
t .
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integrated with the general cconomy: the T igures illustrate the increase in complexity. . - -
.. F. Research Hypotheses - § s

Hypothesrs One ,

—med I actor proporuo ) ompnse structure Over trme producer A to expand therr Ce

Iand base and. mtcnsrf y the us
. mtcrmcdtate mputs A decrsron o’ cxtensrf\ and/or mtenstf) 1he farm operatron through

T the adopuon of new technolog) and/or a capttal purchase may sxmultaneously change the -

v

" lcvcl o&output the use of factor mputs and the technologres emploayed on the farm

’ Undcrstandma the mteractton between output the factor mputs and technologv was
S .

vrcwcd as undamental toktjhe analvsrs of farm structure and techno y The general

workmg hypothcsrs was that athe mteractron among output the factor mputs arrd o
- SR

technolog) was srmultancous P \ R

. Hypothc'sis Two Do S - ' '_ S R
The tausal relattonshrp between structure and technology may be qurte drf ferent
) durmg and f oIlowmg an economrc boom than follomng a recess:onary perrod In |
" cxpanstonary p riods producers tcnd to anoy mcreasmg‘cOmmodrty prrces and
’ appreuaung Iand values. Durmg such an- expansronary perlod as. Lhe 1971 - 1981 decade

.ammtural lendmg pohcxes were centered around mﬂauonan expectanons for the prrces .:
e
of the factor mputs Favourable economrc condmons usually ailow the pl‘OdllC"I‘ more -
casrl) {o obtam fmancmg for the adOptron of larger technologtcally advanced machmery
_and Oequrpment Such a change in technolog‘y may mduce a change in the caprtal/labour .
caprtal/land and land/labour rauos ) e

P .

Durmg perrods of declmmg commodrty prrces and land devaluauon p.roducers

a) not be ablc to obtam fmancmg for technologrcal adopuon Structure may be hmrttnb
/ S
"_to technologtcal adoptron such that technology may be sought which is complementary to

f of- f‘actor mput'szpartrcularly Iand la our caprtal ane}- ., o



their present structlite. Suéh'anﬁexample'would be the. »addplioh of né\iv'" fértiliier‘

g iques, seed vaneues and chemmals Lendmg p011C1es throughout thc 1981 Y

than 0 prof uabxlm and repavmem capabllmes of the f arm. Consequently 11 was J .

X "-hypothesxzed that durmg and nollowmg penods of mtreasmg commodm prlces tcchmcal '

change mduces structural change of cereal agnculture in Alberla Thc opposuc o

relauonshxp was hypothesxzed 10 ex1s1 f ollowmg detlmmg rPlauve commodnv pnces In
ﬂ

the time f rame studxed 1971 to 1981 was.a penod of i mcreasmg commodm pr:ces w.hxle -

' 1981 1o 1986 expenenced a declme in. commodm pnces



Flgure II3 Evoluuon of the- Technology and Structure Relauonshlp wnthm a’
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) .,anure II4 T : ' ‘ : 8
S Structure Technology Relanonshrps for Commercxal Gram Producers in - 1971
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AL lntroductron . ': .‘ 'i‘f'r‘. ¥

f‘,';w'-. . \~ - QF‘! @
H}Hl# 'he structure t chnolo@c ,.‘

oY

Chapter IIl traces the methodology us. :" 0.3

*relatronshtp The mteractton of technology a'nd st 3,
- S alEe .
: some abstractrons to be made from the general economrc system .Thrs research was prrmanly S

..v_ DS

: concerned with the supply srde of the- Alberta gram mdustry As such purely competmve

'4

_.ftheory of the tradmonal neoclassrcal f ramework was vrewed as best descrrbmg the Alberta \3
grains sector as well as the basrc economrc unit of study the commercral gram producer |

“ Imtrally a number of variables descrrbmg both structural attrrbutes and technology

‘ cmployed per farm were developed l” rom whrch correlatron matrrces were studred to’ examtne

| the mterplay between/yarrables Srmultanerty was hypothesrzed to exrst amongst a nurnber of
vartab]es Srmultaneous equatton models along wrth smgle equatton f unctrons were used to test

_ the fi 1rst hyp@thesrs desmbed in chapter I The analysrs IC]CC[Cd t‘te hypothesrs ol‘

Based .on the above analysrs a smgle equatron‘approach was used to examme the.
' relauonshrp between structure and technology Three structure varrables capttal/labour,
-‘land/labour and capttal/land ratros v/ere. developed while four technology varrables.,
mechamcal btologtcal mten%l' rcauon (gram and cropprng) and sales per acre were analyzed

. ,The results of the analy sis are presented in chapter V. .

| The final part ol‘ the chapter outlmes the data sources and collectron procedure
Prrmary data fi ror 27 east central Alberta grarn producers provrded the ev\identtal base for the
research Cross sectronal data f rom- three pomts in time; 1971 1981 and 1986 was used in Bt{%

. analysrs



"B. Vanables Used for Testmg the Hypotheses

The f undamental components to structure are the f actors of productron uSed in the -
'; . farm. Prror to exammmg the relattonshrp between structure and technology ,,the lmk between
: '-the f actors of productron technologres employed and sales per f: arm had to be understood
\‘The f rrst hypothesrs of the research was that a srmultaneous relauonshrp emstcd amongsl sales
- per f arm the f actors of. pr.oductron and technology in 1981 and 1986 The year 1971 was

excluded from the analysrs due to a’ lack of data prror to 1971 The f ollowmg varrables were

<
v,

‘, establrshed to test the fi 1rst hypothesrs of srmultanetty _
. 1 Ilnproved area per farm = cropped acreage + summerfalrow + lmproved land for :
.' pasture + other 1mproved land ‘ . , | B | ‘. . |
R ".Croppmg mtenslty = (total 1mproved area - summerfallow area) V4 total tmproved area . -
3 'A..G}nm mtensrty = (grams and orlseeds area) / total 1mproved area. ‘: -
j 4 | Caprtal (Machmery) Value perhm = market value of tractors combmes and swathcrs :

fper farm whtch were vrewed as representatrve of the capttal value per f arm Capltal was _' .

: deflated usmg the Machmery Pnce Index where 1981 100 ﬁ S . . S

s, _Labour use per farm = person years of laHour = [(300 Days}of off f arm work)/300]

?"’;, + [Weeks of pard labour/52] . B :)‘; ' R ‘.-' 3 |

6. Total Valuf of Agrlcultural Products pcr farm = grams and orlseeds + other farm |
mcome * carryover + onfarm use OUKPUl Was de“ateﬁusmg the Farm Input Pnce B
IndeA with 1981=100. BRI _ 7?‘3‘ '
G’Jperator age S ', . 4‘ : / A

. Off- farm work rented area per farm orgamzauon and mterest patd were also ,' L

-

@l

’I'he technology vanables presumed to reflect mnovattveness were @

- 1. Mechamcal technology = drawbar horsepower of the largest tractor

>.,. . 5 . m



‘-2 Btologtcal technology type of apphcator used f or applymg supplemental Nttregen The

.'.‘appllca‘mnmdered were deep banders cold flow system anhydrous ammonta broadcast
...t_and a consrderatron f or no supplemental nxtrogen apphed An mdex value was assrgned to '
| ,'each appltcator accordmg to tts mtroductron date where the most recently adopted fertrhzer '-
’apphcatron technology was consndcred the most’ advanced technologv An mdex of 100 was
allottcd 10 decp bandmg as’ the most recently mtroduced technology An mdex of 95 was grven ..
1o cold f low apphcators W]’llCh were adopted around 1986 whrle an mdex of 90 was assrgned
: to anhydrous applrcators adopted durmg the'mid 1970 's. Broadcastmg Was consrdered a lower .
A‘ . lcvel of technology such that a value of 70 was gtven lo those producers usmg broadcastmg
j‘."-An mdex of 50 was gwen to those producers not applymg supplemental nrtrogen An equal
, mterval mdex usmg 4,3, 2 1or 0 for. the f ive levels of f ertihzer technology respecttvely farled
lo produce srgmf icant results in all models. | | ‘ o ' .

The above vanables were developed for each of 1986 1981 and 1971 Wlth the _
_ excepuon of the labour vanable a}'htch was not avarlable for 1971 Tab'l‘e III 1 gnles the mean
~._:"31“°5 and standard devnanons f or each of the v,anables used in {he analysrs A skewness |
""_',coel fi 1c1ent was calculated for each vanable on the basis of the mean mode and standard

dcvratlon 31 From IhlS tt was determmed that each vanable was normally dtstnbuted

The f ollowmg structure ‘and technology varrables were estabhshed to test hypothesrs

; IWO ; ' . ! - S "‘—:;f Dt
. L}
Structure vanables

1. Capltal-labour ratio (l\/N) ‘ R >

r.i

—-Land - labour ra’tto (L/N)

3. Capttal - land ratlo (K/L)

.Technology vanablcs e .

L Mechamcal =-horsepower (HP);

2. Fertilizer abpl.icator index (FERT); - o
"Kcndall M G and Stuart A, The Advanced ’I‘heory of Statrsttcs vol 1 ‘,l.-_lafner
Publxshmg Co New York 1958 : ' :




m
G

l.3 | Grarn mtérsrty (G) R

4. Sales per acre (Y/L) | . o | ‘ { '_
Gram mtensrty reflects the rotauonal chorces of the producer Followmg Ruthenberg s

thmkmg fa arms wrth hrgh gram mtensrtres are consrdered to be more developed and recepuve

710 new technologresrn the grarns sector Sales per acre captures changes 1n éﬁvenhancmg

e .
RN

_’ bro chemrcal technologles whrle 1t : _reahzé’d that market factors mcludmg reaI prrce

changes and varta_ble weather'patte over the census d1v1s10n aISP mfluence sales per acre’,
b T s : - ’ - . f\ . N - [

NS

-C Relatlonshrp between Output Input and Tecfmology Vanables
| ' Accordmg to Ruthenberg, the structure of any f arm at any\pomt m txme lS the result

X of mteractrons between the mternal relatlons of a farm and the precedmg st,a\te of the

.
-

_;envrronment 3 As well to quote Bouldmg, The more complex the system we' are consrdermg, .

c

'the maidlffxcult it is to: apply any srmple concepts of cause and effect "“ e

he frrst step m the estrmatton of the structure technology relatlonslup, was to N
’\ : SN
.examme correlatron fnatrrces for all the: varrables rn,each year as well as between years to
_ L _
, account for any lagged effect ‘The sole purpQSe of thts procedure was to estabhsh a

f ramework for further modellmg Table III 2 grves the correlatron matnx for each y frwhrle |

Ve

: Table IIL. 3 presents the correlatlon matnces between years _ . ' ‘
| The results show there to be no snmple dtrect relatronshtp between &he vanables whlch
can be supported on a pnorl grounds As well over the f 1fteen year penod the number of

"srgmfrcant coeff rcrents mcreased suggestmg an expanded complexlty of the mput output and

' A R

. technology relatronshrp To model such a relauonshrp, a s:multanogus equatton model was : + '
/ . : e s K

' used.for further analysrs D Y "7'_-, _ "'_'\\-r.i"igf '

'1 “C opping mtensrty was also med However the results and srgmflcancc levels dxd g
-not ‘change. . -

- ¥Rut enberg. H. Fannmg Systems m the - Tropics Oxford Umversity Press.: 1976
“Boulding, . K. The Economy as an Ecosystem,: Systems Economics, edrted by K A
_Fox and D G Miles. ‘lowa State Umversrty Press 1987 p 9. .o




'_f"Table III l. Means and Standard Devrat 'ns of Structural Attnbnte and Technol()gy _
- Variables for'a Sample of 127 Commept ‘l Gram Producers in. CD. 10 of Alberta )n
1986 1981 and 1971 ‘» ;j-' IR v‘ LR o

. ;/ . . e .

. los6 , Coam 1971 e
Mean :»'.'Std Dev Mezn‘ ""Std.,Dev Mean Std Dev

“Saies .('reén) EEC 78;.;23'9-'j'- B0 w6 G 105,-130.‘ GE
'.'Am ey : s ,“23‘”: 903‘“ ;d-'_‘:‘1'3-,". 153, l'_-fv3,°5 -
'~I',abour (person‘yrs) / 108023 .1.0'1_. ‘ 038 R
Capltal (real) 7_0.,0'1'3_1' 45_,\43_‘1'-_'-' 67481 41844 30,651 19299
Fertilizer mdex36 17 9 17 S 64 | 13
Horsepowcr 1/36 | 45 116 40 oo o 25 |
Copmény . 0® ol om0l om  om
'«'Gram mlenSﬂY "' “' 069 " B 0.18 o 017 - © 0S8 '_ om :

“Note: All vanagles aré-on a per. farm basrs e o

Sales and - capital values: werg ‘deflated using Farm Input Pnce Index and Machmery
Priee Index respecuvely, wrth 1981 100 ' s o

F3



_;.Table III 2 Correlatlon Matnces fot Factors of Productlon and Technology for a -
- Sample of 27 Commerclal Gram Farms m CD 10 qjl Alberta 1986 198L and 1971

};1986 R

:SALES (Y) 1 0

".ﬂ' S
R

’f <

//..

