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forest resource development

With the realization of a tremendous
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. » - T ) )
the fn*qcf indnstry ™ 'éspén;e tn s 3 need this ghégisihas three

v

broad objectives:

-

1. to evaliuate the wuse of various methodnlrgiers Avajilahle for

v ~ < . X : N ..‘ :
" quantifying ‘the structural relationships;
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The empirical results provided in this thesis indicate rhat ‘the
. *

CAlberta sawmill industry's production .technology is chatarterized hy:
: hd . -. : hd . -
1. returns. to- scale of .88, .77, .11 and .65 for large. medium, emn)
Tow : : o . . Y .
and smaller sawmills respectively: » P
° technological Aifferences, which are labor savins ir larger  mil’
sh~w a bias of 072, Foatween @ah f tha 17 gire A =gevrieo ¢ ap)
i an elagticity  of  substritrurion between capi't' o~ o e i
046 oA

Thece parawet rs  have jimpnrtant implir=ri o jr torrs ol rhe ~ffo ks
implementnation Af p(\liqy hy ingrriEpent ¢ cueh a N Al lm A
Sveveiigarion, nd piblic paitie pation i reseatch an’ Teca) spment .
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I1. THE SAWMILL INDUSTRY - A DESCRIPTIVE ANALYSIS

p , '

. B.. Introduction .

The “forést industry” in Alberta is ,~omprised of 23 Compénéﬁ;~

cectors. - The industrial activitjes chara~terizing these ractnrs invelve

the 'primary, secendary and ‘tertiary mAnufacturipg f harvest ag

roundwood. "Table 7.1 ‘lists rhese sectors aleng with th='r ~prrop- ate
- v o . A - " . R 5 PR - - . o - i . PR w
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‘Miscellaneous indn='ricc fnelyd radlat Tath ane hnilding P imhar  are

log manufacturers. , . . ‘
"All the descriptive infopmation t1novide’ n this ch pter wa' nbt ined
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Q.
10.
1Ll
12.
13.
14.
15.
16.
17.
18.
19,
20.
21.
22.
3.

Source: Alber a hurae ta i irs 181, Rlvrrts Pripoapwel

w N :
Component Sectors of ‘the hlherta

v

ustry

Sawmills and Planing Mills

Veneer: and P'i.yw’ééd H'.il.l_s

Sash, Door and Other Millword, N.E.S.
Pre-Fabhricated Building® (Wood:‘rame )

ManyfartUr =i g of Woodan Kit Yien 7ol
Wooden Box Factories

Coffin and Casket Industry

Wood Preservation Tndustry ‘
Mi%scellane~ué Wood Industries, N.F.S.
#furhiture ReyUpholstery and Repair _
Houséh~ld Furniture Manufacturers, ¥ E'©
Of fice Furniture Manufactur~rs

Formst Industry

Miseellaneous Furniture Aand Fix¥gra Mepof oo

Pulp and Paper Mills

Asphalt Roofiny Manufacturers

Folding Cartod and Set-Up Box Man:«f
Cotrugatert Box Manufacturers.

Paper and Flastic Bng Manufact ' »'r
Miscellaneous Paper (=pverter-
Commercial Printing

Plate Maki'g, Tyynserti g, ™ A
Publishing Onl:

Foklighing npnd Prinmtim .

BEALALE A BN i veor v e

Code

2513
2520
2541
2541
2544
2560
2580
2501
2509
2611
2519
2640
2860
2710
2720
2731
2732
2733
2740
2860
2870
tar
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forests;: -is§~pr¢dnted',?QE}tHOUSahgﬁﬁaéﬁf indépehdénx. higﬂlv
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A. Introduction.
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.jiixéd;-quéﬁtity3ﬂof _the - other factors, the amount added to the

i

. total product by eachvgdditionalfunim of the wvariable factor

3

"will' eventually decrease; aiBer. this point hasfpeen reached,

each additional unit.of the varfable factor will add‘'less to the
; X , . . ,

total product than did the ﬁrevipué unit. The level of output at
which the amount added*t;\ggzzi pfoduct by each successive unit

of ,gﬁé 'vafiabig factor ;Esbgs to diminigh, is called the pnint

~f diminishing marginal retyrns.”

(Lipsey. 1966, p- 181)

A

‘This Taw clenrly expresses  itself in Figure 3.1(h'. The point of
K

dirinishine marginal productivity occurs where the marginal product
curve is a* a maximum.
With regéfd to the sernand concept  three separate stages of

production have 5een shown to occur. The fifst stage is irrational
hﬁwm’;et: .eince the firm will always want to add more inputs. Similarly
the third stage is also an irrational use of inputs since wmore infht
decremtes  éutpy’  The only rational range ‘£ input use occurs between

the piints whare the »lasticity of producticrn of the v riar'e ipput s

hyat rean Tare and dne  Thire av:;a je idenrified Aas €' e ? of r suctien

rroguction with Two Variable Inputs
The canceptual model developed in the previous section is an
~hvi~us s*mr1ifjcat§on ~f real firm behavior. It did;'however, serve to
introduce some fundamental postulétes. The concepgual model developed in
rhig <caction °m:ic:hes those pbstulateé by béth allowing for the
. 5 ’

inter f-rtor sihstitution of two varjiable: inputs and by introducing

cerimi o dmanemis roagnitudes required for determinino or timum ipput  use.






_The cdnceptsAdEVelope@ in this section show the necéssary and sufficient

conditions for,'dérivihg~the_' chnically and econemically efficient mix

of inputs.
FigUrqx-Bﬁl, iilhs:raﬁed }the basic input-output relétionship'ot a

T firm wiﬁhing to vary a sinéle %§écto% of production. This appféaeﬂ,

however, @nes npot explain tﬁeﬂbehayﬁeht of a firm varying two factor

inpute. In-this regard what i'sidesirable is to i)lustrate the pfoduction
relatiansbips bhetwaen ipputs (fartor-factar rather than factor rutpmt ).

Central to *his theme is the concept Af substitutability of -factdrs of

pfdductt?n.- The purpﬂse.bf obhserving factor- factor relavinn<hip; fe ¥
idéntify technically . efficient combinations ‘of resonrce inputs:. A

tec“nically efficient input mix is & nedessary condj tion . for. determining
the reonomically optimal mix of inputs. .

Before rhreedinél‘into the reafm “of facnﬁr~factor'pfoduCtioh‘
L . 4 '
relatj nships » visuyal 111v=fratlon of the eftect o¢f multiple xnputs on

.

outpnt s enllqhtenlng. Tha craphlral 1orresentation of the effect on-

-

1 ‘ f .
-'output is called a prefduntiop =urface Quch a productlon surface usmng

'capitalu labﬁur: and lumber as.

shown in the *hr¢e~dxmensi0§fl graph af Figure 3.2.7° The"horizontal.«
plane (ABCD) of Flgure 3.2 represents an \nflnlte number of c@mbinatlnns
of rawitel and 1abnn;; The COrrespondinq. output -associated with _ény
partjculefﬁcqmbihétién of imﬁuts is represented by the'vertical distance
from the horizentél plane to theiface of thefp?oduction.suffacn. K set
of p01nts of equal vertlral dlstanee will, if-enoueh poipgs are plorted,

form a contour llne=sgch as tbat 1ndicard by . This .Eontcur line

<

?3For perspective, the <1mllar1ty Between the curveé’ AE .on Fjgure 3.2 and
the TP curve of Figure 3 l(a): is clearly evident. This 'is logical
hecause they represent axactly tbe same relationship.’

. . R , B ‘ . | ey =
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\ LT
‘represents a limitléss'number of technically efficient combinations of
‘capital and labour each associated with a uniform level of output. Thus
the line i5 called an ismguant (iso - the same, quoant - aqrantity).
Isoquant’s Provide an  extremply useful forum for illustrating

factor-factor production relationships and are thus the primary means of

doingﬁ/;ﬂ. Teoquante rtepresent the srertrum € technically effircient
.jn;ﬁut' mives whith can be -,\.r:.wi ta prryﬁﬁr_n = 7;\,;,;\ Tovel of  rotpyt o
satisfy the necessary ronditinng of technical ef ficiancy, the
entreprensur mugt chose f;bw.a@o”§ the input rthin”'iﬁnc nffarad hy the
ihﬁqugn£  Fihﬁré 3,3 iYlusttares the P epquant whirh ﬁﬂ,'ﬁcpo;nn ' eurve

Fi or Figure 7 2

Four feafhfps characterizé r%e‘shépf - f isnquan's rik%t i soguAants
are contingously diffepentiable., Secnnd, they are nom invers Gting
Third, rg*iéﬁalf~sp@mn“fs nf the isoquant slope downward v~ oot
Foﬁtgh,‘:atfonal =°qmenrsfaré conv;v t~ the é;iéin.

The first feoarnr e DJ’O%" for a Sm';"vrh. énd rontdnn € i sequant
curvn, This cencept is howaever an ahstra~*icon in  that the "' 'mpiness”
. \ ! .

that =an ~g-ur in certain factors of pre‘yction 1s ifgnrred 'y =< iy

thar inpyts a0 b divided inte any nrmber of emaller nnitg
Thé‘ second  featire, imrpljies tha' two 'epvele af cutpuytr - ald heo
produced with ewa-tly the same miw of inpyfs at the inteérsacticrn: paine

For firms utilizing resonrces effi~iently thig is clearly illogiral

cince ratinnal firmg would never employ inputs that produce n larser

amount than is possible with some other productisn rrocegs the' vrac the
. 1
. > .
-same level of inputs| -

The assumption rBat firms .only ~hoose effidient input mixes

3ssures that for ratiohal-ﬁroduction only the input mixe= an po- ' wons of






%, f T
A¥
1 L _..,.._.1\ K
Al s
5 "\\ .
; ... R
Y = 10,000 fbm
“‘”""*-—-m——-;. 1 ee— (S
r. : Lahor
L4

GYRE > 3. An Tsequant  For » Sammill Preducing 10080 fhm o Lurher a o

Year






rha isogu~nt s'oping

FtAatomant ctome f- m

16

ys

A wnward and to  the Fhecan .

I “

Spvioag rhat. éh“ firm facee in syb=titarinn pne

right a'e Thie

r

yate At ‘\l’hi'?“ ~ne i‘P\!Y ran ‘e

inprt fir annther  Th Sehstitirn-a  fo
a%ﬁ‘her is measvred ‘v the nlire of the isdp nt T rate is trved
f?‘\'a ""‘=""v3n;l "atfe'gf Certhipnge ! R heF i Fnt i (MPTe - Vmbaygy .
~

(-_apira‘ From Fimre 3 1, th> M"TT jg der irp! moasuring 'Y'» jrepres o 4o
18 nr (ALY whie) s rag ‘red e mpsn ate a3 epregen n npd Al Ve
G that '~n9l-f‘n\' v o hmm e o o ' LR v§ '
smy 'l etrrang in /
e Y HOTS AR A ’

Ty~ F1 31 *he  pecatic e maanitde of MRTT i< eeidenr  This

' . .
indicate  the wnward =lrping natnre of the PATQ, Clenr'y if WRTS  were
A

podivica than jn rea

eanetonr Yeoealae f gt

~

ene ‘7!‘ 'bﬂth _Cap{" WY

o T%ws‘qll\éwiwr

Nl dak yr mTe atencialad uith

:\&anv Wt re LAR SR

(03 AU AT AN
. .. . ar

' S e fa jyrmtianal QEU"'"";S &nd 'l\.'.y R navar e b - o

3% '\n»gﬂo'rinq agpe-' ir ot galed Voo Al winn R . . e
BN AN AT ist oAn ’)ﬁa gin'e .'“I. ' eyl T [N T Y s an 'f
\ \
APEE cer veAu A £ro v ae ; S . .
lo ~“@av broooqrr ar e ! ~y e
Fa. 3.2 - A MTPe [Bie]
The qéin fn Vnkeur ‘1 t ! o Wy Pt e 3 o [ .
previnus le~iel i '
Eq, 3.3 , AL - MP) =40 N

o
Thos, since the grin ‘o proluer ia Vet e 1 v
F:q 34 A MY A Afp Y '

'&\
ar “
S e
PYHMPK 1§ e mm 4w AN .t o~ Coaecl N - g o
.

(' law






~ ’
FQG 3._5 A‘( At ' (P Yy (MF‘(‘\ - prna

Thus the slnpe of the isnquan’ (& amua to  “the ratin ~f rthe

.

marginal preducts of 'fact-r inpntsg Whi™ i< eqnal t" the mara'a] fate

. ) o
of techical substi'ytion (I'RISY e cignifiisnee [, "him faar g

TREemes AnParent in Charter 4 0«

¢ -
The fina' feator e “haractarizitg Ssnquants ¢ that en e  reagyen

Al

“hére the MPTS ‘e mqantivye the curve i< consak ta the AL 9. Thes afare,

»

sin e the ~lapa 2 ghe n ve i+ razeirad bx’thlﬁprs;‘ the porrtiang

th~ curve de- tib d My a3 hivher ¥'1 yatic wi¥l alsc ha & bighaer. }Pre
' . . '’
‘italed far captta! At 8pr- ~aches zer o

avprlanartion for ‘hag "-Jh.ier'vﬁ!“"““

The MPTE £31) - as, Ja‘diu ie eyb-

n the flattey PATY fF the cur . Tha

s based 'n carrain inryr ®orpnt oy Starin shird deseribed earlied yn  ghe
S 0 .

"'h'aptp_r 2E-TAE- T | froen Section - 2 tha' '‘he Y- ~f d\vqinicf"\'lhg margiral

Froduet st o "hat vwibthin the ecorami Cmmieer , ‘:"“’l"“\(V"' ‘"nf'cr'q
. .
incr amant ¢ rpnt o reeylt in croqreegs JeVy wmaller onte f ner emens s
. " Q ) , v
The mr ament fr<m loft - igqbt Al g rthe ig~qoanrr anvHi) A CO"' wnuous
' * ‘ (o ,

M -

SABStItULio: Af 1Ay for map 1]
”"‘r“d in t""ﬁ Ty ottt it O'C'?SS [
rVOF ‘Y"ih"'”gly Ia"', ('ar'-‘.-sl f
increase?  Tharefore  fine - in m
falling 3pd  Fhe M1 io riging.

MUTE be "tadd 'y ler inong Tilg)

isoguant and  sin-ce i e endgio0y Aer Y ined o oty - . F .

#

e ant rust he fan rv e the oric "

. " . ‘
+ ’ . » ) }
A ) Titernte bro Tmant ) Yaw 0 BE Ty .
- .
technically «f i ‘ T s e




L

VA




. constant level of output A neCessafy cond;tlon for optlmum inpht uSe is

that the~ flrm must choose ‘an lnput mlx 10cated on the curve. Althougn”

—— ¢ ]

technlcally eflcient, this reStrlctlon does nof guarantee that the'.
'economically‘ optimum lnput mix w111 be provxded The proflt maxlmizxng

flrm is .as much constraxned by economlc llmitatlons as by techg%cai

llm;tatlons. Thompson (1973 p '23%)° states, } R
"flrms ‘aré - llmlted in théxr cholce of,ﬁroductton gecﬁntoues by

the przces of -resource,-lnputs and by the amOunt of finds

avaxlablp for purchasan th959 xnputs An xsocost curve portrays

the various alternatlve combinatlons of resource 1nputs whlth A

flrm can purchase glVen tho ptice¢ of resource ;nputs and the
stipulated amount of expénditurés on resources.”
“ . [ .', i . ) ‘,' . . .
Figure  3.4” illustrates an isbcost line: The isocost line 1s defined by
.. - . . . N . l .

*

the expression

EQ. 3.6 TC = Pl -YL % Pk - K
. ) ”
. where TC = tatal cost g
Pl = price per unit of labour

Pu - orice per unit of capitol
Klf total caﬁital tnput'
L = total tabour input‘
The intergertion point on the vertical amis ~f Figure Y & s
provided from
TC = Pl © 0 + Pk - X
Theroforo TC = Pk . ¥
Thereforé K 1--"I‘C/’P_k
mhe intersection. podnt on the horizontal axis is given by:

TC =Pl L+ Fk -Q . T

s ‘.39: n

"
Lt



- N Y N
N Y
\ ’ .
.
L
o 3 , N
. e
;
! '
: E

. J

. .
Capital . . X

i . . Fs .
]
v
C : ' . .
K = Tc/Pk « }
,
[4
.
.
i L.
o
.
LR
- o= L LA 2
Labhour
iy ,
‘
\
.

FIGURF 3.4. »p Tenenst Ciirve Far A Savmill furchacing capital and Labour,

o,

\

39






RER TSR pTherefore TC 1’¢L<j?'7'% b

i

;f opt;mal’ Two separate v1ewpoinﬁg can be-taken If a particular firm:

’efflcient anut combxnations 1dentif1

A : : 4¢~5o”3fhf:l'z‘s"ii";fﬁ'-.
' Therefore L TC/pl o f',Eﬁf*'l"u'\v. e

N " . e - ".

represents dlﬁﬁerent comblnatlons of the two resource inputs assoclated

K

with a constaht co h-‘f ‘f‘ therefore térmeﬁ analsocost line Th ,,slope,'

The zsodbSt lrne l$ a necessary“

‘economlcally optlmal 1nput mix fro i

on’

lnput mLx Ls indicateé at the poxnt of tangenty Qetween the lSJCOSt and'_:

the 1soquant ThlS poxnt 15 shown at A on Flgure 3 5 The corrtspondlng

&

Optlmal levels of capztal and labour are K and L,, A log1ca1 questlon
,_‘. )

3

"‘;s. How does the flrm conclude that the 1nput mix _lnﬁrcated at ‘A is

:,.. " W

endbavors toﬁproduca a predeterm;ned level of output, the . firm,,bezng

-u

proﬁlt maxlmlzer, wlll attempt to minlmlze the cOsts of produclng the'[

The’ strabght linei‘f joxnmng these two Lntersectlon points

23

. N 5 {
rerequxsxte for selectlng the*-

spectrum of .hnlcallg,‘

the 1soquant %he optimal

%

output. From Figure 3.6, the mlnlmum cost -occurs at A \\hlthough ten

units. of output can be produced wrth the lqput mlx K /L {which is

' technlcally efficient) the anUt mlx K /Lx still produces ten un;ts but

.\w'

at a lower cost and is nherefore preferred
: R

The alternative vxewpoxnt is that a frrm wlth a pre—deﬁerﬁ%ned

flxed ﬂpudget endeavours to maxlmlze output Thus the firm s managers

. -

B} w111 choose lnput mlx K;/L1 on Figure 3 .7 oecause thlS combinatlon both

.

exhausts the budggt and maxlmlzes Output The nalve flrm manager may

f - L
bt ikt

r =, . . i s
2¢The lSOCOSt lxne remains straight only as. long as the level of input

~use. has nd effect oh*input prlces (See Thompson, 1973; footnote- on p
236),4~-.A“," , b
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= )
have chosen K,/L, at B for he would have exhausted’ hlS budget; nowever«
.mhe plant would only'be producing half the potentlal output

-

Clearly, no matter which mot1vat1ng crlterla is .consxdered, the
L 3

optlmal 1nput mix lnvatlably occurs at the 901nt of tangency between the
vxisoquant and sne isocost curves. Thus at the poxnt of tangency the
‘slopes of the:,ﬁwo curves are.exactlyxequlvalent Equarxon 3.5 showed.
that at any p01nt on the 1soquant the slope lS deflnnﬂ hy the MRTS whjeh
”ls‘ equal“ to MP1/MPk. Equatlon 3 7 showed that the'slope of the 1socosf
1lne.ls a constant and is equal to Pl/Pk Thereforo we may ~onclude that
ﬁﬁé followlng equetxon renresbnrs “ha fowdxt%ons CamiiY e e ’h70='”n
an4opslqal‘lnput'mxx:
gq_B__B_p | BY/Pk =MP1/MPk
éhhs- thé- final choice of  an lnput mix which i< ba-=d on thée
rerhn010d*cal llmitar)ons megsed hy. thn ‘Isoguant  and Fhe  ermnomié

limjratjons 1mposed by the isocost. wil) catisfy borh the ne nces !

