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. ABSTRACT

“The ‘objective of” th1s dissertation was to investigate

x

the role’of energy angd natural resources in the Canadlan

bl

'manufacturung sector. The' d1ssertatlon examines 4factor"

_demandS» ané substltutlon | poss1b111t1es, productivity

perform&nce,_-and~ thei.effects Of energy ahd resource pr1ce

,'1ncrease§~on factor demands and un&t costs of productlon for

e % i -2
20 manutacturlngv industries "and gotal manufactur1ng; In

contrast to the previouéistudies'-which usually specify a

four input model (KLEM), incorporating capital, labour,

- £ - _ . .
energy and-materials this study specifies a five input model

"(KLERN) , incorporating.renewqble and non-renewable resources

(R #nd N respectively) in addition to KLE. This was done ,

be ause “rehewable .and .non-renewable resources are often
_-_\//o

' 51gn1f1cant 1nputs 1nto_ ‘Canadian manufacturing and, like

-

venergy, have experlenced considerable price variation over

the 1961-1976 study period. Also it may be necessary to

treat these factors as separate production inputs in order

3 R , . ) - _ .
‘both to obtain a good representation of. the "manufacturing

“production technology 'and to provide information useful to

resource management policy. *

The translog cost function was used as {he framework of

'anaiysas and a system of share equaﬁmons der1ved from it

A.were ~estimated for totalvmanufacturing and tuenty two-digit

- , : .
Coe _ , v

industries. Annual national data for the 196171976"period»‘

were ‘used :Data ‘constructien was a major task and the

o

methodology of its construct1on are reported

‘u
E

i
-



Appropriate constraints for testing of homotheticity

(the -production structure) of the cosi function. and . the - °

separabilfty of TiEquts and-groups of inputs were deve;oped
“and empi?ically implemente¢.. Likelihood ratio, Wald aﬁd

' F-tests we}é ~,éppii9d as necessary. f..The. Canadian
manufacturing induétries are mainly.'charatterized by &
non—homothétic producti;n technOlogy.'»In_general,’iabourL
‘capital ‘and enérgy - are not  indepéndent’:(separable{:.of
renewable and non-renewvable resources. Factor ﬁéice
elastiq}éQes différ‘considerablx achSS industr{es. It is
noted, -héwever,v.that those for reﬁéwablé'and non-renewable

[ : . .
resources in total manufacturing are particularly low,

\ .
Usually renewable resources. substitute for energy but not
for other non-renewable resources. Capital and energy ére'
not uniformly complemehts but.laboﬁr and éneréy.are always
substitutable.; | - |

| Problemé in determining paramet{ic pfoductivity
‘estimates eH;bling the separation of scale and technical
change .contributing to. tofal factor productivity were
identified and‘qvercome,1‘Parametr;c pfoductivity estimates
are smaller than Aéonvent&ohally determined total factor
prodhctivity’measdres.' Total ‘fadtor«“produétivity growth
‘varies considérably'and that may be attributed to a variefy‘
of factors. iWith' the ex?eption of some resource based
indbstries,.productivity rates deciinglaften'1973.

The-efféété' of enérgy, renewable and non-renewable

resource price increases (20 and 50" percent) -on input demand

vi



DA

~
<

P2

»

and unit cbsts:of‘prodﬁction,were simulated and found - to
B B -“ P t 2 . N

N
%

vary, widelyv.acrOSS"indugtriesl : The siﬁ&lﬁféd;ihpqgés of ,
‘energy price -{increases are similar to- thoéé_*dfifothefgj\\ ,
'Canadian étudiesf-but the ?ffégfsfén labbur_and~capi£al are
'sméiléf whichr.suggeéts greqﬁég‘ adaﬁtabil}ty in Canadian -
,maﬁufaéturing than previously indicated. fThe'efIEctg of
engréy-prite ihcféases.dh'aVe#age' cost = of prbductionf.are
much less 'than the gfﬁectsioﬁ'renewable and non-renewable
‘resource price increases of,t$e‘$ame magnitude. This result
and the nonsgparabiiiEY‘ of the . productioen technology
indiéaﬁe an advantage Ep MeXplicitlyr ih;égr;ting natﬁf%l
resource inputs in - studies of Caﬁadian manufaétqring
prgduction. | |

vii |
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Chapter 1. Introduction

o,

\-

The economic development of Canada has ‘been based on
the. exp101tat10n _of' natural resources, both renéwéble-and
non-rehéwable, These resoﬁrces; in raw or semi-pfocessed

form, are usedv as commocxtles of forelgn trade as well as
inputs for manufactur;ng product;on for thé domest1c$ ahd

export markets. In.the words of Dwivedi (1987),

3 - : c
"The history of Canadian economic .development has
been dominated by trade in natural resources.
Unlike - other highly industrial nations,
industrialization of Canada 'has been based on the
fortuitous discovery of minerals, .natural gas,
petroleum, . and on the exploitation of waterways for
hydroelectritity, inland and coastdl waters. for the .
y fisheries, and forests for the lumber industry.
Over the years;, a succession of staple exports - 1
fish, - furs, wheat, minerals, timber products- has
made us one of the. r;chest natlons._ The prosperity
of Canada, - then ~ and now, 1is: based on the
exploitation of natural resoutces, and their "export
to fdrelgn lands" (p 1)

¢

The Canadian eﬁohomy_ is characferized by ‘a unidue
regional -diverSity. Aimost every region“and.prévénce has
been . endowed with one or ‘more patural.~r350ur¢és, the
exploitation of which 'cqhtributeéAASigniﬁiéantiy to the
regional or even naﬁional econdmy. Fdr exémple; Quebec has

L

mineral resources - and. | extensive ‘sources . for

hydroeléctricity; Ontario forestry and mineral resources;

3

1



the Atlantic prov}ndes‘have fisheries‘and the'potentiél for
developmeut' bot*? off-shore hydro?carbon resources; the
_agriculturally rioh Prairie provinces, Saskatchewah~is also
- well-known for*its:bOtash and uranium, Manitoba for minerals
and hydroelectri¢i£yivglberté for oil, natural gas and coel;
A and British Columbla has forestry, minerals and fisheries.
| The explo1tat10n of natural resources for ooth domestlc
manufacturlng and export dominates the Canadian ec;nomy.

. Our 1n+erest in this thesis is in the domestic econonrvy an?d
‘ 7

“in particular, the way in which the resources are combined
, . T

with capital and labour across the manufacturing secﬁofij

Identifying production technologies Vis a useful ‘excércise

for both academicsand policy reasons. By achieving a better
‘knowledge of “ the technical characteristics of production

relationships, one is more able to defermine-and predict the

~effects of exogeneous events and various policy decisions.

At thefmiero level, characterizing the product1on technology_

ls 1mportant for de51gn1ng and implementing combi nes policy,
evaluating 1mport quotas aqd determining needs,‘ampacts,band
incidence of subsidies. At the maéro;'level they are
important for all macro poliéy,- monetary and fiscal, to

determine not only 1mpact but dlstr1but10n . This

determination is even more 1mportant today because the last

] . .
.Fﬁovember 1981) budget focuses on resources to be the

main centre of growth in the Canadlan economy.

R



1.A The Revxew of Manufactur1ng Productxon Studles

Increases in o0il and energy prices stimulated 1nterest
Jn‘the adaptablllty of productlon to vchanges in relat1ve
1nput - prices, Recentt‘prqductlon studies refiect' this
development with their emphasis on the‘nature of the demand
for eneréy in manufacturlng productlon and manufacturers |
response.te 1ts rising- pr1ceh _One of tnefma;n- purposes of
“the hreEent energy : demand studies 'is.xthe estimation of
parameters which”are-of’special interest to enonomic"policv
analystst‘ The most important parameters are elat1c1t1es of
substltutxon and e1ast1c1t1es of demand. .These studies,
‘therefore, examine these elasticity | parameters w1th,
abarticular attention to inter-energynfuel and energy other

4 v o
input substitituion possibiiities. o -

There are several Canadian studies (Fues (1677), McRae
(1978) ;" McRa..e.a_n"d": Webster (1980), Denrv et al.(1978): Denny
‘et al. (1979); Cameron and Schwartz (1979)) which ;are
concerned with tne'festimation .of the ‘translog model and
“which rnvestigate the;demand forf energv .;n the Canadian
».manﬁfacturimg; sectors using either regienal or nationai
vdata. Similar etudies have .been ‘dene  for United ’Statesi
manufacturingv (Berndt and Wood*(1975);‘Hnmphrey and Mqroney
(1975)J'Halvoraen (1977), Hndson and,Jorgenson (1974)). In
’additien“ Griffin-Gregory (1976)- and Pindyck (1979) deal

v

wlth 1nternat10na1 cross sectlon data. They too investigate

o,

manufacturing.



These studfes focus on a number of parameters to
destribe7the',induétry's technology which_ have important
economin‘and policy implications.’ TheSe barémeters, as

4

mentipned befbre- are own and cross elast1c1t1es of demand.
(nii and nij respectively) and élast101t1es of substxtu1on
(oij). 'These are key inputs. for policy analysis since they
,ihdicgte‘_the nature of econom:; interrelations and can be
‘ used"ttO"predict the response . different events or
policiééL 2.9. the impact of price changes on factor demand,

particularly employment, via a simulation model.

As aﬁ example of the insights sﬁch paraTééfrs Affo;d,
coASider a policy instrument’ such as an ‘-investment tax
credit (ITC) which is ,sometime§-3suggested as a means of
easing firms™ adjustment to higher  enefgy prices. The
implementation of anviTC will result in 1Qwering the ﬁ}iée
of capital which in turn will increése the quantity
dehanded ' The magnitude cf the impact, however, depends on
the ow et“it‘c1ty 1of‘:demand for vcabitai' (nKK). ~Fozj
example, ‘Denny et al (1978) find that the own elasticity

of demand for capltal is about half ab much as that 6f the

A
’

of substitution between capital,énd energy is positive, the
implemeﬁtétion‘ of an ITC will Iead to. a 'moté‘Capifél
intensiVel iAEQStry as capitalf»w1;l be sﬁbstituted dtof
energy, thie'&a negative oKE 1nd1cates complementarxty of

capital and energy. 1In the same study Denny et al.(1978)

own elast1c1ty'of demand for energy. If oKE} the elasticity__A



find” that OKE is about -11.91, indicating that thé
impleméﬁ;ation 6f an ITC caﬁ be expected to reéﬁln'in higher

eneréy.édnsumption’in Cahadian manufacturing. The positive
oLK .also obtained‘bx”Déﬁny ét'alJ indicate that an Ifc maylﬂ'
reduce employment Qh&iéf the positive OLE impliéé M‘thatw
employment will be stlmulated by higher energy prlces 51nce 
‘blabour and energy are substltutes Other policy instruments

can be sxmllarly analyzed.

?ués (1977) iﬁvéétiqates.éemand for ene;gy'in"Canadian
manufacturing on  a regional basis. using a four input KLEM
model (where K denotes capital, L denotes labcur, E energy,
and M materials), His model also permits- interfuel
substitution among six energy components (coal, ligquified
petroleuﬁ gas (ipq); fuel oil, natﬁral gas., electricity and
motor gasoline). A two-stage optimiZation procedure is
utilized fOr estimation whlch 1s valid under the assumption
of homothetic separability, The important ﬁlndlngs of the
sfudyv are that substantial interfuel substitution is
 96§§ib1e, energy - aggregate input substitutability ‘is
modérate and that large 1ncreases in eneré} prlces can be
arcommodated with only - small output _pfz;e- 1nc;easesf . The
elasticities of demand, for other inputs with respect..to

A

changes in:energy prices are quite small. The elas

of demand for labour;and capital with respect to a

the price of energy are nLE=0.043 and nKE=-0.004.



=

Other Canadian studies use a similar four - input KLEM .

model with regional cor national data. McRae (1978) finds
elasticities of deman? for labour and capital with respect
to a  change in' the price. of energy t~ be 0.03 and ' 0.02
respectively fo? Ontario manufacturing. Using the same
model McRae and Webster (1980) find these estimates to-be
~0,03 ang 0.02 respect*ve{y. Using nétional data, howevef,
they found nLE ané nKE. both to be 0.03 for the perioAd
1962 73, and 0.04 and 0 06 respectively for the pe;éoa
1962-76.

7

. . . . . 13 * L
These elasticities Have important implications and can

be useful in analyzinag the effects of changes in the prices

of erergy on the demard frr labour and capital (nLE and nFE).

Censidering the elacricities reported by Fuss (1977), if the

price ' f energy increases hy 10 percent, they imply that the

demand for labhour may increase by mnre than 0.4 percent and

that of capital derrease by about 0.04 percént. These
effects are different from those suggested by McRae's (1978)

result in that a similar increase in the price of emergy

would increase the demand for labour by 0.3 -percent and
“ .- V"“‘:"“"**\A.-«&*)."’

increase the demand for.capital by'agébﬁib:éuﬁérgentf“ "Thus -

foe A L e an. .

there is some disagreement between the two studies. On thé

other hand, there is agreement between McRae (1978), for
Ontario manufacturing, and McRae and Webster (1980), for

national) manufacturing for the period (1962-74).
" ) @ -~ - __h.,—~ h —

[



Similar price elasticities are reported by the ‘U.S.
studies. For U.S. manufabturing Berndt and Wood (1975),
using a KLEM model, find the elasticities of demand' for
labour andvcapiial with respect to a change in the price of
energi5fo be about 0.03 and -0.14 respectively. Hudson and
Jorgenson'“.(19745 find them to be 0.04 and -0.62
respectively.

International studies ‘report a wider range of

" elasticities. Pindyck's ", (19739, p. 177) international
estimates of 1industrialized , nations for these cross price
Elesticities.of demand vary ffom'42.56 to 0.55. A similar

comparison "has also. been made by Griffin;Gregory'(1976,p.

852), where among others, the elasticities. of demand for

labour and capibal with respect to a change in energy prices
varies from 0.02 (U.S) to -0.15 (Belgium), and from =0.14

(U.s) to 0;17.(Belgium and Norwey)rrespec;ively.

Elasticities of substitution between inputs are also

reported b&dfbaﬁef‘bf;“fhesenﬁstudieS?-V=Forﬂf&he~iéanadianlf»

3

.- < studres, . Denny e; .al.(1978) _find _th j elast1c1t1es of-

‘rnn.e-u-.o-_,._..,, -
PR

subst1tut10n between 1abour energy (GEE) and capltal enerig}/4"‘

- e

(oKE) to be 4 89 and -11 91 respect1vely " Fuss (1975) finds

L both of these elast1c1t*es to be 9051t1ve.e

For the U.S. studies the elasticitiy of substitution

between labour and energy ranges from 0.65 (Berndt and Wood,

- e

P . . .~ e e e o . L. - I R R P



1875) to 2.16 (Hudson and Jorgenson, 1 VZ) whereas the

from -3.22 (Berndt and Wood, 1975) to -1. dson and
Jorgenson, 1974). For an international comparison see
Griffin and Gregory (1976, p. 851) and Pindyck (1979, p.
177). ' | o )

As to the implications of these results, a’positive

value of LE implies that energy and labour. are substitutes

AN

and an increase in ‘the price of energy will increase the
‘demand for labour (givenﬁq\relatively constant wage rate).
Similarly,v an increase in the wage rate nmay result in
greater energy use in manufacturing.

-

// It. ¢an be seen that for the Canadian studies, Denny et .

al.. (1978) find a large.negative value of A KE,/ while Fuss

(1975) finds a small positive value - confligting evidence
leading to different implications. For 1ins ance, in the

former case ‘the 1mplléht10n is that if the price of energy’

-

" ‘incressés * manufact r1ng ~weuld become much l ‘eapital -

intensive, wblle. the> posatzve mKE suggests gredter user of - - -

¢ o o S “ L T A
/

. capital., . - L ST T

 The -usefulness of ‘these reedlts is~obvious,'althopgh_

further work is needed before the estimates can be accepted

with confidence. These results have specific implications
abdut4prodUCtion decisions and .provide information valuable

to those respon51ble for de51gn1ng publlc pol1c1es, such as

i

an'enefgy strategyu Hnweve;,,gf it,is_ desrrable*to adqpt av_ -

- e

-

strategy w1th regard to renewable or non-renewable (mlneral)

pes



resources, such a decision cannot be taken from the results

based on the KLEM specification. 1In other words, wusing a
KLEM model we cannot predict the uaturé of substitution
possibilities among the nétural rescurce components, - labour
and capital and theirhdemand elasticities. Therefore, an

.\'

alternative specification is called for.