.‘.

‘LAND (L) 0540 100

| _(G)

‘LABOUR (N) -0:20 . T021

-"'-CAPITAL (K) [ 067 -0.59*
FERT. = 0-,,40, 0.56%
HP. . 0407 0577
AGE . 0.3 014
. CROP“INT (C) 037 025

'GRAIN INT - 0.9 _0‘07.-,"

¢

"1.00.
0.65%
-0.31

-0.01:

++0.01

--0 11

‘,,0‘47 |
+-0.10

0.304Mm0.23
oze P15

®

".K FERT

100
»-0 24
“0.36. -

053¢

HP

100'
01 oo P
é‘

-0. 37

B AGE C

00 -

LU

SALES. (Y) 100
LAND (L)~ 0.55* '1.00 -
“LABOUR (N)  0.19 0.2
" CAPITAL' (K) = 0.28 . 0:64% -
FERT . . _036 053 -
HP © . 036 . 055
CAGE " 038 -0.36 -
:‘CROP INT (C) .0.32 . 027

~GRAIN INT =~ 0.18 0.18

9

o

'SALES (Y) . 100
CLAND (L) " 028 100
CAPITAL (K) 023" -0,52*
CFERT . 021 0.6
"HP 020 045

044 100

- 0. 77% 0.41.

. --0.14  -0.28

022 043
0.27 . 0.22-

LK “FERT

100

-0.26.
0.19

L 0.60%

100

-0.32"
-0.46 0.52%

HP. - AGE "C

100

\

G

o

a0

i

)

_AGE" -0.18 0.03

°CROP INT (C) 044 --0.07

,GRAIN INT 026 0019

-

© L

.Note all vanables ar"\on a per farm basis. . * mdlcates coeffments are- sxgmfncant
~at 1% level of 51gn1f1cance \ : ‘ e

1o
2021
0.76%-
- 0.15-
20,08 -
0.10

-0.15  -0.07

1022 - 0.01 -0
021 041 -0.

"FERT HP

100
0,08 1.00 .

. AGE




Tahle I11.3: lntcr Year Correlatron ‘\’latrrces ‘for Factors of - Productron and Technologv’_
for- a Sample of 27 Commercml Gram Farms in CD 10 gf Alberta 1986 1981, and

Wl

1986

SAl ES (Y ©'0.86% - 0.64* 0.16' - 0.41. - 0.54* 038 -0.38 042 021 .

s LAND (L) -~ 033 0.83* - °0.41° 0.66*. 028 045 " -014 005 . -00L -
LABOUR' (N) 031 024 0.64* 019 006~ 019 " -0.01 017 0.6 p
CAPITAL (K)  0.67* .0.63* 0.56* 0:67* 0.35 -0.64* ~-0.22 024 -025 &
FERT ~ . 7034 060 0.5 045 045 - 043  -010 002 -0.03
HP 039 053 024 0.69° 0.14 - 074° -024 032 048

. AGE ~ 0 -038° -6.36 013 -0.4 . -0.28 * -0.26 - 1.00 - -0.32 - -0.46

- CROP INT.(C) 038 .0.37 - -0.}6 042 046 0.34 - -0.11 -.0.50*.. 0.18
GRAIN INT 023 - 0.24 -0.08 0.39 -0;28/ 0.69* -0.37 0.24° 0.81*
. .Y L N . .K _FERTHP AGE C G

“ i
19814 : | |
SALES (Y) 060 020 026 <008 030 038 039 019 -
LAND- (L) 027 . 0.66°7 034 013 038  -036 029 038
CAPFFAL (K) 033  0.61* 0.67*° 019 . 0.69* -0.14.028 045
FERT. ' 022 047 020 050° 030 028 022 022
HP . 030 048 061 006 066 026 005 050%

CROP INT (C) 035 004 '001 040 001 -031 048 .40
GRAIN INT 015 003 020 013 031 -046 -0.02 A6l"
() o C e T R
e Y' L. K. FERT HF . AGE C- G

1971 L e
. . . . N .> :‘f-:" ‘ _u_ - N
Note: all \arxables are-on a per farm ba51s -, gmates coemuems arc sxgmﬁcam
~at 1% level of significance. .  SALCHE S
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D Srmultaneous Equatlon Models ‘ , S ‘

CA srmultaneous equauon model Jombtl\7 estrmates the behavror of all varrables The
purpose of a system of equauons is to explam to predrct and to control a set of mtergelaled
v rrables Consrder the f ollowmg three equauon svstem adapted f rom Pmd\ ck and -
Rubmfeld s : . . v ‘ -

- h';zao- +.'a;Y3 74'@;&"3'-_},&rz;,:,+'agz: twmo "i T _A°"
?-,.:.ﬁ.o + P, Y,v~.+ dY,+ BiZ, + BZ; +'.u, -

| Y,-yO + y,Y, v+ 'y\ + 7.2‘, + 752 + u:

As shown Y, Y,, and Y, are endogenous whrle Zl, ai@ Z, -are predetermmed o :

Sy o

. vanables It is assumed that each error term is normallv drstrrbuted wrth a mean of 0, and
constant v%rrance A Luither assumpuon of no- contemporaneous correlatronobctwcen

‘ equatrons can. be added fh the case of exactly 1dentrf 1ed models or whcn absence of

: correlauon is theoretrcally plausrble The above model 1s most commonly esumated usrng
elther Two Stage Least Squares or Three Stage Least Squares, dependmg upon 1dcm|l' rcauon

and the exent ef cont@mporaneo’us correlatron between equauons 3

The specrfrcatron of a system ol" equatrons drrectly ef f ects the drstnbuuon propemes :

of varlous estrmators as well as the method of estrmatron 3 Important in thc specrf 1cauon is
the classrf 1catron of vanables mto endogenous and éxogenous varlables The exogenous and
lagged varrables are known as the set of predetermmed varrables ' » o LT

' As menuoned earher the questron of predetermmedness is usually settlcd bcf ore or at‘f' :
the ume of specrf 1catron of the function. However lo establtsh a proper relatronshrp betwccn :

tructure and technology vanables the quesuon of endogenerty should be consrdercd The

Wu Hausman endogenerty test was employed 10 facrlltate the specrf xcatron of the structure

N

: ”Pmdyck R S. and Rubmfeld D.L. Econometnc Models and Economrc Forecasts,
:McGraw-Hill Book Co. 1976. pp. 266-268..

%For-a review of estimation methods mvolvmg srmultaneous equatlon models see :
Johnston, J. Econometnc Methods, 3rd ed.” McGraw Hrll Book:.Co. 1984 pp S
439-492. B

"Wu, De*Min, "Tests of Causahty. Predetermmedness and Exogenelty.". lnternauona[ <
Ecanomtc Revzew Vol 24 No 3, October 1983 PP-- 547 558 : L

i



. technology,"relationship.,“' L

- ‘ o ‘ '
. V]odellmg Srmultanerty in the Input Output and Technology Relatronshrp

The l” ocus of thc f irst hypothesrs was on the 1nput output outpm technology,
caprtal tcchnology and land technolog\ relatronshrps Two models one f or each of 1981
and 1986 were’ estrmated usr\g cross sectronal data l"or current and lagged varrables Four E
submodels each mvolvmg erther a two or three equatron srmultaneous sysrem were-
csttmated based on the followrng assocrauons (1) mput output submodel (2) |
. output- tcchnology (3) caprtal technolog\ and (4) land technoloey submodels The '
j '_submodels were esumated for each ol’ the. two ume perlods '
Actual levels of the mput output and technolog\ varrabtes were used in the »
E analysrs The general form of the. srmultaneous model may wrxtten_as -
| —‘t’,B+X,y+u’ | | ,
: where y.is the (ocus varrable Y, a matrix of current endogenous varrables and X, a matrrx of :
. predctcrmmcd varrables Under ordmary least squares (OLS) all coef frcrents would be biased ‘
and mconsrstcnt due to the correlatron of"Yl wrth i, T’ﬁe erl'or tetm. To solve the estrmatron '
problcm of srmultanert\ _the systcms estrmatron technrque of. Two Stage Least Squares (ZSLS)

[

was used in the analysrs el All equauons were alse estrmated usmg OLS from whxch

_ Wu Hausman cndogenerty lests were perf ormed on current structure and technology

-

varrables 0N

The Wu Hausman test measures thc drf fe erence between tﬁs an estimators,
' standardued by a varrance estimator. Consrder the followmg equatron ) : o ‘
bHP+yX+u ’ : ST o

- “For -a . good explanatton of }efﬁ’u Hausman test see: Thurman w. N "The

" Poultiy- ‘Market: Demand Stability and lndustry Structure,” Amerzcan Jo.rrnal of

- Agricultural Economics, Vol. 69, No.l, February, 1987. pp. 30:37.

~YThree Stage Least Squares was also ttied, but it was found ' there was. not

significant contemporaneous correlation “between - equatrons SN

- **The. . Wu- Hausman test was. originally apphed in supply- demand analysrs under a
eompetrtrvc framework.  The use of the endogenelty test in this study was consrdered

a new apphcatron of the Wu Hausman test. s
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Ho sxmu]taneous _ Ha causal’ o Gl

. !“y;". sl o, L s

where Y and HP are output and mechamcal rechno]og\ respecuvel) X 1sa matn\ of e

' predetermmed varrab]es and u is rhe error Lerm Undeﬂ)mg the allernatrvc h\ porhesrs of

Ty
5

k<4

causam) are two. dlsunct relauonshrps umdlrecnonal and bldll'CCllOllal A bid 1rccuonal

5 o

S relauonshrp between [WO vanab]es sugaesrs.there isa feedbacl\ ef f ect wh&:rcb\ a changc in lhc

<
&

first’ \arrable vxelds a change in lhe second varxable whxch in Lurn has a fccdback cﬁ ccl on

*
14

the frrstvvanable -'T_- P I . ‘ ‘ RIS _

- If‘h' 15 the__e_sugnvator_ from an OLS regressron ar{d > lhc esumallor’ from 2SI S 1he
test stausuc can be'show‘r“: as: ' '. : - i - | | |
LTSV e ey
where V(q) Var(b) L(O2 OLS)/ (0 2SLS)!} Var(b ) L P

HO COV(HPu)—O DR EE

T 1s asymptouca]ly chr square A lafge vaIue f or T rejects the nu“ll h) pothesrs of
predetermmed mechamcal technology o RN ; ' .

R e >

Each submodel served asa basns for specrfrqauon of the next submodcl whcre lhc

degree of enddgenclty and colhnearlty were uncovcrﬁd whrch f acrhlated g’re devclopmcnl of B

;.

B

vthe next submodel Results of the analysrs are gwen m Appcndq. CuThﬁ anal)sxs chccled the

l\‘

4esearch h&poxhess of. sxmultanelty among all’ relatronshlpS,a Thdref ore, the

4
structure~techno]og) relatlonshxp was’ examxned usmg smgfe eqyauon f uncuons

' . ] o O A
. I

'E. Modelhng the Structure-Technology Relatronshlp e E

As dutlmed earher m the chapter three suucture and f our technology vanablcs werc L

used in, the analysxs The second hypothesrs pertamed 0] two ume penods (l) 1971 to 1981

' and (2) 1981 10 1986 The 1971 to 1981 era was characlenzed by mcreasmg commodxly prlces

and apprecratmg land yalues whxle the 1981 to 1986 penod encountered a downward shdc in
both crop prrees and land values R A - :
.. v,‘r ,l C, ,;l“ ' \ o l‘t,/ | : ';; # : “{_:’ - {' - ‘ o
e YN ) . e K » >

]

;.\?