"l\("l"lq'\' rnndlrxone foro omerima) ascre o amploymeany

D. Facets_of Production
. 3

Te fhls print in the «H:r'\’xssi.on of prfﬁUcriﬁln themry the basirc
factosgprodu*V and  factar facfor felatjonshipn have been disrrrsed
"1*h0ogﬁ '"he “heoratical posnnlargc ere r¢§ﬁ=roa for understanding firm
Fohavienr in a theorqti”al sanse, rnax Voge p*a%mesio stanifidance when'
ﬁhshrvino the pradycri o ;elationshipc ~f rea) firms. In this ehdeevonr
an é*psﬁa;a apprnarh is nguirod. The expanded approarh must allow for
the effort of certain éxtr;neous lnfloencesf The jinfluences are termed
retnine scale, capitrs! {Wﬁknsity tachnnlngiral variegatinon, An3

elmrricivy of guhstituticr e purpose ~f his gection fy to v b






T oy

. .

the theoratira) and prasriza) yalevance of 'hase supplamental facets of '

rroiygctisan.,

Return¢ to Scale N

3 ‘e

ed as the proportional change in output

to scale are-defin

th » given rhande in inputs. For ekampie, if all \ngués.are

doubied “Ard output  is mere thad- doubled then returns to scale are

\
4

. , . . ALE o -
in~rea<ing. A‘ternﬁr;veyv; if, »hen {Aputs are Arbled, output increases
bv an amount less rhan druble, thern returhs to scale-are dacteagding: 1f

3 doubling of inputs res'" in a doubling Af outputs, ravirni ‘o vYrals

. W f
=re cmnetant, ’

)

\ . .

For illustratiie purpose&. infreasing returne to woale  are

representod on Figure 3.8. flearly a doubling of both capita) anﬁ'lab¢§r

¢ w

rasnlt in » oréster that doublino of ~ tput from 100,000 fhm to 280,000

‘b Tncr asing ret rns td scale -~ i hYecause of the more effi~ient ves
h ' . . ) .

~f oinrtte cansaed by 'ha rhlhnjl;], mAr R 10y al, mg'ﬁq'ing' aﬁd iy wﬁiv

C oo S Y e s ot Ym0 v m YR Y

Capital Tntensity
The gapitnl i“*ﬁWSify‘ N’ predaet i rrncagrld's 7l relative
o k S
meastre of 'he s~woont of  apjtal eenlov 3 in relatiqgn 0 ' heer leve)s

5

rapital e an iméprrrﬁr ~aeme .  ir  the analysis ~f =ariohslired
Frodiction kecause it has  the shiljpy to.en'ance éhﬁ.prw4ucv3vity ~F

labour . The akioms develnped egflier ~bowsq he' ‘ha lan of Aimirishing
“'Economies of scale are realized at the plant ' level : through
specialization or at ‘the firm leve! “ia integration (horizontal,
verti¢al, conglomerate). Diseconomies of scale -esult from' limited
management, -bureaucracy, and’ increrses in. unit tr~ sporration cesty
(Shephard’ 1T979Y. This la§tér con enY s Atnenerad  ip meara detail  p
Chapter VT, )






> 2 *
. A - . . '
B o 1
.
™
- .
[ .
) . .
» .
. . o
, .
.
v\ . N . s« '
1y N °
£ " :
g . - °
! * . ’4
! LN B
! . . .
{ u ) N :
-
i N " ) '
» -
)
; N ) .
! s
‘ -
'
.
. " v -
. )
Cap{tél ’
» Al
: ) ¢ . . €
B B . .
P :
v N h
v .
) 3 R .

Ve Q@ ® 250,000 fbm

A}
\—-__. Q = 100,000 fbm
o R e st SEEPEERELEIRE ST R A,
d Labmar
B L. .
2 mar yaare A man years
) %

ey |

I

FIGURE 3.7 Tnareagind Returns t¢ femla For Savmjid Y e

EATREER L ET S
-



[ . . .
' . } . - X
.
. o ~ o
. . . !
. ’ !
o .
:
.
.
v ) . C4
. ) . K
. : e )
. ) ‘
DT
:
\




.y

. o - R : e . . : N
R N 46
..

ﬁmarglnal p:oductlvxty Lnsured that as, less 1abour is uSed in’ productLOﬁ
. ‘;;hen the marglnal product of the last unit of 1abou¥ ;s 1ncreased It is
sometxmes beneflclal then tn tlmes of rising labonr costs to - substi;utd

capltal for labour Sandoe and Wayman (1977; p 86) state ;:

Lumbermen apparently 1mprovea their product1v1ty by steadily

‘;.reduclng uthe mork force whlleiannual output remained the same.-'

.~

bp,.Thls was done because the pressures of r;szng waqes and. frihqg
”'benefltS' ‘created ) envmronment that favouned coNtinuous

substxtutlon of machlnéry (capztal) for labour .

Esqenrtally Ehen . as- the ‘prlce of labour increases z¥élati§é to
price of capital), the isocost line béédmes.sreépét-énd,the optimum ‘mix .
#f  inputs. Isfﬁbote capi*;] intensive, Fiaure ”3:9 illusératbé fhis
recrnnse; Aifirm producing a Barrivnlar Jevel of output and faced with a
parricﬁiér' set of inpﬁt prirec (Pk,,'Pl ) w111 lnltlally employ K ahd
L, 1evels or capltal and 1abour racporrxvoly Thn °xogcnou¢ impact of.an

.'ﬁ

infreace’in the price ~f labour howdver causes *he isococt line to shift

and ¥, /1. ie no lopnger ~ptimal. Since the slope of ‘*he jsccost line ig

Aefired by tha ratio PU/Fk a steepar line can be ewpected whan labour

wage increases. On Planre 3.2 the ismcast line shifré frdm its original’
R 4 o

position'}/?c,/Pk; - TC./P1,) th a =tpeper anItxon (TC;/Pk, - TC,/Pl,)

Clear)y the firm cannot produ e tho same ]avnl of hurpn* wi th the same

total ewpenditure. The firm s twn alrefnativas. It can reduce onrput

°
1

and produce on a ned  jseaquant wi't an  inpur mix descrihed by the
tangency conditipre of the new jsocast, lina anpd the new i soquant,

Mternntively, the fiym can jncreass total exrénditures &~ that previone
levels nf ~utput can he maintained, Increased ~xpenditures undar the new

L : S ) :
Yrice reqima (PR Dl_.) &a“s,« r paraliel ghif ~f the {encnst 1ine e
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‘the. origlnal output leVels ane to be maintaxned, :the; line must Shlft
from Ehe 'I‘C1 positlon to the TC, p051tlon The tangency point between

i

the lnrtiai xsoquant and the new isocost defines a more capital

" — v

1ntEn51ve pptlmal lnput mlx (K,/L )oe Since 1e55 1abour is uSed rn the'
productxon process,.the marglnal product (or productlvrty) of labour "is

enhanced

Technologlcal Varlegatlon and Technlcal EﬁflClency e C N )

.l . . .
v" BN

: The dlSCUSSth to thls ‘901nt' hasfassUmed e.eonstanf or static

| state of' technology In. fact,-techhdlcdy' is very 'diveISe. Technoloqy

. changes lnfluence _the ptoductlve capabxlity of 1ndustrlns both throuqh

tlme and cross sectlonally. Because of rht< xlnfluence, a con51derable
dxfflculty EXlStS in attemprlng to: relate factot 0utput or‘factor factor
' \ ) ,,‘;;‘-\

compartsons elther for a crosq sect:on of: flrms 1n an 1ndustry or for an

.entire lndustry. over txme. Tbe productlon reJatlonshlps of two flrms

producing’ the same outpat but by dlfferent proCedUres ¢cannot be'
considered ;aé';tbe-.saﬁe hecsuse the firms are governed by structurally

unique iSoquants.
" Pigure  3.10 Il]ustrates a partxculat~ torm of technological
véfieéetioh' eutrel aerhnologzcal dlfferenrec The rwo xsoquantq in

Figure 3:10 represent the same level of productiOn' h0wever 1s0quant

‘o ' \

A'A' (which descrtbes a recen;ly deveioped pro¢95$1ng technelogy)

youlr ._..

»produces the- output us;nq less of both anuts Thus tha produrtion

mefhod rharacterlzed by isoquant AN is suparzar to- AAA Since the .MRTS.“.J

at a pd{ZLPUIar Kab ratio Ls the :ame for bnth 1s0quanrq (lmplyan no .

v

qubertutlon of inputs) th° tnchnnlnqmral variegation isx classifredﬂaés

heirg of'a neévtral character . Speéifiﬁal}y the wvariegation is'tlaséified'
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‘fas'"Hicks,néutrai"‘teéhnological‘éhange.
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Two ‘other forms- of téchholdgigal differences’ include "So;ow

neutral” . or "Harrod neutral” technological variegation.. Implicit in

thesé‘férmé is the augmentation of the marginal products of a parriéulaf
factor of production. In the Solow neutral.case, the MP of capital is

énhanced; resulting in a decline in the MRTS and a flattening of the

‘.

iSbéuant:curve:'Since the‘utiILZatiOn of *vis form of technalogy implies
a substitution ~of capital- fAr labonr, it is  termed labdur-caving

d

.

technological varjegatéd n

hltqfhatively, if rhe MP of labnur isg éywha;'rnd rh » ‘he tachnrl gy

L .
of c¢hange is= ~apital savine This form =f harae fo Voegjfial g

Harrod nentral trechnoleairal variagation.
Tha €nldaw  anid Harr 4 forerg of  technelogi~a! vAariegation sre
\ :
. AR . e
rapresanted on Fiqure ‘.1} Tigure 7.11ﬁw} illustrates the lahour saving
. " s ' ' ' . .
caca, Tenguante OIRY  pn? O(RY  repracent Fhe came lovele of ~utpat;
§
hovevar Q(RY examplifies 3 more reg eesivr terhnnlngy Re-uep the WP
~f Fapitai i§ increaced, the {° Aqua ' barnmae fla Fnor Agapymiig ''e
X bt
wnput rrite Araf:1'- rev'\nins. mechangnd t he [SLE TR B I I AT SN T SRR SN SR n a
hiqher pecition "o othe isogan A N T SR
vr Yherion pooreRe i o reactps.

Fiande TVIVIKBY S Ylhgtyater vl vq["'-\‘ Ca iy v g e et hiAa T

ic enbhanrol, th i:ﬂﬁn'nr rar mar e LR The o wrtimat b W
[}

mev s

el nvivaely more Yabengy Sritapgices

v

ac hoirg or

e

Tarhnnlnagiral 777 iegatinn ctn he fprrher ~lnecifi
two separate farmee  hiologicm) and wrohanical (Raady. 1052: 0 kinenon,
' v

1Q75)Y ., Rinlagiral Aiffarences 31 e Annsl arng to Hi~' ¢ nev rs)

Poohndloaical  cltwiges  Mesacda bhoo omapgit e v ydes e o e,
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universélly~enhanced (e.g. thinner s5aw kerts'and énhaﬁced(utilizatidn of

qonversion by—producisr(e;g.' chips)). Mechanical ;differeﬁéés' on the

N

"btbér: hand.' are labouf*saving tethnblégicaI:yariegétibnﬁ the innovatio%

of which'is induced by higher labour costs’ (e.q. improvements in sorting
and handling;eqpipmeﬁt, profﬁiq_éhip and éan;iﬁg'pquipment with camputer.

"

.assisﬁéa'pféégss control). ‘ ‘ . L
- w“he differences in technology ;cross'5ect{ohqlly have important:
. . . . - . } i ' 9 . . .
implications in terms of the industrial demand for twe principal factors

. 'of production which are of particular interest’ to policy makers:

stumpage aﬁd'laﬁbur. In fact by the use of poliey instruments such as

guota allocation, input» subsidization and pdblid participation in

\

research . an® devaelopment, technolegy ¢an be managed to 3id the

#chievament of particular® socic econdmic ahjectives. -First the
BN . tyoa " , ST . . . v
implicarions ~f particular forms of technology on the démand for lahnur
- Py ' ’

and stumpage mn<t be addressed; With specific ragard to the affact of
tachnolngiral differences-on demard for stuhRaqe, Pabinsan (197%, p.15M

states-

‘

"mechanical type inpnvations reduen  cost:  abd  hehee  tend ta
’ W . ' . ’ B3
shift “the preduct supply  onrvae riqbfwnfd. Far a given damand

schedule, this sbift decreases the price ~f the product and
v ! . 'e'f', .

inareases the quantity Jdemanded. Sinre the physica) relaticnshic

hetween &tnmpage input and product  ovtpnt  i§  nat altered,

o~

mechanical innevationg would ‘ond t ipcreace rthe demand fnr
stumpain. Riclogical innnvatione ©n the other Band would 'end to
recdude thic demgnd for crympaae Finhce rhey increase the ammnne

of product forthcoming from a given volure of stumpage.”

Tr vrafqr-nr e v the r‘qm,-.\nd. frr Yabenr ";!9'1} rvoﬁ(\' p A7) sratas:






L) N
toechnicral affiriancy
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"In a competitlve lndustry, firms ch00<e lnput levels Such that

tho MRTS equals the factor prxcp ratlo Since the teehnological

change bias is defined for a eonstant capital—labor raE;b,'a
oy - . . . . : a .
labor¥§aving bias (from mechanical innovation}-would cause the

.
.

demand_and'ihcome»share for labor fo decline.”

. Thus mechanical innovations have a positive influenée on ralative rost

competitiveness and stumpage demand ahd a negative influence on the
relative demand ﬁor labour ., Bidlngical innovations, on *he other hand,
influerice stumpage *aqniremsnt s negatively and have N diract affemt on

Tab~nr demand.

TMe farm f rroge sectional rarhnological  fariagmtine | be jr
i \
biased or reutral. has vary important jimplicstians in rtérme  oaf Captsin
. .

rilicy objectives and the procedures for achjeuing rhem.

r

The ,-.’\, ?a},inq Al qc‘)::wil‘\n nf terhn 'ngicg) vaAY i ogation ehnmie  Reow
r“"‘ﬂnir‘,'?"l'n rela‘imships rharge with quAalitatiie Aiffarmicas in the
va'igh\h.faércyc rf productrinn (”apigal. laheur) . Technicral oaffirjency
is  an n&ﬂifihna; vay of ﬁbﬂffih‘”c inter firm Aifforanges *Hh tetal
factor P'OAUCYiVifQ- V%topo]ous and Nugert (1976, pg. ;d) danriﬁe
;ééﬁn%;al efficiagry with 7fi\r‘ms have diﬁ¥5§ent inpUF.ﬁutpnf mixag
bwc%uée they héué diffv;ent @ndﬁQ;éhts of fiwed (o 5, ménaqomehr)
f%ftéf% of Er&ducti&h, r}@v j;. V“by ﬁavé ﬁpurrﬁ; Aiffere: rac in

7

In the cred of  cross:sactiapal S2ta  the  fixad
) Lo , L iy )
fantor may  bn eﬂtrapaﬂeurial 21 manaagerial capehility. Thue, measired

differeﬂGEG n output prodvred bv twe £1vps. ustnq ﬂhe' same huﬁﬂia . nt

-
)

honmgpneoos anufq (rrwrpfﬁrq -*hn J.nhornm g 'wuchﬂn funr"vnﬂ \s the

ot

) ‘sam%‘) i¥ %fY'jTWUfabip te H)t:b fart rh_at one Iv‘fi"*m }lms tetter téch\'\jr,al

- «

knowla@qn and &5 “harefore tachnizally wmere afflcjent  Tha differance
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) betwéen technologxcal .varlegatlon and technlcal eff1c1ency is tﬁht the
' former accounts for qualxtative dxfferences in the Anputs: - whereas theV‘

hlatter measures the contrlbutlon of entrepeneurial capabillty toward

RN

jﬂmore eﬁfectlvely comblnxng homogeneous lnputs Thus whereas technolog-"

71cal . Varlegatlon 'lS réflected in strucfﬁrally unxque production,,-

1

functlops, technlcal efflcmency assdmes the presence of One lsoquant (of

]

one produrt:on functxon\ ' PlearJy Jin the; sawmlll lndustryv' where-/
e ) ; : ‘ 5,

lﬁleldUal flrms utzJLze & Wlde arréy of productlon equlpment and retaxn
dlfferenf endonents ‘of manaqer:al capab:llty, both tnchnologlral'

variegation and techniraa @rfici?nty ¥ill be raflected. 2 T

g;ggg;city.of”sdb§ﬁ§iution

The fidal facet of the firm s tecbhrinlogy 35 the "elasticity ' of

\ -

sibstitution™. This concept is an impor tant and relavant aspect of the
production technology of rhe firm.

The elasticity 'of substitution (¢) e Aefinad s the percentage
‘ . . . ‘ . ‘ , P .
change in the capital labour ratin giyen =2 1 per'eht change in the

maxginal rate of techrical’ cubstg\wfvon srepT e Nebraieally  the
' N

elasticity of snbstitunioﬁ is equivalent r-

Ea. 3.9 (‘\ e - A(K/L)/(K/L)
fA’MPl/HPk)]/[HFl/MPV1

The elastirity of snbs*i*"fion i= Wacinal'y a moeatyre N the nase
with th¢h one  faefor ean be Seheritnted for another fa-tor along rhe
iYS'.‘\'J"."’\’n\', A }ar'rw.w éugqeq'v\;,: that f:ctor inpute a:r.a Pacily g.n\';\'g‘i‘r\)t;ni‘!.,
and  that tﬁeka {s verv ljittte ru'varuro in *the j&oquants. Thug » 1%A in
MRTS causes ralafaveiv larqe A in R.'L. Al?ﬁrﬂet'voTy a low n suwoeéfs
thar inpute éfe nnt easily substitufeq and rﬁaF the jsnquan' hne a 5arqe

rflli'v'ét;xre‘ Thae A 1% A in MRTS éansbyl A ralatively smal ) ar A in v/{.






. : . . L : . LAl e L s wemsceae) e
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Figuré‘B I21a) represents the extneme values'whlch o can take The first

assumption lrepresents " the Leonfiff case of no possmbxlltxes of

substltutxon A 1% change llm. MRTS causgs a 0% change xn faator

A

proportlons,.' Only onez combmnatlon -is; posslbig.4 The 5ecqndn;case.‘

represents the opp051te Situatién df “péffécf subétifﬁtabfiify ‘ Hefé'

f [

substltutlon of * one anut for anot \Y;s Tip’ qgﬁect "OR, the MP ci the

factors and a sxndle optlmum comblnatlon lnputs is nom exxstenr
%

s . Production will proceed with all of a partlcular fattor of product;on

belng used The choxce of a partlcular factor will depend on: Whlch one

v

is cheapest on a' ‘per. unit ba51s quure 12<b) represents the more

general cases pf ouruéd 1soquants Tbe eLast;cltylbbf substltutxon is

\

enlxghteﬂlng in thpse Cases in that the dégrée éf-éhrvéturé“dﬁ the.
xsoquants can be asrertasned by . the maanxtude of the valua _of a. The
F182) EOr Q(A) ‘B is’ less. thap a(X) for QA) = ¢, Thus substitution ss

eaSier for Lsoquant Q(A\ = C than for Q(A) = B.

e
' KN

ol An 1mpontant applicatxon oF- tbe ekastxczty of substitut;cp concept

..._.,..,.

'
V. e N e e an o T e Y L

is to assess the 75599‘ qﬁ_:cbanqesﬁ in the pr:re of af fActor: o;

<< pro@uctisn: @n;;shpﬂ.tism{sqceﬁiéﬁ&f@prQQQ;;;gp,.QsMQuipk (1976, p. 129)

e L L . o e B
s?:‘ates- .. L . .‘.N l..'. . _,,‘- ."' . - . -'.. :‘ ) . v .‘ . . .

The _ unpact that 'a" Chanqe Ty thn '-v;eiq@,i";éanta»j' rféﬁir-D l‘;as on
méf&in%l cost,éf the ﬁifm,depends_on the ease wifh which factens
can ge subﬁtituted for one another /' In general, the more éasiiy
fartors can  be éuhqritutad,t$b lags Wil A cnange b;n *he

K wage/rental ratio chén¢e the marqginal EOSt of tﬁe firm. An
incrgaée in the price éf laﬁour, ﬁbf éxample; can  bhe 4P”"1V
offs.et by & shift to mor » f.'"vp'i' "2l intensive processes.”