1.B A Case For An Alternative Specificatioen
Given the resource abundance of the Canadian economy,

it is natural to study the use of these resources in the

-

manufacturing sector. The 1importance of resources in

manufacturing is obvious from the cost shares of the

-

manufacturing sector. For example, for -manufacturing over

gthe 1961-1976 period, the average cost shares attributable

to resources is more than 42%, of which the energy share is

only a llttle -more than 3%, the renewable resource share is

’-about 18 and non- renewable resource share is about 21%.,
Thus one may. conslder a five. 1nput productlor model where in

'add1tlon to tradlt;ona; labour and capltal inputs one ‘may

:cons:der three_ dlfferent types of resource 1nputs (energy,;
‘renewable and non renewable resources).

Tt is important to understand the role of resources in
the manufacturing process‘ not only because of their
significance as an input but also because of the variability

of their prices. Whlle attention has focused recently on

P TR "

uthe_»ehergy~rinput,_ other-'resource inputs representing a .

larger cost share have also experienced significant price
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changes. For example, for the total manufacturing bsector
the avefage annual rate of change of enérgy_prices for the
period 1973-1976 is‘ 21.9%, while for renewable and
non-renewable resource 'pfiées these changes are'6.83%'ana
23.5% respectively. For.the focd industry these vrates for
the same period are 21.42% for energy price changes, 5.09%
for 'renewable resource price changés, and 13.22% for
non-renewable resource price ch%nges; |

How do manufacturers respond to these changes? What
opportunities are there for sybstitution of labour and
capital for resources and of. réﬁewable for non:renewable
resource, etc.? Do current government tax and expenditure
(of moretary) policies help orv hinder such‘vsubstitution

1

possibilitiés? The answers to these gQuestions - are of

special eleQénce i1f trends in‘ resource prices portend
L

greatei/jesbu;ce scar;ity either natural or managed.?

Some ‘studies (Humphrey-Moroney (1975), Griffin and
Gregory (1976)) specifically investigate substitutabilitf
among three inputs--cepital, labopr and natural resources.
These two studies take natural resources into account but
treat them at an aggregate level without disaggreééting into
energy, other basic resources-renewable, non;renewable, ana
other (manufactured, intermediate) material inputs. To our
knowledge none of these studiesv have considered natural"

resources specifically as separate inputs,

The KLEM model defines materials as one, of the inputs.

>

‘Materials includes, however, all other resource components - -

i . S e e . . DR -

.
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' except ehergy. Raw materials and .finished. intermediate
products are not distinguishé&'“andufhentelthejr separate’

roles are not properly 1dent1f1ed Thfs'study?is'fntereetede*’

in 1nvest1gat1ng the role of resources more closely and to
' N

do so must disaggregate the mater1al 1nput."" ‘Natural

»

resources are often a highly specific or unique input with a .

Separete identity and a special importance in the production
prOCess;f Fer example, forestry prodUcts or. lumber and
timber have a special siénificance in‘the wood'indﬁstry -and
similarly, crude mineral oil as a.faetor of.production in

the petroleum and coal produéts 'industry. In -the same

fashion, grains, live animals and other agricultural

products have a unique place in the food industry.

In . order to provide the'nebessary analytical framework
for our investigation a classification of natural ‘resourqes
is used as ‘a"starting  point. Natural resources may be
broadly classified as (a) renewable and .(b) non-renewable
resources,~ where noq—reneweble .resources ¢an be further
classified.as_b(1& energy resources’.and'b(2).non;ehergy' or

other non-renewable resources.

A renewable resource is a flow . resource which .

regenerates or recycles itself.* Ciriacy-Wantrup (1968)
terms extractive resources as renewable 'resdur¢es_ if they

,exhlblt econom1cally 51gn1f1cant rates b; regeneration.

There are various “types of renewable ‘rébources - of . -whzch..

"flsherles, \foreSts; farm produce& agrlcultural commod;tles,

“‘"n,‘..
‘

'furs and water resources are known as the'i

bertant Uné§ o

e - s
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‘;Nonfrenewaole;resourcesz,éon'tne5othethand;Tarel;thosei
‘which'~are- déoletable;overetime.‘ For example, they include

‘_resources such as mlneral ores,.f0551l fuels hatﬁﬁal?gas:oer{?
ﬂother .tvpes of mlneral resources wh1ch do not’- regenerate fflf

‘rthemselves to any 51gn1f1cant degree and,-whose: artificial

,LfQ;regeneratlon f process "or< recyl;ng 'is also - limited by -

2 R A . L

Loy
©

* - economics and nature.’

A non—renewable resource is also 'known as a stock

;x;;fesou:cekwﬁiEEQV ;nfféGéEEdaffya"be depleted °but pq*sgﬁ”y o

v-recycled Use 'iﬁf;c_' perloc precludes; use 1n a future
'per:od Also the rate”at Whlch current exploltatxon occurs
dmayv reduce future avallablllty by more than consumptlon,?f‘”
'e.g. an oil'pool. Therefore, the rate of e3p101tatlon of |
stock resource’ is of speclal concern to economlst5151nce'

there is a finite time horizon over which such a resource

N’ be utilized. The rate of use of such resources should-.
Y

be determined in an’optimal‘fashion.

It follows from the above discussion,that renewable and
non-renewable resources havejquitefdifferentﬁcharacteristicsu
that may- affect thelr helatiﬁe long term availability» In
_tnefabsence of other developments (e.qg. unanticlpated shifts
‘in demand or the supply.of.substitutes), one would expect

N,

renewable resource prdces to increase less than tshe

_non renewable .resource prlces sxnce renewable resources can

e ;vu-.v 'g _u,- . . .....‘ e e .

resources are gradually

abe replaced while the non -1 € 'wab“,

.‘,.. B -

Crom <:~ r a .

*.-depleted ‘_wlnﬂ actual 51tuat1ons technologlcal development
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models; As a casual'observatlon we note that for the 'totaf
imanufacturing sector off the Canadlan economy, the average
w-",'annual rate of change of energy, renewable and non renewable
~ resource pr1ces for the per1od 1961-1976 are 6 80¥%, 5.84%,

and 7.47% respectlvely. Although 1t can hardly be 'clalmed‘_

as ‘conclu51ve ev1dence, a relat1ve1y smaller change 1n the

prlcé—of renewable resources is noted.

y\

Ev1dence of - 1ncreas1ngﬁresource scarcity -is, to date, .

~

llmlted . Barnett (1979} 'followingp Barnett‘ and Morse

) “7 ~‘-

o (1963) has demonstrated .with U s ;and 1nternational data}ﬁzfi

~

that in general there does not seem- to be any' ev1dence “in-
. . .

s

support ‘of" 1ncrea51ng resource scarc1ty as measured By real . .- =

: un;t;costs. ‘However, - in several selected ‘cases. the ‘~most“-

recent - data (1950-1972) appear to offer llmlted support for -

a weaker version of .the resource scarc1ty_ hypotheses.'
Smith '(1979) using data from 1890 to 1957 has observed
"erratlc relat1ve prxce trends but has. found_‘no.'indiCation.
“that the real prlce of resources has 1ncreased‘and:that_the
(weak) scarcity hypothesms _fa;ls te be supported.w Some
.differences 2f oplnion occur due to controversy concern1ng
the approprlate measurement of scarc1ty

~Despite uncerta1nty w1th respect to the d1rect1on of
resourCe scarc1ty, resource prlces vary con51derahly. ‘How

manufacturers respond to such movements is important in

-Q7¥f1tself to understand short" run reSponse and the productlon

*lta,technology.; In add1t1on, thas reactlon may suggest response'

to longer term trends 1n relativé prlces. R

'«.r' <j‘-a¢‘74 R
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'.Thereforej.rgiwenwhthat ‘renewable and . honjrenewable :

:resourcesﬁ have gquite distinct characteristics 'and that

producers would- be respon51ve to changec in themr prlces, it

may ‘be de51rable, perhaps, even necessary to tre t them as

~

. separate production inputs in order both to obtain a more' N
appropr1ate representatlon of the productlon technology andz

-to enable the1r proper cons1derat10n 1n resource management

. LS N T
- Lo . - iy wo - g e - h
- . ‘Al-" ‘-

A compar1son of the ma1cr Flndlngs of =tud~es based - onﬂ-

“three and four“'lnputs shows substantlal dlsparltles.. Foer e

v mon

':'example “for the cross sectlon U S study based on a’ three

‘“;nput(L .['}, N}- where N denotes natural resources) model

Humphrey Moqoney (1975) found the elast1c1ty of subst1tu1on

‘between capltal” and natural resources as 1,34 for the food

industry, whlle, for Ontarlo food manufacturlng and using a

four input (KLEM) model 'McRae (1978) found the elasticity

of SUbStltUthP between capltal and materials to be 0 23

?Compar1son among Canad1an studles based on tbe”(KLEM) model
however, do not show such a dlspar1ty \NFor example, for the
same tlme period (1962-1973) and fo;dthe ‘same Ontar1o food
,manufacfurxng McRae (1978) found nKM to be.0. 15, whrle Fuss
(1979) found nKM to be 0.162. | h
Therefore$ it may be expected. that the spec1f1cat10n of
a,six input model, the inputs belng.labour, capltal, energy,

_renewable resources; non-renewable resources1 and other

,rmaterials, may provide estlmates vhich differ

h'model est1mates. nThese est1mates_would_prov1de information

e N PR

"'jpollcy '”. o i"_ ___,'_ ',._v:_AJ;H;;;,.;.ydfpufheﬁfiygv

o e

rom the KLEM...«'
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T speEffjc?:to; dliferent types of resources and other

”materzals. Slnce “the. maln purpose of thls study JS to,

,_,._.-.». -y ) . ?

'1nVestrgaté “thé” tole Of' resources, wé” ‘exclude other

materrals whiohf-may -1mprove our ability to estimate the

'--...

. 'parameters.’’ The assumptioh beh: nd’ this ~omissfor is ~that

. / ,

‘other materials bear Aav constant - relat;onship‘withfothera

_1nputs gtechnlcally, thEJ are weakly separablen from otherf"

_1nputs) ;-..g‘;;;_l.;w;, -;f'j““‘ - ‘

RN 1 . X LR ~ . . .
e o N P -

. -
M

Usually a mlcru study is more approprl te Lan a  macro

o

s

dﬁstudy glven the . Mell knownk problems of aggregation

Thereforé _1f p0551ble,'a micro study sh0uld be preferred to“.

a -macro study glven the avallablllty of data. We note, on

‘ the other hand that stuales based on a few 1nd1v dual f1rms

lmay not be representatlve of the whole 1ndustry or even part

of the 1ndustry. If we want to say things about"the
aggregate without investigatingf all firms, we may need to

" look at the aggregate data In that case, though _we cannot

f o

: say mUﬂh .about the 1ndrv1dual flrm behav1our ':It‘is,dftEn

_dlfflcult £o: obtain relevant data.aththe f;pmtleyélwér even

at the level 'of"<three ortfour-digituindustrieS‘(lndustry

code number.:asj‘élassified ‘by Statistics Canads). The

'present study is confined to two—digit industries. o
The separate use of renewable and non-renewable

resources: from materlals and the plan for a comparat1ve

’study between the total and two dlglt 1ndustr1es 1sf~c1early

.supported by Table 2 (cost share of 1nputs) 1n Appendlx 2

TIt 1s ev1dent that :enewable a ‘non renWable resources are
' M

ca

«a
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not ecdal’y

t’esource

‘ar

,s1gn1F1cant

»

1mporta1t in the two digit 1ndtsbr es Tand7hthac'

“.‘. - __-o-

1nten51ty v-(Tenwable“'or non renewable) ‘varies

ly . Therefore, the demand for natural resburceS'

- -

"o T

~is -not accurately refle;ted lﬁwmatErlaI 1nput 1s used as an-

- aggregat° i

“the total manufacturlng sector.

1.C Specification. of Brodutt i®n Technology

The n

issue. " The

guestion by

on the four

and Wood,

input-gross

la*ter appr

Droduttlon

4 Most

Unlted Stat

'a functlon

1ndependeﬂc

. technical

from decisi
inputs has
case in rea

from the st

"are' not i

productlon

e

ndex ang. also if the study is concerned only with

s

5 . .
ature of .he produrtlon stucture is an important

-

value added specification has beén called into

authors of the previous production studies based

ihbutégross,output"speCificatiuon (see’ Berndt

1975).  The present _study, based on a five’

4

oach to the 1nvest1gatlon OL the structure pf the

- R Y

technology -

es and. Canada have con51dered real value*added as

of labour (L) and capltal (K). This implies that

PR

e " in ‘the “production . relatlonship (in *'idé

-of 'thef prev1ous factor‘ demand studles for the

3

sense, - separability) of labour and capital use

ons about the energy and materials dr resource‘

been\iﬁplicitly assumedv But thls may not ‘be the

lity. For example Berndt and Wood (1975) found

udy of thelr KLEM model that energy and materlals -

ndependent (separable) from L »and mKV_in.-the~,

relat1onship.‘and"therefore,l the question is

PO )

P

output specification, "is “an’ extension. ,of ‘the - -7



! e . o

' ralsed as to the rellau111ty of investment and factor demand

. ) ‘ v - .v! ‘
.studles Afor ,FhQ- ch based» on a . two factor (L, K)
value-added speci f1cat1on Also Denny et al.(1977)

commented‘that'est1mates of productivity gains based on a
real value added output have to be re-examined.

Other ‘characterlstlcs of ethel productlegittechnology‘
whnth 'should “pe exaaned are the 1ndependenee of output in
‘the determlnatlon bf .1nput ‘(cost ‘share) demand (in the
»tecnnlca context, hégptheticity)A.and the 1ndependence of
pne or'mo;e:inputs simultanedusly from the rest of _the

inputs as - well~ as output (technically, homothetic

separability). Therefore, thlS study, based on a five 1nput

gross output spec1f1catlon w1ll examine var1ous questlons-.ui~'

.- -y

'{Telatzng to the. strueture cf - thie produet1on technology ~.In

-

Chapter Two these questlons are examlned more thoroughly

Hav1ng spec1fled the aggregate productlon functlon,.thel-

-,.,.p Tt qumo & W

;fleylblet) functlona" form fwts‘” F?e- mmpgtu;ﬁapproprraﬁe“ o

-

spec1f1cat10n for \the model; It implies few .a priori

.pﬁestriction55bn;thefguncﬁion-to_befeStimabed~and?canfbe'OSed S

to test 'those hYPOthesee cin which. we'fafé5'intere5ted:
Cobb- Dcuglas .and CES (constant elast1c1ty of: substltutlon)
productlon functlons were w1dely used by previous  ‘authors
until bthe ‘development of the flexible functional forms.'?
_However, the _limitations~-of the Cebb-DOuglas and CES
'functione _arei tnatffthese functionsf%mpceéltathetdseve:e a
pbjori.‘feStrictions :en‘_tne eiasticity of _.5ubstitution

_parameters, . as. well as other important parameters.



18

Furthermore; hypotheses about the independence of inputs or
a group of -ihputs cannot be tested. Because flexible

functicnal forms do not have such limitQYionsq they are

3

“  widely. used today. The present study will use the translog

model which is described in Chapter Two.