**Thurman, - W.N., Endogenelty Testmg 1n a Supply and Demand Frarncwork The '

Revlew of Econonuc& and Slausucs ;1986 pp 638 646 % - o h

. “ W f :



The lack oF prevrously reported rescarch on: the relauonshrp between structure and

R tcchnology was outlmed in: chapt 2. Neoclassrcal theory rmplres a one Way causatron of

the f orm of a trme trend or as a change in the

' technology mducmg structure.. usu;ally i

r' 4, v
. resrdua over__trme Other :e'§é"arclf hasguse“” changes m relat/r_e\f:ﬁtor prrces as a proxy for

S
thrs@esearch technologv proxres are tn the form of presumptrons

.‘ _'techmcal change whrle’:_
: about rhe mnovatrvcness of the produccr captured in the level of use of technology at any
"one pomt m trme Three models ‘were developed to determrne the relatronslnp between
-structure and tcchnologv on Alberta commercral gram f arms Each model mvolves
_ .mdcpcndcntl) esumated( smgle equauon submodels The first model descnbed the ef f ect of the .
four technologv varrab‘es on’ each. of the structure varrables The equatrons can be shown , ..
as: 14 | |
| vlog K/N = logA 1. p'logup..; B: mgr‘sm + B,logd + Bgrog‘(Y/L)'

log L/N = logA +- mognp + B, logFERT + BlogG + ﬁ.log(Y/L)

log l\/L = logA + B logHP + B logFERT +. B,logG + ﬁ.log(Y/L)

Each’ of the above equauons was estrmated for 19'71 1981 and 1986 HP auu FERT
were prcsumed t(% be both capttal ‘and land usmg wrth the caprtal using effect outwerghmg the |
land ef f ect.. .An mcrease in l-lP mduces an mvestment m a larger tractor and freld equrpment |
whrle enablmg the producer to cover more acres m one day A change in; ertrlrzer applrcator o
.to say, ‘an arhydrous. appltcator f rom" broadcastmg would requrre the use of a larger tractor

’:As well, vreld advantages and potentrally mcreased profi its assocrated with newer

: 'tcchnologlcallv advanced applrcators were presumed to mduce producers 0 mcrease therr land
‘ base. As gram mtensrty mcreases producers tend to reduce therr ltvestock operatron Whrle

‘, ﬁthe movement towards gram productron would allow the producer to drspose of some lrvestock X
: related equrpment, the added mvestment in gram productton machtnery was presugred to be

. grcater An mcrease in sales per acre, resultmg f1 rom mcreased yrelds from the use of better '
' seed varretres f ertrlrzers and chemrcals would allow the producer to f orm and f mance capltal
for new machrnery apd land extensrfrcatron .

41Semi- log and Hncar forms were’ also’ tned in the analysrs however the double log
‘form proved }6 grve better results overall :

«



gﬂe second model outlrned the reverse ef f ect of structure on. technology The

» caprtal/labour and land/labour vartables were used as predetermmed vanables The equatrons

"t_afe descnbed aS follows - A_ SR : i . o P

?

Tog Y/L = logA + B,log(L/N) + B log(K/N)
log FERT = logA + B log(L/N) + tB,log(K/N)

R

ClogG = logA +B, log(L/N) + p,log(tuN) S B

s
‘ Lo

- The structure varrables L/N and KfN were presumed to posrttvel) ml" luence the technolog)

1-2

, varrables Producers with; %}ugher ‘L/N and/or K/N ratro tend o be more technologteally .

mnovattve in.an attemp oma“mtze prqf tts whtle mmtmrzmg rtsk

\v

The thitd model exan‘tmed the relatronshrp between 1981 and 1986 values l" or the o

K structure and technology vartables On*!/ the best f uncttons from the abovc two models were L
' used m the analysrs The equattons can be descrtbed as » | o .
.. log K/N logA + B, logHPn +.,B2 logFERT., + B, logG.l . ng(-X/L~).;f' ‘ -
" vlog\L/N logA + B logHP., + 31 logFERT., + ﬂ, lOgGu B;llog_(:_Y"/L),,
‘.log Y/L = logA + 3, log(L/N)., + B, log(K/N),, S '
10g G = logA + B log(L/N)hj{l\Zﬁz og(K/N)y -
| _where the lef t hand side variableS are at therr 1986 levels and all rtght hand s1de vartables are
. at 1981 levels All vartables were presumed to have a postrve sign, wrth the explanatrons
1dent1cal to those grven abgve «The results f or the above three models are gtven in the
F ollowmg chapter . S | . 7 ' _ _ ’
The f irst order test crrtena used in the analysrs were the F test and - test Stgmf icance A‘
m the context of l‘.hlS research refers to statxsxttcal srgmf 1cance Cross sectronal analysts usually
.‘,:f"vg(ves lower r—squared values due to the exclusron of lagged vanables Consequently. lower r -'
:values were tolerated A 1% level of conr iderce was used m the F test to determme whether | 3
the regressron explamed a srgmf 1cant amount of the vartauon in the depcndent vartable Cross .

secttonal analysrs tends to nge weaker t values such that in the analySts levels of conl' 1dence

' 'were taken up to 10%



F. Datav Sources. -

i

Charactensncs of the Study Area . \

Thrs research concerns dry land farmmg in Alberta Census lelSlon 10

3 . .

(east- central Alberta) was chosen as the data base CD 10 is comprrsed of the countres of

..

Iamont Camrose Beaver Mmburn Two Hrlls and- Vermtlron Rrver Frgure IIIl

1llustrates the arca of stud)

The area contams no s1gmf1cant 1rrrgatron wrth varymg degrees of lrvestock

j«mtcnsrues “The soxl is dark brown 10 black chernozemrc with a morsture classrf 1catron of o

- subhumid.. There exrsts a. pocket of black solonetuc sorl in the lower central area of the o

'census drvrsron The sorl temperature class is cold to moderately cold cryoboreal havmg a

qr,

o moderate growmg seasbn wrth an msrgmfrcant soil thermal perrod over 15 degrees Celsrus ‘

e

' The Populatron

Only producers derrvmg the mayorrty of therr mcome from commercral gram i

_producuon are of mterest to thrs research ‘A commercral gram producer was def med as'a

farmer who owned/rented at least 320 acres w:th 100 acres or more m crop The

prodt1cer had 1o satrsf y this restriction in all three years 1971 1981 and 1986 Thrs

o classrl’ 1catron ruled olit hobby f arms market gardens small part trme farms ranches and :

£ ecdlots whrch d1d not meet the crlterra

Census data shows the number of commercral grain producers declmed over the

1971 1981 decade by 17 per cent from 5353 1o 4442 wlnle the average farm size rose by .

- 30 pcr centto 7_15 acres. Provmcrally‘the average'fa_rm size for 1981 was 863 acres,

. ',r'cp'resen_tin"g an increase‘olf’ 26 per«cent from 1971,

Samplmg Method

Y

e" '

Data collectron rs perhaps th?ﬁ%m 1mportant stage in research as it strengthens

'model burldmg and grvgs credence to mterpretatrons There are varrous means of

| :collcctmg data dependmg upon the research t0prc and resources aVarlable The fi rrst and _

' -r'most common source is pubhshed secondary data "The next wo sources observatron and,

,e-
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,_ ':'3‘8
R eXperrmenlauon are prevalent in’ the physrcal scrences The f mal source and the one -
: ,v'employed in thrs research was mtervrew and survey methods ‘lvplcal of the socral
:‘scrences o . . : | |
On-f arm mtervrews and marl out’ questronnarres provrded the evrdentlal base for
: o
- the measurement of technology and srructure of. cereal agrrculture The samplmg method
% was two stage l) Lownshr(p samplmg. and 2) commercral fax}ﬁ enumerauon |
In stage l townshrps wrth less than or eq=ual to 12 secuons of CLI 1,2, and—3
sorls were: excluded elxmmatmg areas wrth a predommance of lrvestock As well,
I rownshrps wnh greater than 5 secuons of. land in non agrrcultural use were excluded
Non agrrcultural use was def med as the secuons bemg desxgnated as a) crown land b)
: 10wn or vrllage c)provmcral or federal parks d) prlvate or government owned grazrng :
J reserves or e) subdrvrsrons Townshrps \mh wa{er ‘bodies encasmg greater than
"‘ ( lwo thrrds of the- land were also excluded Thrrty townshrps‘were randomly chosen from

S
Vhe remammg 154 townshrps in CD lO ,“

} g In the second stage every. farmyard was vrsrted in each of lhe 30 townshrps to

d,etermme the degree of commerérahzauon of each f arm Only those producers

zconf ormmg to the gurdelmes establrshed fora mmrnum commerc1a1 farm size were sem a.

2 follow up mall -out questronnarre R -

Stages of Dat'r Collecuon . . a, ‘ e

The ddla collectron procedure was dwrded mlo two stages. The f 1rst stage
employed on -farm mtemews while the second stage used marl out’ quesuonnarres wrth a
phone follow up.. o -

Thlrty townshlps were vrsned in CD 10, wrthm whrch there were approxrmately

500 f armyards A copy.: of the fi 1rst stage qucsuonnarre rs contamed in Appendrx A. The

) main purpose of “stage I was to determme if the producer met the criterja establrshed f or a

' S ' Commercxal gram producer The remarnder of the quesuons determmed land use, |
7".’ blographrc and socio- economrc characterrstrcs (?o allow comparison of the producer to the

, ! Ccnsus of Agmculture averages for 1981

/ A

‘ . . o . R .



ﬂ £ N

.‘ . .
, The second stage of data collectron dealt only wnh the commercral gram -
: 'producer The purpose of thlS stage was to obtam detarled structure. and technology
mformatron for the years 1986 1981 and \‘1971 As well ‘the survey was dCSlgned to “ -
acqutre data concernmg f armmg hrstory, f uture percepttons and mouvattons for / -

;changmg technology R S | I o o '_ | ' f“ B

The questronnarre along wrth a. covermg letter was marled to 3’2 commercral
grain producerst A phone f ollow up procedure was, used to encourage the producer lo f 1ll |
. out and Teturn the questronnarre 45 questronnarres were retur‘ned from the ohgmal
numbgr sent out 0 producers ' ’

Response bias was checked through the companson of land use answers ¥ith the
'answers tt ot land use obtained in the on- farm mtervrew Only one respondent draqd
srgnrfrcantly in hlS land use answers Two questronnarres were -discarded due to errauc '
'responses Two questronnarres were mrssmg therr respectrve sales f 1gurcs f or whtch a
sales flgure was estxmated usmg regronal ylelds prrces for wheat barley, and canola, as
well as the. respondents croppmg data Tests f or normalrty were perfc ormed for 1wo key
; varrables 1mproved land and total rCVenue and all outhers were. ehmmated from the |
data set | . S

The questronnarre covered the years 1971 1981 and 1986 spannmg a pertod of 15
years for whrch there was entry and eern the farm sector. To determme the
.structure technology relauonshxp over ttme; only responses from producers present in all o
years studred were used in the analysrs The f mal sample of 27 farms covered f 1f teen *
townshrps spread over four count\les“in CD 10 | i "
The sample of commercral gram producers was compared to the 1981 Census of
Agrrculture frgures for commercral grain producers m CD 10: At a 98% confi tdence ‘
mterval there was no srgmfrcant drf fi erence between the sample and populatron m tcrms
: of total 1mproved land and person years of labour,‘permrttmg the conclusron that the

sam_ple was an unbrased representa_uon__of the populat:on.‘



Questtonnalre Destgn

“The mttral _on- f arm. survey served as the basig for applytng selecnon crtterra for

'y

_ 4 _
commercrahzatron The survey alsd developed a posrtrve workrng relatronshrp between the

' rcspondent and the researcher Thts survey was structured in three parts The ftrst part

. /
cstablrshed degree of commercrahzatron whtle part two contarned land use questtons to .

determme mtensrl‘ tcatron extensrf 1catron movements over trme The land use questlons
also scrved asa check for: response bras m the marl qpesttonrésrre The‘nal part of the -

BEEEN

survey contamed btographrc and socro economtc questions enablmg comparrson of the y
sample group 10 the census populatron o o L e f

, o oo b

N The follow up marl questronnarre mcorporated a varrety ol” questrons__ﬁammg

o structure and technology. and was desrgned to minimize response trme. Nine parts were :

i estabhshed in the questronnarre Part I as in the fi rrst survey determmed the degree of
. . o

' 7) commercrahtauon The second part of the surve;;e,gwered the vartous types of

E,
b

L orgamzatron while the next part covered land use Part IV asked for the mam vartetres of

wheat barley, and canola in‘an attempt to creale an mdex of mnovattveness for
b brologrcal technology Followmg thts same reasonmg part V covered f erttlrzer use wrth
respect to fi ertrhzed acres, appncator type and pounds per acre of Sttpp)emental Nttrogen
apphed on wheat and barley Part VI asked for an mventory of the veﬁrcles machmery
and equtpmen.t used in’ marm busmess The next part determmed the amount of labor

B

employed in the farm busmess Part VIII estrmated the total value of agncultural SR

products ae‘hteved f rom the farm busmess The f mal part of the questronnarre cover ’the-"

o

producers f armrng hrstory and f uture perceptrons

- G. ;Summary '