Fanation 3.9 desarihed fthe « n rermg of tha raesponse of fa tor

)

.
[ A B . L "
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- proportiens to a 1% change in MRTS. From Fquation 3.8, hovever,; we also

know. that MRTS. = P1/Pk., Theref-re the Asncminathr - f Bq. 3.9 +an be
replaced withi A log Pi/PK to form;

E9._3.10 o = A(K/L)/(K/L)
" A(P1/PK)/{PL/PK)

-

' v . ’ ’ B '
Thus, in Eguatior 3.10 the elastici'y =f enhatitn' imn indiecxee

thé percent change ih fa-ztor Froprrtione ?cqﬁciaﬁnd vith 3 J% change in

the ratis ~f i'ﬁwxbtprjrec‘ In Yhat cartain “mrme of Froarome toguh il ec

3

can  Alter the effective input price ratin, 1« meooir g

~anei-darah) a\sim\jijvay‘,pﬁ YA PR ey Salier g

~

R, The Theoretital Modél of Perfect Compet.ition
Sfince a hagi~ underlyini,assumptiﬂn'of the models develeoped in the

. e TN ‘ T ’
nex* chaptér s  that firme aperate in ret fectly crmpatitive inpnt and

Y .

rutput markers, a3 description ~f the narir ~’ thece Merkerq a'd nf rhe
bahaviany of firme within thig envir nmen' i« TPPror iate. The parfeetly

rompetrifiva marketr model ia charactorired hy  fryr faatnres (T')\fm;'s(\n

107"y 1Y profucte  Fre ndiffe eantjated and buyere pay th: eame 1t i-n

fnr rha prodAnct irralevant ~f whe prody es Tr, 2 individbal hn ers  fng

T~

. : - P .
ceilers  ~annnt influan-e the prices nf prodne's o factnory - Fy ‘Yhair

7 i

precurevent decisinm. and tV v y¥érora,  fiyma  ay rice  taler Y bwepd

rrodyst o and factmr markets 1 reean sa inpat s ara renplately modije mnd

, , A
firme are frno to anter o1 leave the industry, and ¢4) rhare ic perfecr

ard complete knowledge by producars and ~endymei & and 1) rredor finn and
i . ) .

v
' .

ccncumﬁéiﬁﬂ Aerieidne are made With comlete rertainty «f the Ao omea .
Eronomic fhaory  suqgests that under the jinfluyance ~f  thrge  fine
. . . . v 3

featnres, fiims will hehave in rome rredicta™le mannar  'we  gekarite

*ira frames Aare ﬁ‘dnf:}égr#ﬂ' e mhei F o v e aoed Chae Vo o g iy the eher o

‘






.o

tun, the business decisions of the Firm are ~npstrainaed hy the fiiirirv

N

of 'he rapital stack and by 'he feature tha*t output prices are constant

at  all)l levelr ~f prnducticn (i o, thé"dé@and curve ohser ad hy the firm

-

is completely in elastic). Under this sren=rin, qhé firmr manarnr-  hnye

bgsicrslly only ore decision varjahle., My “'justing *he level

the ‘ariable inrnt the firm. can intraas~

the  ~bhjertive  Af thae - smperiri e fir
! \
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exactly the same'technologles and u51ng the exactly same qualxties and

quantltles of factors of productlon Factor and product prlces a:e_gauen‘a

e

A

Y
- >

and are the same.for all firms Ln theAlndustry Sane the firm ls at the~;:ﬁ”

mlnlmum of the LRAC curve, econom;es’ or - dlseconomles of scale are

-

R : . R - , e
P

non ex&stant (which lS synonomous to constant returns to scale)‘r

P .A-«..o-,'--u\uv PR ) : ¢
‘ -t Ad

. substltutxon responses caused by factor pricé changes OVer tlme 'JInf a .’

.~\«.- A

cross sectlen, 7t,é' cdncept ;s ‘somewhat more nebuJOas,JIn the cross~~ =

[N

Wlth tlme' serles data,’ the elastlclty of substitutxon measures;f

section, used Ln,thls thesxs the elasthxty lS based on obServed intra»'”

. P R

:-‘ lndustry dlffenentes -in factor proportlons resultxng from 1ntra‘1ndustr"

J s "

""‘“i. e,

-'vvarxationv1n~factor prlces. Asﬂpreviously descrxbed xn thrs«section; the '~'f

.c"'\!- - RN e

model of perfeqt rompet1tlon state< that factor prltes must - be unifortn .

/
' arros: th%;parrlrular industry Th;s 1m9051t10n would appear to cause an

S,

Aanomolyu tbe, metbodology empﬂoyed in thzs thbsxs in that factor

: sub<t1tutlon would not bhe mnaSurablp (assumtnq the au;om is valxd) For -

t%e purposeq of rhts th951s however thp restrictlve condltgon of unxfnrm o

1nput prtces 1s re)axed and the ronrept of an nlastlrrty‘of sdbstlﬁutmen

Con ~ . r' e B w o ‘_.,,.

is conSLdered to be yalld Th: wpproach conforms to many studtes whtch

'e;ther estimafe elasticities of subsfltutxon dtrecfry ie.d, Arraw,'
Chenery; Minha5,z~Solow, taﬁlﬁ, GrLchqes. Rlnqstad, 1971)»wnth cr0§s-

tect;onal intra-anﬂUStry data or .xmpllcxtly assume sub:r;rutabf?xry

P ..

hetveen anufs in a crese =er"ﬁna1 (Yotnpnn1os, LAy, Ljn, 1976, Sldhu

" . T, . : . - :
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F The Productxon Functlon \“¥.f?ﬁ‘j.;“;5,’""

‘s:.gnx _mance is afﬁorded the reiamonsmps des

an‘ar;ay'of proauctlon varxables can be astertalned vxa‘*the

“’", LoLe e e ey “ I -,

-'I
functlon. ',

- L. ‘A‘.,-..44

A e . . \‘ .

KRR

N -_\. v!.m..
.- : . LN

Manstleld (1975 th 122) deflnes the productlon functlon w1th

quantltles of varlous anuts used per perlod of cime- and- the

maxxmum- quantrt3 fhea<commpdity that tan be produced per

4

pertod pf txme;.s. The ‘prbductibn fOncrien“ snmmarizes lthe'

5

chararterLSrJOS of ex1<t1nq tochnology ar a given pomnt in tlme,

. R PR 2

't shows the tbrbwmwnqxwa1 vdn vra\nt= rhwr the firm muqt reckon

C .
«

with.”

As dnsrrxhed in Fhanrer One, two erxplicit funcrional forms

emﬁloyed in “this thnsns The ?dﬁh DG APyl inn Gt ion (Rg,

is repﬁésan*eﬁ by‘:

EQ.

vihiee

3...-;1 YoE AR e L
Y = sawmill oytput

Yy

A - rechnical @fficioncy pnismeter
T .

V. - anii":’l “inpur

T labhowur inpitt

o preduetion alacticity of lab-or

{1 - ~) - production elasticity ~f crepits)

Tﬁe proauétlon 'Tunctl the means by which qﬁantltat;vea,g

crlbed Ln Sectlon D G;ven AR

_factor"wuée, ’ﬁnzt-vﬂﬂ

producxxon :

v

‘"The B prcductloh function ‘isf the relatlonshlp between the Lo

are

.

This functi~n, vhich was popyvlarized in 192, was thae firsr mpior

Aavelopmant  in  the aunlutien of neo-lassical prodicrtion ecenomiss:

The






IR nlff;z'.“‘?::-f ;..,'£i,‘ o ed

ﬁunctlon _is\based Qn C w Douglas 5. orlglnal observatlon that the total

amount pald to labour inu a produ:t;on process »ig some constant

Co. '1 3. . . ’ ~... L
‘grOportion.Qf total output - br that, o R

Eg.; 3.12° ' "I‘.. = = Y: . or Cwr ="'.°§Y/»L'M

Co . 5 e T -
whére? ' "o = labour wage rate _ ol
N e oo, o . ’

| soll
u :

[N

total'qutput

T
o

= a productidn parameter .

?
it

Since the margindl 'rreﬂucr af dakeyr it equy) te ¢, B Y VD 4R

transformad to:

Eg. 3.13 Y A% - -y

The contribution of Cobh wac o stggs t that the irteq utad ‘orp -4 Fry.
313 was the same as aguaticn 1 11t e i e g e

respert ¢« "abtur procides:

TR AN LA § AL {
- n v ' o
1
/
- V¥, & = o~ Y - . Fa 311
. ? ! ‘ L
Thus, Corh' < p\vqu @i  agqustiar e C S e,

erirtaal chrarvaticne,

A miv o -vpv\p'?]-izp'l f—’]-m (\f oy Yo
Eg. .15 v - a vy
v -

Thie qqugtj,on is mrre Flavwib) - f!a nn'; the funectirn & nnt cepngry = inen
to 'inear hemegénesity (i . w, the =t o f vha ;;r(;ﬂ")""iﬂn Qlaﬁs?“ﬂ" imn mrn
N requived to eun te hniff;.'

Al'honqh‘thQ Cobh Prudlas. functinr ~=n he grnaeraljsed so  that

lineary hoamnganajty is na' x ranets aim "he (ancrian e =vi)Y Yamived iy

amount of labour oo o IR A







1

'

L. - “ . .64

that the implicit e\la'sti'city of substinition',rs constant® and 1s always

Substitution”  productisn  functian tha arelicit  fogm

represente’ biv;

Yor oy[8k P (1esr 10

oo Y - sawmii) oqégu"
K = ¢apita! inpu’
1= lakanr | NP
y = rerbnigs) efficiancy params
f v capita)} intercity params -
(v avhgtituri on parsmet er
' ThYnret o rcale pnamete
This fun tian wan v g §a~nbf ma i

proAneriocpe f e riene and vag

fonet ion is

A NeMounirary elagticdiry f snkiie ¢
whooage e MERE T g e e

' v ! :
Eq., 3.1 '
the o r DN T bem o~
rq. 3 » voro= o
e ' - f;"ﬂ‘t" Ve O‘ Qutt et b e

At o~ YT e the aaer e
oy |

Froam » joliN] q]y Y} s e al Tt ,n—]'n vored
r.-n\‘,-., ¢4 f\n)r-tif-n \"'))i‘n A (YR gerti™ a)
the the avica)l micdq " ~F 4 firm raratirt’y

market

AriTeA ey

¢ f\rv"

tenpralirzed from

V'r:l" opeulsoe ang Muorany (Y IR,

Ve NS ;nt,\ t ey gt gy

£

‘equal £ ofe. This limitation is overcome in the

Fhim b b e sty s

vy v

cqapni*

749
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constitutes meagiirement

wf thimie rhanry

- .

. . N Ll
E-onomic thenry spacifies the

condi ti~ns undér which firme ay e e¥pected to have

f5

ident'cal ratins of

- : . S, [ ' )
prrnts  and onrpurs, Sperifically, if is wall Fnown that =11 f; ms v ulg
o ¢
' . .
have the same quantities of inprg anA oufpnvé (and - ¢ 2 - - -} 0 v
toivtfon the pravdnction cvrfare would e chsarvakriay o
, M firm- had th s me ;’if’\dli-"tior). funrctiman S Yoy
'Yechnica) knAwl Adge ang ‘derticel ‘ivel frornpas
..)u
2. MY firme faraed the eame re ' rec i rh- ry' A9ect wrel facveyr g “'i
I,ONAY firme mayic ge p.‘ fite ~erla TVoAnA Snecars ane ey
(\hcl‘;"a)"q E\}\jﬁ!c ity inf-i" e y“; L ar Rl N ' the e4 Ve Yoo '
EA I TV -?'fi(‘i""y A Lk 25 E TN VA D te Mea-n e e
Pegoprting foo A FFavyen: o - --vv}']\ o' v ooyt vy v
. . H ! 1
YU vy enat appr oo b ' R R U IE R R (R NS Sy 4 tor et ety o
e XA AT217R P2 SR © SIrTepia Pearcn IRTPN P L ap Al
yv\n;sn.":ﬂ'v;]\'t\ ¢ aty 'uv:~‘1\ vrd e prrocluer e v ry oy wi h =
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"Obviously these four - conditions (of perfect competition) are so

stringent that no market in the real,wquéuever ha5 or ever can ﬁéet
them ... Nonetheless, the study of perfeétly competiﬁive‘ﬁ;rkets is not
-without value‘ ... a model may yield.valid conclusions evén ihough its
assumpfibnsv are "gnrealistic" -«+ the &Pérfectly competitive ﬁodel
characterizes fairly well the ;ehaviour of(owner*ménaged, periphery
firms in certain marke{'cirEumstances .:. we sﬁ;il, however, be careful
not. to cla@mbtoé much for the model of péffeét cbﬁpetiriOn, and we shall
be especially judicious in applying its ébnclusions to the behaviour of
firms’in actual situationes.’

Fi . M “u

The axistante of LT orfe

iAl labour wages sugges*s  the

possibility of segmen¥ed 1 ur markets for the Alberta sawmill

industry. In farct, in ob¥eruvifig variations in size across: the sawmill

‘
\

industry  there appenrs to be some ¢arrelation betwéen the size of the

compunity and size of the mill with larger mills being located in larger

_towns. To some extent this féature may nxﬁlain why higher labhour vrgec

~

éré paid in the larger mil'e. Labdur Qage differentia”s ohserved rvy tﬁp
Alberta sawmil) inﬂﬁcrvy are rarﬁanenr eqdj]ibrinm Aifferences in the
labour market caused by an immrkility of laﬁour Qﬁirr provents Jaﬁ#n%s
wage from being aqualized. Anpther reaeon for  the qwisténce ~f
persistent. i “farontials ie rhat the gavmitdl Jgheyr foree s omly part ty

tnionired,

G. Summary

‘

This rhapter has describad some of the prineiple thenraetical

’
7,
* '

armnomic postulates required for understanding produaction relationships.

Tn Saction B, the Jaw of Aiminishing. marginal product and the three

i

4
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stages ‘oﬁ préduction .Wwere- defineﬁ. In Section C factdrf:éﬁpd}'

production télétionspipé were. emphasized ~and ,'the neée$safyl”*-hd

’ suffxcment condatlons for optlmunblnput use were outllned In Section D

-

the approprlateness of the productlon concepts of teturns ‘to- scale;:?

v .
- .. s

"capltal 1nten51ty, technologlcal varlegatLOﬂs ana elastic1ty of:
. substitution waswelucidated. In Sectloh E the pertect}y competxtxve;/

" model Maé,intfoduced In the last Spr51dn, fhe . concept Gf the product ion
) )

funéti@n was in*rbduced and two qxpiacxt ‘funrtiqnal forms  were
désrr ibéd . ‘

fﬁe theoretical rénstrucfs pnov1ded Hn  this -chapth' serve fto
provide a ffémework from thcb thg rcaé%qs why rdsnﬁrces'areﬂalidcated

A% they are hy the firm cah  be ,Cnmérehﬂﬁdgd. The " following .chapter

brilds  gpen qﬂig Cframewcrk by do:cribing'specific methodriogine whicb

. T Feyr eyt P0G me g

nonf the theoretinal..concept <

\
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IV ANALYTIC anwoxx FOR EMPIRICALLY AN"ALYZING; PRODUCTION m 'ms
. X ... : 2 H p ' ’ Q ! o, ) T
' . o ALBERTA SAWMILL maus*my S e

e : : - o

'”jjn' | _.“:‘f,.é  - .Jr._';j:;A ,;uw;  f'%ﬂf.:f"- : "Su'l” : ‘i(.

A Introduction

.

The purpose of thlS chapter 1s to develop the models ‘descrlbe thelﬂ Lo

o --\./

technlques f@;% estlmatlng the, parameters of the models, and‘ to -
charartetxze the propertles of the ectlmates The chapter comprlses two

3

major -sectlons: methodologles and pr0cedure i rhé flrst Sectxpn, twa

s .~

<pprlf1r ‘@conomig models are developed" The first mdaéi is Solow $ modelJ.
for measurlnq tééhneihglcal i?;ngei Thé foundation Qfat@is model ;5 thé%
famillar ngOrclas;;caT ptodﬁctiénwfunction known as the Cobb-bouélaﬁ-
funcrion; The second model is ba°°d orn fhe facohd magor development Ln'
the Marqhv1lwan Jine of prodnfr1on functions (ﬂeathfield, 39713: The
functisn  is  known A&s  the Canstant  Elas' icity nffsdbﬁtiruéfon (CES&
functrion, In the = ceng FééFiOn‘(précé”vPQ<> the u#tjﬁatioﬁ ;téqhniﬁués

and statisticn® 1 o vtiaa ﬁf—%ﬁﬁv T imatre Ot e let g are

qiccvece
B. Methodologies

The Solow Model

)

v n‘g -

Tﬁe first mnﬂgi devalrped in thics caction ig ap# nviq1nated by R.
M. Qo]nh (inow 1057)Y . Hic ‘ptertinp wng "'n deecrihe an plpmnnf\ry Qny
of <egregerting variatinng tn  nurput per head dAue to terhnica) éhanc¢
from thmea dre tn ”h;ﬂaﬂﬁ in the availahility of rapital per head”
(&nlow, p. 312). The medel prevides = COnVénienr and'simple way of

separating movements along the proAustion function (increased ?VPPQE'

68






v . e . . . . . R

},V'resuitihg"~from emplpyment ' of more capltal 1nten51ve ‘production

» thn productlon funct}bn..-

The model, as origlnally desxgned, was dynamlc‘ and was briehted

toward allowing tor !Ehé3 effects of changlng capltal over txme The

e

Lt

approach was to lncorPOrafe a time variable (t) as an argument .in the
'1mpllClt productlon functlon . thereby( melylng the effects on

'productiv1ty of mnnovatlon of new technél=éias thranah rhe year$. This

felatlonshlp xs‘shown in Equatisn 0 1.

”~g 4.1 Y-"fuxl,,m
whar e ) Y = tatal 'o!n'p{xr
¥ = capiftal inpur

L = labour inpn?

- a'ﬁimp variable
i %hapfar I{ A wide grray of met'hods nf proédiinn }nmhrr in
Albéita WAaSs dasrribed in someé dsrail. Some sawmills embloy ';h» more

" B oy \

traditiional rirrvlar  headsaws and other mills ytilize morae recantly
ﬂevalopgd methorte of productian " In cepgra], the small sawmills emnplny
the frraditional {and whab would 5nr"‘ti§eiy. be owpertéé to  he less
Gfgi.tién;) mathrde  »f prrvli;mr_irm g ..mentimnqﬂ in Chapter "71. g
\;H'ri.-ahi"liriv in size r\f; plant anAd mathiods ~f pi.’odn"t}i"n is e
cdnttadibtigﬁ‘fﬁ rhe rerfoctly camretif1va model . In fawf, firmne are not
Axacfly the <ama gize (3s eiéhftnd with the theofetics) mﬂapl\ hut  uary
widéiy: Also, %irms éo nevy nrif{zo fﬂe sama *ﬂthnélnay hut usn A J;d}
rahgaeg&ﬂprdébaridh‘mgtho@s\ We mav therefore conclode that Nlbeita
| sawmills: do not cdafé}ﬁi to the Hehavihﬁr.of fir@s~5n the pe;feétly

v e o et b e e e

"”chh as Chip;N~Saws, gang saws, by= produrt recovery nqn\pmenr and
other machinery designed for fi{gh speed Linnar *hroughput . :

e ' .
. . o '

'

"'processes) from total ShlftS (resultlng from technologlcal change). in’

.
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competitive model in a1l respects. They are, in fact, not faced by ohe

. unique production function but ‘moreowver. by ‘a range’ of functions

described by different scalars, slopes and elasticvities. We must however

. retain the:péffeétly competitive model assumptions of firms being price

{ékersn a%d_ that 'ﬁléhtﬁ managers ganavor'Eo‘ahd accuillﬁxdolmaximize
profits, in ofdér' to be able to measure the different prodict ion
frontigrs. Thus, va§swmiﬁg that all‘fifms are price efficient (that :é
they equate factor price ratios to “théh .ﬁRTS); “cross sertional
differences in thé parémetb;ﬁ of produérion can be a;“ri“v”aﬂ te eirhar
.terﬁ"oloqicaJ or manaaer}al différenées b?tween‘firms.

'A methnddlogical question that hecomééékv;dnnk At this poiny i

How can the nrnss-secftona‘\dat he organi~od t) dystematically reflact

. technological or manageriasl ifferances in  the induetry? A pogsille
N -7 ) . .