1.D Policy-Related Questions

It has been argued in the previous'gection that an
alternative specification to {he KLEM type model .is o
specify a five ihput model‘and that thi§ is an appropriate
_specification to investigaﬁe the : role of ~aesources,

Questions . arise concerning what: happens. if materials are

. .y

" WMisdggregatey ‘into renewable, non-renewable and. - other

intermediate materials.'® Will there .be‘;ahy"éignificant*'“

- change_ :in .the "parameters 'éﬁatacterizihgf'tﬁe" production

technology? If . so, what are the policy implibations? _The.
fqllow;ﬁg policy neiated questions- are’ éxpeéted‘Aﬁo, be - of

interest.

(1) Hod“&ré-fesourcés, once separated from aggregate
'matgfials, rela?bd to other inputs? For example, in
éomparisoniwith’ﬁrevious KLEM model results, question§ of
specific 1interest are whe£her oLR, OLNR, oKR,‘beR and oER
‘are positive or négative and what: are their magnitudes.

(2) Do firms sub;tﬁtute reﬁewable‘and/.or non-renewable
reSoufcesvfor enefgy? That is, are gER and cENR positive or

+

negative?
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(3) What are the magnitudes of demand elastipities?

o

~ (4) Wwhat is the pattern of the resour baséd ‘and
non-resource based -industries in' terms of demand and

substitution elasticities?

'€} How do parameters vary across industries and .over

IR

timae? ¢

The major guestion is whether the five input production

i » )
specification is an improvement on the representation of the
Canadian manufacturing production technology. If so, as we
believe to be the case, then how does the <characteriza‘*ion
appear? That 1is, what happens to oij and nij and what are
the trends?

e . " . ’ kS _
The estimation preoklems encountered are treated later.,

'.F Applying The Pecults teo Policy Analysis
Elasticities of substitution (0ij) and elasticities of

demanrAd (i) are impg;gﬁnt parameters for policy analysis..

h

With them, the impart of exogenous or poli&x induced price
changes (e.qg. increased energy pr;ces)ion_input demand can
be predicted. Although the nature of the change can be
determined from the elasticities, the full impacrts are
determined | most thoroughly hy a  simulation study.
Simulatiqn analysis has been used to investigate the impact
of changes in government policy instruments such as tax
credits'® or increases in prices of one or more energy

components (¥ike the political decision to increase the

‘Canadian oil price to 75 percent of the world price level).
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Since energy, renewable and .non-renewable resourcés are
the ma:n focus of attentxon in this study, the questlons of
interest in the szﬁﬁizz}on section are as follows:

(1) What would be thg_“\/Pétt\\of an increésehiﬁ an

\ . £ !
factor's price on its own use and on that“of other factots®.

<o

Of major policy interest is the effect on employment but the
effects on ﬁatural resources, energy and cépitél utilization
are also of intefest. |

(2) What would be ﬁhe effects of price changes on costs
(after firms adjust)? i

One of the importaﬁt issues iﬁ input use in
manufacturing production 1is to invgétigate' productivity
trends, productiy?ty growth rates/ and afactor intensities
over time, Therefore, in our produ#t1v1ty ana‘ys1s we are
interested in the folldw1ng qQuestions:

(1) What are the trends in productivity growth rates of

individual inrvts and total factor prcductivity within

irinatries?

-

(2) What are the trends of input reguirement per unit
< ¥ outpur acress indusﬁries anguover time? |

Tte main objective of the present study, however, i8 to
inveetigate the rele and use of énergy, renewahle resources
and non ren-~yahle resources in ‘ Canadian two-digit
manufacturing and in the to;g}kfmanufécturing sector.
Furthermore, it is hoped that §§¥;ugh estimation of the
mode] ‘ag;tho twe Yiqit level to gaip insight as to the role

3

of- ’mor’e' ,iceci' e *hough still .collective, resource

"
r
P

L . N
- .' i ‘,- : {‘
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inputs-f

@

or exampl

;, végricuitﬁral iﬁputs to the food
ihdustry, forestry ptoducts. to the wood industry, mineral
woil te théupétroleum sector etc.':“

) Repognﬁzing the 1likehood of régional variations in

PR ) . ) . ' . s . R L e e s e : .
proﬁ%qtlﬁﬁ f 0t ions,” Mt wolfld De- dppropriate to-investigate- - =

- fesomrce use at the regional level. But natural resource
- o . '

~

data for the manﬁﬁ?cturing industries are available only at

the national level from input-output “tables Since 1961.

" Thus this study is constrained to a. naticnal level. Some

appreciation 'of regional differences “may - be realized by

studying industry groupings characterizing specific regions.

This approach is attempted here.

1.F Summary Statement cf Objectives .
The objective of this study will be'_accomplished

through the following procedure:
(1) The selection of an appropriate functional
. N .

structure for the manufacturing cost function using a real

gross output specification which includes energy and both

renewable and non~-renewable resources.

factors of production such as the separability of

capital and energy from the resource sector.
(3) Examining the magnitudes of various elasticities of
demand. - and zelaSticities of substitution, and comparing

- %

_résu1és‘obtained from the total and two-digit industries,
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VA . .
' - s

(4) Invéstigating the growth rate of total factor
productivity. Examining the 1intensities of energy and
resources and hence explaining trends of resource use.

(5) Undertaking a simulation study to investigate the

-lmpact .of energy .and resource .price .increases -on .input- - :.

demands and the costs of the industry.
(6) Finally, comparing results with those of previous

P . . . >

studies.

T.é Organization of the Dissertation

Iﬁ Chapter Two the first section describes the
framewcrk of analysis that is adopted, and summarizes the
mzjor objectives of the production study. An appropriate
technigue for énalfsis is also introduced ;nd diséus;ed: |

In section two of Chapter Two the general production
function and its corresponding dual cost function . are
discﬁssed. The general non—-homothetic translog cost
function model is then specified and considered as an
appropriate (maintained) hypothesis’ | ;]9

In section three of Chapter Two conditions for testing
alternative structures of the production technology such as
ssybag or weak;homo;heticity of the maintained hypothesi§
are specifiéd. Conditions for homothetic separability of
‘;nergy and primary inputs (labour and 'capital) from the
'fésQurce, sector, and other separability cgnditions are also

derived:

e
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-

In Chapter Three prdblems of the measurement of inputs
are discussed and different ways of measuring variables

under different theoretical assumptioms are justified.

-

In Chapter Four estlimation problems relating to

- - - - - -

‘“estimating the translog-share’ equations - aie ' disculséd -End”
the appropriate method of estimation is presented. 1In order

to test the hypotheses specified in Chapter Two, appropriate

-

test stetistics (either likelihood ratio. or Wald tests) are
derived and implemented. »
In Chapter Five empirical results and analysis of

Canadian manufacturing production relationships are provided

on the basis of the vpreceeding‘ considerations with
particular emphasis given to ‘ industries of regional
importance. a

In Chaptgr Six, prbductivity measurement is discussed
-and préductivity results are-bresented; Analys{s of total
factor productivity (TFP) 1is presented with attention
focused on the fact that energy and{resourcevinpufs have
different properties and impact . differently upon  each

L}

industry. Trends of factor intensity are analyzed

highlighting regional importance.

In Chapter Seven a simulation procedure is developed
and simulation results are prgsgntea and analyzed. Some
egéﬁometric pfoblems are encountered in simulation. These

/

problems are discussed and ébrfected.
In Chapter Eight overall empirical results derived in

the previous chapters are summarized and discussed in the
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R context of their policy implications.-~ Directions for
further research are outlined and discussed.
- . : _ _
Data sources and data. construction procedures are
described- in.Appéndices, - - -
Y ov-—ﬂ"-l-rv D.a‘d‘a—-m w > ﬂl‘"&p-.v.“ 0“'"""‘-""_“'3‘ '-u-‘»'b,@r""':O- > e B 0 e e ow
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Footnotes to Chapter 1 .;.i;t | _ ;.:t"E _
- i“ Cameron and Schwartz (1979) Denny et. al" (1978a,. 
7t1978b,' 1979),  Fuss (1977);-MCRae (19285, McRae and Webster
(1980) . | |
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economies, theory cannot answer whether or not there |is
increasing economic scarcity of natural resources. The

answef'must‘be-baséatcﬁ:eVEGehEdfoflfactuai-dataa However,‘

for the United Sta;es prlor.to 19§A‘”therp is.no evzdence £33

‘m_a_ecopomlc scarc1ty in agrlculture ?ﬁné?als and the aggregate

Lo T % Rt -
- N owe - B

éxtrattlve *'~1ndustrxes,. due, - to - new dlscoverles,

argf e - ..
i R *

substltutab111ty among 1nputs,~'socioteehpiqal'1imﬁgovememts

U e

- &na other reasons.

RO P i
L N i

<3, Energy rejoufces ﬁnclﬁde e1e¢tr1caty’wh1eh may be

treated as a partly renewable re§ource in that it may be

.g Droguced from hydro poyer. ' - “
% . .
4éﬂat Following Giriacy-Wantrup'&: (1968) convention’
lrehewable_:esgurces are termed as flow‘feyruroes! o

5. According to Ciriacy-WahtrQb,ain some cases, ground
water becomes non-renewable resource if there is no . natural
replenishment and surface flow 1is not a&vailable for

‘artificial 'infiltration.

6. Non-renewable resources ate'*a;eomknownxas stock
raoutces which are depletea over time;-througt exgioftafiontﬂf:
However, as .Ciriacy-Wantrup (1968 points out,’ some of the
stock resources can be reduced evea without. exp101tat10n,

for example, 0il and gas if changes take place through

"



'""éeépage orAany othef natural means (for more &rscnSSJOn see:V;
C1r1acy-Wantrup, 1958). A
-ﬁ7,. See Peterson and- Flsher (1979) "FOIIOWing'Peterson
“a 8 Flsher '-the_'~dlst1nctlon"'between reneweble -:and~

non reneﬁable ‘resources can also be - formallzed in terms of

N - . .

.- growth rate eguations., For example, w1th mathematlcaI'

ek e a . . .
.::a,,r,. . L T e "f’-w @ B e v e . - - . e - -

notatlon, denotlng‘ as the stock® of the resource ¢say, flSh”

i

stock), g(X) as the blologlcal growth funct1on f(x,E,t)' as

_the production or harvest function, where E, denctes efforts

-
3 .- e - .
L Lo - B - . .- - -

" to obtain.thelresource and't, a techhical"change varrable;
.they express the growth rate éédatidn‘ |
AX=dX/dtsg(X)-f(X E, t). | _ | | , _
" For a “renewable, resodrce,”g(x?$0;-eindicating thati the
'resource ‘canﬁlber regenerated “(reproduced),w while for " a
ncn—renewab1e resource (X)=O -1mp1y1ng that the resource
cannot be regenerated A renewable resource may 1n fact bef
depletable. Such is the case when there exists a critical
zone which'if;the'Stock'wére reduced below that- level, it
A _ : .
coulé not be restored;economically.
8. According to Ciriacnyantrup‘resoorces are defined
as "stock" resources if their tctal physical quantity‘does
/4“: not increaSe significantly-with time.fh Resources must ‘be'

measured in appropriate phy51ca1 unlts whlch are chosen 1nh

" "such-a way that wvariations in quantity are taken 1nto
&ccount.
b ..

Some non-renewable resources @ay be recycled, although

‘the natural resource will eventually beqdepleteﬁ, metais for
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ekampIE::.van;renewable resources’ could be flow resources -

}/gtoo--that'is -sun. l1ght from burnlng (ano-LoonsumptLOﬂ) -of -

the fuels of.the sun. .

9u7 We have to keep in mlhd he * limitations of
Barnett 's flndlngs, namely, short Ler1ods of tlme, several

cases of uncerta1n qUallty and tne measure of scarc1ty The -

‘~*un;p rnal cost measure ‘they usé Ié’ often subject to

: - > -
,! . - - Le e -

crititisim.- See Smith (19791 f,v; \ .m;~“h':’,:"”
10. Barnett proposes two scar city hypothesec-Strong_

~.and weak. 'The strong hypothe51s states that the real <cost

- ) ) ¥

of ektrattfve products pér unit w1ll 1ncrease through tlmet
due to llmltat1ons in the available quantltles and qualltles
of natural resources. The weak hypothe51s suggests that
| whlle 1ncrea51ng resource scar01ty does tend to 1ncreaseb

’, -

,Seal. cost, ~this . increase v-ish‘ more . than 'offset by*
socio-technical progress gr other 'favoorable‘_eccnomy wioe
- changes. See Barnett‘(1979f.

' 11. This gives us more deorees-of freedcm. The share
of other materlals as an 1nput 1s usually large but in a few
cases the share 1is quite small. For example, prlmary,

upetroleum, and wood industries.

12. The €obb-Douglas production function, for example,

ipposes ' the a priori restriction that the elasticity of

subs'itution “is always cunity. Also the CES (constant"

elasticity of substltutlon) productlon functlon 1mposes an a

pPlOFI “‘restr1ct1on" concernlng o the.' elasticity = of
N : ' :
substltutlon. Flex1ble functional forms are those functions

-2
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- wh;ch “da not 1mpose a pPIOPJ restr1qtlons on- the'elast1c1ty‘“
\parameters (e1a5t1c1ty of substltutlon and ‘elasticity of
.demand). The well-known“ fleﬁlble EUnetions ate _the

translog, genetaliéed.Leontief generallzed Cobb—Douglas andy o

"generalized square root quadrat;c:~f These are widely

P

-Burgess (1974), Fuss et Y

Humphreyliandt”Mévoney e

and Webster (1980) n - ‘ﬂ='+‘.m

lescussed in’ the recent 11t°rature. Fbt example, studies'by

Berndt _ and Wood  (1975), Diewert (1974) Fuss (1975,1977),

(1979) Denny et--al, .- (19789, -

- - ~,—<-

C e e

75), Halvorsen .1977), Hudson and

Jorgenson (1974), Oum and G'llen_(1980),AMcRaev(197B),'MeRae

-
- - « .
» - v .
-

Fleyzble‘ functxdnali forms .alsd allow for ,testing
alternatlve structures of the technology (see Oum and Gillen
(1980)) Also see the discussion, in Fuss ‘and McFadden

edltots, Productiocn Economics (1978) . volume 1, p. 2232

'Denny et'al,: (1979)‘aiso discussed the'relative adyantages"

dfwusing the translog flexible fpncvional form.

13. Othatfintermediate matetials are e¥~luded in thlS
study. This 1is 'based on the assumptlon that these are
independent of- other inputs. Humphrey and Moroney (1975)-
also madg the similar assumption for their U.S. study.

14.' Thls variation refers to - the changes in the

elast1c1ty ~of. substitution (or elast1c1ty of demahd) over

't1me.l.These changes may be either changes in magnitude or

"changét in the 51gn of the parameters. For example,,Cameron
™~ -

and, Sc wartz (1979) showed the changes ‘in magnltude of the

elast1c1ty parameters, wh:le Denny et al. (1979 p. x11) in



: thelr odtétio. manufacturlng study, "showed the changes of

elastlclty parameters from denotlng substltutablllty (be;ng
'positlve) 6 complementar1ty (being 1egat1ve) |

15, K'es*selman,'~ W1111amson and" Be"ndt ! ;(]971)'
investigate~the impact of‘investment tax credlt,(ITC),
- 16. Agricultural inputs to the food ~industry inelude
. grainsf_‘lixe animaish other"agricultUral“ préducts‘(e.g;

fruits, vegetables, etc.), Grains itself is a collection of

R L . . C o
. difterent kinds of crops such as wheat, barley; Sats’ rye,
corn etc. Similarly, live ‘animals (cattle, hogs, . sheep,

etc,) and poultry ] Forestry products to the wood 1ndustry

s

1nclude lumber and tlmber plles and poles, logs and ‘bolts,

etC. _"
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. Chapter 2. Methodology and The Model

a .