N - s §

The relatronshrp between structure and’ technology ls best studted usmg low aggregated
data due to the hetergeneous nature of the agrrculture sector As a result, a pnmary data ’
collectton proccdure was ttsed to collect data f rom a group of commercra. gratn producers‘m

(,D fO who were present throughout the 1971 - 1986 pertod It was estabhshed that the



sample group. based on thexr 1981 responses was r%presentauve of the populatton in CD 10

A srmultaneous equatton approach Was used the dete,rmme the relattonshtp between

. ‘sales per f arm, factor mputs and technology in 1981 and 1986 Each equatton was also A

e

_ .festtmated under OLS esumatxon l”rom whxch endogenetty testxng were: per@med A summary ‘

.',of results are grven m chapter 4 whrle all detaxls of the results are presented in Appendlx C

: i, Based ofr- the results l’rom the’ endogeneny tests a smgle equauon approach was used
o 1o examme the relauonshtp'ﬁetween structure and technology in each of 1971 1981 and 1986
Three models were estabhshed Tl) structure as a fi uncuon of tecbnology (2)technology asa
i -';"_';functton of structure and (3) ef fect of 1981 structureﬁon 1986 tec hnolog) and the cf f ect of

- 1981 technology on wge structur Results are gwen in the f ollowmg chapter

A;: . j.. S

: .v"':frv :

4



= IV.RESULTS

' »A lntroductlon

A summary of the. results f or the frrst hypothesrs of srmultanerty among sales per .

o f arm, f actor mputs and teqhnology 1s presented m this’ chapter Chapter IV also provrdes the

results”of the ahalysrs of the structure and technologv relatlonshrp A doublé log functtonal

: Ay ‘
~form was use’d for all equatrons Table IV 1 1llustrates the mean values and standard ~_f.._,
o , 'a N

’ ’devrauons for. the- structure and technology varrables m each of ‘ three yeé\s— Srgmf tcance

¥

V ref ers to the statrstrcal defrmtron whereb\ in this research all F values are reported ata 1% R

: level of conf 1dence and t- values arezreported up to the 10 level of confrdence

T

,‘ B Hypothesns One Srmultanelty of Output I'actor Inputs and T echnology

The method for testmg hypothesrs one was two phase the f 1rst of whrch mvolved '

‘

'_modellrng the relatronshfps in srmultaneous equatton systems upon whrch Two Stage Least B |
' Squares (ZSLS) was perf ormed The second phase mvolved the esttmatton of each equatron _
through the use of Ordmary Least Squares (OLS) f rom whrch results could be: compared and :
' tests of endogenerty could be conducted Drf ferent specrf 1catrons wherever possrble and |

f unctronal f orms were useq to check for sensmvrty of the Wu Hausman endogenerty tests

The collmear relatlonshtps among, structure and between the structure and technology

' varrables whrle expec%} posed analytrc problems - Sl ,‘ e «

Pour submodel were used in the estrmatton ln submodel 1, tl'tg lmk between output

R

“,'land and capttal was’ estxmated whrle in submodel 2 the tre between land )arologrcal

"technology and. mechamcal technology was. establrshed Submodel 3 mvolved the. estrmauon of

14

T the bond: between capital and the two technolc)gy meaSures Submodel 4 ‘the f ocus model
drsclosed the relatronshrp amongst output and the technology measures takmg mto aecount

' _the previous f mdrngs of the other submodels Based on the correlatron matrrces of the

| varrables between years lagged values were mcluded to ard m the mdentrfrcatron ol‘ the model.

Most models were exactly 1dent1f 1ed Specrﬁc f 1ﬁdmgs for the 1981 and 1986 are reported m

s

\ - . PR
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Appendlx C At a 10% level of confrdence the results of the endogenetty tests drd not, ;eject

' the statrstrcal null hypothesrs of predetermmedness

. T

The workmg hypothesrs estabhshed f or the research of sxmultaneuy between the
‘ omput per farm mputs and technology employed per farm in 1981 and 1986 was re]ectcd
s under the dec1s:on crltenon ol‘ the Wu Hausman endogenerty test Based on the abovc results
a smgle eouatron approach was used to examme the relatronshrp betwecn structure and o

technology in 1971 1981 and 1986

-

s

G S‘tructure“Determined by‘ Tec‘hnology: Test of Hypothcsis Two

Camtal/Labour rano and 1echnology RElatronshrp L | SRR e

o

R The double log f unctlon can shown as:

logT logA + B, log HP + B;log FERT + B,log G + B.log

b : Rqsults are grven in table IV 2 The regressmn 1s srgnrf icant m 1986 and 1971 but not

L .
!

. po trve mfluence on thei(/N ratro in all years

/ Land/Labour ratro and Technology Relatronshrp

The double log function can shbwn as:

m«' .

10g 5 = logA + BlogBP-+ Bilog FERT + Bilbg G 4 ﬁ.log
Rcsults are grven m tahle IV 3. The expected srgns were to be posmve The regressnons are ’_
srgmf:cant in 1986 and 1971 but not m 1981 HP and Y/L are signifi 1cant m 1971 but not
= in 1981 and 1986 G 1s not. srgmfrcant m any of the years: FERT is srgmf rcant in' 1981
_-a)and 1986 HP was posrtwe in- 1986 and 1971 but neganve in 1981 FER’T had a posrtwe )
o effect in all years whtle sales per acre had a negauve 1mpact in all years The coeffrcmnt -

for G was negatrve in 1971 and 1981 and posmve in 1986



'.lal')l'e T\/l Mean Values and Standard. Devxatlons for the Structure and Technology
““Variables: for 2 Sample of "7 Commercnal Grain Farms in. CD 10 of Alberta 1986
1981 and l97l e :

T ‘l,_; .

| 1986 EE . 7
RS : Mean _. Std Dev Mean Std Dev Mean ‘ Std‘ Dev.'-fﬁ"

“Structure Variables - .

'Capiial/llabour' T 62,3800 34673 83141 90,567 30,651 19,299
land/Labour s U3s. 1213 203878330

Capual/Land 80 Lar 6 45 a4

' féchnolbéy Variables

' Horscpower B6: 4 1. 40 a0 25
Fertilizer Appl * . 86 . 17 79°% 17 . e . 13
Grain' intensity 0.69 = 0187 = 071, 017 - 0.58. . " 0.20

Salés/Acie L 92 40 e . 48 w417

’ . - » B

' N'olc All vanables aré on a per farm basis:. Sales and capnal values were deflaled
using” Farm Input Pnce lnde\ and Machmery P{]Ce Index respecuvely, with ‘
1%1-—100 - a R, oI : ,

e
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_ Table IV 2 Structure Represented by the Capltal/Labour ‘Ratio Regressed on Vanous |
Proxies for - Technolog) for a Sampie of 27 Commerclal Gram Pnrms meD l() of

Alberta m 1971, - 1981 and 1986 Lt
g S 1971 . 1981 S 1986

R T 0w .0’.ﬁ41":_’ o 0o
CF L Lomoee T 3 aaees
a s s29 L 0018 Tt .

- » QT 0005 (ot
elastlcmes for: oL T o B It AR
'HP o 142 o056 s

; T (488)r . T S S
'-'_F,ERT Coem et T oe
Lo T (-0.54) L ~,(273,)“- ER L ¢ )
G o f - '_ S0 T e

e (k) R (VX () D R (0.08)

YL ;'*0073’s 0014, 39
, Sl (O 33) +(0.05)
"Table IV3 Structure Represented by the Land/Labour Ratlo Regressed ‘on Varlous =
~ Proxies for Technology for a. Sample of 27 Commercnal Gram Farms. in CD 10 of | -

VAlberta in 1971 1981 and 1986.- - yo
- S ool e A,'.1981 R 1986

v-,:,

.--;Ri’-' R AT Y R o'.é's
N SRR L. 32 S 184 0466
LA (066) - 37)
elasticities for: - T T : ER S
HP . - 0J55 Rk IR ,040 |
“FERT.. = - 0_45__ oo 160 AR _1 19
ST € 03 R ¢ ) L B & BT I

6 . w01 - oo M gn
Tl e 00 3y
R 172)~ o7

Note: n= 27 tvalues ‘are. in .parentheses “All variables are on a per farm basns In :
1971, N is assumed to equal 1. Packer (1986) f‘ound N= 096 for CD 10 m 19715

. *** indicates 51gmfncance at- 1% level of confidence.- . - SR e

- ** indicates significance at 5% level of confidence. ', L e :

. * mdlcates sxgmﬂcance at 10% level of confxdence E— LT



(,apna‘l/Lan,d rauo and Technologw Relauonshxp
; . The double log f uncuon can shown as o S
. _.;log logA + B log HP + B,l’og FERT + ﬁ,log G + ﬁ,log E

) ;‘Results arc gwen in tabie' "4'. As W1th the [wo pnor models the regressrons are

_’slgml' 1caan 1986 and 19‘7. Y, but not in: 1981 HP is sxgmf 1cant in aII three years while

TF'H{T and G are not sngmﬂcam in any of lhe years Y /L 1s onl» sxgmflcam in 1986 The-_-
l‘cocf f' xmcms f or HP and Y/I ‘are posmve m all yea}s as. expected G had a posmve |

i ) mfluence in 1971 and 1981 ar'd a negame mfluence m 1986 FERT had a negatlve .

Y

; ..,‘lmpacl m 197] and ]986 md a posm\c effecl in 19SI The negatwe signs were nol as’
& - N :

’cxpected

AT
~ . Technology [)e'tc,rmin'cd by Structure: Testof Hypothesis Two. -
Salcs/Acrc and Structure Re}auonshxp SR

Thc douglc log funcuon can. show,h as

l

"’"f;img ‘ r—«xogA + B, log(L/N) +: ﬁ,thm)

| Vi ,chsu]lS arL ngen in [able IV 5 Th(e re)gressmn is only 51gmf 1cam m 1986 The in ercept

Ziigsa.rs I‘,/N rauo is s1gmf 1cant in 1971 and 1986 bu?not in

L .-lerm is 51gmhcant in all ‘
e ";1981 I\/N rauo 1s On,ly mgogﬁcant m 1986 The coeffmem, for L/N is negauve in all ‘
‘. Aycarsf Whlch was not ’é,},,p{:qmd The coef f 1c1em for K/N as expected 1s posmv‘a in all

y cars

v 'VPeruhzer App‘féalor Index and Slructure Rclatlonshlp

ng double Yog funcnon can shoWn as:
T log FhRT. = IogA + ﬂ,log(L/N) + B log(K/N)

negatwe sign for or K/N in 1971 The regressmn is mgmf 1cant in 1981 and 1986 The

m;;rccpt terrn is sxgmf 1cam in all three years L/N rauo is only s:gmflcant in 1986 whlle
NN T :
e }\/N rauo is only SIgmf 1cam in’ 1981 &/N rauo had a posmve 1mpact on FERT in all

. \-’

TEEN N



f""l'able V4 Structure Represented by the Capltal/Land /--Rano Regressed on Vanous —_
- Proxtes- £or Technolog) for & Sample of ’7 Commeraal Gram Farms m CD 10 of e
,-Alberta m 1971 1981 and- t986 Lo '

'i o P <! I 1]

V 1971 e 1981‘ AT 1986

R 0w P ,042 T esn
Fr S - "’5 23o.b : A." " a,,'.},i.. : 399, . ’\ ',: L oT.25ese.
T 31\ : R I R 18
T A B (0 68) R & 0.80)4 AR AP ( 087)
elasucxtles for: . ¢ e e S
_HP : x,_,'087 U {087 NS TR MR
L Gaee @ Qg

o o

CFERT- . L a7t o 030 L e \058 RN
RN R € 3B g e A
G oostf om0y ocoow
T s o 01 ~(_oz4) "
YL 2020 s o
R 1) LR

066
: '(338)"7_' L ;

. Note: n=27. tvalues are in parentheses All »arlables are on a. pcr farm basls R
SRied mdxcates significance at 1%- Jevel of - nﬁdence

- ** indicates " significance - at 5% Ievel of - canfiderice.

o mdncates sxgmﬁcance at 10% level of conﬁdence



.-yca;s K/N ratio had a negauve mf]uence on FER’I‘ in 1971 and a posxtrve mﬂuencem

s 1981 and 1986

Gram lntensn) Slructure Relatmnshlp e

- The double log funcuon can shown as: el BN

-/'

*mgc logh + Blog(L/N) + Blog(K/N) o . e

: .Rcsuhs are given m lable V. The regress:ogs Jare not Sngf icant in any of the years

'-l /N rauo exerted a negauvc bul ms:gmf ant mﬂuence on G in all years K/N rauo hadb

- E.