&@r is to rank the firms According tn size  Fr-m ganeral knonladge nf
“ . , .
\

Ythe <awmill ipdustry, ' we know 'that ‘echnelogy fp the largest mille is

caenerally "stare of the art” whbereas techpoioay jn the epaller milis s

someuﬂlt Tese progressive  (see Chaptér [IT'. Ve msy ajsm COSPact Flgy

managepént in largar firms js more adept than  in  smaller .firms  ny

nrgantzing  Yhe cross  section  acoording  ~o §izé cof firm we impn-- 3

Atructnre Yo ordflact what ie surpgcted ta Be sl itariore Y fferan e ipn
/ . ,’ . ’{ir
fretive of proadiction. v

The Cb‘fﬁ model appears well snited te  analyzing b poteprial
rrhéuct’Qitv cfferrs of dj fferences ir  technnlegies in rhe Allarta
cawmill induntry érassFSQCtioﬁally- A mhdif%cation of the criginvl  form
tEq, 4.0 however, ig wecessary to érénsfoiw ¥ﬁﬁrmndqi “Comoa dyn e
oneg ?; ene thar can be apel;ed‘tv the spe-trum of Alherta q#wwéf’ﬂ “h

(e

S LT S K R T P T feltmwving impYicir fowewm §q proepaengs






reﬁlacbﬂ hy a

y-—.

f (K, L, s)

whaere Y, K and 1 are the same ae in ¥3. 1 ] but the variable ¢

1]

t' ig

Size «class variahle (s) ta separate differen:es in

*echq46dy,frnm capital deepening across differing <'ze classer of firms.
i} S s N

_ Before the made) ¢an he further ettablished, a npumhe; ‘
\

BESE -Xok

smrlying the medsal are descrihed  The cesumptions ‘ur'ude:
Y

1

Iﬂ"hhicql' variegation it pfuednct Fgmentinag  or “Hicks  nentral

' .

3

(TVerefars mnr giNnA

1

ra’

in comtaring \iffarang

Th=ye eyicre
Tha préy‘w'lif"\
avhibhiteg ~enebme

fun-tiona) frrm

The éJ.ES'i"‘.'Y ~f

Y nv\‘?y (e vy )
The 5Anrf= nomf
f;’rni"h.'(' rwavrrl ampey

Thera g,

Mesu ooy vy e

v

vy

rel

pp; {érr

e A et iop EYES ‘ni¢1
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by
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anh
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Aacrumylated shifts in the fuvr Aan  jacel v te
. ‘2' . ) .
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""There is a r'eoh'~m in separzbili § here in *ho the portion  f A's,
attributable to technole~’c¢al di’ferences in processite  mrrheods
(technolegi' »' “>-iegation) and the portién  attribvtab e *o  the
achievemant of Tanagers (tachnical-. officieray} i° ror readily

idertifiakrle This ‘s an ewvpirical QUestiCF ,which re vi AT T X R
For thi* p rtion of the -~tudy al)} reaé rable shify-
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With. the calculated values of AA(s)/A(s), an’.index of techniéal'

vatlegatlon can, be - ascertaxned across the pre‘determinedlscales of

productlon By settlng the initial scale A(s) equal to ~one, subsequent

K .

A(s)'s are derived aclording to: L ' '

Eg. 4.9 A(s+l) = A(s) (1 +AA(5)/A(S)) A . .,
. AN ) [ :

With calculatea values of A(s) for each‘scale of production, the
‘aggregate cross- sectlonal productlon functlon for capltal both witb and
without qhe‘ effects of technologlcal dlffgxences“ remqyed,.'can be °
1nvgstigated. In (thé Cobb~D0uglas 'case, .ghé"aégreqate' production
function, is répreseﬁted,b& ' " ‘
gg;4iLlQ log Y/L = Bp.+ B, log K/L3{‘

Thé agéregate praédcfion funéfidn, adjusted for the influenées of
‘technical Q;}iégation, is represented by:

Eq. 4.11 log [(Y/Lb/GA(s))] = Bo * B, log K/U

%

Equatxon 4.11 shows the effect of ourput pgr unit of labour of

puro rapltal deepanlng and egquation 4.10 deecr\he: .the effect on output

par unit, Of labnur nf technelogical variega®ion  ana rapital  deepening

'

cnmbined. K

The Explicit C.E.S. Production Function
The bdrpoce of the moge) developed in this section is to provide
an initial sgaregate ~stimate of the parameters under lying production in

the Alberta sawmill industry “recificrally  the intent is ro provide

VA

.

.estimates of;
l.~$thé elasticgity of shbstifution hetween capital and labnur

2. the capltal intensity of production processes,
*JQAppéndlx JA- shows by Eulers Theorem that under conetant retiirns to
‘scale [Y = f(K LYl s [v/L = f(K/L,J)] :

B T

- Lo . [
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3. the level. of returns to stale Ln the xndustry,.and v
|. ‘the nature of technologlcal variegatlon Co R

"he explicit functional form undeflying the  model is."'the C.E,S.
. ) . ! e ) " ' . Lt o

s
3

>I°dhction funétfod. ) _ : ‘ T, N

The C,E.S; functional . form is;'sﬁpéfio: to .;ﬁg ‘previous
:oBL—Dguglas form for twq:reasohs; ! -

Thégunderlying ptoduééioﬁ ﬁunctio#;hs not Jimifed by for-ing it to
# be linear homogeneons. )

.
\

The elastjcity of substlrutlon is not restricted to unity
The required ac:umptlon< ambodylng this model inciude- .
Technical variesatinn B c  ewnganoms A disemhniied ~r ‘Hicks”

ﬁantraI_

Firms operate in perfectly rompetitive )nﬁur and output markais and

factors »f production sre pajd acrardipg to  each specifi~  inputr'sg

’ f

marginal produgtivity. - /

- The direct alasticity of «vhetitution is ~onsrant ar ~)'1 fa~! v

rrice ratineg.

Tha »w¥plirit form ~f the C.E.S. fanetion ‘v =r £ 1 lmyg:

i,

q..4 77 Y o= opsr £ ¥ a0 ol

<
k|

aurpnt
V o= e~apital
T = labmngr
) - tecrhnic=1 affirjancy PATame’
A rapital intencity parameta:

r ~ substitution paramareor .

-
]

retuyrns to scale parameter

The fo]lowina raestrictions are imposed on the valuss of the



w




.ké o : - ml‘ ','v- I"::5i{wh . -”\:f:.‘i h":,
] 0 <8 < i
g Yy, 7>0

¥ The 'problem.fwith, Eq. 4.12 in terms of its dlrj;;>hse as an‘

économic model fof characterizing production technology is that it i%?an “w

intrinsically non-linear fun;tiongﬂénd direct lingar estimation of the
: C ) . o

parameters is. impossible. Sequential estimation of the ‘parameters,

however, can be:achieved By sepérating the.non-lineam unction into twa..

. R o -
separate intrinsically linear forms.

\

Réééli'from Chapter 3 that production theory states that the ra

éf'ihe margina; p;odﬁéts of factor inputs is g&ual r& the marginal r
of ﬁechnical~sub§f{fution (MRTS) . In the rontext oﬁ the C E.S. functioq7
the MR?? is dnrlved by flrst partlal-dlfferentlatlng gq 4.12 f&igh
respect to labour and leLdlng by the: flrst partial derivativé of
capitsl. Flrst Ehuation 4.12 1s rewrltten to: o

qu_ﬁ-”B' L Y*b/' 5 f/*[sxfﬂ + (1-83L- p]

(18§,

o

(T—qrw" R ,i ’[\fT (OB
AL,

Pégtiéily différentiarinq with Tespect '~ cap'tal providas:

Bl 438 | Colt v AT gy oy e
‘ T 1? : ‘

i

or
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*Eq._4.17 ﬁﬁx,b Y » réy-Of Y - x::f!f'f‘
T K . - S T
Thus .
Eg.4.18  MRTS = MPL = r(l- 6)7 LA I AINTRLN g
SR T T Ty AT TP R0

Fquation 4.18 reduces to:

EQ. 4.19  MRTS = 1-6 (5)‘“0

.v‘. 6

or +
CEqQ. £.20 K =(_§ 11/ 0 . MRTSH/a-0
RN T TR

1n Ina form the relationship 'is nepresanted by:

EQ:”iizb 100 K= ]hq( 1
I*P\ 1 5 e

log MPTq
3 )
Layard and Walters (1978, p. 266)-defin§ the dit;ct“ elasticity
of subsfiéution as “fhelproporfional cﬁandé ip K/L associated with A
unit proportioﬁai qhangg in fL/£K iof'MRTS)fﬁolding Outpnﬁ‘cons'?ﬂt;"

Algebraically the direct elastirity“bf subsritorion is dafined as:

Eq. 4.22 o= 3log (K/L)

Bldg:MR'l‘_S
?arrlﬂ‘lv 41ff°rent\ Fivig manmari-n 471 v racpaer "5 the LA
pr¢vid9<r | '
Bq. 4.23  2log (K/L) < - _1_\
' : dlog MRTS 1 +0p

THus ‘the direct ala=ticity of substitutinn refm adjusts the

. . . ; L .
production relationships fnr bhiasas rhat would be introduced to the

311t should be noted that there is a .conceptual difference between
‘direct’ elasticity of substitution and ‘Allen’ partxal elastlcltles of
substltutxon , i . -



.
a




func&gon -ln 51tuatxons where the substltut:on paramerer is unequal to
s H

—zero (or equlvalently whorp o # 1v. . L e

- Replaclng 1/l+p in Eq 6.21 with o.pfbéidés:
Eg 4.28 1og K = alog 8__ + 0 log MRTS

L 1-5 . ‘ - :
Recall that a requxrod aSsumptlon sta;es that prxﬂe takxng, prof:t

maxumivan firms operatnnq WLthiﬂ perfect]y competitive 1npur and %}tpur

<

marieats will a}wayq eqnafe the pricg they are willing to pay for a
factor of pbodﬁ¢*ion to  tha factor S ma'QJﬂﬂ’.PYOdnﬂfivlty n nther
words, the cost of ﬂbtannnng one extra-uh]f of iaput  (margingl  cesr)
exactly eqnals thp addltxhnél revenue (marginal revenne) rgaf the extra
uﬁitldf input proﬁnres. ‘f “he firm hﬁhie'qs‘this ﬂhj;ctive it mini@mies

the roct of producing 32 oiven ~utpat and Fliereby makimives profits

. . ‘ . _ |

Rssuming’ a glven ‘ewwl  Af  cjrput o tha firm wi)l  chodse  fhe - £t

minimizing bundle Af ivpute by oequil hratiog tha 1PTS (ar MPL, MPK'
. . <

.lthe- factor prirq ratio Of i“r”tp (v vy 'I‘hi—' Ay e icg pYOVe‘:‘ v th ”

lagrangian mulripliar technique in Aprendix @

) ' . (S
TF firmg irn vhe- Alberts sawril] indnr(—_ry N he l"ﬁhc:dp- aA - e
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Simple algebraic technlques are ‘used to derive the index -of

technical effxciency u51ng. Equations 4.8 and 4.9. Equations 4.10 and,

4.11 investigate the shape of the aggregate productlon functionr, with

-and w1thout the effects of ‘technical eff1c1ency removed The aggregate

1
’ t

functlons are estlmated w1th a sxmple linear regressxon/model

There is .mponSLderable difficulty in attempting to reach any

.conclusions as to the statistiﬁal properties qf the estimated index of.-

technical efficiency. The technique for estimating the shift variable
(AA(s)/A(s)) is non-stochastic and therefore the assumption must be\mﬁde

that errors in measuxing AA(s)/A(s) are non-existent. In fact, if errors

"in measurement were to otcur they would enter the relationship (Eq. 4.5)

multlpllcatlvely and would therefore be fully absorbed by the estlmated

A(s) (Solow, 1957)

.Capital Intensity, Returns to Scale, Elasticity of Substitution and

Further Aspects of Production Technology . v

Single-equation estimation technlques are used to derive estimates

of the parameters in the C.E.S. model. 'Specifically the econometfic

technique employed is Ordinary Least Squares (O. L.s.).
The absolutely necessary data requ1rements for the model include

output ), capital (K), labour (L) labour wage rate (w), and Capltal

i

rental rate (r). Potentlally necessary data inputs lnclude; a v1ntage

4 2
v.

trend variakle, a size trend variable, durmmy variaBles to account for

size, dummy variables to account for.vintage. ) - . v

&

’

Y, K and L have been deflned earller and the same descriptlons apply for

~t

-the model employed here. The additional requirements aré'definedwas:

il

with regard to the absolutely necessary lnformatlon requirements,

.



Y3

e

o
RS
-
[

.
'
“
.




w = amount pald per man—month emploggg: ﬁhﬁ

rv= amount paid per dollar ot replacement capltal employed
\ ‘ £
With regard to the potentlally necessary da j‘requlrements, they

~

-are deerlbed after thelr lnclu51on has been deemed necessary

‘.

-Equations 4.26 and‘4.27' prov1de the mathematlcal relationships '

: necessary for describing production’_ln‘ the Csawmill | zndustry

AN

~equations are reiterated-as follows: ' -~ o
. . . = . .

Y = B, *+ '3, log (w/r):\f ; SRR A,b G N Ld

B, + Bj log [24] © < e T

‘ e L e
The  two expreSSLQnsﬂ» stated above are exact mathematxcal

formulatlons‘and would be determlnlstlc if we .can assume an absence of

errors in the specific form' of the relatLOnshlp or.. :in the measured

values of the variables. There are a number of reasons why one would not

expect the relationshlps Cto be ,determlnlstlc The -followan

pOSSlbllltleS dictate the necessity of enterlng a d;sturbance term in o+
5.

the relatlonshlps (Koutsoylannls, 1977) They anlude : -'*.’

1. isston of variables from the function :

2. {rrational behavior of firdis " - o
) , S

3. -Imperfect specxflcatxon of the mathematlcal form of the model

LWl

v

4. Errors caused by aggregation

5. ErrorS\lm'measurlng the dependent varlables

2
o

The dlsturbance term gnters the orlglnal functlon multip
and - the stochas ic. form of  the logarithmic relationshlpswappea}fgg"i,
(where the dlsturbance is additive): .l .f’L'.'.. ‘

,g 4.28  log

 E9. 4.29 log Y = B, + B, log [8K-P + (1-8)L-P]-3/P + 4 -

K= ao + B, (,W/r) uo —
L )

. Using the above expressions, statistical estimates of: the .
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aggregate parameters in the Alberta Sawm;ll 1n ;stry are, obtainable §3fq“

riori sp cd..tlon however, igdlcates that the relationshlps betwéen Do
E_____ ? t .

t

C

functlonai relatlonshlps vshown 1n 4. 28 and 4 29 A~fxr§t erder test tqi'ﬁ.ﬂgj

..

e

,validate the exlstenCe of one un;que functlon fork all fxrms xn theb

'sample lS »the “”Chow Test" for the equallty of regre551on c0effic1ents,

- P

'obtalned from d%tferent sample sets (Chow,,igeﬂ) If the‘ v

_after dlvxding the sample Ln two,j lndleates that the
functlons are siqnif;cantly dlfferent, then the reSults of
‘4 28 and 4. 29 must be~re]ected .ffﬂ'fg{ﬂsz?h ?5 ) ‘ .
| The pr0cedure for the "Chow Test" xs to form an F %tatlstlc based'i
.on the sum of squares of .the residuals gzu=> ef three regresszons One-.;‘
value represants the Zu2 fot the entxre sampie‘and the remalning\two Zu’ bt
are derzveh after dlvzding the sample accordlng to the predeflned~"

qualxtat:ve crlteria. The &Ormula for the F. stat;stlc is' _' R

§S£_£;§9 Iiu"- (Eu=; - £u=é)]/x I I,x
- (Eﬂis,* iuz’)/(n, + - 2k)

S . ”
.where uoo= residual fot pooled sample, u, = reSxdual

or samples in
flrst part, u, = res:dual for second part, K. 5; number of exogendue:'
varlables, n1 = number Samples in part 1,_and n,.~ number of samples 1n

.part 2.

.o

statlstlc xs cteater than the hypothetical value-

then the.reg;essmpn coefﬁiqLents are tlgniflcantly dxffe:eht and :the

¢ - ’
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.Vf dummy arlables sensitive to size into Equatxons 4 28 and 4. 29

w ) .. " : . . R o 83 .

test) Justlfles the Lntroduction of e;ther size' trend vvarxables -or

\

rl
Alternatlvely, varxatlons in ‘the productlon functlon could résult
N / .
,from the vxntage of 'capltal employed ln “the conversxon processes

N \4

51gn1ficantly dxfferent functions after dlvxdxng the sample according to

'age, ]UStlfleS' the introdvction_ of elther vxntage trend varlables or_L

i

'~"v1ntage dummy varlables into 4.28 and 4 29.

.For the trend varlable' spec;ﬁication, four separate-“setévof

equations are possxble The ch01ce of a partlcular set of equations cwill

7

depend on the 1nclu51on or exclu=10n bt the two trend varlables,'The

fo@r,potentialnmodels inélude:

- 'k
B, + B, log (w/t' +u {

_Modé;_l a’ log K/L

.b) log ¥ = B, + B, 1og [6K-P: (1 =811 -P] WD 4,

‘yﬂggglwg Y log K/t = B, * B,.log fw/r) : é,(S) + u
| B i&g Y =B, . B, log [5 K-« (1'f$3ﬂ9]-1/0.f‘3,($) ~ u
gggg;;é a). log K/L = By + ﬁ, log (w/r) + By(V) + u

B _S%;¢§g Y =B, + B, log [b k-Qi'(liéjL:OT o B, (V) ,ipz
lModé; 4. a log k/L'; B; + B% log (w/r) + By (S) * B (V) v ou

Ty . o H . . . . 3

b) log ¥ = B, + B, log (5 x- Py (1- 6>r P]—'“‘J’E,Isg’+ B, (V)
scale trénd variable

i - . \

“z[vintage trend variable

In orde that the. exact specifications required for estimation in
. ‘Chaptér VI can be de5cribed.heEE; it is necés§ary':to “Jump ahéad;‘ahd.

observe‘~thg emplrxcal fesults df.'the: Chow Test . The "Chow-~‘!‘est'-~~

‘nresults (page 110) show that the productlon functlon is: insenSLtlve o

’ ¥

.hdlfferences Ln vintages of capltal and sensxtive to dzfterences 1n scale;7 1-“

oy

<
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.A “- - ' ‘ .' "
of productlon Thus size lS influentlal and v1ntage is not. Model 2 s

_'fherefore the proper trnnd varlable specxficatlon

-

What is the approprlate model speclflcatnon Wlth dummy varlableq?

‘

'Arbltrarlly a sepa7atlon of the flrms 1nto four -size classes has been
' : 4

deemed desxrable. Thus, . three dummy varlables are 'equired (three rather

:than four varlables Rust be used to avoid the "dymmy variable trap’\:

,~Tﬁe model specification of the factor . Proportions eduation with

dummy varishles is represented hy:

Eg: 4.31  log E/L = B, * B -log (w r) S B,iDV, + B,-DV; + B..DV, +
. B;‘“*a'lon w, Y o B (DV, loglw/r)‘* B}(D;,-loc wiRY & oy
wWhere B, = A, = 0 - alacricity of substitution (smallast firms)
.35 VB A, - 0 =elasticity of suhsritutio; (small ‘firms)

.

elasticity of substitution (medium firme)

Falll

B, * B, - A, = o = oiaqtici*y of substitution (large fi'ms)
ana@ R. - €, = capital intensity factor ‘smallest)

B, . + B, = 61 - capital inténsitv factnr (small)

P
Q
heJ
{
N
||

capital xnten51ry facfor "(medium:

B, + B, = C, = "apltal lnrenslty factor (largé)

.
‘ .