Y

2.A Kethodoiégy?fhe.Fraﬁework pf.Analysis

This study examines the production relationihip in
‘Canadian méngfacturing ‘Qsing a model inqorpérating -both
renewable and non;rehewéﬁle resources in addition to the
'ﬁsual factors of prqduction} capifél,'1abouf‘andJénergy.' In
¢rder to 'aécompLish this gcbjective the multi-input
production technology mus£ be completely described. This 1is
made possible - by utilizing the dual relation between cost
aﬁd prbduction; - . | h |

Given the pfoduéﬁioh funétioh. there exists a
Forrespphﬂﬁnglcost f:nction——the dual relation which exists
i be;wee; them was first estéblished by -Shephard (19%52),
Duality.théory'impliés tﬁat if the firm minimizes costs and
inputv prices " are exogenous, ‘and if the product
'vtrahsformation.fﬁnction, T(Q,X)=0, (where Q denctes oufput‘
and X a vector of inputs), satisfies the usual régulafit§
conditions (i.e. strictly convex isoguants), there exists a
dual fcos£ function C(¢,P), where P is a,price vector, which
is as good. a représentaﬁion of vfhé firm's production
technology as the product t;ansfbrmation function and which
satisfies the following regularity properties:

(1) C is non-negativé, diffgrentiable, non-decr ing,
linearly homogeneous and conéave on P for faxeg non-negative
output Q. . ” S ' :5
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(2) C is strictly positive'for'ﬁbn*zefé eutput Q and is

o

strictly increasing in Q. )

That is, for well behaved relatlonshlps, one can deduce the

structure of produc*lon technology directly from the cost

function. ) o . " | e
Past,résearch‘(Diewert,.59714_fuss and MﬂFadden, ~1°78)

has .proven that“vthrough the application of tne theorem of

duality and the spe:ification of a flexible functional form

many & priori restrictions on the production set previously

thougbt necessary are, in fact, not reqUired." This 1is. an ~-

advantage for any productlon etudy - Flexible functional
forms which do not 1mpose any a priori restrlctlons on the.
parameters, also allow for testlng bf several possible
restrictfons. v‘ ‘ : S SRR
(1)Separabili£y: This refers to the examination of the
decentralization of firm's proa;ction decisions on 1nput
ase, - Separab111ty implies that a firm's dec151on on the use
of one or nore 1nputf is independent ef the fest ‘of the
1n§uts. For example, if the use of capital, labour angd
enefgy is independent of - resoufées, this implgeé that
changes in resource pricesAwoGld not effect the use of othe;
inputs. This issue is very imbortant in production studies |
.because it alloys for the decqmpoiitien of prodecfion
relationships ~ into  nested or eaditive. components.
Separablllty is ~of direct economic 'interesexibecause it

1mp11e§ uniform behaviour of certaxn economic quantltnes and

it allows for decentralization in decision makLng.

¥ ' .
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(2)  Homotheticity: This refers to the determination of
the structure of the production techhology. .Tgchnically
this implies scale ‘expansion paths thch are rays through
the origin.? Non-homotheticity, for example; will vyield
changing factor intgnsities with changes in scale. -

(3). Consistency. in Aaggregéﬁibﬁ;ﬂ This 1implies the
specification of technological structures that are invariant
with respect to aggrégation over commodities or eéon0mic

-units.® The aqgaregate index should be such that charges in

any component oflfhéglist.6f‘componentsv-to be aggregated,
should be'fefiected'ﬁy changes (variations) in the aggregate
index. For example,'in the construction of aﬁv:aggfegate
énergy price 1index, <changes in ahy component such as fuel
oil or natural gas, should be realized consistently in the
sggregate energy @rice iﬂaex. The translog aggregation or
the aggregation in terms of the homogene~us quadratic
transformatior functiorn is an example of & c~oncigtent
aggregator., This‘aggregatiqp is consistent because such an
aggregator .utilizes variable input shares as w°5qhh§ in
aggregation.“

Because it reduces the a priori restrictions and so
permits the identification of a gréaterrrénge"of production
relationships, the appropriate framework of analysis for
pfoductiﬁn studies is the flexible funetional form and that
approach is.adopted here. >

One may use either production or cost functions for the

empirical implementation of production studies. Usually a
<
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system of. derived'-input demand equations or a system of
derived cést share equations 1is wused to obtain the
necessary, but unkncwn, pagaméters'of the flexible function
under consideration. By duality, either apbroach is
pessible,* Once input demand. functions are derived thé
underlying technology of the production or the c~st function
can ‘be directly inferred from the kpn-wledge of rhe‘cnqr

share or demand equations.

Most of the recent studiee use rhe translog cost

: - ) [ .
functione because of their relative easé in estimating share

egquations and deriving summary statistics.® For example, in
the case of the translog production or cost’ fuﬁctioh{/ all
estimation equations" are linear in logarithms which has
computational advanfageé. Empirical studies (both producer
and consumer demand studies) réncerned with the choice of
fuo~tisnal form also demonstrate that the translng fun~tion
eh 13 ~ften be preferfed to other flexible forme.

The non-~homothetic transloo rost function will be used
as thé maintained hypothesis i thie stndy, Homothétiﬂify
..abﬁrabi1ity will he tested. I+ th~ gpecificaiaon of
3 nel~ag fun~tien, a five inrov v 4urri5n¥moa91 will he
. S
red.  The inpute ace:

(:\ Capital (W)
r (2) Labour (L)
(3) Fnergy (E)

(4 Renewahle resources (P}

PRSI, - S
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(5) Non-renewable resources (NR)
where R and NR will be considered as aggregates of highly
specific resource productéijQGiéen the spociéiqation of the
production aﬁqk the“ccrrespondiﬁg dual ~ost functioﬁ, the
inbut demand functions for ~ cdapital, labour, ehergy,
réhewibgé and nop renewable resources will be derived and
ectimated using standard econometric tech"iqueg.
7R Uerivn}ion of The General Model

F oo the duality correspnnﬁsg;o hetween the production
and cost functionc,I(Shephard, 1953), one ran utilize either
of two methods of Aerjving iﬁpur’ Aamand and cost share
awuafionc}‘

<a3 vostulate a functional form for the producticen
function Sa+isfying certain regularity conditiens, and then
solve feor the Q' put constrained cost minimiza'ien problem

o
whi-h is wused i . deriving the inpnt demand functiecn 2nd
o~ rhe r~ost share equations.

(FY FPostnlate 3 differentiable fnnftﬁonal frrm for the
industry - st  functjien satisfying certain regularity
conditirns »nd obttain the Aeriver” input Ademand fun-tinpe hy
ﬂhpl)iﬁo Shephard’ s lemma.

The rogt fun - tisn npbr ~ach is more commenly used than a
produrticn  funcrinn  approach in  estimatirg  parameters
hecause it has the following advantages.'

(1) Fstimation of parameters is much essier using a

-5 fun~tion tha" a prod.ncticen function,



(2) Tests on the elasticities of substitution between
factor ipput§ are more easily .cigried out 'with the cost
function'éﬁpfoach since tbe-required standard errors used in
the tests are readily available."

(3) The production function method uses inputs as
arguments whilé cost fUnction has output and input prices as
argumente. Thus & cost minimization appreoach implicitly
, assumes enterpreneurs make decisions on factor use according

to exogenous prices, which makes the factcr level

w

sendogenous decision variables.'® Since the chcice of inputs

is endogenoys: to the firm and the production functi;n
approach 1s concerned with the direct use of inputs, this
needs endogenous treatment of the input variables leading to
a simultaneous estimation problem. The cost function
approach avoids this pr~blem, but requirés that one assume
tha' individual producers cannot influence prices.

(4) Given an exogenous shock on input prices, it.wéuld
be easier to examine the impact con fa~stor demands by using
ar estimated cost function than a production function,

(5) Recent productivity studies measure totaj factor
productivity growth (TFP) as a sum of techrical change
efferts and scale effects.'' However, in order to estimaté
(TFP) or to  separate scaie effects from technical change
e{fects an estimate of the scale elasticity 1is requiréd.
The scale "~ elasticity can be ©obtained. directly fromvan

estimated cost function.
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{6) Cost functions are homogeneous in prices regardless

of the prcperties of homogeneity in the production

~

function.
. (7) Prices are likely toc be 1less collinear than
inputs.’'® This implies that a cost function approach may
encounter less multicollinearity than a production function
épproach. |
Because of ;ﬁese gnd' other advantages'*', the cost
function is more‘wfaely used and will be wused here in
empirical estimation rather than the production functioﬁ."
—\\VAK1.1 "Notation, Dgfinitioh and Fgrmulafion of General
Production and Cost Relationships "

In this section the variables are defined and the

>

general production relationships are specified.

Let XO= (xR

,E), where:
x”=Factors of production other than labour  and
capital, |
#R=(R, NR) -
R=Renewable resources
NR=Non-renewable resources
E=Energy resources.
Let t\
L=Labour input
K=Capital input
_Q=Output
C=fotal cost.

Further let
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R=(R‘I‘Rzr-_--Rm})
NR=(NR,, NR,,----NRm,)
E=(E,, E,,----Eh)

K=(K,, K,, K;)
L={L,, L,)
where ' a ‘ : . ) |
Ri=i-th renewable resource inpﬁt.
i=1, 2,---- m, |
NRi=isth nonlrehewablé resource inpuﬁ
i=t, 2, ---- m,

Ei=i-th energy input ‘o

i=1, 2,---- h

'Ki%i-té:capital input

i=me, se, sb

me=Machinery and eguipment
se=Structure (éngineering)
sb=Structure (building)

Li=i-th labour inﬁut

i=p, np

p=production workers
npznon—productioh workers.

L

The five-input production function for an industry can

be written as *

: : : e :

Q=f(Rl ' R2I ———“Rm!; NR| ’ NR: ,"""NRIX\;;'. E1( E; ,-‘_-Eh;
Lp, Lnp; Kme, Kse, Ksb) | (1)

Assuming that R{R,, R,,---Rm,), NR(NR,, NR,,---NRm,), E(E,,



e o

' A
E.,--- Eh), L(Lp , Lnp)

nd K(Qme,'Kse, kKsb) are aggregator
" functions and R, NR, E, L{and K aggregate inputs of

renewable resources, non-ren e resources, -energy, labour

v

and capital respectively,'* (1)"Ean be written as
0=f(R, NR, E, L, K) (2) -
or |
0=£(x°, L, K) (3) |
Let f(V)=max(Q: XeV(Q)) where X=(XO,L,;K).and V(Q) is’ the

&
w N
irput reguirement set.

Diewert (1971) has shown that when V(Q) has the
propeﬁties of location,'closure;'moﬁotonici£y) and concavity
thén £(Vv) has the propefties ¢f domain, monotonicity,
continuity and‘ancavipyﬂ" -

The transformation function co;responding - to the
production function (3) can be written as

F(Q, X% L, K)=0 (4)

Thei firm choses a vector of‘optimal output Q and an
optimal gombinatiqp of inpufs x°, L, K Simulpaneéuély. ‘The
transformation function has properties similar to those of
the production function.'® |

Given the production function (3), by the duality
theorem the cor%esponding cost function can be writtén as

c=C(Q, P°, P1, Pk) | (5) "

The cost function is obtained from the following constrained
minimization problem: |

Min IPiXi
X i



subject to f£(x°,X1, Xk)2Q | {6)

where Pi's and ~ZXi's are the prices and quantities of i-th

input.
Let P=(P°, P1, Pk).'\Then (5) can be written as
c=Cc(Q, P) - (7) =

Costs are minimized for all Pe @*in the strictly positive
orthant, %here Q*is a Cartesian product of the appropriate

NR), and Qey is described

subspaces (e.q. o*=alxofx0fxoR x @
by the cest function

C(Q,P)=min{P X: z?év(Q)). ~(8)
Here X=(xX°, X1, Xk)=(R, NR; E, L, K), and V(Q) is,éhe input
reguirement set, containing all the input bﬁnd}es which can
produce dutput. (Q). That is, V(Q)=(X: (X4Q)€Q), Q‘Ais. the
“1'Q£?ductidn .ﬁossibiLity‘ set, the set of ‘all feasible

input-output combinations such that Q=(X,Q: X can yield QY.

-«

For the properties of v(Q) SeevFuéé et al. (1978, p. 226).

I1f the factor merkets are not competitive, a cost
function «can still be defined by this formula with prices P
interpreted as éhadow or imputed prices.'’

if v(Q) po§sés§es requfred properties then C(Q, P) has
the‘following propertfes;’°‘. | - ‘

(a) “Doméin: c(Q, P) is a positive real-valued function
defined for all positive prices P and all positive
producible outputs, c(o, P)=0.

(b) Monotonicity: C(Q, P) is a non-decreasing: funcfion
in output and tends to infinity as output tends to infinity.

It is also non-decreasing in prices.
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(c) Coptinuity: C(Q, P) is continuous from below in Q _£~
and continuous in P.
(d) Concavity: C(Q, P) is a concave funétién‘in P.

(e) Homogeneity: C(Q, P) is linear.homogeheous-in P.
5 ,

(£) Differgﬁtiability: -Differentiability . is usually
assumed in empi;igﬁl “investigations. . IH most empifﬁcal
app%ications C(Q,P) is required to be t:wice diff@rentiable
in P. As such the cost function 'shduld_ poésess the

following derivative properties:

(i) J%L =Xi Shephafé's lemma
i ' : .
: o E):¢ X :
R i N Tl i i - .
1) s e, T Tpoor, ¥ 3, T O3E (symmetry)
: 173 - N i. J i‘
(9)
3

Property {i) can be " used to génerété :systems' of factb:
_demand eqﬁations; Property (ii) is useful in reaucing the”
numbéf'of.parametéf§ to be estimaped.!n o

'The notion_thdiffeféﬁtiability'can élsbAbe aﬁpi;éd to

the éoncavity-pfopértych the qost»sggnétion. Accordingly,
. ;*iig—'beihg‘
Bgian'

negative semi-definite. This can be shown to be eguivalent a

:broperty (ii) can be expressed és'the matfix
to the condition that the matrix of partial elasticities of
substitut{on bg,hegative semi-definite.g} ;This . means .;hag
for e@pirical ‘ve;ificati6n of thé well-behavedness of the
cost function it is neceésary and sufficient to test whether
or not tﬁe'detefminénts of the principal minor§ of the above

matrix alternate in sign.??

!



2. ﬁwi.Derivation of lndustry’s ﬁnit Cost ?unction.

In order to derive the un1t cost functlon as a function
of prices only, the foliowlng rest'1ctions are requlred to
be impcsed on the-general cost function (7) , . | o

(a) The cost function C(Q, P) is completel} “strictly_v;
separable in Varlous combinations .of prlces.

(b) The' cost function 'C is p051t1vely liﬁéarly
homogeneous in output Q; ' | _ .

| (c) The cost function C is differentiable and etrictly
positively. monotonic  in (Q, P) and. oOSitively_linearly
hdmogeneous and concave in4P |

By the theorem developed by Blackorby Pr1mont Russel
(1978), the cost function (7) can be- wrltten as

H(Q)-G(P) . | @ (10)
where G. is an ‘increasing fonctlon of P and G is
differentiable, strlctly pos1t1vely monotonic,'oositively
linear homogeneous and-concave in P. H(Q’ is a;function of
Q, which is continuous,fmono§onically:increasing;,and~such_
‘that H(03é0, with H tending toward infinity. '.In mosﬁ”
appiicafions H(Q) is assumed to be equal ’ﬁo, 0 and
_conseqoentlyi ;he‘ technology is lineae ‘ homogeneous
Therefore, the cost function (6) can be wbltfen as
™ C=0-G(P) ,
or C/Q=G(P)
or ceG(P) , | '111ff

—

where c=C/Q. Equation (11) is thus a unit cost function.?**

= /*,
62‘;
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A mathematical derivation of the géneral cost ¢ﬁh:tion

4@3 and its spec1al case (11) in terms of the translog.

“E Qfozmulatlon w111 be provzded in the folloulng section.

r

1 4

2.B. 3 A Mathematlcal Spec1£*cat1on of the General Model .

In the trans;og formula*1on the general mode; (6) as a

L five 1npbt prlce, PL,, P'

:RE» PR, PNR and output

4 . " ¢ ...-..':_.._ :
Q can be@wrhtten as . Ce e lmee oy

4.