 Effect of 1981 slfuéxufe on Technology in 1986. ’

BN

a posmve and slgmﬂcam Jmpact on

m all vears

Lagged Effect of 1981 Variables on 1986: Test of Hypothesis Two.

-

p Thc double log f uncuons can be descnbed as

.log Y/L_ logA + B, log(L/N),, + B; log(K/N)”_

'log G = IogA T+ Bl Iog(L/N),, + B, log(K/N),,

. Rcsults are gwcn in table IV 8 Nenher regressxon is. sxgmﬁcant L/N rallo m 1981 had a '_',

- "negatxvc but msxgmﬁcam mfluence on Y/L and G in 1986 K/N rano in 1981 had

- Effect of: 1981 .ch-hnbldgy Variables on ‘Strucmfé in 1986. g :

_: ‘ posmvc bul ms:gmf icant ef f ect on Y/L in 1986 and 4 posuve and sxgmﬁcam m‘.;fact‘on -

Giw1986, .

Thc doublc log funcuons are shown as fol]ows . ‘ ’.;

log l\/N = logA + By logHP,1 +- /3, logFERT., + B3 logG,1 ¥ B. log(Y/L)., L

log /N = IogA + B logHP., + B, IogFERT., + B, logGui. + By log(Y/L)., -

) f‘_vanables whxle G had a negatlve and msngmf 1cant mfluence on the structure vanablgs. B

"v-'Y/I in 1981 had a posmve and mgmflcam 1mpa¢t on K/N m 1986 and a neganve and’

Rcsults are presemed in table IV 9 The K/N funcuon is sxgmflcant whlle the L/N

"» f unchon is not sngmﬁcam HP in 1981 had a posmve and sxgmfncant 1mpact on K/N and . .

: I /N in 1986 FERT in 1981 had a posmve but mmgmflcam mﬂuence on the structure
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Table I 5 ‘Technology Represented by Sales per Acre g L
Afberta in.1971, 1981 and . - =

Sample of 27 Commercial - Gram Farms in,CD: 10 of
1986, i 5 | |

a "u'[7..].'~ru1971 B ':f{;;- 1m0

Folo 289 kA o sqyses

e S 13T T 438 349 - e /
T e (429 By .;'(3-93)"‘«- R A
;ae}asucmes far _ Lo L L
LN 068 . e, 025 09
S 'ﬁ ('2-30);‘.'-_ 0 (FLI0N ‘1( -2 71)-' e ‘
KN 00T T 06 04
DT : “(1 39) (098 (3 23)~°"_ :

Tah]e IV.6 Te;:hnology Represented by Fertlhzer Apphcator Regressed on. Structure
- for a Sample of 27 Commercra] Gram Farms m “CD.. lO of Alberta in 1971 1981
' 'and 1986 : v 4 L

e 1981 1986
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.~ Note: n=27. tvalues are- in parenthnses All vanables are on a per farm basPs In o
71971,» N ‘equals 1. : : , Ce
“*** " indicates sxgruflcance at 1% level of confldencc T o
** indicates significance at 5% level of - confidence." ST ‘
e md1cates mgnmcance at 10% level of conﬁdence
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" ':_*Tablc Iv. 7 Technolog) 9Represented by Gram Intensrty Regressed on- Structure for a

. Sample of 2 Commercral Gram Farms -in CD 10 of Alberta in - 1971 1981 andv.
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<
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n=27.
N equals 1.

- Note:
1971

_*** indicates 51gmf1cance al l% level of confldence
_ “level . of ‘confidence.
- mdncates 51gmf1cance at 10% 1eve} of confldence

“** indicates ' signifi

1 values are in parentheses

”',’,i-).:.‘ Y

nece- at 5%

"\5:33
W

All var1ables are on a p¢r farm ba51s In
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_-.insignificant ef fect on L /N in 1986.
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rable IV 9 Influence of 1981 levels of Techno‘logy Proxnes on Structure -in 1986 for
~‘a Sample of 27 Commercxal Gram Farms i CD 10 of Alberta ‘

Dependent Varxable ,'(K/N).6 ' .. _'f(L/__N).:(S ,

- R? ,{ o _0.66-' N ©0.28.
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R T I .(0-36) EE T O € 0 )
~“elasticities for: - . ST e T s
HPu - ; '_, 124 e 058
; CoEasyes (196)“
'FERT e Tt 0.4
o S T (1.36) e .(105)
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" Note: n=27. tvalues are in parentheses -All vanables are on a per farm basxs
- '" indicates significance at 1% level of confidence./ - - - =~ .. .

. indicates sxgmﬁcance at:- 5% level of confidence. o

mdncales s1gmf1cance at 10% level of confndence L
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R % V. INTERPRETATIONS

Chapter V provrdes an 1nt‘rpretatton of the results and presems some lrmrtattons of

the re'search Two hypotheses were, developed fe or- the research Ftrst ll was hypothesrzed the o 4'

""relattonshtp between sales per f arm the factors of produmon (caprtal and land) and

1

technology (horsepower and f erttlrzer apphcator mdex) was srmultaneous in’ 1981 and 1986
/

The second hypothesrs concerned the relattonshtp between structure and technologv in" 1971
- 1981 and l9§6 It was hypothesrzed technrcal change mduced structural changc durmg the
R 1971 1981 perlod of 1ncreasmg commodrty prrces and apprccratmg land values vl'htle dmng

' the 1981 1986 pertod of declr%‘ng commodrty prtces structural change 1nduced tcchmca“l
-‘change L T S T e
Over the 1971 ’1981 decade there was a general mcrease in the values of all structurc =

.and te‘chnology vartables wrth the exceptton of real sales per acre The changmg structurq’ and, :
:‘_i"change in technology proxtes over the decade may hav’e been the result of mcreasmg ' .
commodtty prtces and ascendmg land values. From 1981 to 1986 real cap al s ck per acre .
. horsepower and the fertrltzer apphcator mdex contmued tokﬁ'lse whtle all ‘other vartables
) declmed Producers f acmg declmmg commodtty prrces and land values and a htgh debt load

' reduced thetr acreage whtle adoptmg mechanrcal and ferttltzer related brologtcal tcchnology in: ~

P .
°

., an attempt to mcrease producttvrty | |

| “Two ﬁndmgs specil“ ic to the hypotheses are dtscussed below 1. predetermmedness ol'
all vartables 2. dtrectron of causahty m the structure and technology relattonshrp f or 1971
' f1981 and 1986 a. structure as a tunctton of technology and b technology as a {u unctton of o
structure ’ o SRR : ' .'

. Over the ftfteen year perrod studred 1t. was found there was not srgmftcant
/

-1

endogenetty amongst the mputs comprtsmg the structural attrtbutes and the technology

_ fvartables (Appendtx C) The exogenous relattonsl:up between output capttal and land is the '
. basrs of production theory The lack of stmultanetty amongst all the vartables suggests a ;

: decrsron On one of the varrables does not, mmultaneously determme the level of use of another . ;,

/

‘ vanable be 1t a’ technology or structure related vartable Increasrng collmeartty amongst the



oS4

- :varrables over the pcrrod studred was dtscovere%‘however As well a number of new - : _' .'
relatronshtps appeared over trme partrcularly between currenf and lagged vartables These two /
. fi mdmgs 1mply a movement over trme towards srmultaneous‘decrsmn makmg, or mcreasmg

'j‘:"'._complexrty, mvolvmg omput mputs and the technologres employed The ]ogtcal consequence .'
. '-:‘of this evolutton is a more strrngent structure moulded by. p‘Fevrous technology and structure g
‘ngrclated decnsrons and constramed by the abrht\ of the producer to form and fi mance cap;tal
for structural and/or techmcal changes | . _ |

Once havmg est?blrshed the llkelthood of one way causaltty the dxrectron of causaltty .
. _‘.betwcen structure and techno]ogy was tested f or 1971 1981 and 1986 The fi 1rst step in the -

1~- d

»: anal)sls was to exaame structure as a f unctton of technology Refer to Ta<bles IV 2 IV 3 and e
- Technology had a srgmf 1cant 1nf‘luence on all three structure varrables m 1971 and

'1986 No relation could be estabhshed for 1981 possrbly due to the hrghgstandard devrattons BN

_ol the caprtal/labour and land/labour rattos for that year Samphng error may have -

) contrtbuted to the results for 1981 However one would have expected the vanance m 1971 to i B

- be. larger strll Wthh grven the desrgn ol‘ the marl questronnarre asked the producer tp ans,wer o

the questrons one at a txme f or each o. 1986 1981, and 1971 Another posstble reason for the ) |

' 1981 results was that. producers were m a transmonal perrod followmg the boom of the :
S

: 1970 s. Durmg thrs transmon producers may have been makmg more ma_tor frxed factor
.dcustons than usual possrbly mcreasmg the varrabrlrty in the values of the structure varrables
. . o oo : I . N .

s ‘,ovcr the sample

ln the capttal/labour f unctron (Table IV 2) m all three years the srgmfrcant

_ tcchnology coel" l'rcrents had a posmve Stgn ‘ 'ggestmg a btas towards caprtal using - (labour
"‘.savmg) technologtes. The posrtrve relattmtshrp of horSepowerfwtth the caprtal/labo&r ratro 1s .
'natural as the two are tndtrectly relat‘e‘d.v'l‘he posrttve and srgntf 1cant mfluence ol’ fertrltzer m
1981 may be- due to the movement m the farmmg sector towards culttvator type fertrlrzer R
appltcators whrch occurred around the L981 era The adJustment of the farm 5 machmery and

. equtpment to—larger and predommantly yleld enhancmg f ertrllzer appltcators was complete by |



. _1986 possrbly ex,plamrng the msrgmfrcant ef fect of the fertrlrzer varrable m 1986 Sales per

acre drd not rnfluence the caprtal/labourfratro untrl 1986 " )v;-:r o e

: Technology m 1981 had a posrtrve srgmf rcant mfluence on the caprtal/labour ratro m
._;,i1986 (Table IV 9) Consequently varratrons in the caprtal/labour ratro became less f lexrble
’ :. whereby producers were increasmgly bou‘nd by past decrsrons Technologres embodred m Y
caprtal tend to be lumpy such that credrt ltmrtatrons and large deprectatron losses in the f rrst
f ew years after purchase act as constramts to a short caprtal turnover rate | v .
The results descrrbmg the rmpact of technolegy on the land/labour ratro suggest
technology may have only been a factor in 1971 and 1986 (Table IV 3) There seems to have
'been a shrft over the f rf teen year penod 1( the sources of growth in; the land/labour ratto |
'j.:.from mechanrcal techndlogy (HP) to fertrlrzer related brologrcal technology Table IV 3
1llustrates the shrf t of mfluence from the horsepower vartable to the f ertxlrzer varrable The
"v":second 1merestmg result to. come from the land/labour - technology functron 1s thd negatrve

A

‘,‘grgn of the sales per acre coef f rcrent in all three years )

‘ossrble explanatmn of the negatrve .

"extensrfreahon effect Howe , grven that rea sales per acre declmed over the f tf teen year
lperrod the srgn ass:mdted wrth sua)é%ere may be due more to market tactors rather than

technology f actors mhere.xm‘lg\zthe sales per-acre vartable f-f " ' , '

Technology:m 1981 had an msrgntfrcant effect on the land/labour ratro in’ 1986 (Table B
..‘IV 9) Land’;elated technologres are more in- the form of the mtermegtate mputs of f ertrltzer

: .:seed and chemr(:als whrch are more easrly varred from year to ycar The posmve srgmf 1cant

. _’-mfluence of horsepower m 1981 on the land/labour ratro m 1986-may have been the result of
: ,_-two related effects 1 The posrtrve sign’ 1mplres the larger tne hor’sepower in 1981 the larger / =
_' _‘the land/labour ratto in 1986 suggestmg producers may have been underutrhzmg therr power

:..-'source enablmg them to mcrease therr land base wrthout a consequent mcrease in horsepower

' requrrement 2 The producers decrsron to mcrease hrs land base in 1986 was constramed by a

“

- pnor decrsron on the level of horsepowcr possrbly due to credrt and cash ﬂow lrmrtattons



a8

The mfluence of’ technology on the capttal/lanﬁano was -as wrth the prevrou’

. f unctrons srgnrl" jcanit in 1973 and: 1986 but not m 1981 (Table IV 4) Horsepower had a.

'*"posrtrve srgntf rcant rmpact on the caprtal/land ratro m all three years The predormnantly v

-'_"-“'posmve ml‘ luence of horsepoweer on caprtal/land and land/labour suggests mechamcal -

‘8

‘technology 1s both caprtal and land usmg wlth the caprtal usmg ef f ect p&srbly outwerghmg G

‘zthe land usmg ef f ect Thrs la‘tter result may be due to the technology bemg embodred rn
‘ [ L.