L]

Therefore: o éntiiogi(cl/Al)
1 'antilog (C,/A,)

5 = capltaJ inténsify (smallest)

, ___antilog (C;/A;) = r'capitai intensity (small)
' 1 + antilog (C,/A,) '

_antilog (C;/A,)

1 + antilog (C,/A,)

-l

5 = capital intensity (medium) T

antilog ¢C,/A,) = & = capital intensity (larqe)
"1 + antilog (C,/A,) o

-
>

. The appropriatefspeéifi¢ati0n‘of the log’ Y, equation with dummy
variables is représented.by: _ . o Lo

. " . e ) . ' '."._ .. ¢
Eq, 4.32 'ng V¥ - B+ B, log {2) + B,.DV, + B,.DV, + B,.DV, + B, (DV,

84






Jleo’zy v R(DV, leg (7)) - RN g7
whare 'z vl ¥ P+ (1 -8)L-P) /0

B, “erhnjcal eff; iency (smallecr:

B, * B, © y = technical efficiency (small

R, + B, ~ x = techpiral °f£#:iency (mediuy

B, * B, -y r térhniﬁal efficiency (Jara~

R, - ‘e'urn% to's aln (smallest)
1
B, * R - .« ~ Yéfn;nc re ecple femall)
| .
e B, ' R, -+ - r?"nrn: re goale (Mmodjoar
P. P, "« returns to scale (larae

Rafrra t1: nature apd the gtntie' ra) froperties of t'yy aectimatne

derjved in the agbn ~ made’'c ran bFa chats tari-ad, the undar)ying

assumptinns of the lindar roesrescion madel are Aeg: LT e

smrtinneg describhed are raragericel apra - grosap e

m asc;nmpri_nnr. ralating ro the ererifi- o 0 i he N PP ~ 1 ve
the nature of the model « '~ isfMlar
' storhastic assumptions

Assvmpri’ng iy the firgt group de ~rite Ao-irarls capnditions far  the

A %

E - . L
narure ~F the ' :lationships hotwent rh« air Yaparnory rar imh)en
themeotvas. SGtochastic as€''ptidns are made {n refarerl @ ta  *he

»

distribution’ and desirRle ctatisti-al proper’‘as ° *h  Aisturhsnce
s . ’ ’

g - . . . b
rYarm (H.) and alsn~ te the rc:]ari"wchqu. L T ) O] ;'\7 t! ',!"."IW"H"'
) \

variables. The w Ade! acgumprtions inrinde:r

1 The model i~ 'inear in ite pnrameters.

.\v‘

2 The model is correctly specified.  Therefere, all jmpartant

explanatory variah)es are represant o exp)icitly 1n -'\e m™idal
: S : L
thé;e is oA §o°"gfi m i aryar  in detarmiiany the (f1a

. |

. and

mey
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|

explanatory variahles Tn addition, for the modrl to be correctly

specified, e ma’ “"ematical form (i ®»., Vinear, nan-linn~nr,
’ LI 3

simyltane - “inale  equation. Cobh-T nglasg LA OB myst hea

cort nar

The asevmptin: tbat the rtruetuyre is pvnppra\ iden' "fied ensvrcc

that rtha fing) "tructure nf *he real :fionshjr\v meirqg moeacur o <

unique tv ‘*he Telationehip ewpertoad whén ‘he &Odﬁ‘ ie ep-

[

ifie! A
ctructure i identified when *hera is only g .Sf'””'urP that Ve

rdrjceil o, T'a indeprandent variables spec fial in rhe mrA~’ are

velatad o : mmigqua  Aer andeny variatdla A tharef’ o the

rreffimiont o Aatermined hy tha m e} nnd reprecert ad P, .

.

strivture, prorerly describa the anticipared relptjnench ro

The assumrrti-n ig male that the varia''les are rar e\ aqQg ega oA

The wse ~f -ingle rn'aanrias for farcters nf -r APEr im0 an o
"”"Y‘;‘t imp'ies 'hat each ("*fec'\f’y is ""omegenemng W o fart, ehie ™y

net e the r~age aspaeciallv for ipppyte )ika Fapital whieh Compritr- a
v
. ) .
wide array f ryrag of machinrry and equipmen’ . Wallis ide ' iaec

'wr o levels of aggreantion reblam: at 'he Firm 1ee e and o e

:
N 1 " .
stry d-cel (Wallis, 1973) Wal)ir eaggecrs 1071, & 9%,

‘Tha@se —»n  he Amhin oA int~n <'ngle Aqqregate “ariah]es

rroc ided }ha~ PN margi a) Y‘a"c ~f guh- ";"*"'fio&)htw N ﬁa 50 -

L b e ey
ﬁg;”-ﬂ.ﬁayﬁ‘n«

two Yinds Af ene factar
avhay ‘é"?g‘, an' thega
A 'f thay wrrg netuand
are lingm: froyenie e

vavi tiae '
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- hold it is necessary to eigher seParate broad anut categorles 1ntof,’“

8

&

more spec1f1c groups or to ‘adopt &n indexfapprgacn for compiling-

aggregate va:iaples s S o ;“N' f  ' S }‘::4l':,

5. The assumptlon is made that the exogenous variables are‘ﬁbt"strongly
f correlated ﬁ’fh each other H{or the Jndependent varlables do not
v e . »
exﬁlblt a hlgh degree of multlcollinzarlty o
The stochastlt assumptldns anlude"; ”75‘ 51. o , T
6. Ui is & random varlabie wh1ch}can ae poaltlve, neéatlve or zere ;
7. The mean of U is zero. Therefore the structural formula descrrbeS' - ﬁsv
: the;relatioﬁ%hip on ayerage.'," T | . (‘;
. Y bo * bl Xl k \" o RN
1'shows the relatxonsnlp bérwean X and Y on ;}eraq; i C " R
fhe varlance of Ui é‘OUnd its mean- xs cona;ant at all values of X
- (an Plg¢ $.2 Ath i'€~$D}.vh ” - ' o

9. The varlable U1 is. ﬂbrmaliy dlgtrxbufnd (a be]l shaped dlqtr;burxon
of v S around ltS zerb mean eXxsts for each vaJue of XL cF;q...;la.

10. The Hasturbaare rermAxn sequentxal observatnoﬁs;‘éf Jﬁe exdqenOUS
varaab}es are 1nqependent and uncorreiateé (eav (HL U3y o+ ) whirﬁ

o
ensnres e auto correlation, )

11 The d1sturbance terms are ‘uncprrelatbd findependent ) With the
explapatory variahiesl(cev ?xr i a‘bj.

2. The indepenﬁenr‘ variables are maasured Without erraf.. The
dist;rhanee term esgimilatps omit ¢ ed ;ariabies and measuremeﬂﬂ
Arrors. iﬁf the dependent variable, however . it ois aséqmea that the
regressors.areﬁerfbrlessrzw )

.The value and rrportance of the pre§r0u<‘v sugqesred assumptxons
is

rofipcted in the desxrable propeftnes of ;he eErimates ﬁerkvna in the
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< bo-10g- _ & ]. 1t s not.. true, howévér,»that;'.};“ R

+ . " = : . :;'
: producﬁﬁoh functlon are.‘:the elastfbnty of factor sub5t1tutlon (oo,‘

1

eff;cxent estlmators,’j'ii_ihear, (3) unbcased The acronym for; thege;lf

ot

d951rable prop .tLeS 15 B L u. E.~- r.ﬂ- ce : f-'f “fwaﬁ*f'l“-. ’;“

v ' ' . .~

’
*L > K

technical eff1c1ency (7), returns to scale (7),; and .capatal 1nten51ty;f” '

». W

(6)» The coeffxc;ents provzded ‘ih the equatxons of the ba$1c model :

-

.‘ 4

est1mat10n and statlstlcal propertles of the parameteg% in’ Equatlon 4. 25’v'*

.3

BEY

estlmates accept the propertle of bexog (1) best amongsthe Chifs of all*?w

2 ".."'; L

”mhc'EA' W,parameters' of 1nterest lh the _context of.‘ghe CES*h*

"(Eq S 4 25 and 4 27) are_ used to est;mate the parameters.' Flrst i;hé '

are’ 1nvest1géted B L "",'“'. F'l:a Vo '~A“‘ S i." L

. b

' ‘ ’ r - ’ ’..,, ., e
The two coefflcients derlved An Eq 4.25 are used to ‘estimaté. the-

.pétamecefs ¢ and R és follow5°'v.':ra A i . ,kg"{; :;j - -ﬁ;f’:“"
R ?'Bf =0 ",Ut A Lé' AR
B, =B, log [ 7(1.+8)] | -
Eq..4.33  antilog @Bi/B.S L‘_ai=,"a . S e e N
' o1& anp;IOg.(B;ZB;) S R ‘tf

Lo * N

B, is the hest/ Iiheé:} unbiésedfestimaté.of:q'.ahd "‘the “variance’
: PO i +A

\

of .o is eQual _to the varlance of (. .Also" . is ,phg' BhUﬁ”ef

.."

1-6 .
antllog (B /B, )/L +: antllog (B, /B )

1 .

Ylelds a BLUE of §. Crozler (1980) suggests that thh small sampies, an

ﬁt’pward blas-' is 1pd1cated n the estlmate of 8. However as saﬁ%le size .

» o

1ncreases, the bias im the estlmate tehds toward zero, and tberefore Eq

-4, 33 prov1des only a con51stent ei/;@ate of 5 Wallls (1973 p 59)
quallfleSrfurther with - .'ﬁ A‘“'I

“Foh tﬁe: regre551on equatlon to produce con51stent estimates

of p (or a) and 6 we requxre-thé relative price ratio to be

i’ . cae : : . >

. . Ry X ) - .
. P . . . .
. FETa . . PN
. . ' L . . i
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4 The disturbante term d331Ved 1n*Equatlon§4 2& ;s reierred .gg'L;;f:
<o ,.m- . FREEEN )

lthe commerc;al eff1c1eqéy term’l‘1

'v

It ralatés the ‘extent to wh;ch ‘:3"

L

;‘rlndlvidual flrms axe actxng'\xn ra /Eost mxnimizat;bn' behavxour by ;ﬂ?&f

& [
. aF e
\_,. i

' urxlxzan optxmai factbr proportlons w1th glven xnput prlces¢£MR?S

provxding a consttent jestlmate

y 1

‘f & what 1s the~var1anqe of 67 Kmenta (1971) and Klein (1953) provxde o

; 1ia fcrmula‘for approxxmatlng~the lérge Sample var*ance of an estxmatqr,' w

1 Cov B LB

1 2. 3 Ky ]<k)

,;_6" USlng Eq//: 34 to be:

=5 - R
2[(Lfa ) dov (B,, +‘¢-B /13l _- Cov(Bo,B )]

‘ﬁTo thxs point thé stat'stical propertles of the parampters o and A

o have 'been consldered.»an detaxl‘, With respect' o tha rgmaxping th

,"rameters,_Wallls (1973) statgs rhat althou@h 'néﬁ zaLUE, R, =nd B,

p ovxde conslstnnt n:fimares of technlcal eff1c1envy (y) and re'nrns to

.

:calé (r).

(_ o . :
T and r are con51stent est;mators as long as:

Y

T-L. ‘technlcal effxcaency %7)' i,' Lndependenr qf "%he disturbance term

' (commercxal effxciency) in the factor propbrfibhs' bqhatiCn (Fq. .
°2CommerC1al efflclency 18 dlstingﬁished' ffbm technlcgl eff1c1enry
Téchnical. ‘efficiency is definable in tetms of observable differances in
the productzv1ty of factors. of productJOn Commercial efficiency is the
over o under achlevement of profit maximia®ng factor p;oonrf*ons.

-
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CAN ¥ ~ S
, regreSSLOn (Eq 4;29); ..fﬂ‘ oA
L . .. Lo . E Lo 3 "- . C !
L Fgom equatlon $.277, . S Y . .
Y =.B, ; o s L _
SR e F 2.
’: ! ! o ~ . ’ . ) ' ! -‘
. 7 D B1 ‘ . , - s . . ‘ . L] . ) ‘
I SR . . vl
The varlances of y and r ater . . | ‘ . _'Qf
._yarl£7N'=iver-(§;\
Vaf‘?f)'= Var'iB¢) .
Ce -

D, Summary . .

eThiey. chapter haé :duﬁlined the'fmetﬁddoloéieé *ené :prdeedureé3

[

' required fnr evaluatlna preductlon relatlonshlpcfiﬂ the Alberta saﬁﬁill-

<

;ndustry Two separate economxr models were developed from two explxr1t

'functlonal forms (Cﬁbb Douqlas and Constaﬂt Elasfxcxty of Substltur:on)
Y

Also the'estimation procedures are.described. In addition the basic daﬁe

;edeirement< of the models eye idehtified. The neeeseéfy meagufe’s
‘ihrlnﬁm? utpur, ceoi*ai?“laﬁhux, capital weqe, laboﬁflﬁages:eepiraiq
share of oijnput, size trend ~varjabte, au& three Qnmmv %ariehles
sAnsitive  re o giae nc'W116d decrv1'rmﬂns aloty with me Y s f ‘e'? e

>

thagse ¢ oor O b ey e 0 el T gy Y LACEEA T A TR SRR S R A T

K and L. are lndependent of - the. 'disturbance, férm in. the. log ¥

e






o == V.. THE.DATA
~AzQThenbétauRequireménts Desaribéd and, Deriyed? _.3'. N

In Ch pter« IV the prlmary data requ1rements for the ‘two basxc
9

models were’ llsted They include measures of output, capital, labour,

- capltal‘ wage, 1abour “wage, capital's tShane ‘Lof output, a size trend

: _ \ '
varlabie. and dummy varlables son51t1ve to size. The vtemajning porvicn

of thls', sectxon deflnes each data *cateaory and describes the

*
u

: *calcuiat1ons requxred for quantlflcatlon

Outgut (Y)‘ Output“ls the product of the firm's endeavours. Output

7 e

can be measured in physxcal unJrs or .in pecuntary mnvn\fvdoc For the

R

‘purPOSe Of thls 'ana1y51s output is deflnad as the “-alye added ~f rhe

sawmlll s operatiors. Equation 5.1 shows bow  méasnrar  f  Antput  yese

derived.. S
e ' J
€ : -~ Value ' Total fa Jes Total Cost Total (=t
£g. 5.1 Y - Added of= . F.0.7. 'of Rrund» -~ of
Sawmlll i Mil) vesend T"PU* 5 Fner Tv
- gActlv;tlés
. gégét?l { )t Lipsey er al. 't p 3300 provide T oappropr oo

Anfinition hflfaﬁi‘nj with
"éaéthl is"a‘ man frade  fartor ~f produstion Tho supply of
c?pifal :ﬁ.é ;oun"v for é‘.firm) consicrs of the srdel  af
%x‘sting macﬁines, plant, 9@ﬁ2pmnnt, atc. This capiva) is used
up in theléonvsp ;f prodastion ape the erhey ie 1y ”‘m‘nksﬁqd
by e gmgnnr rhat weare ant earh yvear
pr1 rhe pnrpoén of rhis.étuﬁv, cariral is the stock ~f  real, physical,
man - made gdads whiéﬁﬁ are  used i& ,the‘hbhvexSiov of lﬁqé t idhher,
Evamples éf;basié cap§+51 goods used for lumher prédu&tiﬂn iic lyde

ymildings, sawmill and planing aquipmanr, chipping ahd drving implaemants

\






' . . o~ o - R

and mobile yard machinery. : R . ' '
. ] 4 ’ ST _—

Although crnceptuslly cnapital is straightforward, its measurement

1e

‘
.

has traditicnally praoren o ha comewhat mqre complex. As with output,

I3

capital may be represented in physical rarms or in pecuniary magnitudes.
1f moriey units aré chbsen‘Eo he repxecéntafiVé then -éither 'feplaceﬁenti

L 3

velue or book.valie can be used to desiribe the stock of tapital.

f

puse of the array qf forms of ~apital eguipment. used 1in
g, physical univs are precluded Ar a measure of ~apital stock,
h .
. L " . . A
Alternatively, bodl val e vas given initial coensideration. However,since

mavy ~f the mille rera comrlately ﬂqnfefiafod'(imrl§ing-a éapiﬁai stock -

b [ . - .

"of Zer., hook value was rejedted "as an .ébsblutp measnvé‘ of cap{tal
, ; : : L . T E

input. The most srpr priate measure ofjthe firm s capital s* ck, and the

’ s R . . . .
“ne adopted here, is repls emen' rvlue. Replarement yalr - 1§ “he cnat of

replacing the firm's Antire infrastrocture ity ney hujlﬂ‘"q§,
. \ . i , = .
marhinery, and eﬁnjpmwnr ~f ' ne fithi tar form’ ~g 'bSﬂéer. The
Ai‘fjralirias with thie mragar= = <o from the fart thir Cr €/ me ' upes
nf c']\)ir\ﬁ'wn" ‘PRt tkar by wé 14 \'inf;wga::-) B :lm\ lar f rm - f e
. ' ) N
eqripmen’ m oy or B oaugjlahta cemprriec hie Siherdny Ayl ptry,
‘\'v\vnnn'y" ie f lene glni i oy v TR ""‘""’”'ia'l'". " vt

ooy e f tha rfapirg] '~V

One Precﬁ“fioh L% nepocsn f3*  the final mrasnremant ~f  the
: A .
e .
mapital  ereck toc he iy e vaine of.the £ oom s tapiral stock
ehaop eflag t’ ~~,-.~F\i tal which Te :\r'rny-}jy \‘:e‘;a" oy by rhianp r‘-_gpi.ta]_ .’111
N - ’ . P ~ °
placa Thusg repliscemart yalpr met he aAjtg ed ni 'aflaet snly fapiral

whimh {e vt{lire /VYnrjan '" "8 Pat thie anna win repdacepant vr 'ne was

adjusred  for the 1ovker SRR Vs ascordina o rne

\

£l bawing relation
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o, . \

B Adjusted ’ S A R
. ..~ Replacement. Number of Months - ,Tptal Ce
Eq. 5.2 K.= Value of .= Operatlng Pér Year * Rsplhdement Lt
. o Capital Stock o 12 ‘v ey .;a_ Value,' L
K = T Millonly) T AR .

‘

Labour (LY The factor of productlon, labour,'xs defxned for this

t.study by the following relat;onshlp

§gl;§.3 . L = Number.. of Man months In ﬁawmlll Operatlons

Cagltal Rent (r)i'The Qggé pafd to capltal fis‘ défiﬁéd - as tﬁe

reﬁurn,vto its use ih prodﬁctioﬁ: Cap1ta1 rth nherpfore reflncfs the

: amount pald per unxr of capltal nsed 1n the productlon pProcess. " The

- ’

~tota] amount pa1d tb caplral 1nﬂ§ parrtcular produrttoﬂ perlod lncludes
dppr9c1at\on, pwpondltures rpqulrad for maintalnlnq the capzral qtnck
and profit. The latter F#teqory measures the oppoftuhity cost of éapifaf
. T PR .

and tjck Slnre capital vant 1f on a ppf unit hasis, the tntal amonny

-

paid to cap\tal pef pariod must he ﬁ1v1d°d hy the ‘nomher of units of

vcapxtaJ pmployed For this srudy the Paplfa] srork is measurgd in  terms

)

oﬁ rpplarement valne and therefore ﬂne un:r ﬂf fapltal i€ equal fo one

dmllar Fquarlfn .4 ﬁaﬂrr:hof Phw repital Tent vas dc|afm nod for ?h\Q\

study, f{' l
..th.'..?‘." . . . o '
. N Tétal .annual
' awount paid Total annual maintenancge ‘and
r - per Bof =depreciatian + repair ex penditures.
. .. capdiral 'stock Tital replacement valnn of rhe capital stack

a
i

For - those mills 'ther 4id not  indicatc Annaa) L depreniatier
dlrerrly, a.valie wae ectimatad arcording ro;

.tOtal £dtal rep1acemehY ~rotal bBook

Eg. 5.5 anrival .o value . . value )
‘ﬂnpror1atlon Average age of oquxpme“t_

Fonsp1cuou§ by 1ts dbsence from the. capital yant’ value prov:ﬁea

| S )
Fq 3.4 15 a measuro of prnfxu. The pntonr1a1 rea)uzaraon ot profxrc Ve
. ’') /r‘ )

ot rrrd

b

‘
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‘the pfimary justification for investing capital -and the’ abeyance Of a

measure of profit in r cénstitutés measurement error. There WAS,

2

however, .no practical means of deiﬁyﬁhg profit .léveLs ‘for individual

0

firms and therefore the.éapital';emtal'measu:é is net of“profit'returnﬁ.”.

' One possibility for accéounting for a partial measure of profit may be to

”uﬁivé:Sally increase - r. for all firms by .an amount equivalent to the
average corporate bond rate in 1979, This approach was tejected howevar
_since " it assumes  that [ RIlL firms in *he sample have exactly the same

.
'

T

. ,
onpattunity cost of capital.

nggqguygdeniw);vhabour wage s defined as the payment par unit of
labouf ser “icmr (man manth) previded  The walve i& raleculated  a~gas 2inn

e

to
ampunt paid ‘
Eq. 5.6 W = per man~menth - total wages and.salaries paid
" empleoyed’ total numher Af man-months employed
Caupital’'s Share of Qgﬁﬁut (T): The value Af T is equivalent to the
alaeticity of predurtion for a fartor inpot ‘n thi- case capitaly
disrussed i1 Chap!er T1Y. The peosition of T 1n  the Cabh-Douglag

produrtion functien {s shown in @hapter IV /(Eq. ¢.¢) Tapital’s share of

rutput e ""‘f-j”"“ as the bFOI"(‘Z(’.‘}OY\ of *otal v rnr' pald to  rrtrosd

Fepiarine 7 7 chnws the empirical (']6ri\":~o"ior— PR TERT IS I 'vv{wh*[
_ Caprital s Share r + K

gg' 57 T = of Oatp 't = Y

Wl ey , Vv oand ¥ are nc rrretvinne ‘y defined .