) ~ “ .f

log(C)= log(a.)i Za 1og(P )* 1’22gp 3 g(P )log(pj
- +1d Qlog(P )log(g;+ o 1og(Q)*1/2 ﬂ g(u))
i .
. St ' (12) . ’
+ M . - ) A r . "
i,j=L, K, E, R, NR o

The translog cost function‘“(12) is'.a setond-ofder
logar thm1c " Taylor »,ser;es eypans;on Cof a twice
QlfLE gntlab¢ analytlc cost function around Uﬂlt}gzs

‘meosxng ~ the ,chks Samuelson symmetfy ) coﬁditiog
ﬂ =ﬂj1, the coefflemts of cross- procuc; terms of‘ log(Pi)

anc';og(P ) can be wr itten as

RN o
JPriL Ak Bre Prr BLN; o | ':;
Px BKK‘ngtéKR Benr - -7
A= ﬁLE.Bké'ﬁEE Aer FEnr -  (13)
"BLR BxétﬂE Bzr Bryr 1
’fLNR BKARBENRﬂRNRBNNR '

N -

whére .Bii, i=L, K, E, R, NR are the dlagonal elemﬂnts and

ﬁij igg, B =ﬁ" are off~dtiqpnal elements fof B“~ It  is

obvious that the symmetry restrlctlons reduce the pa"ameters

of thls matr1x from 25 to 13
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‘The function must satisfy the following conditions:

(i) Linear homogeneity in prices: That is, when all

factor prices afe doubled, the totél cost will double. Iﬁ

[N

can ‘'be shkown that linear homogeneity implies the;following‘

. restricticns:

i’

‘Zai=T, IB,.=0, B, . =0, Id ¢

. ¢, for all i,3 C(14)
i g 13 g 11 1 1Q ,

(ii) Monotonicity'-The function must be an - increasing

function of 1nput prlces, . That is,

M 20 ’ I—LI KI'E-'I'P-I. NR
.,angPi L ' .
“Imposing the restrlctlon of linear homogenelty, the

translog cost functlon can be written as
log(C) l@g(a,)+2a log(P /P )+log(P )
+(1/2)zzﬁijioq(Pi/P ) +ZdiQ loc(Q)loo(Pi/P
/ 2 x
e Long)f 1,2)ﬁQQ(;og(Q)) ‘ .
™ i . . : .
(15{
2.B.4 The Translog Unit Cost Function
'fhe *rarvlog~uric cost function can be specified as

log(c)-logao+zu log\P Y+ 1/2338. Iog(Pf)logYP (16)

J

i 13 1] R

where ¢=C/Q, C is the totai cost of production, Q .is‘ the
output. o '..;: ‘1.

Imposing linearqhomogeneit§.and symmetry restrictions

(Ea{=1, §51j=§ﬁji=o’_ﬂij?ﬁji the translog.unlt ;ost fuqct;on

QX

can be written as S e
-« ' .
log(c) loga,+La log(Pi/Pj)+log Py)
‘ ' 1,147 o &
+1/2223ij log(p, /P ) o - an -

In order to der1ve the input demand function from the

non-homdthetlc modex (12), apply‘snephard'S'lemma
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: = _9C i Chout’

X = 57, whgre X,=i-th input (18) :

X,= 3% =c(.)/p ' i
1~ 9Py ’ ir '

-Xi%C(‘)/ Pi[éai+iﬂijlog(Pj)+dinog(Q)]“or
Pixi/C=ai+§ﬁij 1og(pj)fdiqlog(Q) (19)"°
Hence the input demand or the cost share Yequation of the
i-th input for the industry is given'by

Si=ni+ZBijlog(Pj)+c’.i log(Q) (20)

yhére S;=P %,;/C o . . N
i=L, K, E, R, NK and j=L, K, E, R, NR. |
»Due" to the homogenei;y 'conétgain:, only (n=1) share
equations are ;inéary independent and can be estimated
simultanépuély. Theréfore, one of the five share equations
is to be deleted lea¥jing & systeh of five ‘equations (four
.
share equatibns..and the translog cost function) to be
estiﬁated ug}ngu either a non-linear multivariate systém

estimator ~or Zellner's seemingly unrelated regressicn

technigue.®* .

'2.3.5 Elastic¢ities of Substitution. and ;E;aﬁfititiés of
Factof Demand |
1 2.B.5.1 Elasticitiés of Substitution

The elasticities of substitution (oij's) are spe?ific
to)pairs of "inputs (e.g. between inputs i and j) aﬁd as Ssuch
summarizes economic‘ihtérrelations betweeh two inputs oﬁly.

In . a two = input specification, (Oij) " must denote
substitutability while in /a more than ‘two input case at
. least one of them m@gy denote either substitutability or

complementarity.
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Ectimafes of partial elasticities of substitution o
can be obtained directly from the parameters of the cost

function as follows:

_ %y a2

%13 X;X, 3P 3P,

This was orlgxnally proved for the homogeneous function

(21)

by Uzawa (1962); Einswanger. (1974) hac “given a proof of
(21) Wthh does not depend on homogenelty
The Allen-Uzawa partial elast1c1ty of substitution

~between irput 1 and j can be written as

=CC,,/C,Cy where &= Sl .
173 21 P,
= 3C - _ _da'c -
Cj— 3%, and Cij— AP apj . (42).
For the translog cost functlon the parameters’ Bi can
be shown to be related to. 94 and the factor shares as
“follows: '
i) =1+ S S for all 1, 3 143
(1) o, =148, / 5 for ¢ i 143
Ciy . L R .
(i3) oy (B“+Si 51)/51 for all i

(23) -

The aone expressions show that o (for 2ll i ard ﬁ) are

i3’
functions of factor shares and input coeffients.

a

2.B.5.2 Elasticities of Factor Demand »
‘ .The elasticities of~factor demand-can be-refefred to ééuj
the own prlce elasp1c1ty nii' the'responéiveness of the i-th
iﬁbut demand due to ownz prlcg changes, and cross price
elasticity (nij), 'th'.respéhéiveness of the i-th input
démand dvue to 'é' chgnge .in¢‘j4thm.input price. The%e
elasticities can bg‘,either partlal prlce elast1c1t1ef or

total price elasticities.



‘Partial price elasticities are those which account only
fer substitution‘ between 1nputs, assum1ng that the output
effect is constant. Total price elastltl¢1es, on the other
hand, account ‘for~_both SUbStltUthh and output effects,
Marshallian elasticities are exampies of total elasticities.

For the.translog cost function the partial elasticities
of factor demend are given by o ’

(iii)nij=oijsj (cross price eiasticity)

tiving =0,ys

1154 (own price elasticity:

’ : . (25)
.~ I3 3 » ' "a » ' . . »
The total own price elasticity for the i-th input 'is
given by

3
denotes total own:

L

* =dloo (Xi)/dleg(Pi), where ”11

price‘elasticity of the i-th input

nii-pnfxl[axiynp | 0= constant + 2% /30 . 30/3P - AP /ap‘]

1 )

.o s . . (26)

>

whe;¥'Q.L§ the t~tal output, and PQ 1s the price index for

\,' -,

ﬂutput55v7

Since the output price PQ is given by the homothetic

%§ trenslog cost function with constant returns to scale

- leg(r ) o,+z« log(P \*1/222ﬂ 16§(Pi)\og(Pj), ﬁPQ/np{
- Tt _ i

a . ’ (27)
0 ” - is found to be equal to(Pn/%)Si, where Sj is the §i-th

input cost share. Thiseimplies
S 3
nfTNg T RX80 - R

=n . 4D .
Nyt MNP (/XS

. (PQ/Xi)Si
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S

11711 Mg i

Similarly, the total rross price elasticities for each
. , ~

input can be obtained (see PinSyck, 1979) ne
: ot
LI + [ . '
» 117350 B

Since informstion concerning "q and,”jQ are not known

to us, total elasticities.are not estimated in this study .’

The properties of partial i an? prartial Ny @re aive

as follows:

(1) ¢

=g follewe fram (1) ein~e L. <.
15 %44 ( & RyisPyy

(2) Ojj<0 which js one nf the required ~onditione foyr

.

~oncavity of the cost functi -
\
'\ ) ”ij?n’ can be positive, nega‘*i'® o- zero.
{/,/ cii=0, implies factors i and j are inderendent,

”ii\o, implies facters 3 and § are subsritutes,

“,.70, impiiee factors i anA

—d.

are comy lawrente

(e) n ’%, fellowe from the lav of A»mand

i

(RY n,,2 0 ~an be elastic, inelanti o+ on. AR R
i .

] T 2] [T I RN vy mn (*;'1')
fi i

2 r “ﬂpa;ability, "ﬁmof”°firify and Homothetir Top o mhylity
2.0 S*Pafahijity nf Trpute |
Tn  the apecificariaon af the five inpat veneral crat
frnetinan ie eertion (R) it has bean a%snmoa rhat T.0.), K(.),
F(.), P(.) and NR(.) are aqgregater fun-'inne nf thaijr
respective jinput @ompﬂnents and L, K, F, PR, ;nd NR are
agqragafe inpute  of lahour, cipital. enerqy, renewable and

- . « . L9
non-renewable resources respectjvel§. The question arises
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whether any one of these aggregate inputs or any combinétion
of them are separable (groupwise ‘independent) in the
structure of production technology or not. Separability in
turn will imply decentralization (that is, ability of
decisin making in stages) of  firm's decigions on input
use.?*" There~fore, if ign. of interest to investigate the
sepmrahility ~f any input or any combination of them from
the rest ~f the inputs. 0Of particular interest in the
rres~nt gtudy ie the question of the separability of labour
(), capital (R), and energy (r) from the resdurﬁe sector
(R, NR) and separability ;} P and NR within the resource
sector. There are also ;othér types of separability
hyp~theces which can he empirically tecsted.’' The meaning of
the eaparability of T.. K and E from R and NR is that changes
in e pri~ne ~f 1., K and E and their component prices will
W+ aff *+ the firm's behavinur with respect to uses = P
~nd NR. 1n nther worAe firms' dercisions ir\. tte even! ~f
“hanqgeg in rrice- of T.. K and T nave independent F A tginne
‘n rhe uges nf P anAd NP

. )
Arrearding teo the preductison techneloay this implien

that margina! rates of rechonical substitu'irn ~r  the ratio

f marmaina' producte berween any pai' of elements in the
yertnaye (10 T2) (w1 ¥> kK'Y anA  (E1, F7, ~B7) ~=re
indAependen:’ of R and NR, This is the Te~rn'jef~Sono

definitior of separability.?° Thie independence ~f cone o

m~re inputs from the rest of the inputs of =2 production

eps TFT cpies has twe Al ffarent. connntations: ~~mplete

'
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)
.

independence and independence in a weak sense. The case of
complete independence_ is known as strong separability and
that of weak inaependence is known as -weak sepacrability.

The définition and meaniﬁg‘of separagility yi;h fespect
to the production function is the same for the corresponding
dual cost function (see Fuss and MacFadden 1978, pj245). In
the va%e of the cost function, inpuf prices are of cbncérn
rather than input gquantities. - Since the ﬁrééen: study is
¢encerned with the issue ¢f energy and rescurce use the
f~llowing separabiiity h§pothe§es vill be of interest:

(;) The strong and weak separability of t;: K, E from
R, NR). .

(i1i) The strong and weakvséparability of'R, NR from E.

(iii) The separability between R and NK.

57

The derivation of the sactual strong and weak
separabilit+y rondition~ with respect tr~ the specified
translog c¢nsr function ‘s provided in the fo)lowing

sub-sec! ione

2.C.2 Weak Separability of I,, K, E from the Reseurce Sector
k4
‘P, NR)
A cost function that is separable in (L, K, E) from (R,

¥P' ~an be written in the form:

Crf(G(PL, Pes PE), Per Pyr+ O) (28)
such that
()3€ _2£.36 i ¢ k. E

ﬂPj aGc AP,



50
32c_ _ _3%f 3G
3P, 0P
1974 j

§

i=L, %, E and 3=R, NR

(ii)

The seccnd term in * (ii) vanishes since BG/aPi is not a

function of pj&(j=R,‘NR). Therefore, (ii) beccmes

32¢C _ 3?%f 3G

(110" =35 p - 9GaP, P

(29)

i i

>
The relation (ii) must hold for the separability of Py (i=L,
K, E) from Pj (j=R, Nk, and i
approrximation. (e.g. at log(P )=1, 1i=L, K, E, log(Pj)=1,

sc at +the pcint of

t+h

i
j=R, NR) where the first and second partial derivatives can

Z? identified with parameters of the translogcost function.

\pat is, - '
53%1o0gC . ’.f’giogc :
v ————ee = 'B"--’ R = 0 (30)
\ BlogPialogPi 137 “3logP, 1 i."

Therefore, in crdéer for the separabiiity of P, (i=L, X, E)
from Pj £j=R, NR) to hold the parameters of the cost
function must satisfy the following conditiors, ohtained by

-

Aividing (ii)' by (i), (for the tE?nsloq foem)

32logC" } 9logC
= . (3N
BlogPiBlong BlogP1 ] 3 .
/ = 2
or ﬁij.ai P (32)

Where Oj is a constant, being indepéndent of 1, eqguation

(32) can be writter as

Bij=aipj whezi i=L, K, E and j=R, NR 533)

showing a proportional relationship between the second order

coefficient of the log j) variables (j=R,'NR)”and the first
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order coefficient of the log(P,) variables (i=L, K, E). For
the given example, conditions (3%),implies four independent
restrictions. These conditions are more general in nature
than thosé of Denny and Fuss (1977) in that differént types
of separébility conditions can be obtained wusing this
procedure. "’ This also reduces the number of uniknown
Parameters to be estimated. For further discussion and
derivation of separability“ééﬁdi£ions see JorgenSoﬁ and Lau
(1975), and Oum and Gillen (1980).l;"

v ¥ ' .

2.C.3 Strong Separability of L, K, E from the Resource
Sector(R, NR)

Strong separability of L, K, E from (R, NR) impiieg
that L, K, E must be completely independent of R, NR, which
in terms of parameters of the cost function implies

Bii—o when i=7,, K, E and j=R; NR (34%)

Irn terms of weak separabflity cenditions (33) this
means that both Bjj and oj must eQUal zero.

The specification of the wunderlying cost function
implies /

log(C)=logt, (P, Q)+iogf1(Pj, )

c=f, (P, Q).f,(pj,'Q) - ¢

i=L., K, E and j=R, NR

It is clear from conditions (33) and (34) that (33)
implies a proportional relationship between the second order

coefficients Bijand the first order coefficient a, while

(3¢) implies complete independence or additivity.