_caprtal and/or the producer berng unable to f 1nance both the adoptron of mechanrcal g A

.",'.technolOgY and the expansron of land e RPN ; o g* ( B

rva_rrable in the caprtal/la‘ﬁour f unctron and posrtrve srgn m the

related techno]ogres were land usrng and/or caprtal savmg The negatrve srgn m N '

The negatrve srgn of the fertrlner varrable m 1971 in’ the caprtal/land f unctron suggests K "'

’ .vland'/labou XY Hn supports the above rnterpretatron Gwen the posrtrve srgn ol‘ fertrlrzer in .

- _71986 on the caprtal/labour and land/labour ratros the negatrve srgn of fertrlrzer in 1986 on '_ s

i l/land may be due {o the land usmg ef fect outwerghmg the caprtal usmg effect

m":apnal produc;&mty L R LA
T g X mﬁ:m\ . B ) L Ce : & ' )
: ; The second step e Ehe analysrs was to examrne technology as 2 f unctron of structure

l

“.

rR’ef er to Tables IV 5 IV 6 and IV 7 ln 1971 and 1981 the structure varrables drd not
r“ srgmf 1cantly explam the varratron m th&technology varrables wrth the evceptron of the 1981

regressron of f ertrlrzcr on caprtal/‘labour and land/labour (Table Iv. 6) The gram mtensrty

RN l '
_vanable was- rcgressed on caprtal/,labour and land/labour whrch gave an msrgnrfrcantqj

"v.a

f unctronal relatronshrp (Table IV 7) T%Q structure mﬂuence on fertrlrzer was. srgnrfrcant 1n o

- 1981 and 1986 suggestm o‘ver th; frf teen year perrod as the agrrculture sector developed

' l‘ erulrzcr related technologres became 1n”terrelated wrth the structure varrables The ordrnary

v", . J

?; least Squares estrmatron of sales per acre on structure'.(,Table IV. 5) we.s only srgmfrcant m o

;; 1986 wrth land/labour exertlng a negatrve‘ Jsrgmfrcam effect and caprtal/labour a posrtrve

’ srgmfrcant eff ect The neganve mfluence ofothe land/labour ratfo on- sa‘les per acre was

S SN
: pOSSlbly due to the producer expandrhg hrs land base beyond hrs managenal capabrlrtres The R

e "- er rel,atedubéologlcal technologres are lmked more o enhancrng land productrvrty than 2



v;"',:vposmve rmpact of changes m the caprtal/labour ratro on sales per acre may have been due to -

:‘-,'1 mcreased productrvrty of the caprtal stock as the producer expanded or updated hrs

._.machmery and equrpment and 2 those producers havmg a hrgher caprtal/labour ratro usmg 2
‘ ‘better seed varreues chemrcals and feruhzer e

"'”.,Implrcatfon of Findmgs on Hypbthesrs Two , e
- Generally in 1971 and 1981 the strycture varrables drd ot srgn frcantly explam rhe :

. vanauon m the technology vanables In 1971 the teclmology varrables explamed a srgmf rcant -

q’l

" .‘amount of’ the vanatron m all three structure varrables ln 1981 the F valuee were generally
: larger in the structure as a f unctton of technology equatrons The resr*lts f or the 1971 to 1981

: decade suggest techncgﬁgy had a greater mflt/ence rm structure than the rcverse ef fect

LN

' "supportmg the frrst part of hypothesrs two

: ln 1986 the results suggest a Endrr tronal relatronshrp between etructure and |

‘»technology/ whrch does not support the seéond part of hypotheSrs two The results f or 1986

) may have been the product of’ the economtc d0wnturn in ‘the: agrrc’ulture sector slnce 1982
'motrvatmg producers to more caref ully assess decrsu)ns and related mfluentral f actors such as’”

""structure technology pnces cash flow and credrt i _‘ SN 3 ‘.

A Ltmttahons ; ./' S

o ‘. Prror to data collectron procedu e it was antrcrpated a large strattl' ted sample would
-. be obtamed usmg the f armmg systems assrf 1cauon developed by Packer based on gram and
. _croppmg mtensrt} “ However stratrl"lcatron of the samplmg frame developed f rom the l' rrst

’-‘; stage sample was not possrble grven an unsuccessf ul fi 1e1d season of farm vrsrts m 1986 Some

".u

of the f 1e1d problems encountered were l tmung ot' the mtervrews to not COl’lﬂlC[ wrth the

‘ ‘producers schedule and 2 staffrng problems wherem one of the mam mtervrewers hrred __'{"f '

=

, lacked motrvatron and had personalrty conﬂtcts with some. of the producers S "@:» S

‘The data collectron procedure relred upon the recall of the producer for 1981 an "u. g

".'1971 contrrbutmg to error The need for prrmary data was f undarnental 10 the resea/rch The

: .'.’P.acker. ~op. it

IR



"'_'lack of reeords on the part of Ahe producer contrrbuted 10 the f 1eld problems ot‘ collectmg the
‘-.A._-dam ._ e .,: ‘.‘p. '. DR | . . . .
| Del’ mrng lhe technology proxres was. drf f‘ rcult as verv llttle research has been done in
., 'lhrs area A numbcr of proxres were orrgmally developed based noth on the knowledge of the :
rcsearchers about the behavror of pfOuucers and on prevrous work bv Hayamr and Rutta'n
k Orngmallx fi 1ve promes were developed l “seed varretres 2 pounds of supplememal mtrogen
2 .'apphed per acre, 3.7 type ol‘ fert'lrzer applrcator used on the f arm, 4 horsepower and 5
;spravcr wrdth ngh varrabrht) and”erratrc responses ehmmaled the seed varlety proxy
_AHSWCl omrssron and erranc rcsponses excluded the second pl‘OX\L There was not srgmf 1cant |
, dllf crence in the SpraVCI‘ wrdth over trme and between producers thus eltmmatmg thrs prorly
. Multlcollmearrtv problems tended to lead to srmplrf 1eauon in the analysrs partrcularly

m testmg thc lrrsl hvpothesrs In specrf ymg the srmultaneous equatrons some vanables were' |
-}cxcluded ] rom some ol the equanons due to collrnearrty wrth other rrght han®51de vanables .

-

) .Throughout most of the analysrs mulucor lnearrty problems lead to the use of tWo equatron ‘
"‘.-"srmultaneous systems rather than largcr systems W1th mOre equauons and varrables v

| The use of a double log f unctron can not represen‘t complementary relatronshrps
Aamongst the predetermmed vanables As well tht elastrcrty of substrtutron is f 1xed at 1
Further rcsearch is- needed in specrf ymg the T unctxonal form descrlbmg the structure and
'technolog\ rclauonshrp | |

B. Svnoptrc O\cmew ," L '?.‘-'- S R " ‘.'< SR " o
| ' Thc 1971 - 1981 decade was characterrzed by mcreasmg commodlty prrces and .
asu:ndmg land valucs ?‘he resnlts showed there to be a predommantly one way causatron

with structure bemg af unctron of technology in 1971 and l981

| Durmg the 1971 to 1981 perrod producers‘were mduced by technologrcal 1nnovatrons"
f' “to* changc therr mput mrx expand thcrr land base and consequently ad]ust the structure of

thetr f arms Agrrcultural poltcv was drrected towards rnereasmg the standard of hvrng of

L S

- f armers Lax mcentrves and low mterest long term loans all faulrtatmg land extensrfrcatron :



credrt terms and tax advantages than on. prof 1tab1hty and@epayment capabrhtres of the farm‘-

The relatronshrp between structure and technology ln 1986 as shown by the results

P

: v_was brdrrectronal Consequently a change m structure would have 1nduced a change in

: tec nology whreh m turn mduced a structural change and so on The same cf fect would have .
’ T , I

been true for an mrtral change in technology makmg 1\ dn"f rcult to determme the maJor o

. E drrvmg f orce rn the system As well 1t would have been drf frcult 1) determrne the pom_\[,

equrhbrrum o ‘g . :'_‘;: Uy
As the economv moved mto a downturn in the early 19@5 credrt and taxatron

' pohcres d1d not adapt to the change Producers locked mto long term loans T aced declmmg

grevenues and equrty levels such that lhev we’e unable o0 f orm caprtaLf or f urther structural

B ~ad3ustments Technologres complementary to’ the relatrvely mflexrblc structure were sought o

. _mcrease the productrvlty of the f actors of productron partrcularly land labour and captta1

‘-Structure seems 1o have been hmmr g to techmcal advance '

1

Lendmg practrces by. Such ge‘ ernment mstrtutrons as AADC and FCC armed at | '4 R

preservmg the f. amrly b arm and attractrng new. producers may have locked produeers into an

: rnflexrble structure Lend', ; decrsrons based on’ prof rtabrhty and repayment capabrlmes of the

' tax credrt tax rebates and lcaprtal cost allowances are means of strmulatmg growth durmg

[

/

“,’economrc downturns However durma pertods of mcreasmg commodrty pnces such poltues . '. .

v_tend to obscure the,correct ratronale for decision makrng by the prodUCer I |
- Evrdence of the change m structure and techno]ogy relatronshrp over trme can be .seen'

by vrewmg the technologres avarlable on the market m the 1980 s compared to the 1970 s, ln

":the 1970 s, mechamcal technology was centered around larger machmery and equrpment

. :“ allowmg the producer 10 cover more acres ina day than he thought possrble ln the 1980 s,

technology has been predommantly drrected at mcreasmg the productrvrty of the current '

'_ jstrueture through 1 combmmg operatrons such as cultrvatron and fertrhzer applrcauon and



/ﬁ permmng a. reducuon m capllal stock such as sWathers e

Furrher rescarch 1s needed 1o better specrf y Lhe f orm of the structure and’ lechnologv ; S
:. _.rclauonshxp such as nonlmear f orms bener able to represem complememary and substrturron “
:'rclauonshrps as wel] as Lhe mteracuon among predetermmed varrables As well f urther
‘ rcscarch u!’ ing macroeconomrc varrables such as mlereSL rates, wage rates and relauve f actor f_i |

and commodm pnces would add 10 }xcjmderstandmg of the connecuon between structure

e

and tcchnologv An cxtensron of thrs research mvolvmg mdustrral orgamzauon theory :
cxammmg Lhe relauonshlp between conccmratron farm numbers emry and exit and ".';4;._,0, _'
: leehnoiog) would also add to the undérctandmg of struclure and 1echnology in grams |

& LR . L. s Lot
'=agr|cullure ; e R e ) e A

13



B nocrarny
Abramownz Moses. "Resource and Output Trends m lhe U S smt‘:e 1870 Amertcan o .
Economtc Revzew 46 5 23 (1956) . o : o

Agrawal R. C and’ Head\ E.O. Operatrons Research \'lethods for Agrlcultural Decrsrons\ P
Iowa Stale Umversrty Press 1972 Wi :

Agrlculture Canada Agncultural Technolog\ Transfer A Case Stud) August 1986

" Agnculture Canada ' egronal Development Branch Alberta Approaches to Iransferrmg hvc
* Selected. Agricultiral Technologies in’ Alberta stu'd) by Delome Haskms and Sclls
Assocrates Edmo_ on. March 1985, - o

Alberta Agrrculture Farm \’Iachmera Costs Farm Busmess Managcme’m Branch Sprmg Iﬂbl
* and 1986. l e U R
Aly, H Y and Gra wski, R "Technolog;ca] Change"’and Surplus Labour 15 Eg)plran .
T Agrrculture 1932 72," Journal of Agna‘kuml Economzcs Ianuary.,1984 pp 109 116

| Antle J M "The Structurc of u.s. Agrrcultural chhnoloy 19f0 78 "_ Qmenc;m Journa] of
: Agncu]tural Economrcs November 1984 pp 414 421 o

"b' . '...j::' a N ° '. .

_ Arndt H. W Economlc De\elopment The Hrsgory of an Idea. Thc Umversm of Chrcago .
Press 1987 el vfﬂ._.“. PO e L

v o . . . o « “, AR . .
Babb E., "SOme Causes'of Structural Change iR u S“ Agnculrure Slruc!une I.rsues of
Amencan Agna:lture USDA V\ﬁshmgton 1'279 AR SRR 5

"‘q -.

Baum ELL., Dresshn H G., ahd I-'Ieady Esp ed: Caplta} and Crmht I\ecds gn a Changmg
Agrrculture Towa State Umversrry Press 196L ;_, e _ ,

: # IR 2 v e ‘

_ Bell C g "H&nan Capnal Formatron and ,t Dccrsron Makers " J?;urna? ) f Economlc
Issues 18(2) (1984),. - - & - .