Size rend Variable (§): "he purpv e Af 'he gralae trand varjakle
ie ta enahle a Aslinea ‘np nf the g:'"p]q ivrme acrerding LN <iren  of
»peratiprs  Seventeen ciT clasces wera arhjitrarily derignated The A2

sawniltle in the saw"p\s_a wore ascjigred te give “lacgar by Fire’ yankin-

- : : .
the  (ivmr  aces Ading to dvoreasing Y The ema)lenr ¢F o fivme dra “hes

L

R
S—— e

i
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'assighed to the flrst sxze class whxch was’ 1dent1£1ed by the varxable'

:number = 1. The next five mxlls are’. 1dent1f1edvby a size trend - vagiable
’ . L4 : oL 3,
number = g,' ‘There are flve mllls in each of the fxrssuls sxze groups.

N

«Slze classes 16 and 17 have four firms’ each Table 5 o1 shows the number .
2 O B

of firms and the mean average dutput (Y) and mean physlcal productlcn:‘

for each 51ze class. : ' ;fy : L“;5~'. .'ﬁ%:.'

. . . . e ’ i Coe T
T Ty vl - i

Dummy Varxables Sen51t1ve to Slze (DY, ,_ sz, Dv )¢ As‘ihdiéhfed in
"2
. Chapter Iv, dummy variables are requlred in the C. E S cpec1fxtaflon to

1

f’acrommodafe the qualltatlve 1nf1uenre pf srze on the broductinﬁ

parameters Dummy varlable one (DV;} dellneates tbe largest 21 flrms in

]

the sample. Dummy varlab%ps two and rhrpo dPspfle flrmc 72-42 and 33-61

k.

reSpéfxively. The smallest 20 firms Are nnt arcovnred for by any of the

1

three variables, '

B Data Collectlon Procedures

Tﬁe orlqlnal <0urce of rhe data useﬁ in th:r study is thp primary'

wood usmng 1ndus¥r1p: survey ﬁonducted hy qraff of the Northarn Forost“e

Peqearéb Cenﬁfe (NoFRC)“' as§ociatnd NJr» "he  project  Resnurce

Opportunltxes and Polxc; GU1delines (NOPlﬁ)

/
A]thouqh the data used‘gn.th1§ anaJV51< i prifmary, it was met
S i ! ’

~
s

'rnllpﬂred with the intenring of usa 1n/an anal»tiral stoudy . Tho data was
sole)y inténded for prﬂ')&inq descn1pt1va infarmaticn  on Alberta’s

primary wood-usinv industries lWhid“ innTodes sawmills) The 'iscavary

-~

nf the sypjtahiliry ~f the informatidn for puodncrian fhane i analycas

Wwas Qarlhdlpltlonﬁ hut =2fter rhe fav
'f The NoPRC i's a regional respardh facility of the Caradian FPorestry
Service (Department of the Envxrﬁnment, - Goverpment of Canada). The
centr~ jr re‘ponsitle fcr nddressing resear~h ~nd techn~logy transfer
vimeite o whe Pl e rypivie prov incag and in the Moyrhwes*t Tarritnrjer



.




o U EABLE'S1. L
Number of Flrms, Mean Output,‘Mean Physxcal Production
T _x chl Class

*

 Scale Class ~ ﬂumbef_of”Fipms‘,‘ _.”'”,Mean Qutput Mean PhySLcal
(Trend Varlable o e 1‘jﬁyf,:7j;$/year/£1rm . Production
"_Number) ST T e I fbm/yaar/firm. ,
D 5 5,763 3' , 51 200
2 5 9,717 "132;,800
3 5. . . +13,033 .. 188,600
4 -5 s S . 20,222 -~ 217,600
5 - 5 c Lo 23,986 216,200
6 5. 30,588 © © +332,200.
7 5 36,121 L 360,.000
'8 5 43,364 . 535,000
9 5 53,027 . - 497,140
10 .5 69,547 - 753,000
11 5 92,834 788,530
12 5 15,533 1,658,000
A3 5 377,210 - 1,698,259
‘14 ‘5 588,938 7,080,950
15 5 1,378,645 14,458,568
16 4 ’ ©2;096,861° ' 14,480,775
17 4 #5,548,970 ' 39,336,248

e -prihary fwood*uéiné 'iﬁddsfryl sufvgy was coﬁépcépd by three
'1members of the NoFRC from May ro November, 1970 The apbro;ch Qa; to
;Lndlv1dua]ly 1nterview' each  firm w1th1n rhe ‘primary wood - using
19dUstr1es Alrhouqh X} complpto census of aJI firms in- the province was
.abhievédf only a propovtxon of the nperat‘onc worn qubqggrod to A 1wnq
defallpd qn#st:onna:ra Thp rpmalnléo fers ware asked to re:pond ro A
‘mpgh’ less specxfxc quost:oﬁna:rn The qubstance “f ‘the lage derai}ed
%UESthnhalta‘lacknd the de'axl netdssary fvv-‘tﬁig Aaralveie a4 wae
elimxnatnﬂ
- Wlth respect to thp :awmill lnduqtry, J31 of the 23q4 m111q ,n’-nhp
'_Jndi/;ry weve iﬁgprv1¢wwd wa*h 'he dnfailaﬂ qup:rinnnA\rp Th; deggéa

and arcuracy of ;ecponse te this detasjled quectionnairef.was highly

variable. Same firms provided a mibimal amount of infarmation of Aubidys
o e . ' ) .






. - . , . . . - Y, J'.

“completg sét of questlons.'

.
A
L7 v \

' Prom - the." group 'of detalled questxonnalres a. subset"of_

t
' R

questlonnalres was accumulated The crlteria tor 1nclusxon of 1nd¢v1dua}

. ; .., .
questionnalres in the <ubset was an 1nformatlon set complete enough to

AN - . - ' .
sarlsfy the data reqULrements described in_ the- first' pq;t of this
. ‘ ) Lo . g ¢

~

chapter, ngstionnairqs with obvidug inconsistencies were culled from .
the suhser. The final result was a cOmplete sot of infnrhatioﬁ for 83

fi:ms in the A)herta sawm111 1ﬂdusrry Table 5.2 shows the dl:trxbnrzﬂn

AY

of. these 83 fwrms by size rwteqory a*nno thh the ﬂxctrxbutlon “f rhnsd'

: , i _
ficme subjecfed re the original Aerailed uuhstiwnnm‘fou ap? {hﬁ

Forilarinn of pirerts sawmills ip 1a79

o A
. . . vy
C,.G t lcal Reprgsentativeness of the Sample

the 831 firms wnsed jn %hic analysis A5 nat tepresént . A
. ‘ ' 1 '
staristically derived, Treprasartnting sample  of 'hn-epopvla'iﬂn of

.

. . = , , . , q -
Mberta sawmiJls. Thus rhare is a potcnria1 for bips " Tad tesr for

repgecentntiveness, e =ampl° and bopn1 tion meansg ~f thvae yavdcrxfr
vAriables will ha tesred for homogernes vy Tﬁq variables ) pﬁodbbt‘qﬁ,

average  hayl  (one way) wadds ta milk,  and  total man-moathg  of
emplaymert .7 ¢ Recause of the sma'l nurkdr  Af  eaprla mills  in the

spalfest mill . ~las~. anly the 182 millg ip the fi <t rhree size rlasses

are  eaneiderad o e prrnlatinae ~f  Mberts sa wi'le. Thys ail

~AncIinginns  mad LR o A% TLAN 3 R R TN I 2R S SIS R B P s

reaucite
areater thap 100 M frym ;:o; Ve

e e e e e s R

‘811 the sperific variables use” in th» analy es (Capital, Value Add~d,
Capital Yage, Labour Wage) “ould 1 ' e termta? b apco dhey ompe]d oy bg
Cohtainad fry the reoprelatiop rat
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. E B TABLE 5.2 L
i Dlstrlbutlon of Albetta Sawmhlls by Size Group
N
Size Class Total Numbér of - Sawmills Sawmill Sample
Annual Output ~  Alberta Sawmills ,Subjected to  For This Analysis
M oo . (No. of firm§) . Detdiled - (Mo, of Firms)
' : Questionnaire
' (No. of fifms)
greater than 26 (7%) ST T iRy
5,000 . c N
1,000 - §,000 T 29 (8%) S22 12 (1e%)
. 1Q0:~ 1000 128 (32%)  J .69 47 (57%:
less than 110 21) (53%) , . 19 fo(T%
Total 304 , &R o

!

\

The réfarfariral ¢ -~ " U?&d tn evaluara the similarijry ~f the

PoRnlation And  sample means | is the "tU-test, Since tHir 1eét accymes

,

tha® the samt e an’ 4ﬂrwlafiﬂn ;nfiances ard identical an jnitial ' eer
to ex'rah;;fo tha Rrocan-o - f hivm genaeyge Cariance ig o SquipeA 7h9

statistical ras' nced €ar avaluating th haneaaneity 4f thi  samble  sna

pbééiéﬁiwn ‘vrariancge i~ v Fooveor The T ;?;riw»ié L= farmed Q‘ the
tatio ~f fhe repulation and  cn e “ri;n"m§; v by fiiancans  arn
P‘r'n‘(;quv-.-,rw-u:, the ¥ efariovi. i) o1 n' e ;\4,,” G Nihg
frrme nf vecring equatiine e praci 3 Ty Appe 14w

Tahile & 13 ehemre the Ariuga ' nel e ot o1 the
sample gv'»'rri D(\pi:xl:v f oo raang an ' o oAy o5, Y" : [ ' oty o
£ ol Al Bds ol it e é‘pgv Bemm ,;y' fymareYoom n oy

>*The sStatistical procedures "sed here are from Alder, H L. 'pd F. B,
Rnoscler, 1977 Introductxon to Probahallty and qraV\?P)wq IR
w. H, Fr omnan arA "‘r\mpanv
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Po pulatlon Variénces and Means

Variable L. .t .
*  Production. | . 2074
Average Haul. B 1.48
N Employmént 6 - - .75 7. .
- - - o Pt ~ :
F sstier any = Jfﬂ%
Yo ?1‘4‘) L 1’.97
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are less thrn onr

“”W°g°“°‘”“ varian-es is acceptahle -
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V1. RESULTS_AND DISCUSSION . A

- i

A Introductan W e o R ' _‘}4

e

. “In thxs chapter the empxrlcal estimates of’ the parameters of the

two hasic moiels developed in chaptor TV e presented and analyved In

12

addirion the aéwtbgaﬁé CobbwDauqlas prddurtibn fonetion is estimated and

L - S “y .
the oltcomes of the Chow ‘test are provided,
B. Aggregate_Cobh-Douglas Production;Funetion
Faquations -\ 2 am3 4§  rerresent the  linear-homngeneons

. Cobk Donglas - produckion  funericn jh puplicor (i A pore thmaralize’

"

versiop < *hie fyunartion -
. -

) - o F
EG..6 1 vom AR
wﬁ;t« o = produaticn elastico vy ~f rapital

A= prﬂdnct{ﬁn alagrimy ¥y of 1akour .

e purpnse of 'deraving rhe Colb Teuglad prodncrran fungkian in Yo

o nuy

~btain  an  ipirial  undereranding ~f prodneryen  relaricnghips an the

Alherta sawmyl) ipndustry The )i.f\ff)rm:a;ifm is imporhant far Judging  rhe
. v p .

*e

w\ﬂﬁiry ~f §§<ﬁmjn§ CONBEArt rotarns o c-ale 'n.the SOy mﬁﬂé].

e esrimstel form of the raqareag=te, nnragfr{'rni Vo Voagms {
Finapr VYo qgene v R "."711" r . LR TATIEEE 7 EAVAREE oY t
|
6.7 RN I ne R Toleg Ko7 n ‘
v(\‘fi‘) A
I c,.a',;...:, P O ] ‘N
§
Cmtaps e e e b e s o — , - P ‘u'.n" .

**These # Values are standard errors and they indrcate with a r test that
the coefficients are significantly d\ftgrent from 0O At rhe . 99%.
onfmdence levéi R S A A v e " v
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Kz

The standardized’- bhﬁb-00uqlas coefficients (Beta weigqhts) €ar
the Alberta sawmill industry in 1378-79 are .285 and .699 for capital

and- labour respectively: The mqgnitﬁdes of the individual production’
' : LI : ' cn ' . “ ’
elasticities provide . some interesting results,  Each ﬁroduétion
. N Ny . .

. ' o . o . ' .o . o
elasticity (ov factor share) represents the rdate ~f rhangn of  antpyr

which fesulte from a prnpﬂrfinﬁarn chanae in a factor input (Ielding »)
13

ather facterrs of production eonstant). Tho preoducticor  elasticity  of

capita] ig 2RS therefare a 10% increace ip the capital dtnck ip Alherta
will prgulr in a 2 £ Y iacrgase i cnrpeE ! 1% incrance in Tah~uy

wen b A rRue e outp t~ reraziee A DCT T A 10N deperaors o harh 1shoag
/

ANA capirel winlt cnvea matrar g incyenee LRAY (D pRaR e A
impyesr tant roint ie rhnat the p}mﬁnvv%qh e'acricrytiesg manmygr -

[eor e tianne Tt eepnneers with amall o nager 3§19 HiAnn At~y

. v *
ey ayamela, althaopgh ~ugpot miga'r § osyaeade TOATR el o 10% Sy ae e vy

meaniral . puen oreatar increpces in o yral R "ot boay o rha Tame
n,ﬂpquj nata  entpnt Tacpiiree Thig & Ane é« rhe 13w of Aim ”\;hiuv
mAarginal proeduetivity If mC'n,Pnpi€a| Ls nsel in rhe tdredoetynn pror acg

slative to lahour, Brpitals mar iing) prmd@wr lagiires ard the efrre 1ha

Pr oduction etast civy Sf ¢opital will detline. This farcr j5  addressen

t

ir the £ \_1' vine rV:\y‘V\q!“r'\ Wwhere anather o raflip st e '\‘rf\/i!\ T o v

mAnitare tha af Tecta fr o mneainal poc e v i SRV PR
L )
TiEptr by af the fac oy my ] Sy

 em e e s me e b s e en o

‘The.cnefficienté ara standardlzpd ‘80 they hav-~ urit variance (1.e
standard Aeviatioh of X and Y. ="1). The egquatrion far standardizing s-
Eg. 6.3 Standardized B = (hctual B)-

S [(standard deviatian X)/(standard deviatéon Yi). . .
This 'pr»ceduro }s necessary to compensate for the. different measurnment
oriits of K dngd L. ‘The bets weights" provlde 7 bhetter measuro of the
relative effents of ea~" ipdeparden* var\able on the dependent varinble.
*Aonyard  and o Walrers NI po 774 g that Whe oo b ther Ay
e WV oepAar L
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Gunn  and. Douglsas (1980) .indicate two additional parahétéfs.wqich

are derived from the individual bigdhction-eLastiCitiesulThey term these

valuds the' coefficient -of flexibility (@) and the coefficient of

elasticity TA). The coefficient of ‘flexibility répfeseﬁ;s "the relative

. ) ) , ) . v . . ., . s
rate © at whirh the marginal productivity changes with- a given

p%opnvt?bnate rcbarge in the guantity of a factor” (Gunn and Dodglas;

1980, " p. 400>.'* Numerically . this Eoefficiédd is equivalent to fhe

prodyction elasticity of the factor minus,one. In the Alberta industry @

ie . 715 and  .30) for capital and labonr respectively. Therefore a 1%

increars in the quantity of ~apital (with lakour constant) results in a
LIVR%E Adecline  ip the fiarrinal rroductivi'y of ~apital. Alrernatively a
1% iﬁrreagq in gmantiry 0 Ishnar cguyses a0 )% da~lipe in "ho maraqinnl
profecrivity of dabane
The rooaf Fimieney af e'articity te dartermined by qdi :r{dj,nq the
rolayang ¢ inko V.o Thne )\ g 1.309 a4 3 I fary .ﬂétvi,fa'[ an'l Yabnur
respe~tivaly The iprerprerarion ig thar a 1% ingrease in Tahmar  wage'’
. o . . v ) . L
e lA canee 3 decreacse of abhnut 7 TR in the pumbar of worke' & employed,
Anreher sig fi 3t raeen’t  of  the regreusjon  for the Alhaerta
e 1) i_v\rinﬂ‘tr.\(' e vy led Ry o the g o f the [‘:* ~dnetiecn elacrticities
. . . . -~
wh i lQ je srry ~lete O [oRAR: ] i featnre imrlinn 83 Yinegtly homogenenns
produericn  fopet o whiet e ey onymous by s%ating that P{ﬁﬂnr'*“q
Tl SYrry tnothe indegtry aubibire repghly Sonsrany retarns to scale
rhyve a Arnvkling €f hoeth fac vy dopatra w1 rery 1\r~,-\VTy Acruh) e ~utegt
' ’ : I3 a,
T™ie frrurtifratl fastura of the i'\"i\vv'yy'-r previnstyeon 'or')\y\y'oqy hag nor
ry iy sidv\ifi:‘\gnt e iprice mar it It aldar Yoag imeavtane fmp Vgt S

'

‘ . : ) C s
"*Ses Gunn and Douglas (1940) for mathematie~l proof. -
‘ofgssmin~ that ther¢ ir perfect comretition ip frctor markets and th
Vivees mrpa drtermined by the mavging) produerivity Af aagh factor

]
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-with:4regard* to the assumption' of. §,-liﬁear homogeneous production

. functlon employed im.Solow s modeL<

L l?,v N

~.rhé' Lnterpretatlon of )the ratlo of the productlon elaSthLtleS‘
a&SO proV1des some provocatLVe results..ance each eXast cxty repreSents‘

the amoant paid ‘to each factor out of ‘total product thevmagu;tude,'

"~

cf a/ﬁ is’ lndlcatlve of the relatzvd artar Lntenclfy Of tho brodncrioh

Yy

. . . . . N ‘ ~. :
technoloqy.zln a pﬁrplcular reg. ) For'éxample the a’p ratio is mueh
. higher in the . Alberta sawmill industry (.408j than the Philippine

‘saﬁmil; indqstry (ll&O) (Laarﬁan, 19R2). LThuS, assumin@ that the

_iﬁdds;f&fﬁiﬁh‘bOth régxnn< 'is appropriately "dachx‘bed by rhe same
bro&uétian“fhhétidny rhe Alberra éawmill iﬁ@ustry 1e relatively mare

tapital -intensive than the Philippipe induysfry''

C.i Capital Deegenlng * and. Technologlcal Vgr;ggationfi in pyé Alharpa

Sawmlll Industry Cross Sectional{x

LT Prom fabip 5.1 ﬁbe ganaral trenﬁ of }ncrpasing outpnr per qnit of
llahcur (f/L) with - 1n¢roasing sca]o ef ﬁpnratlnn s flnﬁrly nv{dnn':. The
"Y/L\tafim“améﬁg”the smalxest”scale‘claSS.xs:S;,\Os“and }ncregses by 391%
'£61g§;32§.fn?fﬁeﬂiaféééf;Size_riéSs" Fansurrent with vﬁﬂis brﬂdﬁ%;iVitv

. PR
—-..t.--.-..-.;—m.r.—-a v v . ¢

41This fact is entirely consistent with the a priori expertarlon that in
the mare developed regions of the globe, the highér urit’ labour c¢osts
cause 3 substitution of capital for lahovr tn carnt resnlting in mre
capltal intensive production processes.

*’The term technolngxcal variegation is used in a spacxal sense herea in
that technologncal change is normally a *oncept that ‘reflects chanqos in
production relationships resulting from technological innovation over
time. However, in that ~firms in the sawmill lndustry btilize diverse
techn010gxés with heterogeneous lnputs, measvrable : dltferences in the
productlon relationships can be attributed to changec in technologies.