The differential treatment of separability as being

. . : e

. i . : ’,7
strong and weak has important implications With respect to

aggregation and substftution* poss&bii}{ﬁes among inputs.
—/fFor example, a cohsistent aggregafé indéx of & subset of
- inputs exiaﬁ;,if and only if the suﬁsef of inputs is weakly
separable frbm all other inputs.?®? ‘ﬁerndt and Christenson
(i873) have shown the d}fferent implication of weak and
strong separability by _provipg various theorems. " In
particuiar, it 1is irterecting to note that complete strong
éeparébility of the production function at any point in
input space is necessary and sufficient for all proper Allen
partial elasticities of‘substitution (AES) 04y to be equal
at that point,?? | e 3

K

. :
2.C.4 Other Separability Conditions

'2.C.4.1 The Separability of R and NlepgT.E'

The weak separability onditions for this hypothesis
can be obtafﬁea?using the general conditions Btﬁ= aiPy where
i=R, NR and;jéE})w

The conditions are

Fre "%rPE
ANRE™®NRPF M) (35)
+ Brp “Per |
Bure™P Nk (by symmet{y)
Equations (35) imply, using symmetry conditions,
BENR «r —ﬂFRaNR=0 (one independent restriction)

-

s



The strong separability of R and NR from'E'implies

BER=0 and BENR=0. The mathematical specification of weak -

separability of (R, NR) from E is - N
C=G(g. (Pg, Pyg), Pp, Py, Q, g:{(Py)) (36)
2.C.4.2 The Separability Between R, NR N

Tge~strong séparability between R and NR implies that
Bryr=9 -¥ith ‘one restriction. The underlying specification-
of the cogt fuhction‘is given by

C=G(g,(Pp), Py, Py Pr, Q, galPyg)) (37)

2.C.5 Homotheticity-- ﬁﬁk Structure of the Cost Function

| The transggb ccg{ éun:tion (equation 12) presented in
section B is a  non-homothetic cost function and is the
‘ﬁéinéained hypothecis of this study. Shephard(1970) defined
a_hqmothétic function és a function that .is a positive
menotonic transformation of a linear homogeneous function.
Technically,vhomotheticity implies scale expansion paths
which are rayé through the origin. A homotheti; or a linear
homogeneous cost function, which is a felatively simpler
form, 1is most .frequently wused in emcirical studies. fhe
main reasonfor this is computational efficiency because
fewer parameters reed to be- estiﬁated. However, before
using that sihplified functional form, it is desirable to
test the specificatisn. The conditions for testing such a.
specifiéatiqn are derived below. |
2.C:5.1 Weak Homotheticity

The structure of a homothetic production technology can

be either weakly homothetic or strongly homothetic. Weak
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homotheticity implies ﬁh input'prices'are independent 6f
output in defermining{the‘i put demand.- In-other words, the
rétio of any two factor'demand equations is independent of
output level (Denn&ipnd Ma), f978)., Strong homotheticity on
the othe* hangd, 1mpl{gs, in addition' to :%e aone weak
homothet1c1tf'cond tien, that the elasticity of total éf
average cost with ;espect to output is indepgﬁhenﬁ of faétor
prices. (Denny and May, 1678). | R
| Gi§en .that weak and strong 'hémo‘hnticity imply
/
dlf‘e*ent eéonomlc prope ties it is 1mportant to 1nvestlgate
- whether a productlon structure is either weakly homothetic
or strongly homothetic. fﬁis; also indicates the actual fv
‘nature of the production techhqlogy.
«@%' Thg‘dual cost function equation. (6), -of section B %
impiiés a weakly homothetic production function F(X), X=L,
K, E, R, NR, if it can be written in the formv
-C=f(G(PL, Per P *PR' P.o),h(QY)  (38)°
where h(Q) 1s a funct}on cf output(Q) only; That 1is,
C=£(G(P), Q) o (39)
assuming, for SimpliCity, thatrh(Q)=Q and P=(PL, p

‘PNR), a vector of prices only, such that

(11) 3%2c  _93%f 3G LOf. 932G
BPiBQ T9G2aQ api 3G oP aQ

(40)

The second term in (ii) is zero since 53_%6 is zero (3¢
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Tiot being a function of Q). ,Therefore,ﬁ(ii) cen be written
. B ‘ . ' ’

as , . '

’ 3’°c_ _ 3%f 36 _ _3%f

8P,3Q ~ 3Goq &P - 3P 8Q

s

(ii)' (41)

The relation (41) must”ﬁqld_for the ‘separability of Py

from Q and if so at the point of approximation, (e.g.
\ . . . 2 : :

logtP,)=1, =L, K, E, R, NR, log(Q)=1) where first and

second partial derivatives can be identified with parameters

of the translog cost function. That is,

3%10gC _ dlogC _ .
. alogPilogQ.—’diQ" logP, =%y (42)

Therefore, for he groupwise separability of prices

from cutput, the paramdters of the translvcost f_unb;}@"n

must satisfy the constraints:

o

Q
where pQ is & ccnstant given by

_ d%1logcC dlogC’
s,  Pq T 3TogGalogQ’d1logC

diQ/ai: 0. Or diQ=ain ‘ (4;)

For the present’ example, -condition (43) represent four

independent restrictions.
We note that the form (32) implies that the ratio of

any two factor demands is independent of output (Denny and

A Y

May, 1978).

"Since by Shephar8's Lemma, we have

'y = 9f(G(P),Q)
X4= 3P

i .
Which by using (38), can be written as
% = Jf 36

£ ~3G ~ 3Py »
With the first term being independent of i and the second
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term being independert of output, the above result follows.

Denny and "May, (1978) also pointed out ‘thafafthe dual

. . - ¢
production functxon in thlS ‘case is no longer a positive

moﬁbtonic_ transformatlon to. a linear homogeneous préductlon
funct*on
5.C.5.2 Strong Homothet1c1ty
Strong homothet1c1+y 1mp11eslﬁompleté indeééndence< of
linput prices from the level of ou;put?‘VIn inveéfigating ths
nature of the production technology, it is important to know
if'-it is Strongly honothetic )of not. As was mehtioned“

. . A
. ' . 13 13 . ’ .
earlier, a strong homothetic- function 1is much easier to

estimate.

in vecﬁor nétatién.the non-homoth;tiq‘cost function (4) g
can be written as - B | .
CfC(P, Q) . (44)
'wheré N | )
p=(p, pK,‘pE( P, PN#)
A ‘pfoduction “technology is said .tc be homothetic

(Shephard, 1970) if the above non-homothetic function (44).

an be written as

G

€=£(P)-H(Q) .~ - © o (45)

in 1ogarithmic'form . ' | - - <:j (\\J
Iég(C)=logf(P)+logH(Q) (46)

This 1mp11es that the functions f and H are additive agdrln

‘turn 1mp11es the following restrictions on the parameteéﬁ of
V

the non- homothetlc translog cost function
. . ~
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_ diqso, i=L, K, E, R, NR (47)

With respect to the translog share equat1ons, eguatiton (47)
1mp11es four 1ndependent restrictions.
Conditions from (43) show that weak separability

implies, a constant proportionai relationship between the "
. —

second ogder coefficient | iQ) of the interaction &erm

(log(Pi) \ log(Q}) and the first order "oeff1c1ent (ay) of

.the 1i-th input prlce, whlle strong homothet1c1ty or

‘
14

concltlon (4 ) implies complete -ndependenbe or addltvv1t}

2 C.6 Homothetic Separab111ty . '

Y2.C.6.1 Weak Homotnet1c Separab111ty

‘ A translog cost ,iupctzon will be séia to be
appf?ximatély weakly separable if it simultanéously
saiisfies’both: homotheticity condifions ‘asv well as -the
éondltionS' for tne separability of a group c¢f inputs from
one or more of‘the‘other inputs. For éxample, the wﬁak
. homothetic . separability of (L, K, E) from (R, NR) implies

the followxng two sets of constralnts

(a) ﬂ o,p, i=L§;K€)E and j=R, NR
{four 1ndependent restrictions) -
(b) diQ=ai i=L, K, E

(two indeﬁenden‘ E@stfictions)
The derlvatloﬂs of condltlons (a) and (b) are shown above.
For- the case cf 'a four input non-homothetic translog

cost function (C=f(PL, Prr Por Pp, Q) or C=f(PL, Pyr» P,

Per’ Q)), the homothetic separability of L, K, E from R or

NR implies the following two sets of conditions.

-
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(a) 51j=“1pj'i=t K, E and j=R or NR
e

(two independent constraints)

’ N
(b) diQ'“in i=L, K, E | o (48) -
'htwo independent constraints)

In terms of the specification of the ﬁPSt function this

leads to the follewing form.**

C=g(h(P;, Py, Pp), Pp; Q) or =
o C=g(h(Py, Py, Pp), Pyp, Q) (49'
In'either cése h(PL, Py Pp) inplies within homotheticity of
L, K, E whitﬂ-in turn implies ¢ondition (b) and given: this,
homothetic 'separabﬁlity of L, K, E fromR cr NR_iQplies

condition (a).

2.C.6.2 Strong Homothetic Separability
Following the same argument as in the ~case of strong
separability, that of addifﬁyity ~or .of independence, the

strong homothetic separability conditions can be written as

§
Bij=0 i=L, K, E and j=R, NR
(six independent restrictions) v
' B
d =0 i=L, K, E (50)
. 1Q 7

(three independent restrictions)

“~

For the four—inbut cost functipn (L, K, E, R) or (L, K,
E, NR) the strong homothetic separability conditions are as

follows:

'pij=o i=L, K, E and j=R .or NR o

.(three independent restrictions)
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diQ=0 i=L, K, E~ (51)

(th;ee4independént restrictionsg)

In ,thgf ﬁfevious sections all conditions necéséary to
iﬁpose'én ‘the geﬁer;l non-homothetic. cost func;idn; are
derived for the purposes of showing how proposed hypoﬁhéses
may be tested, These tests are particularly importént-ih' a
production study which_wisheé‘to éﬂhmine fhe true prdauction
relatioqship rather than ane specified a'prfoni . As such
the mest  important .structural peculiarities inherent in
produdti@n set (that is, hbmothézicity;‘ sepayébilify, both

weak and'strongi are outlined. . , !



. ﬁ ' o ' '/
Fo§tﬁotes tonChapter 2
1. See Fuss and Mcfadden (1678), volume 1, p. 221.
2. Ibid, p. 222.

3. TIbid, p. 222.

4: See Diewert (1974a) also Danielson (1974} p. 184

5. For detailed discussion see Rinswanger (18974%h).

6. See Oum and Gillen (1080).

7. See Oum (1979).

8. See BinsWwanoer (1974h). /

9. Fot ‘example, in the case of the transliog rhet

functibn,velasticities nf substiturion gi§ ie Given hy

CiJ=14By /S Sy

wvhere B, , are the translog parameters ang §; and S, are rcs¢

i
shares. Aesuming *+hat Sj and S1 are  nan ot ek i
“tandard error of cij can be ~htained as
S.E."1j=S.F N
J ﬁij 155 p
an the other hand. for the prrductisn  fuprrieon, the

estimatjon of the varianéé of aij ie quite complicated, For
~
the calculation of the variance nf aij in the cass ~f the
prodnction funé¥ion see Humphrey and Moroney (197%)
0. This‘'implies oprimal determiration of input level.
117, See Denny et:al. (1977), p. 29, Also See Gillen
and Oum (j980) F- 114 (a measir« of th~ per-entage change in
rreductivity) .
12. See Binswanger (1974b)

1. This is more likely to be S50 in the rase of time

series than cross section data. Tlaumas and Williams (1981),
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>
2
firm' 214 legs serious in the ~ost functinn approach since
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» . ‘i ’ . . o

it was cautioned that this may ~t alvay® be the r~agse Tp
fact, the exact relationshir Tepec: 1o L tha ebnr i '

“~imr of related wariablec

L Tor nther advantages, see R'ne -nger ‘1974h)
e The producticrn’ function s more 1eefnl frr
* .
techn-'ngi-al analyeie while the cng? Funect ian ie - re

vwenfol foo policy ro]n'pé Analy~ie The reas~n fayr thig '8

that thoe rreduction fu=rian e more ¢ nrerned it h the

)

underlyi g tes' nhl-qy and ie ~cncbtre ned o he 3l g s ogiven

jengant Chile tha rat e i e “hocrneAd it h e me t a
v noe v ! ' 14 ' ' N r ' o } '
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e "hie Pl e e n wp?‘]y ;epavm m LRIEERR R
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sanger (1974a),
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24. Coo aler~n Dievert ('774) p. '56 for Aerivation of
nit ~gst funct fon,

?25. The Tayvlor <=eries evpan~ion c¢~n be around any

given econgtanp'!, in pqrticu]ar 3 may ha the mean or Unity.

-

Far mere -~ the gnestion 1rrg: dinn rhe arproximation or
exartne : ! the tranaloag finctisn re- Laums® and Williams
(1981), v 220 (fectn be 1) Fuge (1977 Qum and Gillen
fronn)

76. SKee ¥merta (1971), D.~51n

I Th&ge r'eapanses rold be Jenerated through
simulnatian, ra:  exsmple, =ee Nesselman et al, (1977) and

Pen'y et al. (1978), They 'ceume gome 37 =n valves £ n

Y ~yam o ! el '~ s A7 r i-e rbanges.

Tp " o je i omesb - eirantiogn, the use ¢f &  group
e = g. rrEo - © s~ ') ig independent of the
e ot At e Lo Te 1 ¥V F, re ) Thue in  ene’
€ - vhe Flemooe g o otk ST of inpute (gay,
! CACR)Y and BRI " e e of t he other: set,

ayo wm v e A Fo =  anAd "tvFaddqen (1978},
e ! [ PR
i =ri~al vy, tegara' ility has ylnved an impartant
v Ve in o the cpe 0 T eati of functi~"al forms: The.
fFV. Dannlag and €Fc  fup tinn- are ewplicitly

mtraly gerar le, ltanoch's ''® ') CRRSH:- CDF rlass
~f froo vimn- P implicitly “trongly <eparable.

Fer e TIORT) een A €Fm o~y i vjen  ie strongly



separable with respect to the highest level

partition and then strongly“sepérable within each

sub-aggregate.”

29. See Jorgenson and Lau (1975), Oum and Gillen
(1980)
30. In mathematical notation (following Blackorby et

al. (1978)) separability can be defined as follows:

Let X be the wvector of inputs and f(X) be the

producticn function, £0R) has the frllowing

characteristics:

(1) £(X) is twice diffetrentiable

(2) fi(x)= %%— >0, for all Xe Q”, i=L, K, E, PR and NK
i

where 0'ta Cartesian Product of the appropriate  subspaces.
That is, . : i

ol - “(r‘ X Q(K) ¥ O(F) X Q(R) x Q(NR)

Then the separability of variables Zy and Xj from Xy

<an be defined ac

”(fi(x)/f

BxK

That is, the pair of variables (Xi, Xj).is separable from X,
if the marginea! rate of substitution between X, and xj are
o

independent of XK. In terms of cross-partial

j(x)?

< 0, for all x e Q"

~

differentiation the pair ~f variables (Xi, Xj) is separable

from X if
vV

fi ) fyg ) -
af , (%)
3 L Y |
where - £,,(x) = PR ST Y
of . (x) !
0 : _ af :
fJK(x) . , fj(x) X :

K i
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.For similar definitions see Berndt and Christensen
(1973?.

31. For instance, given R a oj, depending on the

13 %1
variables taken by i and j different types of separability
conditions can be specified. Accordingly, the separability

ions are specified in secticns, 2.C.3, 2.C.4, 2.C.6.1,

\\ //'
1t

condit

2.C.6.2. is also important to note that thé'separability

of L, K, E from R and NR does not imply the separability of
RS .

. Ty . . . .
R and NR from L, K, E since empirically, they woprovide

~different results. With respect to homothetic separability

the former séatement implies fewer constraints than the
latter statemeﬂt,
32. See Berndt and Christensen (13973) 'p. 404.

33. See Berﬁég and Christensen (1973), pp. 406-407.
They have proved this rgsult. o ///p\"

34, Since one of the share equations is deleted in
estimating the share equations there are four effective
constraints for four equations.
| 35. See Fuss and McFadden (1978) volﬁme,z, pp. 61-62.

In the present formulation: Let Q=f(L, K, E, R, NR) be

the non-homothetic production funcfion,\this will be weakly

-

.Ift g 1s homothetic in L, K, E then the dual cost functien

separable if

Q=f(h(L, K, E), R, NR).
will be weakly separable . That -is,

C=g(h(P,, P,, Pg), P}, Pyo, Q)
L’ K’ °E P “nR’ ¥

hence the conditions diQ=°Q°i (i=L, K, E) and Bij‘?j“i

(X%}



(i=L, K, E; 3i=R, NR) follow.
36. Similar restrictions follow (as in footnote 35),

for similarly specified cost functions as in (48).



Chapter 3. Factors of Production: Measurement Problems

Many . measurement problems are encountered 1in the
investigation of the relations between economic variables.

The wvariables in production relationships--namely, capital,
labour, energy, renewable and non-renewable resbu:cé%——are
ROt simple quantities; rather, thef are aggregates.
censisting of hany variables 'eéqg of which must have a
consistent measure. Because each aggregate wvariable
consists of many sub-components the following problems
arise: (a) Wow to aggregate the variables? (b) How shoula
the} be measured and why should one measure be preferred to
another?