“ Bmswanger H P A CoSt Funcnon Appr'ach«to the Measurement of I:lastrcmcs of Faclor
* -Demand and Elastrcmes of Subsmul’ n; Amerlcan Jozd'nal 0 f Agrtcullural Economlcs
: May 1974 PP- 377 386. PR RS Lo S
T .
"The Measuremem of Techmqa Change Biases m{h Man} Faclors of Producuon
Amefzcan Economtc REVIEW,‘VOI 64 974 P 974 "

Bdnswanger H P and Ruttan ’W Induced Innovatlon John Hopkms Umvcrsrty Prcss *
' 1978 RIS , - i o _ T

_Bouldmg. K. The Ecanomy as an Ecosyslem Systems Economrcs edited by K A I-ox and Lo
oD G. Mrles Iowa State Umversrty Press 1987. p.9. . : o PR
B,rewstér M. "The Machme Process in Agrxculture and Industry, Jou_ina[ t;f Farm” o
Economzcs February. 1950 ' : R '

~.Brewster, D, E Rasmussen W .D; Youngberg (ed) Farms m Transmon Iowa Slale
> UmversrtyPress 198} { N A T R S .



g R
..Brmkman G. L and ! rlev T K Structural Change rn Canadran Agneulture A Perspectrve, '
Regronal Development Branch Agrlculture Canada 1983 S ST

Brown Murray On the Theory and ’Vleasurement of Technologrcal Change Cambrrdge
. George. Washmgton Unrversrty Pres§ 1968 Lo _ G S

."Bro»\/n M an f' ’pk j A Measure of Technologrcal Change and Retums tq Scale
i lcsand Statisitics, 1962. 44 402- 411 ~ - L

3 Bultel F.H= Béy' : ﬁ‘thb l’amrlv Farm Technolog) and Socral Change in Rural Areas G F
Summers ‘ed, Westvrew Press 1983 L ST B

Carrncross AK., The Role of: Caprtal in Economrc Progress in Caprta[ Accwﬁulatron and
, l:conomtc Developmenl ed. by S S. Tangrr and H P . Gray. (D C Heath and Co.; 1967)

Chan Y.L., l-lead\ I: 0.,and Sonka S Farm Srze and Cost Functron in“Jghation to-
' ‘\’lachrnen Technologv in \orth'Central Towa, CARD Report No. 66 3 SLate E
Unrversny 1976 o v . , _ . ’

'Domar E. "On thc Measurcment of Technologrcal Change Emnomzc Journal 71 709 729
' (1961) o _ o o

‘I)ugger W M., "The Nature of Caprtal Accumulatlon and Technologrcal Progress rn the
Modern I-conom) Journal ofEconomtc Issues 18(3) (1984) o

l-hrensaf t,P. and Bollrnan R D Structure and Coneentratron in Agnculture A
' Mrcm-analysrs of the ‘j_"_us of Agnculture Paper paepated for presentation to the .
Annual Mcenng of the fan Socrology and Anthropology Assn June 2, 1983 S

pngM

lcrguson C.E 2 NCO
Unrversrt\ Press' "i

7 h'e()ry of' Prbd'uc'tionvand Distr'ibut’ion, Carnbrid'ge:

Ghatak S and lngersent K., Agnculture and Economrc Development John Hopkms Press — -
' 1984 pp: 155 164 _ : : e
Hardaker J B Anderson J R and Drllon 1L, Perspectnes on Assessmg the Impacts of
lmproved Agrrcultural rechnology m Developmg Countnes, Umvers:ty of New England
'H”namr Y. and V.W. Ruttan Agrrcultural Developmem An Internanonal Perspectwe The ,
lth Hopkms Um,yersny Press. pp. 44-45., 1985 .

‘Heady, E. O ;\grrcultural Polrcy Under Economrc Development Chapter 7

,.:Iﬁtrrllrgator M D,. Econometrrc Models Techmques and Applrcatrons Prentrce Hall Inc
1978 , _ Y

Embogﬁ Techmcal Change and: Producuvrty in the Unrted States 1929 1958 "
Revrew 0 f Economlcs and Statlstzcs 1965 47 65 70. -

’ Junkcr I J "Caprtal Accumuhmon Savmgs Centered Theory and Economrc Development "
Journal of Economic Issues\)June 1967, : : : o :
'-l\aneda H Specrf ication of Producuon Functrons for Analyzmg Techmcal Change an
- Factor lnputs in- Agrlcultural Development " Journa[ 0 f Development Economlcs ’
}1 97108’,'. . W G
[}



“Kendall, M.G. and Stiart"A., The Advanced heory of Statitics, vol. L .Haf_ner 'pub_n_sf,iﬁg' |
Co NewYork 1958 L L

' Kennedy P A Gurde to Econometncs 2nd ed The MIT Press 1985 pp 126 145

: Kxndleberger CP Reversrble and Irreversrble Processes in Eeonomxcs Challengg vol ’9
o - 10, 4 Sept/Oct 1986. ” . SR e S

', Krslev Y. and Peterson W Induced lnnoan‘Ons and Farm Mechamzauon " Amerlcan =
Journal of Agrtcu!lural Economzcs August 1981 pp 562 565. DR

g "Prrces Technology and Farm Srze i Journal of Polzucal Economy 1982 vol :
90 no 3 pp 578-595.. A ‘ v . _
' Lee Jung Hwan A Revrew ol' the Theory of Technoloercal Change in Agrrculturc Btascs
‘and Substrtutabrhty,"', Journa[ 0 f Rural Developmem 4 (June 1981) 5566 o,
B Lenskr G and Lenski, J., Human Socretres An Introductron to Macrosoctology 4th ed
McGraw Hlll Book Co 1982 pp 134 136 L v ; . 3
' _Lu Yao Chr "Technologrcal Change and Structure " Structure lssues of Amerzcan o L
Agrzculture USDA Washrngton 1979 pp 121-126. o DR

Mansfreld E.. Mrcroeconomres Theory and Applrcatron, 4th ed W W Norton and
: Company, 1982 , : , I

) Anon Marshall 's Canadran F;u-m Lqutpment Gulde Century Publrshmg Co Fall 1986 1987
~and Fall- Wmter 1980 1981 . :

| Merer G.M., Leadmg Issues in Economtc Development 3rd ed 1976, -
Packer K Structural Changes in Alberta Cereal Agnculture Systems btttween 1971 and 1981,
Unpubhshed M Sc ‘Thesis. Deparzment of Rural Economy, Unrversny of Alberta 1986

’ Peterson W and’ ‘Hayami, Y "Techmcal Change*rn Agrrculture m A S,uney of Agr_xcu_ltupal. '
. ‘Economics Ltterature Vol 1 ' : : S s T A

) Pmdyck R.S. and Rubmfeld D L Econometnc Models and'Lconomrc I‘orecasts. )
McGraw Hlll Book Co @76 PP. 266 268 L \ _ :

Ranson, B., "The Unrecognized Revolutron in the Theory ol‘ Caprtal Formatton " .Iourna{ of
Econ.omtc Issues 17(2) (1983) T o S

CRuthenberg. H Farmmg Systems in the Troprcs Oxford Umversrty Press 1976

& e

Sato K "A Two Level Constant Elastrcrty of Substrtutron PI'OdUCllOn Funcuon " Rewew of
Economics and Statisitics, ,34 (,2) 201 - 218 (1967) S
v . )
Sellekaerts w. and Sellekaerts B "Techmcal Change Caprtal Formauon and Capactty ;
Unemployment m the U. S., Eastem Economtc Journal, July/Sept 1984, pp 231 241

Sen AK., "The Chorce of Agrrcultu.ral Techmques in Underdeveloped Countnes ECOROMIC
. Development and Cultural Change 1959. 7:.279- 285 st s B

Solow R. M "Techmcal Change and the Aggregate Producuon Functrons Revzew of

A}



ﬁconomlcs and Stalzsmcs 39 213 320 ( 1957)

,_Solow R: M "Techmc%l Zrogfess Capual Formatron and Ec;anomrc Growth Any;rlc&n :

bconamzc Review, 52 6 86 May 1962.. T UL
: vTangrr S. S and Gra) H P ed Caprtal Accumulatron and Ecanomre Dévg fme
: Hcath and Co. 1967 e ;,' LTy e e ;

E Thrrwall A P Growth and Development 2nd éd 1977

E el A
~.>.;, Q. P :\1 “

. Thurman W N ' "Endogenert\ Testmg ina Supply and Demand FrameWOrk " The Revzew.of '
Economzcs and Statistics, 1986 pp 638 646 i =

- s r, :
The Poultry Market Demand Stabrlrty and Industry Structure Amertcan Joumal of g
Agrlcullural Economtcs voi 69 no. 1 (Feb 1987) pp 30 37 & o ,; _j‘ L o
; US Cangress: Of fice of Technologv Assessmem Technolog), Pubhc Pohcy, and t}re

: g Structure of Amencan Agrrculture U S Governmem Prmnng Offrce,'March e

” o .
- . . I

"USDA A Time o Choose: Summary Report on the S_tructure of Agnculture Unxted States A%
o Dcpartment of Agrrculturc Washmgton 1981 - el P A

'Vccman T. Structural Change i Prame Agncultnre An Oremew of rts Natdre and Causes
The Umversny of Alberta: June 1986 - o TR
;,'Wu Dc Mm "Tests of Cau’salily, Predetermmedness and Exogenerty, Internauonal
: l:conomtc Revzew Vo} 24, No 3,,October 1983 pp 547- 558 EREE
‘ Yamaguchr M. and kcnnedy G "A Graphrc Model of the Effects of‘ Sectoral Techrﬁcal .
Change: The Case of ]apan ’1880 1970 Canaa’:an Journal of Agrzcultural Ecanomzcs
March 1984 ” S o . .

o

Yolopoulos P A and 1.B: Nugent Economrcs of Developmént 1976

Zeilner, A. and Therl H " "Three Stage Least Squares Srmultaneous Esumatron of
Srmultaneous I:quatrons " Econome!rzca vo‘I’"30 no. 1 (Jan 1962) pp. 54 78.-

Zilberman, D: "chhnologrcal Change, Government Polrcres and Exhaustrblc Resources in .
, Aerrculture Amerzcan Journal of Agrzculrural Economlcs December 1984

-



APPENDIXA .

PkRT l

P

The purposc ol' this rcseaxch is to ollow the movemem of Lhe mdusm from 1971 ]936

’

1. In 1971, did you own and/ot rent at least 320 acres" Yes R N‘q -
2 f‘}us wcrt 100 acres or more in crop? - ch_‘ “No+ _ '

Skxp to’ Pan ll 11' the responsc lo quesuons 1 and 21 was 'yes'. -
T3 )n 1981 dnd you own md/or tent at least 320 lcm" ‘ Yes___ ) No___
V 4 or xhxs ‘were 100 acres or mote in crop? | ‘:ch'; ~.No _

PART IF- Llnd Us¢

Now 1 would like 1o hsk )ou a f ew quesuons about your, croppmg muuon and. mlcnsu) f oxthe years ’
1971 1981 and. 1986 : .

: 1 Hou many acres of ccrcal grains dnd you seed 10 bc ba;-veswd as gmn" (Th:s xncludes wheat,-
barlc) oats, ryé ind. com) : e , :

1986 f’i . .19481» 1971

How many acrcs of onlseeds dxd ou: seed"
1986 9, j H19s'17 : 1971

';, 3 How many lcres of arecnfwd hay or ﬂlagc wxll be/wcre tnrvesu:d" o

S

.

‘Hfis'.ss_._“_ "1931"_."‘  wn__ T
4 ) Howman) acres of summerfallow do/dxd you have"
& 3}‘-.'1_956"* w1 STy

: ::. 5;‘ How man) acns of lmprovcd lmd for phstum do/dxd you h:ve" (Thxs lncludes pasture or ;nzmg

-land, improved by seeding. draining,. imgmng, ferﬁizmg or brush or weed conuol This does pot . -
mclude area to be cut for }n) nlage or seed) ; .

: 7'.'-,193'6. 1981 S 191!!‘ ,ﬁ' St
S 6 How tnany lcrts/éﬁb’thcz unproved hnd such as’ fmnyud new umeeded brakinx, em do/dnd you
'.. hveq . R = .
¢ o f: . l *\\

D 'A; ;' . | : ™

’ 1 . - ( D * 1

K T '

~. O N = : v




Apiculture

1. ln whn year wert you bom" ‘
. = ) 3
2 Did you)emplO) hired :gncnllunl labour iﬁ 1980" ¢ nclude onl) persons 15 ynrs of age md over’.v
: ,Do not.include’ house\\ork or cuslom ,work md othd‘non-agncuhural work) 'fva
n - .
Yes - No (H’ no, skxp to quesuon 4)

e

. : .3,’;' How many weeks of paxd hired labour did you havc in. 1980" (Nol: 1 month'tsequwalcm o 4
s : _weeks -1 ycar is. cqumlem 0 52 weeks) . :

S

e SO 'ff SR ‘T.Ourwms
4" How man) da\s did vou.work of T the fann in 1980" (Do not include exchange work. “Nou:
T lnlcmcwer Conven parl ﬂa)s 163 f ull days oxﬁpc basas of an 8 hour day) .