Thus for the. remalnder of. this thesis technological varxegation reflects
cross-sectionsl qualitative charges in the factor inputs. A problam with
this approach is that technical efficiency can not be distinguished £rom
techholog;cal change. As discussed in the final chaptear, *hig is an

\ amr1r1r17 queet ionh thnmvlvo fur ther study '

w
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‘improvement is a general increase the' capital-labour (K/L) ratio from
.'« a N N .
$1,798 ‘to §5, 820, The resﬁlﬁs presented in this section $how, hy way of

Solow's médel, how much of the produFtivity improrement is the result of

increaséd tatal factor productivity and hew moch  is the result of
_strictly capital deepening in larger sawmills ’

Tablg 6." §h§§s Eﬂat th indcaw onf  rarhon) 1i;nl v:'icq;’iﬁn
'increéses about 67; (e Yaymn ﬂ; Afer fnr wﬂ?lﬂ clars 17 - 1 £2% from the
€$w1394é’ ﬁjrﬁs te thgsla'n°1t Firms el catin®™ a =ignif;”ant diffdraenae
in the prodyction techrology prr) s yed by small qua larag- mil)sg Althﬁnqh

»

thig OV}iall. general. inecresnea hae wwreyrrod *he rate of the inrrencas

from size rlaee to gize cléss has nov hegn atr] Farinptriog of ~-lgme
Q showg thar Ot wjhﬁ:‘\éqi,ra] varjiggarinon  makne 2 cery  eiwaifioant

.

contribprieon t9 productivity improvement in  the early stages ~f the
rro§€'*éct*“v' ?égiéé And tren dreps Arastically in'ﬁize *1ass five. Tha
index then cAntingng tm  fluamtuate ‘etw sp ) 7 anAa 1.0 4 Althirugh
. - be '

Aje~oncerting, the vngtakh mr ceman” ~e the indes 1€ net oaptir q]\,‘

Unqxpow?aﬂ Ther iv a wile Vari - oien in raeseging méﬁ'nqs in the

middle ‘1aeges -~ Ff the eawmil) industry Moy nnﬂn1grinq fpdme i the

Presenta ~f rhere i/ ‘erenrac jg thrarafare not a syypricing  (he  man n

Infermatinn  ro thé inte:r sval%r' mAvenan! nf .tte 5-4a§ i= ' 3¢
P tant for mhe pvoppees < Shic srgde an Vhe won AT agi)

" Yaer [NAIY Tyh'e ¢ 1‘ showis ettt e g oo '\“hﬁ\;v a' e
natting oyt the influnencae of rwrhvﬁnlnniré? rariegation The walnwe in

thia . . column reprasent ‘the qr wfh in producti¥ity  resvltitg  from
inat e red eapttal *hténciry Anly. Cépjf%} dqapéninq arcounte far AB%  wof

the grawth iv the proddcri“ihy ~f lahour betwean small an? large mi ' 1%

Tha vemzining 52% i§ canged bv  tarhnnlpaical owhvimaatjen Tigire 40
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shows these effects qfaphically, Productivity improvemente  cxused Jy

. a .
moving R‘QDQ curve 1 are the result Hf the employmant of increasipﬁly
a P ™ ,

ranitsl intangsive revinction processes, Technological varipagbtinp Eau“ﬂc
A éﬁmpann ehifr in the prodncrib“ functinn 'n a Hidhéf ‘eorm)l. TR A
each F/U ratio a greate' V.l ¢nn v ihtaired =00 prae shire. .

my e D

.TY.)"' A tral s;\apwc oo Va1 2 F"f.? provi n ; H . Y el
verejone = Peoati s - PN cesp e riunly
Y‘F"'QEC."" Ay o
Eq. 6 4 [ TR A EEE T R R 10 B ) .
oy ‘ =4 ~ 1 n v e ) bt M non ] el
1 mce [ sy (A A S TP PR S E et o . Ve N
f-r thp ]\1; ¢ bt maagmt ! TR ] ) . ‘

L3
vy |‘...h°,., T v eyrired

The tor e i) roe mYed vy f . o W " - PPN Ve
Py mreib e + Fetevmy T, R TR B BRI, Y- R L T A A 4
LA JYA R R R n(f‘-ﬁ\nt" S R RL I i;- A ) [ " Py F
b made tha' b oader hint e oot e . (o D, ey o oy
A discuest o b hE rhcnlrte i ot 4 vyt s R : o '
ther afnr & agrme nr\rir(*(\v iAate T r tentin)d A
v
Mgy emer b rror :nd ;nar,r,-r- L -..-.-'..,"--; .
.
There Aares ondAopbhral)y g (RS I AR " PR ' e
. s ! v . .
with thi = v V) "er: g to r Vi, : v o
Char ter vV, U I A N ANE) 2 :
Yh e A v a o) gy L B AR
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: o : . N - ’ ' : : . ’ ‘.
.0f . equal relevance as a potential sourge of hias is the effect of . -
" . . N .., B W e ) NN " e s de s et e e .4-.‘_;‘ P P . : \\
the basic afsumptions embédded in the employment of ~the Solow -model . .
These assumptions are introduced on pagqe 71. L . . - 5
» ) . - ) . ) ) ’ o N, ) o : .
The first assumption, which states that technological. variegation -
. L S o M -
must  be "Hicks” neutral, 4is  necessary to ensuré that techndlogical : ;
differences resilts in ahsolute chances in the coefficient -(A(s)). If r
rachnolagical varisgation is i fart facter ~hgmenting thap the .marginad T ;
rate ~f technical substitntian is nffected epch  “hat *he ‘aesylting B
rroducrtivity improvements  ar~ pet reflectad  in pic) . The rapadly
ivererging YL yatis in avapt srfale plants  siggestc the . possabiliry
rhat thare "as heen 3 fe-'molngy indycrd ~hange ir MPTS and thug that
) e » . A N "‘" . Nad K A " 1 ) ’ . . " ! ' “_:..
techn ipai- ] varieasticn ie nat nertrpl . Fhe trendl  f  ancrangrns KT i
. . . Iy
ratic  tan a3l e be axplained ag ¢ resprnee o chmrginag facrar prace
ratins  Casua' eobservation ~f ";;b")v vage AdAsta - in repring  plant

qc'a)nc i ae b v anh inermggs opnit o »Yeynar r(\i:vg Mg the "\('voagjv\q

L "\t'i'; Ay he ewilained ac a  lirect ephstitoti n  affast rormci'\d
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’pricesl of- lnputs are given, the assumptlo'ithat facter 1npnts are pald
~ . - »n ~=i-‘~ "’!‘ MR wsx'_..'...: r'“«"'"& ¢; ‘i
accordlng to ‘the marglnal pIOdUCthlty of eath input - lS acteptdble,
. \ : L

lmplxcxt in, assumxng a llnear homogeneous Cobb Douglas productlen S

]

functlonnare (1) the assumptlen of a constant return to scale produhtlonf&fluﬂf' Lo

v

technoloqy 'and (2) "a unltary elasf1c1ty of subStltutlon between capxtaiz. SRR

and labcur. If these assumptlbns‘are proved wrong then'.the functlonal” '5',}'
f' . “ - . . P

form used in . the model does net properly specify the production

relatlonshlps. The authentxcxty of the second assumptxbn 1s addressed ln

the foﬁrth Sectlon..-For. now mt must acrepted ae possxbly a neceSsary3 o - " I

,abstraetlon from reallty The flrst assumption however Lge patt;cularIY'

- . - e o
'ﬁpowerfulqnwanh c.respécrr £o . its. implications qpn‘pge valquoffg(s):_rﬁ

- e . .. 3 VL . v L s

# .o AT ST e <
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constanr returhs to seale dd nat exigt  then Fquation 4.5 canpet he
created from Fquation 4.4 and A(s) cannnot .be estimated. The results

;p:eseqéed in thé first section mf this chapter' show that aggregare

B S

produntion  technelagy  in  the Alherta indwstry  does owhabxt roﬁthy
constant  returns  to - scAle  Thetefore the @s:umpti?n 0t A Yinem

hamageneeus producien fuh@tion is findamentd) by valide
. ~ . A3
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.
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D. Ghow Test for Equality of Regression Coefficients

Solmw'é.'méde] ha's shhwn thar ghd Albezra sawm;Tl lndustry rannat
i L, A .

oz , e . Loy

¥ W ed
be truly characterized by orpe homOGnnebus rrodur'xon ) franr\er.

Inters~alar differengen in rarhnhlocy clearly r~apse *the fynetisn ve
' +

Shift. Tho exicfenta of the unstah?e functroa; emphasi®es  an .imporran®
empirical auestion: Ts ir poss'\ie thet shi€ts ip rhe Fwnv*lﬁn cpu‘d be
cavced by qualitztive inﬁluen“eﬁ *hear than =ize? For rhe purpnse of
. : v

fhts srady  *hae pdssibility of qhiftiﬁg fn“rvi*wglrpsult1ﬁq;ffﬁm tWwo

“rprarate adalitative criterin are veeted. The rtye dritetias  are rgain
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e Table ﬁ 2 shows the.-results of the ﬁlve separate regressxons Trew LT

. required for testlng the effects 5: size and vintage on the productlgﬂ:#" .
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> :F(0.05) gﬁen 'tpe - conclusion s made that there ;é a siépificanf : :
difference in the regression coefficients and size does cause the
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h Eq. S.7 - F" < [85'all -7 (S5 yoing ¥ S5 DId)]/Z = ) R2274
(S8 young * &5 Ald) /70

Since F~ < F(0 0S) then the ~onclusircn is made that there i nw'ﬁ
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rhe production furetinn to ehjft .
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F. The_Constant Elasticity. of Subsiitution Producrion Morel
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hqmbgeneity. and’ (2) the'modelgdoes not ptegﬁméf& unitary elasticity of

substitutiofn. The modél provides more intdrmation because (1) the actual
A ; : ’ o R ‘ g T ;
ﬁéture .of returns to scale can be estimated, (2) the true elasticity of

“ t

substitution can be derived. The model is statistically more ‘reliable
because .it is,jstqéhas%iCT and is therefore éubject te a complemant nf
sratistical tests.which provide a degree of ArediBitity ro the resnlts
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wheve: Al rate of labour,efficiencyAimprovement

Ak = rate of capital efficiency improvement. .

i

Equation &.9 can be transformed to;

EQ. 6.10 (Al - k) = B, = .062 = .446

(1-a) l-.BﬁJ

The value of (Al - k) indicates that technnlngical variegation has
; . Ve

increased the efficiancy of labour a' a much dre~ter p™ e than capital.

From Eq, 6.0 "he tech: Yeogicra) wn{ipﬂgfimn hiac “mn ha  detived

Acenrdine ro;

.
Eq. 6.1 e AL E
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B61 Bkl . 10y - n=
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Cinca tha uvx! -~ ie rosi e [ R PemhpeYe 3i - AY mAgati o b ine i

} oty Sa\'i"g

Fgrartion £ 12 ehowe the empirical ragylt - N [ e
exp'icit * ¥ funcricn with © sgize trend 3t iakls.
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F* o~ 11770 1Q
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Yrom oyiation 6 lﬂ‘vhq ~Stimateard tertinical gffiﬁicnfy r'arame' @y

(yY ie aqual to 6.i17 'nd the rgrﬁvnﬁ tn scala parametar (v)'is e al o

L ] e Ine of "o raramerter + indjentoc dov]ininw ratnrng te ;“alo

and A 1% incrence in Pn}h “~arit =1 and 1ahonr wonled ! oagce orly a S543%

in~rnmage in yalne added  Tha value ~f ' he. “Oqff{"i°”' acsnciated  Wwirh

the ¢eive trend 5ariahlﬂ inditates the existance of Hir%c nevutral ~r
‘ . )

product augmenting technringical Varieraticon accyrriny at » rare =f  10%

-

“"Significenrly diffarant frem zero at 00% confidance level
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with:ea¢h inicrease in size class.

e ) o i - , " o " o . . '
According to- the estimations:prov1ded in equations 6.8 and 6.12,

'

the aggzeééte}exp;icit CES prodUction ﬁunctibn for the Alberta]'saﬁmiil

industry is;-

EQ. 6.13 Y = 6:103 [ .208 K 747 + 796 T 24 ]3 a7
2. £.42 ! . : 3

[

However. tlie inferred -existance of biased  techndlegical vafiegation.'

implies that a single sat Af parametars is net relevent far vepresenting
sawmill techneleoy.

. _ , t L ,

The dummy varjahle <pecification provides  thé opportunity of
o . . S , 4 o |
aantifyi g changee in the paramrters cauced by ecale:. The estimaré nf
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An 1nterest1ng result of equatlon 6.14 is the':siie “inflhencéd
- ‘

varlatlon in- the capiral 1ntensity parameter The value of the- parameter

ﬁor 1arge, medlum,vsmall and smallest firms lS ‘491;..3ll, v219 and L3

3

tespectxvely These results suggestﬁ that th 1arge mills ate more’

‘(’: .
'capltal 1nren51ve ‘than smaller <awm1115. The resulcs verlfy the ~cép;tal

deepenanz trends identiﬁied~.by thé ,Solqw- model'and thp scale trepd

variable - CES specification.. The smillest.mil} group is 'an eycertion.
- . " ! :'.:_

The é&apital intensify parémefer is éctnaliy 1owar 1h the small group
Ehan in 'he smallest qkoup A pnseibln pxplanatxon of this jncbncxstﬁncy
is that star)rrlra4 art:farrs in: the -capital inppt yalués“for‘rhe

smallaest pills, may have ecéurved E copseguence of * the reqgui rement

o o 7 | . ,

frr  impurring rapx t:-\l 13Ne tey obeslete eqitiFmont .  Becanse n\f‘}:h"n
o T / , R

omeral existance of newer agiipment, thie proeddire vl hoore lags ~f

" hicring inflnance in fhe Jarger mi)le.
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The technical efficiency parameter is equal td 6.80 and is
. L a Co _ ‘ ’ ‘
invarian; toé differences ih scale of operation. Variation of this

paraméter would reflect Hick's neutral (og product  augmenting) -

techhological variegatipn. The invariance of the”parameter to scale is

i : \

T s S . i s S ' : S
therefore surprising in view of the supportive Lnﬁerennes, regarding

R

neutral ' fechnological variegation preided in the Solow, and CES trepn

4

spe*ifiéafion models. p

The returns rc Scale paréme}ov is nriigqne far éarh of, the Aifferent
production - lasgsac The results indicate that returas t¢ seglm are: nA
r’or larae F.irmc,v, 17 for medium seale firmg, .71 for .s"\a]‘ firme. and
(FS for the smallest ‘jrms. ' o jopnr' oot eanclasions can h? Arawn from
these ohceruvntimn- ri;ét, verall AWl prosduet ian rachinglagy j s
chatacterized hy derreaging retirng v cemle Se- ~ng prndurr?nn
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by Yower e olg ~f retune te emple Fﬁ} smallar  cufrpet  loevels., For
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afCact on B S R LS scAa 't L] AMlbar emumy V1 e The fiv~aq facter
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manacnria] r-,-.-.pab'jj]iry‘ T e f:\(fr" is F\ny!i-—u]av‘l\ inflrontial) in ems 1

ther-operated sawmil)s whére the proprierar muer procade  all “he

N e v e et e tm o e

‘*Theoretically econemies (or disecoficmies). of srale and returns  to
scale are different but related concerts. The influences th=t »ruse
these éffncts hgwevér qre SiMilar ﬂﬂénoh thne A Adisgtinrmrinn ie nof
varrent ad fog this thasis, N a
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managerial fuhctione for the operations. As fthe opetation’ expands,
managemeht dedisions become bofh greater in number and gmorp" complex.

Thus the managerig) rapability of the single owner -oper ®'of hecomes less

informed and more djbited, Operational efficjency | is, ‘'no rurr
Aiminished. -
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The Fummy variable  specification vysed for “StimAating the
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VII. SUMMARY AND CONCLUSIONS

w

\

A. Summary of the Eﬁpiricai Results
i . T

v

In Chapter One, \;Qg épgcific  objectives of‘fthis mhe§ié were
outline&. Brieﬁly;.these oﬁjectives included{'
1. to deter@ine’;he nature of feturns to scale;
% té isolate tﬁe productivity effects nf technolngical 'arieqation and -

capita)l daepening; . N ! )

W

3. to determine the technological change bias

.

4 t&,ésfaglish the iﬁflué#ce of size and ‘Vinfape ~n  the Fr;q”ﬁ'i;”
selationships;

S: t~ detarimine th€¢éubstiturahi1it¥ of facthrs of preduction:

6. to évaluate the alternative methadalogias;

. to demrngrratd  the implicatione of the empirical measures with

rerpect to the effective implementation ~f policy: and

8. ro eugaest a methodnlogy for fnv5hqv AanAd mor e sophigts “arad anglysi«

[y

ot fﬂ*@é; inductries.
Ohjertivaec %, 7 apd '8 form N\; hasis of rhis final rhaptér and are
add-essed - in seétions'%, 7, *n? D respectively The tasults satisfying
. B ‘, T, .
the ampirical ohjectives (1 ta ") are pre-ided in the previous clapter
Aand are cummarized as f@linws. ‘

With rea-rd ro 'Fga'Fi”Q 1, the b"nduvtion.’ﬁanﬁnoioqy frr oréh
lsa;ﬁin cize ~?“"p ‘g ”ha;hrrorjzad by unique values~€or returnc ta
aalé. Arcarding to the CFS  Aummy wvariable RPOfifif“tion;-.returns ro
scale are .88, .57, .71 and .FfS for large, medium, smal*'ané g@éT1ﬁgt

firms respectively. Thus retyrns to scale are declining at all Jevels =f

preductipon hut are higheér for larger millse.

. -
i
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With-régard to Objectice 2, }he indek of technolqdiéalnfchange,

aécording to the Solow modei, lncreaSes about 62% between the smallest

sawmills and the largest mills. Of the torai 1ncrease in oufput per unit

labour, 48% has occurred as Lhe result of employing more capital

Antensive production processes and 52% has ogsurrﬂd as  the result of

.
7

"Hicks-neutral” tochnoloq10a1 varlegatlo"'
wirh regard to Objec?i;e 3, the CFS treftld varinble specification
‘ ' . .
éhowk that  inter sc3lar tachnnlagical variegation is laboqusaving
(Eqpira] Aaygmenting, CK1mw netr sl ey rha torhno1hﬂica;‘ variegation

hiae j + .
ts +.072 & -
With 1ra2r4 1o tho influence of size-..a_r"i Vintage tha "Chew tegf"

. r . .

chawe  fhat -~ in'age of provioction aqnipmant damg net have a qualirari ..

influence on 'he prodpetian PPATAametrers Fnr -ize of ~raration dorc
[,g:r]yl with Y &gAT A tn Obhjertive é, the PSS Aummy yariakle

‘. , §

. R . -t )
specificdafi o ehawe thet the @larticitry of suberirprieon hetlaen .rapita)

‘and  Yabenr  fer w11 caumitls ig L C4R Thie vatue g fnsignificarely

Aifferanr f10om rﬂ')o n tha QNS confilenre T N s arof o 'Vha
[
. . : . . . . . 3
Leontiff hyr'ﬁ?‘l"at]c f Tay R is rTe ' ' ! el
Vyrethariae o4 gniensr CAVEE Ve i .

P Tveluatien of The Models
N o mrin Abierr Cothic MY eie jae v . mpRte  Aalrerr atie
fanctinna) fospmo A in Viaghve ' the rnvyw:qn f the ana1ycic' Amt a

N : ?
R‘-’F“]?‘}"i‘i'v ANA emtant € v Ay in) }""'\cat"" mal - recommeniiat i ong ac

N

t oy the most arprorrinate fm\¢Hmm1 form (mr future an;,}ygi.- The

emprir i ral actime ian of structurally mnique modaelsg with ‘be game Aata

.

Yoo o preo e ' he ST T runjty nf ndging rhe NYEA oy f g “mreighe






methodologies ised in tﬁis re5ults

thesis by ¢o@périn§
@odels  and then evaluatlhg the,'végiousf results in
e R T

‘restrictive assumptions impgsed upon the
provide them. T o !