For each input we ‘have. to calculate a series‘,of
aggregate input quantities (that is, a real measure of the
input) and a corresponding series of it§ prices., The
aggregation problem is common to each and every input.
Therefore, before déscribing the measurement of input
variables in detail uevbfiefly focus our attention on the
aggregation problem in general.

3.A Aggregation ;

The many components which éomprise any given factor
input have subs;antivegﬂiffezfn'és in the number and type of
attributes. This . noﬁ-homogeneity -+ and non-perfect
substitutability is the basis of the aggregation problgmaki'

S !

‘that is, how doesg_pdg add together the many var g™

66 E ' ’ [,
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components in af/consistent fashion? With energy, for
example,. the wvarious fuels and electricity are less than
perfectly substitutable either in production or consnmption
(Berndt 1978). Similar arguments apply to other inputs as
well. In the case of labour, forj example, prodUction and
non-production werkers are not ;perfectly substitutable.
Similar problems arise with capital. -

Indexing 1is a means for aggregatinglcomponents of any

N

.economic indicator. However, tnere are many cGifferent

methods of indexing 'aggregate inputs jall \of which have
different characteristics.' Two - important and desirable
characteristics of an index aggregator are, firstly, that
the'agg:egate formula- should be.as general as ‘possible in

that it should be flexible and should not impose any a

priori restriction on the substitution possikbilities -among

- compcnents. Secondly; the index formula should be juStified

from the p01nt of view of economic theory and should have
economic 1nterpretat;ons. ' The'aggregate index should be a
consistent one and should have~proper sequencing. If there

is 2 change in any econom1c c ‘ponent of the aggregate_input

.varlable, it should be reflected in the aggregate index.

L

For example, 1f there 1s a change in the price of fuel oil,

cne of the aggregate~energy-components,‘the change should be
—" ST A

reflected consistently in the acgregate pr1ce 1ndex for

energy so that the proper economlc impact of such a change’

can be reallzed (e g. the effect on own demand for aggregate

~energy and poss1ble effects on other input demands)

»
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One method of constructing an index of quanfity or
price is to use a simple weighted avérageﬁof sub-components.
Such an indey, however, will be aécurate only if the

components are perfect substitutes. Berndt (1978) has shown

“Nthat in the case of energy ‘aggregation, simple physical
measures éuch as total BTU's-are-unsatisfaqtory. The reason
for this 1is three-fold: (1) energy componehts are no£
homogeneous, (2) they are not perfect substitutes and (3)
choiae among fugig\is affécted by prices, prefererces and
techgoloéy.’ |

| Fisher (1922) pid;eered a géneral indexing method which
—" 8oes not suffe;ifrom the above disadvantages."lt was later

exﬁéndéd by Diewert (1975, 1976, 1978) who .emphasiéed the
use ' ¢f discrete Divisia index;s. This method is used to
aggfegate input variables in this study. o

. The Divisia index for £hevaggregate input Quantity is

composed of n components and is defined as follows:

' log(qt)-log(qt_l)=iwit(log(qit)—log(qit_l)) (1)
wherelwit=(sit+sibd}/2, is &n aJerage of the observations’

expenditure share in the last two periods with
= - - : ri ir e
?it,pitqit/(fpitqit)' F?r the corresponding price index p's

feplace the g's. ~ e

In terms of energy. aggregation, the heuristic.
interpretation of ‘the discrete Divisia index (1) above has -

been given by Berndt (1978),?§. 247 as

L S
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'the percentage (logarithmic) change  in the
aggregate energy quantity index is a weighted
average of the percentage (logaritﬁhic) guantity
changes of the component energy types, where the

Iz . i

weights are the time-varying ‘chained’ mean

/

,
-

Divisia :index has a number of desirable properties as an

expenditures or cost shares'

Hulten (1973) and Diewert (1976) hav shown that th

aggregaticn procedure. Diewert (1576) has{ shown t(hat the

Divisia 1index allows varidble substitution without impdsing

any a priori restriction on the substitution parameters, It/{
e .

has alsc been shown by Diewert (1975) that the aggreéator

function for which the

ia index is exact is the

tranélog fuhction. May'énd benny, (1979) have demonstrated

that the Tofnqwist index* is an exact discrete apprgximation

to a continuous translog function.
3

There are also other general index number/formulae such
4

as Fisher's ideal index, Vertia, Implicit Térnq st, chained
Laspeyres ;nd chained Paasche indexés.’ Diewert (1978) has
shown tpat £hé§e fbfmulag do not always differ signifféantly
in actuél caiculation. Fisher'sv ideal index which is "a'
geometric ‘méan of a Péasqhe'and of a Laspeyres' quantity
indéx, is a superlative indgx and’ iéb‘gxact for tbe
homogene;§§” quadratic‘ transformation' functiqn ;(Diewert,
1974),¢ - c ' | =
It foilpws‘ from the above_udiscussion ,that' in
.aggregatibn we may apply any one 6f these .éeneral‘ index

-
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nhmber  formﬁlae,’  Qowéver, the Diyisi§  index is the&
preféEBed choice because - of its ¢onVen3ent computational
features as well as its consistency Qith respect to the
translog funcfion. ' Mgrécvgr, the adaediadbaﬁtage with the
Divisia index is that ; ' : & | ’
'continuous shifting of the price weig«?ﬁ cén-téke
- place in such a way as- °to minimize distortion in

‘aggregate index " while maintaining the integrity of \

/ A

thgﬁ%easurement of quality change" _ . .
(Berndt, 1978). - 0

The. following sections ouéliﬁe the explicit means ané-
-methqu of iﬁcorporéting the above considerations ‘into

actual data construction.

3.4.1 Cap&tal
Of all the factors of production, the measurement of

capital is known to be the most -cogtroversial.’ The

L]

appropriate measure of tapital would be a flow measure of
‘capital - services' since output is measured as units of the
good per wunit time. Capital services, rather than a

weighted average of machines used, is QH appropriate measure .

of capital, because the same number of.machines may be used
more intensive#y or less .intensively. In addition,

different vintages of machines may provide different levels
of capital “services due to technological diffegences,'
However, it is @ifficult to obtain data on capital services.

. The usual- procedure 1is first to measure capital value and

CA
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deflate it by a price index to in a measure of the level

of capital stock: _ This iev is then adjusted by a

utilization rate for use as a measyre of capital services.

‘ }_For.this study the net capitalzﬁtocklxit (i-th type: of
Eaﬁital) in period 't ts computed b; using the perpetual
inveﬁtcry ethod.’ ‘ ‘

Thgfeip:ession for X,; is given by

K (2)

t+(1—61)Kit_i |
vhere .Rit is the net stock of the i“th type of capital gpod

at time t, I

it:’Ii

is investment at time t, &,‘is . the rate of

it 1. "

depreciation of i-th type of capital good, Kieo1 is capftal
stock in the previous time period.

3.A.2 Rental Price of Capitaf

o

The most commonly used method of calculating the rental

price of capital Py " was pioneered by Hall and Jorgenson
' ) . . 4 .

(1967). Following their method
P =P (r+<s>* (1-v 2z)/(i-u ) (2) N
K s . t t
where Q

Ps=pr' e of capital stock
F=an interest rate ~ o

§=depreciation rate

. u =effective tax rate, measured by °

corporation income tax/corporation profits before g@éﬁﬂ
: -

taxes - - '
e N R
z=the present value of the gepreciation allowances

available from a dollar's investment ‘in a

- particular.type‘éf capitai-structures or eﬁuipment;
. . [ _— . “: P



z is obtained as fcllows:

z= 1/T/(R+1/7) 1-8(RFIITIT (4

4

Qhere R;the réte of discount, éhd T=the_gcon6mic'1ife of tﬂe
asset. |

The use of ‘an -appropriate intetest raté r is an
important consideration. An interest rate’ ;én be either

nominal or . real. 4 real rate of interest is one which

abstracts from the inflation factor. Inflation being a
) . ) ) \‘ .
transter, 1s an external factor which does nct reflect :he

real economic cost. 2 real rate of return, being adjusted

-

£

for inflation, ‘reflects the actual economic cost,
Trerefore, the use cf a real interest rate or a real rate of
return is to be preferred to use of a nominal interest rate.

Some authors (see Gaudet et al., 1976) use interest rate r
:
=(1-u)i, where 1 is the nominal interest rate, u is the

~

effective tax rate as defined above.

For célculating the rental price of capital for the
present Study, we have followed the neoclassical theory and

have followed Jorgeqsoh and Hall's methodology as was done

by Berndt, {(1979). This procedure ihvolves the use of a
. . / I

.

real rate of interest. The . formulae used by Berndt are

described in Appendix 1.

3.A.3 Labour o ‘: ' "

Ther ré different measures of labour input sOch as
the number > £ wofkers, man-hours paid and man-hours worked.

Among these three measures man-hours worked is preferred
\ 4 )
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because this héaéure is the standard working 'unit and the
associated cdﬁpensation takes into accougt fringe benefits,
bonus, ana other supplementary income as Qell as. employment
tax credits (ETC). It is important to, use a measure
accurate enough to reflect all forms og\ compensation

affecting the value of labour. "

'Man-hours wo%ked is a better measure of labour input
(and provides a better measuré of.labour-cost) than the
number c¢f waorkers -because in distinguishing between
part—timé and full-time workers and accounzing for overtime
it reflects better the flow of labour services. ﬁah-hours
paid is & better measure than the number of workers but is
not better.fhan man~hours worked.'® For man—hburs paid EFe
fringe &and snpplémentary ben;fits are not included on the
basis, of the standard working “ unit (hours  worked).
Censeguently, the wage rates determined " fromw man-hou;s
~wérked dara exceeds Fhéf détermined on a man-hours paid
basis and so more adequately reflects the §alce (cost) of
labour input. : ; -

Sato (1570) has demonstrated that aggregate labour
input in the. aggregate ;brdduction ."nbtion~ should be
" wagd-corrected tétal man-houts if the real hou;1§ wage rate
vagries with the number .of hours worked. That is, s

w/p=f (h) ~ ¢ (5)

where w=wage rate | | . ¥

p=price of outpﬁt
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A<

w/p=real wage rate

h=numbe: of hours worked.

For theoretical reasons labour input é%ouid be measured
as man-hours worked since according to marginal productivity
thedry; the marginal product of iabour (MPL) is given by

MPL=w /p . ' (6)
assuming' perfect‘ competifion in the factor and product
markets. From (5) and (6) it follows that

MPL=w/pff(h), a function of man-hou}s worked.

In this Study mar-hours worked is used as the measure
of labour input. i
3.A. 4 Qualify Adjustment of Labour

Of all the rharacteristics of the labour force such as
esncation, skil), age, and sex, education has been found
empirically <c be the major ,contributing factor to the
growth of Jabour input. '’ Arro;dinq‘ré Denison ! 19€7}, 40 to
50 Derégnt r6 the growth nf the total lakeur input of the
U.S. economy in the post-war period can be attributed to
greéter educational artainment, while according to Grilliches
(196R) the contribution was abouthtwo—thirds ro the grqwtﬂﬁ,
of +*notal labour ;hput in‘the United States manufacturing
sector for the-period 5947—1960} .Howeveﬁ, £he csntribution
of other factors such as technologlcal progress, learning by
_*dOlng ¢tc. should algd be taken into- c?n51deratnon in *he
growth rate of total labour :npuf

1f a con51stent labour input measure is to be used a

quallty adjustment may be necessary.. This adjustment can be
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done by adjusting the man-hours worked data by, an
Y
appropriately constructed 'educationai. attainment index
(EAT). ' 2 .For the total manufacturing sector all necessary
data for rconstructinyg an EAi are available, However, "\ pot
all thece Aata are‘aVailabie for specific two-digit level
industries. The construct+3 EAT which s appropriaté for
the total manufacturing <eector may not be apprﬂpriafo for
spe-ific two-digit level  industries hecause of  the
non h~mngereity and diversity of fgheir worverc  Ferr
~va-ple, tobarco ménufacturind 1s very different from metal
fal. icating. ConséQuently, no guality adjustment is made to
the 1abgur data for the. two-digit level industries in this
study. However, this adiustment har hean made for the tnatal
manufacturing., settor S0 |
. . el

qug@gﬁér‘i”ﬁf(blem that arises iy wmeaguring labour

»

refient frn is to  obtain dnta for supplementary labnur
income, As mentioned befcre supplementary labour income is
needed to ~btain the total 'ahour compensati~n to adequately

-
reflect . the cost of lab~ur.  In rhis gtudy we have used the
A AR} ) Y

S N o .
fringe benefirs data as available from a specific ' sourre

L)

as a meghs of in~nrporating supplementary labour %Scﬁme.
Y .

Finally, wage rate (cost of labou?)‘ger man-hour worked
‘ 4 -

is obtained as a ratic of total labour compensation to total
man-hour worked. A detailed descriptisa __ of data -

-

COhstfuC'ion is'provided in Appendix 1. o \\\ '



3.A.4 Energy
Energy resources
major components

resources.'?®

(1)Fuel oil: the

(a)

¢ .(b)

j (c)

. - (d)

/T/\\\\iél/ﬂélural,gas

”/Q (3) Electricify
(4)

u-

and

ILPG: Liquified petroleum gas

- 76

.of the following

\

. R, .
in Tanada cofisist
sub-components of non-renewable

P

. -
sub-compeonents are '-(

-

.

Kerosene
Diesel oil!
Light fuel oil

Heavy fuel oil

Motor gasolin?

(6)'Coal%§the sub—componénts are ]
. (a) Eignite

(b) Sbb?Bituminous
(c) Imported. Bituminous
(d) Bituminous . )
(e) Anthracite
‘(f) Coke )

Total energy input is -an aggregation of all these

e

components. We need a series of the aggregate quantities of
energy (QE) and a’ corresponding series of prices for the
~aggregate (PE). PE and QE can be obtained by constructing

PR .o

appropriate index numbers. . The ideal index for- this

is obtained by the Divisia index method.

P .
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°

- Since the energy components and sub-components are in
‘vafious natural units such as gal}ong of oil, tons of coal/
millions of cubic feet of natural gas (mcf), Kw-howr of
elect;icity etc., the task is'to convert them into a common
unit before constructing an index. - There are two steps in
‘making the most suitable conversion of different energy
sources into a common unat. The first step is to transform
.the natural pﬁitg into equivalen: input BTUs. Then , since
there are substéﬂtial Jifferences in the efficiency unias of
these components and sub-compoﬁénts,q it 1is desirable to
.transform the input BTUs into output BTUs.H These steps weré
followed in constructing the aggregate energy price (PE) and
guantity (QE) measures.'*

"In measuring aggregate energy input oné of the
practical problems is to - obtain - own generation of

4e1ectricity data fof the two-digit level iﬁéﬁétries. own
generation of electricity is ‘obtained by taking the

difference between the available total consumption of

electricity and the purchased amount of electricity.

However, total consumption data were not available for all

two-digit Yevel industries. proximéte alloﬁation and
* adjustments héve been made in-obtaining estimates of own
generation of electricity. (Details are given in the
Appendix 1).' Another problem 1is the unavailability of
énergy data for 1961. We have estimated these data byv

»  extrapolation using a regression technique {#s discussed in

P, Appendi% 1.
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3.A.5 Resbufces

Materials (M) in the KLEM model can be considered as
consiszing of Lbasic resources--renewable, no%eyable and
other (manufactu;ed) material inputs. ST

Regsources refers to material inputs other than energy
inputs and finished intermediate products. As defined here,
resources encompasses principally 'raw' materials which may
be either in the primary or in pfocéssed form ana'hseable
for further manufacturing p;gduction. For exampie, grains
as defined by Statistics Canada (15-509) consist of urmilledg

-

wheat, barley, oats, rye, corn‘and other . grains which are in

BN

the primary form. Q the ‘other hand, copper and copper.

alloy products consisy{ of copper and copper alloys in the

primary form an o copper products (castings, roiied.and
exfruded items). Therefore, our resources are not’
necessarily 'purely primary products but may have undergohe
some preliminery processing. g
Other maferials ~are inputs that have been processed
fu;ther than those -identified as renewable and non-renewable
resources th;ﬁv are basically raw materials. ‘These other
matér;als have been excluded from our five input model. ,
We define our aqgregate resource as consisting of the
following components of the Canadzan Iﬁput-Output' Téble SC
(15—509E); the selection of resources being according to our
definition of-natural resources. In identifying résou;%fs
we have followea the definition of the individual cghbonents
as provided in ;he Input-Output Table (SC (154509E) p. 45)
P
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¢

and also the breakdown prgx}aed there; (SC

38-44).