S N°"' Dy

S
-

5. I Jun:, 1581 hov. ‘many caulc md calves were on this farm" : _'
.~ Whatis your esumaté or lhc vulue of all, machmer) and equlpmem on thxs farm in 1981” (Pleasc ‘

~include all machines and‘equipment located bn this f arm regardlcss of ownership. Do oot include
old machmes wh)ch wcrc no Iongér uscd)» , :

o

Y

L




 APPENDIXB .

THE EFECI’S OF C}D\NGING 1'£CHNOu)OY ON THE mucrums
s OF ALBERTA GRAIN FARNS BETWEEN t9n and 1986 .

NOTE: Mme and nddru Dot requn'ed E.lch quauonmm i eoded 10 emsure cuar ndenuahty All mlmmn h

CONFIDENTIAL and 18 no way will thé infomation be connected 1o you. That's a promue?

The purpose_of this resesrch i (0. determme chn.cs which have occurTed's ibe induury htlmn 1971, 19\11
-nd 1986. Naiurally you may find it dif hreuht 10 mncmbtt ny back 15:1973. We hopc the quemom ue nnl;hl !urvud

: enou;\ to make i easy l'w you w remembtr
: P.lau.telurn-by'-llly 20; 1977 w:_

Departmest of Reral Econcmy
‘Faculty of Agricultuse and Fovestry
- Usiversity of Albern

Edwonton, Albersa TG 929
eaxTyo _;'.’

L b,ln 1971 d-d youo'mlnd/or fent ll hu( no-cm' Yes - No

,2.-f-0fthu,melwncmameinaop" Yei‘ . -No

Sltpwhnﬂl!themmmquwbmhnd)m?u

3. lnl981 d!dyonmnnd/umllllunmwu’ ~_'Yu.

"4 Of i, mclwmsamehcmp’ o Yes Na

.'rn‘rn 'rmdom.muu

thhollbelolb-mgbwdexﬂbumholdm;!ummnwﬁ l9ll undl9n’nnumlln’l ontbt' )

lmopr-ltlme - o . . .

o R SR ER e em
,.lndmdulluflmuyhoum . S . —_ _

- b | . '. ST i : o
b, m-mmwml L o0 - RS
€. uhnomwnwumem C ,“ : . ——
’Caponmo (A Lagally Couuwud Ccmplay)
-a-uhmemmyummmwmwmrm —
e mmmmydmmmwmm(s)um —_—
'mwdo:muw(mwy) —_— ———
H ..
v .
‘

7

) :’, ,_coil“ml‘s'.]"uu'm- - —-'



rurm-huui.'-

. Navlwwld Bkewukyoul{n qumbmnboul your wown;rwlmnndhmzy fuunyanlm 19!1 nnd
1986, .

2

x'm — 1 19 _

J’:m ~ m).-' - L, D

s

PAITXVdeUIt

W um______wm

‘-19w'< i’i}gl" L,

‘WHEATn:iuy..OR : : ] .
,ph«acheckmul!m L . o e

»lMu;EYnm:.OR B : : N . .
umspecified varety - Lo : . et - S . ~-\!_‘

“How many acres of wnd 6 ou own nd fent 3 1986, 1981, and 1971

Ho- many acres of mul mms dld you :ted ‘10 b: hrveswd as mm" (Th\s mcludes Whul buley. onts, lnd rye)

N

" How thany scres of oibeeds (canola, musurd. €ic.) & you seed?

1936'."‘ e - O

How mny acres of pcmfeed hay of silage were hnves(ed" : I e

Hm mnny acres. o( wmmnfllkn dnd you lnve'

-

Ho! many scres of nnpxoved 1and for. yw.un did you have? (Tms mcludes pasture o yu.m; hnd imptoved by
" seedmg, dnmm; :mptm;. fcmhung or bnuh o1 weed muo! Tms dou not include area cut fat hay, uhze or
leed)

EEI

ms 19;1‘ o 1m

How uny utu of o(hcr Impmved hnd such u hmnn! new umeeded hrenkmg, elc. did you hlve" oy .

_-msr mx R '19'71~3'_ _ - IR

Fammlm l’llndlm hovmnylaubrmmlmcdhndmmwd’

Ms m] e

Mhtlhemnnmtmof-hul urkylndnaohmonywhm . C
19% e ) o lm

unspecified variety
‘80 not remember.

do ot rethember o : . . : . L X !
CANOLA variety, OR .

unspecified variety
60 not temember

/‘ .



rn'rv vmmmu-e g e R -

£ Fmﬂim lnd :heminhuetvgo(lhe mjormduﬁn;wm;teedm which dep)nelhma‘iopenlmhpiul The
nmu-oqumuk-iumpnneumcmnwm‘Memeamrmmmmbmmmmlmmms
: Heueheuw:unu:upaﬂb’ . .

-,,_. ~

1. ‘Fur Lhc yun 1986 lnd 1981, hm mn} neTes ol‘ your cwp were fcmhud' (Eulude ares undex hl). md pnslurt)

1986, 198

. & . \.;.,{.‘.'. ’

S _‘Or lhu on ho‘ mn) -cm was the Iemhw |pphed wuh the ;eed’

B U SO mx
"3, - How many mesitemved :ﬁpplemenu_l nitiogen? :
Toms 198 , _ TRUNR . ey
= : : - /
4, Pkue mck the lype of nppbauon used fox mwkmenul muo;cn . o B . RS
' A% . caem T g

2).No suppkmeml N _‘ ) Nomppkmcaul N L s) wapkm:uul’N

-applied . - © o spphed . o a. S apphed -

b) Deep Band e . b)DecpBand < T 0 b)Duphnd v \
. ‘c) Anhydréus Apphc:wt L o €) Anhydrous Apphuwu o ¢) Anhydtous Apphaiior
T - 8y Cold fow sysiem. Lo d) CoMd flow system -~ o0l -d),Cold, flow system -

‘e) Broadcast: R ¢) Broadcast v B, ) Brosdast ‘

[) Owher(pleasespesify) = -, - . f) Ober(pleasewpectfly) . © - - = ) Oher(please specify).

: 5 i=o: your WHEAT on menlW, how many pounds per acre of wpp\m;cuul niirbggn(li'iunl N) did you nm;l_y"

S e 1w

'Anhydmu;-";—- : S 5
-6, _For your BAKLEY o stubbie, bow many pounds w‘m'd'mppbmcx’n"l nﬁ:o;éu(iﬂynl N) aid you spply?
9% 198
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l'hnnponon!ynhklu mhxoaymdeqmpmemwdhv.hehmhﬂnm 4

) 1. ﬂusehuunn-kc nodelsndyw!amammedhlm 19llnndlm As well, phxlmmeywnlpurchu
lot mou mﬂmnﬂdhlmmd 1981,
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- Please it the tillage and pinlim gqmpm'( used i your fninhm‘l’ry your bem. on the eartier dau

& . . ST
— —_—

'S, Please b lfe_mke..'._ﬂl'.'h(f.eel} and year for the sprayer(s) med n, your T

.......... “eBacetorrrmencrasreericnestacsanncerrrbovocaroavacncnstnsoinotassrorcornea

Make

: W_xdih'

Year

L Make
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o Width

Year

Ve

W



and remed arca QRBNT) All ,anables are on a pcr farm basxs
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= iij 282274:1040" 39251 90 073 40 1.000 0.961 ozo‘..,f-,_;.‘f-'

'+ 7182395 066034748 50 076 57 0.924. 0,681 000' .- ‘"

LT 132486 0740, 19098.90°046 41 1,000 0.540.000 . . . -
oy h. 061403.0675:2307650 92 22 0:851.0.740 000. -

e

QoS 110589830320 29177 50.030.47 0,718 0,000
1321380530/ 15119 70 055 29 1.090 0.849 0

‘061403 0705 61273'50 11037 0,886 0.780 ooo.i'_;f'-;f__l ST i

Lot e..i;)88581 0700 28381790 085 46.1.000°0.571°100" ‘

e 10278260480 03183.70 02342 0.687:0.270°000 1 . i

0l 070780:0773749071 70079 43.0,857.0.776 000, .. il
09744 0906,25994-50-05249 0.779 0.772°000 .

/ 062

2680440’ 1326270 028731 0.622.0.577 ooo';f',"“i_ SO
0 0410 06631.50. 052 46 0.878 0.707.060 . *

o7 2232909°091048806 50 084 36 0:934 0.417 000 S L
STt '05716870307 0397850 03954 0.771°0.433 000" . . Lo
T 0656381000 04774 70:043 44.0:850-0.400.250-. 0 L - ¢

3. 0614 53050:50 099°52 0. 7760.600 065~ "

.. 060496 1605 41114 70 084 46 '0:750, 0.616 ooo,’..__‘
IO -"06563&:0650 36074 70 090 36 0.784 0.538.000
" 065638.0480 19893 .70 09139 0.687.0.625:000

20 0475 16710 70,050 53 0.842 0421, 000, -
.0853 07957 70 062.43 0:742 0,662 690 * °

198729 08%554376 50,085 40" 0.664.0.446 000" o
225045 09557 22811. 70 084 290,738 0.680 500 . .
_ ;._;_”ossséqu?o 68965 70 110 48 o 5030496 480 -




J,‘ 020438 0507 0.41 0OBOOO 070 073 52-0.7530.339 000

»

— 017636:0412 1.00.006399 050,073 61 0.781 0.587-030 .~
" 182270" 1142'1.30 139931 090 131 51.0.869 0537000 - ..
1017917 0183 1.00 019624050 07469 0.879.0.475 000 .- - -

101737 1040 1 23 148000 090 202 50 ‘l OOO 0961 020
. 156693 0735 1.00.039000 050., 125 67.0.931 0.714 000
-~ 054956.0790" .0.07.034000 090 046. 51°1.000 0569 000

194277-1530 0,93 073000 095145 32.1.000.0.915 000, - : - -
7072783 1208 1%00. 146000. 050159 47 0.834 0.745 000,

muo:s 0455 1,19 014000 050084 57 0.725.0,659 000
© 228625 1630 :1.00 077000100 157 39 1.0000.981" 000 +-
" 124276 1200.1.00' 093000 090 085. 66" 10005)604 -300 -
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+047008"0450 1.00 015000 070 074 41 1.0000.955 000 -
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. 252980 1094-1.07 DBBO00 090 131 46°0.817 0.533.000 . -

+/018848.0307.1.00 020000050 065 §4 0781 0.540 000" .

. 058043 1250:1.00 035000090 08564 0.840- 0.480:400 -

053699 0535100062000090094 63.1.000-0.807.000

‘056773 0523:1.00 ‘071000 090. 14562 0.791'.0.728:000 . *

./ 052231 0804 1.00 052000.070 109 53'0.782'0.720. 690 :*

7045418 1705 2:00 139000 090163 56 0.7650.592 000 - ,;
© 045418 0420:0.50,088000.090 154 46 1.000 1000000 ~

. 053139 0450 0.63 061000,070. 100 49 0.666.0.666 000
" 133530 11015 1.96 062000 07012350 0.901.0.719.000 . - -

1102191, 1065 1.00 077000 090 135 39. 0868 0.845 600~

. 090836 11.10-1.00:077000 090 1§9 58 0.828 0.819.480 "
045418 0630: 1.00 056000 090 115.65 0:841 0.361.000"
140229 1190 1 30 1220('1) 090 095 62 0848 0462 OQO Lt

?22795 1040 1 23 127133 090 202 55 1000 0951 020

088742 0820.1.00. ‘083617°090 186 72.0.878 0.682°000
079643 0840 1.07 038395 090 154. 56 1,000 595-000."

» 102063 QB0 1.00 065580,090 160 37 1'000 0.95 :\.ooo_

.07767:5 1810-1.00 093856100261 52 0.889 -0.273%
- 0236390480 1.15 017064050 084 62 0.587.0.625 000
188485 1155 .1.00 129692, 100171 44 10000974 1 5

137406 1350 100075938 090 110 61. 1.000° 0518 600" o
0181050337 0.8% 009385:100. 073 57. 0.703 0.370 148- Ty
. 0451211050 1.07. 064846 100 155 58.0.924 0.800 :

084427 101 10q076791 090 146 64 0.837° ‘0.830.140
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