Specificaliy,,the éétimation‘bf the relatively more

mathematlcal modeLs

7ﬂ12¢

‘betweeﬁ

flexlble CES

.
funrtlnnal form prov1de< the opporfuniry of fe:tlnq//;°T::>ropr&atpnes

. . A
of rhe Sqlow modnl a55umptlons of a) 11near homogeneity, b) unitary
n1asf1r1ty of substirut;on-"and ¢’ Hicks neutral technological

Aiffarences
the three above assumb'ioﬁs reqmlredr for, :1e~ Solnw

appropr:ate and thnrefﬁrﬂ thete is a hmgh probab\llrv of

messyres provxded hy the medel. Althnuq? *he aqcumprann nf
of :ub<r1fwrlhn ~f one 1s 1pg1twmar~. the CES mode! shows

*o  scale are ner  constant  hnt declining and that

variegation is nor Hicks nedrral but Solow newytral

combined. effect .of theése improprieties

cross-sectional influanceé of récﬁnologiCaI

Solow' s model, and to improperly rategorize 1t.
(hﬂs\) ~anvet he fully iénlatgd, pAtt of

Artribured

te capital deepening wewld
technological variegation. Mlgg the fart that 1 etueyng
dc.nr].iniy\q imPrlies that the €1 v rela: LA S L
he~auce,
T’ :
Eq. 7.1 ¥ = A(s) L' K ! 3
cannot be frangfermed ¢o

‘ 4

Rgq. 1.2 v 1 Nemo oW1y

The results provided by the CES mode) suggest,

~blas

(labour

variegation

to-

tpar two of

moadel are ner

in

an elast)city

Yechnological

savinc).The

i1s te both underestimate the

provided hy

Becauce the COPfflC!?H?
tive product1v1ry improvapant

in frer be capital augmenrting

-scale are

“A S ad

mie are

rthe

' .‘thé

lxght~ fﬁéf_
uSed. o
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Thus, although the Solow model does indicate that. technoibgical

varlegatlon does reflect dlfferences ih Tproductivity, the 1nd1cated

‘magnifude and nature of the techno]ogical vartegatxon is 1naccurate. The

] 51mpllfled model therefore cannot be recommended as an appropriate

ab$trattion of the Alberta sawmi]1 industry since rhe em;:rscaJ measures

¥

provided are mlqleadxng in. rhar they dq not arrura'c’v or evean c1o§oly

"

reflect production re]ationsbips in the induétry:

The two. specxflcatlons of the CES prodnotaon funrr\on alﬁﬁ provide
i

‘ the opportunlty for cempérlsnn Althouah both medels have héen  desjgned
to'_aIIOW‘-for the croqs sectlonal 1nflnence of. 512e “n the production

re1*f\onsthq, the dummy varlahln S eeifs *tipn i more informative than

o

the trend "ariéb\e specificatinn,

v

The Adummy variable sperification provides a nnique  cer ~f

‘parameters of production  for each Predefined sire class. Thue qnanfum
differences in the parametors ean he Ascertsined.  The trand variable
specification en the ather hand prhw1de= Ahe set of parametars whigh

2
Are intended tn rTepresent tha entiré indusrrv in aéqrenaro Sianifjrant

trpnd varlable ro;}fxcaents Jn the factor pPropartions equation iediéa'°
a unlform anrease xe‘caplral 1”t“n=lfy frem size class te rize clas -
'For tbe expl1clt CF’ equation the trand vmriahle ccqff;cian' IR RFEE R
tniform rate ~f di'semradiea terhnal6gica) vérieehri¢h' .
| Ohs rvation of the reeul*« p?nvia;d "¢ the twe Mmﬁolc q'ﬁes A

the trend variable specifiration rosylte ara ONEIS ANty lower than fhe

vesults vrovided hv the dumrey  variahle  medel st al) lrvals  of

produrtion. Since rha dats Tequirements for the twe modeis are virtually.

identieal and  since the mora flexzble cummy var1ahln sper:flcatlnh

provides mar s reprnsanrafvvn resnlts (and & bnrret it ~f rba mndel' o

v
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ihditétéd'by~thp higher coefficient of Aetermination’ thig model .is
B '

Supéridr'to the trand var1ab1e =pec1f1cat1qn. Thus for ana1y515 1ntended
“for derxvznc the structural productlon 'elaflonshlps governlng Albertj
sawmil] proﬂuctioﬁ, the dummy variable =pec1f1ratlon is recom%anded 1f
on the other band the purpese of 'Peoanelysic ie 1o ge . mine ' rrture
and eutent of rec'malogica) et e

bran-t oo e
SPeCifiear e o ya vRed,
“. Palicy Implications of EE§33§$UltS

Through thé. Public.;défision making Pprocess, prlirias Are
formulated Witk tha pdrp659 e achieQ)nq destrable socioc econ i~
“hjectiveas. ﬁéciraﬁwérdbiort‘vn= may  inmlude qc"”“m‘é Lf%iéi=‘<v n

. . ' BN .o
productinm  znA rontumption. an eytivable Aicr ihytion ~f vhalth Pneape

A
stahility, fi) ampleyment, and,/ oy ToheAalthy rate  of  qrevth Y neq
ohiectives arn Pricriced By em iery sither imnlicitiv‘cr explicitly, in

th“ p(‘J’L'.'.Y"‘:\J [ SR Tad ol A Cantra] tr dericinn- req'ardj"g the ¢l fe ! fve

irpleament arjan of  agrcerument policry  Are b e racnrgine [

*he
Al7cearion of publicly cumaed ratursl resourceg, o the maz dre e
NA ' rea  of nubljcdpny'i”ipnriﬂn N the intretrial crple o vt

N ' .
AR R RR IS ey COmmitEe * to yamant ~l AnA WAHQIﬁpmcpr,

This ‘heg Frevides a mera voightennd g cer e . [GE SRR
15 e ghte

i’“[‘l‘-('?'i e ~f FVT'\)C"”'R]. rr 30 '-_irv\ relati"nc‘ jpb LR
' A
effortiu \'W;'lampn“‘-ﬂji'v) fivf pv'ﬂiry Wy rteanvl ten b hye SAwMi )] jnduqrv\

termg cf

.
frecific inst: mapts of elicy which »arve in! "verced by ‘haga &t rrapan

>

rﬁlariwhﬂhips (IR TTY. 73 et '3110P5'ioﬁ, Ruhﬂ*dizarion, Ayl g e
investment ir  research  ana Aavalopment The significamre of tha

strumstyr o rmat ar e of tphhnO]r\gj('~al vnfv'mg;\'i(\u'_ TOatYros Yo Teale and
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gglflcance of Returns to Scale

Returns to ‘scale‘ are important from a pOllCY standeLnt because
‘Jheyﬁare-a @eterminént §f optimum. plant 51ze Gray (1981 p "71) sgates
;Ihe optimumf scaIe' of sawmllllng 1s determlned .by two thxngs.-
~-'-_'the economles of scale in sawmllllng 1tse1f which 15 based on'; M"
-ehe technology of ‘sawmilling costs and thus is ba51cally.
lndebendent‘pf 1oca1 condltlons, and the cost of log supply toVV
sawmllls of varlous sizes, Wthh is strongly Lnfluenced by local
;ondltlons. e The optimum size af sawmlll for any pa;tlcular
area or 1ocatlon must balance economles of scale in sawmllllngi

o,

against the .diseconomies of scale of a larger log supply drawn

‘from further afield.'. . ‘ . - ’
fhe‘measures of retgrnsmfo scale provided in this stddﬁ“are'uhiqﬁe
for two reasogs. First, the induetry's ‘pfoducfion function'is not
assumed to be homogeneous for all sawmills and thereforé productlcn

Jtechnology descrlblng 1nput—output relatlonships at dlfferent’levels of

s

6utput, lS characterlzed bw unlque values for returns to stale Second,
. . A S -

the emplrlcal measures of returns to scale provxded for each of the four~

categories of output, 1mp11c1t‘y account for the dlseconomy 1nfluen¢e of

-

larger log supply This is achleved in the measures ofJOu e;efwoed

supply rﬁLts have been netted out of the value of total

N

wobd suppﬁa costs 1nﬁrease proporflonately w;th lncreaSLng output then

/
e

decltnlng returns to scale will be reflected.
An  important dlstlnctlon must- be addreSSed at'this point. Ih:the_
prevxous Section, tha 1mp11cat10ns of blased technoloqlcal chanée 6h'
.inter-scalar quota allocation§ are poxnted out’, Quota adlocation to
large plants 1s—shown to be the most appfopriate counsa of actlon for.

5 ® . ' 1-,' U - E B
/.‘ ‘ th L 4 . X

\
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ot

' maintafning: industrial competltlveness ., The - sxgnlflcance of the .
‘ Y ' . ' ‘

téchnological change blas in’ thlS case is not dependent “on . the

allocatlon of quota to lstrng large plants,fln fact, intuitively the

v

bias mlght be even more relevant if stumpage 13 allocated to new large*é‘
plants rather than new small plants WLth reSPect to the lmpllcatlons qf
returns to 5ca1e, the srghxfrcande.of the parameters lS dependent on the
prOVLSlon 'of . addltlonal ' stumpage..:bg uthe : existrng ' 1ndustrial '

.\1nfnastrUCtufe. If stUmpage is alIOCated to. new plants the srgnlflcance

F ’
»

of dlfferences in returns to . scale would not be relevant because the

\
L2

causes of decllnlng returns to scale (Whlch 1nclude llmlted managerxal
capabllrty, bureaurracy and 1ncreased transportatlon costs) are 'only

lnfluentlal when expandlng exlstlng plants ,;

The empirlcal measures of refuris- 'to SCale lndlcate that, in terms

Er

of e£f1c1ency, larger ‘scale plants are preferable to small scale plants

Py

for the dlsposal of excess'* duota, Thls feature is 'lllustrated ~in.
frqure 7 2 where .the Jhcrease ln labour from L t‘Au and the anrease in

capltal from K to K?.represent a doubllng of. ég%g labour‘ and caprtal

- §

The lOO% increase in 1abour and cap:tal dause a [(AQ/Q5 b4 100]% 1ncrea$e
1n‘output. Eor_ latge mllls the' empirical evidence indlcates that N

AQ/Q(large) 8 and for the smallest flrms AO/Q(small) 65 when both

rnputs Rke .doubled _ Thus the 'perveslve policy tradenff ;between

7efflciency‘- and 'employment ‘generating ‘potential ..iS' once again
Lllustrated The magnitude returns to scale"'s 'shown to have
’ N i

srgnlflcance wlth regard 1o the 1mp11catlon of alternatlve allocarrons

of quota. For. example, the alloqatlon of a particular level of .stumpage

I

N

: wrll create\/more )obs 1f prov:.ded ‘ta! exx%tmg smam plants than if P
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FIGUEE 7.2. Implications of Returns to Scale on Alrarnative Quota

Allocations -
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:_‘alloqeted 'to‘ exisgine lerge'piants However. the larger plants will beé
‘mere able to convert therstumpage in"a cost effltlenr manner . 'g

Thus four separate dzrect;ons with respect to élterneﬁiveiquota
allOCation- pOSSlbLlltleS . are 1dent1f1ed The significanca of'
'terhngIAQLCal change and returns to scale w111 depend on whether quots
:15 allocated to °x1st1ng large plantq, new ]arvn plants, existing sma}V
plant= or rew small;pﬂants;

>

B

Significance of ‘the Elasticity of Factor Substitution -

. P
e .

The final ﬁarnmetef which has relevance in terms of the
Pffn"flveneqs nf pnlxcy 1nstrument< is rh elastJrvry ﬂf"cnhqfirﬁéion
(o), The prer:co emp1r1ca1 mea<u1e~of this paramefer is 946 This value
is insiari fwrantly dmfferent from ope ar the 40% conf1dance Tevel. The
Mmeasure i« ihﬁa;ianv te scale and is thus hamagenerue fév all Alberta
rawmills . , -

As described in fhapter f17 o s effeetively a measure‘of the ease
with which'farrors of production. can he substituted for one anotherf'Tbe
parameter s a measdre of the .shape of tné firm's isoquant and is thus
of practical sxgnlflcance for analysis,t thn purpose VOf wﬁich is  tn
_eva]uat@ the effect of changeq in the price. of a factor of produrtlon

..
An xnrreaco in rhe price of a partlcular facror fhput will have two
pffeﬁts on the overall quantzty of the ~actor demanded an- output efferf'
and a substltut:on effect (Layard and Walrers, 1978) The magnltude of
rhe substitution effect ;s fully dependent on the direct elast:rlty of
GUbStltulOD between the two factors of production.
The _pragmatiC"significance of the magpitude‘of a'te ih&ividuals

N : Ve A .
~neerned with economic policy is brought to bear in decisiéns regarding
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the affa rive implementatinn of erksidization NrAgrams  frarticul rly

when the program is ariented foward sukeidizing » partio -, inpor rer

example, when a labour suhridizaticn Proaxarm fdrcined  te maintain -y
generate  employment' s Tmplemerted, the affact g be b ady - labour's

wage valatiy  te the ~api'a2l wag~. ™Mi' influen-e redquTes the  clrpa  of

fha_ jerc: ot Yine ~ausing ]’homr t~ e ﬂuhﬁ'i"‘r"ﬂ o~y »apiva,1 alnne rhe

. - o
tsngnant The effactivere e of 5 aiven amount Af S heMy in fancing "he
rnhcri'nf‘?n to  occur. )" Gnti!@ly der"""nnf N the Slepe ' the
PECAiRNY e finet  hv o the ARTT SRR FoEaberitgrian L Fiqure 0 9

PYivrarster phe  eig fican~e  Af o in  te pre ¢ Ph effactive v of

: .
:'\-h:' N p e e The 1t moam loval of LY L R A PR ie @ noee on YRR
00 At tha  S1irial famen, Fri o rnti LTt e Ay L Siage 4

SUPEiA T varicai f aleiir pedicam the st g AT e YAt vhe g g e

. 1

~fF the jrecaar 150 he e "latrter v The <hapsg ~f fEaquante (7

and 0 ' infirate *'oo for the forme 0 igher than ¢ fer ine Tavtar
:

€inre  eubh& St ion e enc i glrre QQ ~ given labey: '."‘hgjfi‘. rotes

mOTe Jakour (Lod ther 1A be crested if the frdnstry decquant were

represatod by -0'9% ‘t . Mereeer |, sine - Frodh tiom s Jonn isdgus 0 7
opraile a hacher crr! e A R A TN AP W, 2 st
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in the U.s. lumber and wood prBdurts lndustry causes a roughly 6. S%"

change in factor proportlons.

- .

P. Aress for Further Research ' : o
. . R
The progressively sophisticated fechniques employed in this thesis

have roughly paralleled the chronological development of neoclassical
: /

production eCODOmlCS. Fqut, the basic Cobb Douglas production’ function

Was estimated. Second, 50low's model for evaluating the influance nf

technolngical VArjiagation was Applied. Finally, various specifications

~

of fthe constant elasficity of substjtution (CES) production function

| were rendered. The latter funttional form is more flexible than Preavious
. | i

forms because g priori res*rlrtlons are not pPlaced on the "alune af .

The CFrS fnrm howe' or {ig S'ill confined tem consideratiny  ~f Produertion
With  tiwn  Ffartnr inprte  whieh mpgt oe TUhEtirut ng . Layard ana Walt e -
tYO7R, . 2650 Aescribe thig cage with

"Howaver, if ‘thare are only  twe fartors, earh mIst  hbe a

Subs' itute fror the bhes (atput congraney 1o tee farieor  fhea

thiue piecas mary cf 'he important jeeyes that ~=ri¢cq Aire 3
rige i+ fhe PPy D ice af mekilled 1ehony rajee T Veyar Yhe
dams'('\r" oy <l s ) ) el 1avirny (it B ATER e s PN eith=r? Ve tharafey o
. LW
meve rewt ¢ rhe genersn’ ‘three nr mnre fae tarY car - ang deelep
the Nl laen elagticity (f Ssuvhet ityr; -, whirh, hevagh V-ce
\ .
interitivaly simle ie  in the genmya? A A R T RT

tgeful than thae Airact e]:ﬂ!'ihjry,'
The ftranscendental logarithmic produr rien  function Attrihutad te
Chrigtansgn, et al, “(rov1y pvc)'x;'idn'r- Fhe "'lmfib:i‘l"\ requivred  frgy

TThie valbae ic from Gat~ (1977,
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evaluating prodpction with greater @han two inppts. Furtber analysis
with this more flexible functional form is a naturai extension of fhe
résearch:] endeavors iﬁ-. this diséertacion. :The deve£§ped .m5de1
représénrinq Alberta sawmill proéuction.COUId conceivably be exbanded to
inrludé not  only the traditional inputs of capital and labopk bu§ also

stumpage and snerqgy. Thus the nature f substitution (or complementaryd

N

relationships between all four inputs can be identified
. ! L ' ' ;,' .
An mdditional direction requiring investigatién is to empirically

separate the productivity imprbvinq influaences of managerial'capability

from the factor ~r  product  aygmenting’ }influehhes" of diverse
technalogise, in othet words, what is required is to quant; fy

cross sectional productivity improvements and .to detérmine the felative
. <
. A3

contributions of technical offiriency and ' arhneleyicgl vaTiefation. A

v
-

roecible  initial  approarh to this wnuld be  to inv“rpoiaro Jummy
7
wvariables into a simple Tabk Yanglas production funetiaon *Afraflact the

. i .
st ' P IO
qualitative influenrec of hoth mora afficient technology dnd enhanred

~
N .

managerial capakility Dummy variahles designed tn refle: ! ?“’ efferr of

Aivaree rorhnnligies  con'd. ke gentitite to  vin'zae of redyction

equiprment Pommy variat leg f-r npf) ecting manager ia) r-aﬁahili ry el pe

cotitice te Yeoarh o of v ney "J'p fﬁ:“rz Av of this vature wbu\r‘. dn mruoah
' |

§

t - vot ionnt! IR O Y- | R e A )n ey :f fipro sy
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. E.’'Conclusion - . ': o ' o ._'mfvef;
- ‘.’_—"“_-—. . : . . . - . a .
ThlS thesas,has hopefully provxded a more enllghtened apprecxat;on

of the structural characterlstlcs of the Alberta sawmill lndustry These ]

'Fs

structural characterlstics are de;lned by ‘a’ SEIleS of parameters whlch

descrlbe the ‘ relatlonshlps .(between ) lnputs and output and thes‘

A

1nter-relatloﬁsh'-" tweenﬂlnputs:theﬁselves As has been lllustrated

.the;hature bf‘tbeSe.relatibn lps and 1nter relatlonshlps have 1mportant

mellcatxons %lth regard to - the effectlv‘

. ‘\
pollcy.\ A prlmary empha51s of the thes's has been to lllumlnate the

'

cross sectlonal dxver51ty of the Lndustny
' -

The assumption that the inférmati / prOVlded 1% ‘this. study is

unqueStlonably conclu51ve would perhaps be rlsky The form of research

- 17

-embarked on in thlS study _3 , the. first of its klnd apPlled-to the

Alberta sawmill industry. The emplrlcal flndlngs' ﬁherefore requare

. substantiation. HaWevér, _in general terms, fhe flhdlﬂgs are useful as

' L]

broad descrxptva or dmagnnstchbenchmarks and “their USe ~as SUCb 'is

?J,kely "al‘(i - ] . . '.-* -_ ’ ) o ‘4

\

s of certaln lnstruments o£~
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Appendix A. Proof of Lirnear Homogeneity Conditions
Pront of ¥/L = f (K/LJ Relationship |

i

The fiifction y = f(K,1) is homngeneous of degree 1 or displays

constant returns to scale if:. i -

2Y

f (AR, .)\L)

Seft"jng Y - 31U pyeneferine t"h‘ AP e laring e~

Tt owitt ngt oot tuepog o R I R g REARIR S & IR TERTE Y
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- Appendix ' B. Proof of Cost Minimization Conditions

Mathematical Proof Q;INéCQSSary and Sufficient.Conditidns For

, - .

. O _¢ 'Prdfit Maximizdtionse

’

Assuming firms are cost minimizers the ohjective function is tn
minimize; .on

TS v L, E, K | e
Subiect tr g tarhrica)l  rmseraied fepy eng AN O R LR Vo

The Taar»ngian aquatic 'wf‘pna'ﬂ S

L=TC o oy k)

L= (w-L) @ (y vy : {7 £y, iy
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(RN D G-} PR ,r‘.T WML -
S ey
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Therefore, when the ratio of the marginal prodﬁcts equals the

niE

M
M

X

oy
A MP

factor price rdtion, then the costs of producing a bartiéulax'OU%nnt Are

minimized.






Appendix C. Detailed Statistical Tests ‘
. . TABLE C.)
FtAListics Required for Tésting the Hofogeneity of the Sample and

Population Meais and Variahces of Three Variables
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Frr the Production variahle {bhe value of t* it:
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