LN

3.A.5.1 Renewable Resources

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Grains
Live animals

Other ag@icultural products

'Foﬁestry products

Fish landings- - e
Hunting and trappinégproducts |
Meat products =‘: D
Dairy products I

Fish products -

(10) Lumber and timber

(11) Pulp | o %

‘;a 3 ‘b . X
.(12) Veneer and plywood. V/“Vf S

3.A.5.2 Non-renewable Resources
(1)
(2)

(3)

(4)

(5)
(6)
(7)
(8)
(9)

(10) Ifqh and steel products. .

Iron ores and concentrates

Other métal orés and concentrates.

-
3

£4

R

Non- metall1c mlnerals

5Copper and copper alloy products 4

B2

cher.non-ierrous metal pro@ucts
N1ckel products | ﬁ_
Other non-metalllc m1nera1 productsb
Crude mI”_?al'biis

Aluminum products.

P

IS
oK
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\, An aggregatlpn problem arlses g1ven the dlfferent types
. \
ofa'renewable and, non renable resource components. One

metﬁod of agg*egatlon would be to follow the same procedure

4 . "

5

as mentloned ‘above for energy (i.e. Divisia 1ndexmk’
aggregatioh) However, a common unit and/or a real measure
is required to apply the Divisia index;fer aggreéation. In

the caségof energy there is a common@uqét‘achSS’ghe various
o » :l‘p

‘types, but for resoures thege is_ not. However, a real

(constant price) measure of resource input is available from
i

b D Fid

the Canadian input- output table u51ng eL;her 1961 or 1971 as

the. base year.' As ctatlstlcs Canada eﬁplalns (see SC

B

13-509E°p. 17). S e

k o
o i

waf

"There is no mean1ngful way to- comb:ne tons of steel

%,

~and dozens. of eranges 'for‘ example. ﬁghe only
workable solution to, th1s dllemma is, to. fix values

H

for ;heSe'quantitieelln termS‘ éf‘ the1r pricés at

some point in time; theghase year. Tﬁps the dollar
value of a quant1ty of oranoes is addi;ﬁye te ﬁpe
doIlar value °of a- qaantlty of steel oIt all

L]

quantltles are. expressgd 1n ‘terms of thelr base year
prlces, the constant values for each’ commod ty will
| be proport10nal to its quantltes in d1fferent years,
yet tommoditles of~ dlverse charaéteristits will
rema}n add1t1ve, aaq;E%e cphatrucﬁgon;of a set -of
'acéeanrs “wsummarizf;g ;manéﬁqld{,.trgﬁsactions is

] . ’ . *

possible.*" &

%
A&
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Aggregate prices'and quantity indexes for reﬁiwable and
- . . T R
non—renewable resources ﬁre obta1ned By +sthe : D1v1s1a

aggregation procedure usxng the real meaoures BVd1lable from
qLa
the input-output table baged on 1971 constant prlces. . A,

///ggtail descriptfon of the construct1on of aggre gat'
7 quantities (QR, reneuable, ONR, ,ngn—renewable) arnd prices.

| I(PR,'renewable, PNR, non- renewable) & glven%Qn?Appendixv1.
a . . - '
- s ‘ Qg L
3,B Output ' ‘ .% T
. o 2

3.B.1 Output‘Quantity S

Output should be measured “in termS' of - physical

~guantities.'® But in aggregate productlon stud1es data in

3

physical quantites are usually not avallable.: vTherefore, '
output .is measured either as real value added or. as real
gross output. Since the value -added speC1f1~a;ron has been

called into questlon (Berndt and WOpd ?197:)'), recent
. S ' \
studles with energy and materials as well :as. 1abour and

4

cap1tal‘ 1npu§s use real gross output as the optput measureh

&

The present study will also use real gross output (deflned

Y
; to exclude other rmaterials) as the output measure

3 ) .,

approprlately deflned

'Tne real gross outpu. is obtalned by deflatlng current
.gross'butput by the appropriate output. prlcep index. ' The
Canadian ‘production studies use the appropriate industgyl
selling price oind:x to deflateJ current ;alue. of gross
output. This study will also Use the_Same appropriate

industry selling price .index.
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i.8.2 Total Cost

Total cost , I's

‘the

=21

p

1
o .

.sum of ;he- costs cf all inputs

1ncluded 1n the spec1f1cat10n of the productxon or the. cost

funct1on. Th1s~15 de£1ned as

-

ot

g TC= ZD1 i where p =pr1ce of i*th 1nput and .x1=quaﬁtity
. vy | | |

s

of 1eth 1nput.

&
-
(2]
o

e It can be,, seen. tha‘ there is, a,dfi!efencevbétween total

L]

cest and’ totads output.

Total cost @is an aggregate of

w s, v .
. current values while tgtal output is a real measure.
: S Qre PRk

X,

"“hon-genewable

iﬁput-outpu€

In  ordet ° ‘to

be
resource
table with

4

“consistent Wwithx renewable and

“data -as thained trom the

8]

1271 as the base year, we also

choose 1971 as the base year foor othef variables such ‘as

cap:tal Lghour and energy
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Fooctnotes to Chapter 3
1. .Alternatives_include a simple (unweighted) index, a

weighted index,” Laspeyre's index, Paasche index, Fisher

ideal index, Tornqv*st index or the Divisia index, Vertia

'index.\ For a discussion of these 1nd1ces see Diewert (1976,

‘

1078) and Berndt (1978). -

AN

Lo

2. See Berndt (1978) " Also see Dlewert (1978), p.895

- and other references cited there.

3. See Berndt (1578), p. 269.

4; Torngvist: 1ndex is the same as the discrete form of
the Divisis 1nd§x. See-May~and Denny (1979), pt 773.
5. See Dlewert (1978) pp. 894-B95. Diewert has. shown

the nece551ty of\ u51ng the "chain" pr1nc1p1e in the -cases of

Paascheyand'LaspeYre s indexes. In the cases of either of

thése index fermula, derivatives coincide only to the.first
'order,. which in  turn ‘impiies Cobb-Douglas aggregation.
Therefore, it”.hae been’' suggested by Diewert (1978).that
governmeh: agencies should use -chained rather than fixed
'base indexes in order to‘deflatevexpendﬁtures'into constant
dollar qﬁantities. |

6. The term supetlative index refers to en'ideal index
formule having the de51rable prOperties of an index
aggregator.. "This has also been demonstrated by Danielson
(1975), p. 184. - | ' | |
7. See Nad1r1 (1970) pp 1144~ 1146..

8. See Varlan (1978), p._119.

E
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9«‘“gee Statistics Canada Catzlogue number 13-£22, for

-
;.detalle& dlscu551on on methodology concern1no the perpetual ‘.

©

iriventory method. - A - .

10. - The main problem with the number of‘workers 15‘*
that this may not take 1nto account cf part- tlme angd . ovér
time workars. Stat1st1¢s Canada,icataldguqanumbet;‘14-201
distingdish_ betweanb “man—hburs‘ worked", and - "man-hours
pald“ as follows: o C -

"man- hours worked are thn sum of man’hours peﬁt aat'

the placea of ,employment ‘by pe:sons-emplayed and
therefore; differ from a‘heasgréaOf .man—hopfé paid'
by | ekcluding, time used tOn vacation, vholiday,
'jllness,AaCCident etc.‘ >

11. See Nadiri (1870),

12' For the. construction of 'educat}onal attainment
index (EAI) see Berndt (1979). | | .

13. Thase data were k1ndly providea by Profassor
Berndt formerly_ of the Uhivg;sity of ﬁritiéb Columbia (now
at’ Massachusetts Instxtute of Teﬂhnology)

14. These data ‘were publlshed by "“The Thorne Group
Limited, Management Consultant."

15 Other fueis 'represent a small (mlnlmal) part of
energy outlays for which quant1t1es are not reported.

‘ 16. He have followed the ‘§ame me hodology used by
McRae and Wébster (1978). . | ' |
15.\ Since most of the other data are also indexed w1th

1971 as the base year, we have chosen 1971 as base data.
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.18, For .example,-- ton'ﬁ'm1les in the case - of °
.

.transportat1on, kg per “hector 1n the 'case of agriqultﬁral‘,'

“

output, .- S .;?*‘ o ¥ e
19. See Berndt and wOod (1975) P %;6. Also see Denny
and May (1977) '_3» o e ';:1;Z .

i . > o A ]
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gchapter 4. Estimation qhd Hypothesis.Testing

T 4
Pl
= '

In thie !chapter we discuss the problem of estimaﬁiﬁﬁ"
the translog parameters and'u' he. methods  for testlng

hfpotheses coneernlng homothet1c1ty and separabzlzty

/ v

Estimation problemS\and the1r- solut1on are; discussed in
sectlon A -while the :tests‘of hypetheses are discussed in
section B.

4.A Estimation -

.Tho modeis aeveleped and SpeEified in Chapfer 2. B, -are
to be emplrlcally eet¢mated The emplrlcal 1mplementaelon
requires that the cost and share equatlons be 1mbedded in a
.stochastic framework . The stochastlc spec1f1cat1on of ‘the

selected translog cost functlon 1s

| LogC= loqu+a log(Py /P ) +aKlqg(§K/RﬂR)+aE,lqg(PE/PNE)"

raglog Py Pyg) +log(Pyp)+ 7 Byy(log(Py /Pyg))ie

'B loc(P /P YIog(é‘/P" + By ‘1og(PL/PNRi
log(PE/P + B log(P /PNR)log(-R, NR)+ el BKK
»(log(PK/P ))’+tB log(P /P )log Pp/Py )+
BKRlog(PK/PNR?log(PR/PNR)+ BEE(log(PE/PNR‘

By log (/P ) 10g(PL /Pt F B (log(Py/Pyy))
+aylog(Q) + —;—BéQ(log(Q))’+ dLQlog(Q)log(P“’NR -
+d Qlog(Q)'log(P /P~ Y+d g log(Q)log(P /P

+ d Q1og(Q)log(P /Pyx

NR!
ru,
(1)

where u, is the disturbance term.
A ' i
86



A
Imposing the restriction Zﬂij - and substituting for =
ﬂii,rZﬁij, Swe obta1n fthE' cost share equations with

‘StO”haSt’C Spec1f1catlon as follows'

| s£ ﬂLK;og(P /P.) BLElog(P /p )+ BLR}oa(P /p )+

BLNRlog(P /P ) +d, log(Q)+u ' | e
SK=““ - log(P /P ) +ﬂKElog(P /P )+ 3KRlog(PR/PK)+‘
) BKanog(P /P )+ KQ

log(Q‘+uK )
SE=dE¥BiElog(PA/P ) +BrElog P, /Py )+ BERlog(p /p )+

| eBENRlog(PNR/P Qlog(”‘-FuE L o
'”SR'“ +BLRlog(P /Py )+BKRlog( /P )+;§£Rlog(PE/PR)+'
BENRlog(P /) * dpq 209(Q) +y, —
-Syr® NR‘ﬁLNR‘°g(p / PNR)+BKNR1°9(P /PNR )+ N
o : BENRJOQ(P /P )+ BRNRlog(P /P quu}ogCQ) uy

(2)

where u., u_, u-, u. r h i uf'dn es
_ v QL. g Mgt Vpe UNK are the di st banc

. o '%- -~
The”-problems of mult1coll1near1uy and autocorrela ion

Iy

‘.are usually encountered in the estlmatlon of such a’ system. .

Uy :
'However ’ thh homogenelty resfvlctrors the derzved facforv

4dem%nd or cost share ecuatlons can be eatlmoted as funct1ons
of"the ratlos -o% e1npue__ or input pr*ces whlch reducesbf
collinearity.? Yet, if there aré a large number of factors
involved' .the:.ratio Variabies also tend to be tollinea*
.S;nce multlcolllnearlty substantially restricts the power of
any test,? the’ results‘ of a-,murtl-inpug study must bev'
1nterpretedAaccordlngly J
In ‘the. est1mat1on of a system of equatlons such as (1)

and €2) comb1ned or (2) alone, one aiso ,encognters other

»



88

&Y R v

.types'ﬁimissuesi_naﬁelyj (1) ..the ‘error -structures which

‘favour’ joint est;matlon and (2) 1nvarlance of estimates as

’

to deletlon of one of the equatlons. r,a'We d1scuss eaqh of

these ques*fons beiow.k ST

4.A.] The Adding Up P;pblem- in the Estimation of Share
. ' ) i . . PR HE W I
Equatlons S S \

ance the addlng up constxa1nt of the .share equatiqﬁs;

~

- =1) 1mp11es that Zu ==0'~ thlS in turn implies
51ngL1ar1ty of the varlance-@ovarlan e matriyx of the error’
. N_ .

str'ucture, and' one of the equations: must be del eted “The
basis for this can be shown as follows. .
~In order to write the system of equations in (2) as o
Ov . . : L ‘ - .

standard individual regtession equations we denote

YL;SL, YK=SK, YE=SE’ YR=SR’ Y. .=S

- “NR™PNR
and '

-‘ 7 14 * ! . -

B2 e Spp Xpp Xpe Eyre 3¢

e . r
XK"(X° Xk ex Erx XNRK'XQ)
=R . .
XE‘ * "LE RE " xNRE XQ) :
XR=\X° 2k 2xr Eer XNRE'XQ)g ) L
. - 3 . ) ) ~

Xop=(Fe xLNR Lo XENR XRNR xQ) (3.» SN

where ' o

Z,=a vector of unit elements

xj'=1og?§'/P') j=K, E, R NR"V e B B roo
log(P /P)JL;E R, NR L /

jK . )l
-log(P /P ) j=L, K, R, NR : R |

* 3 3 1 e .

ij 16g4P, /P &) jiL K, By nn_;‘_ - - B

xjNR-lpg{pj/p » j=L, x z R



XQ=log(Q).

or

XLj

=’log ( PL/Pj )

Xy y=~10g(Py/Py)

gy

=—log(PE/Pj)

ij=-log(pR/Pj)

Aga1n in matrix notatlon (5) can be written as

yL

po -

X

o o o

0 0
- X0
K
0 X
)
0 O
0 0

o o B, T [u. i

0 O !ﬂ BK UK

0 0 ﬁE +qug

XR 0: BR 'uR.
0 X HB ~fu

: nejl” NR] LR

Benr

9Eq

‘R, NR

e ]
ELR
|Bxr

Ber

P rq

-4

(4)

XNRj=~log(PNR/Pj) and
hL 7 HKVT
BLK ﬂLK
Bi=1BLe| Pk PPre| BT
BLR ' ﬁKR
‘ éLNR BKN#
‘ PLQ. ?KQd
~and the system of eguations can be written as
| yL=XLBL+UL
Y, = B qu
y =X B tuE
yR—X B +1
yNR= NRBNR “NR "
or .
¥, =¥ B +u i=L, K, E,

(5)

(6)

ERNR‘

NR™

CNR

Brur

Brnr

Bryr

B ENR|

NRQ

89 |
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Further let L=1, K=2, E=3, R=4, NR=5

;”xL=(x, X, B 3=2, 3, 4, 5
xK=(x. sz xQ) jfj, 3f.47;5'”
xE=(x; xj3 xQ) j=1, 2, 4, 5
xR=(xn xjw xQ) ji=1, 2, 3, 5 T
xNR=(x;vxj5 xQ) j=1, 2, 3, 4

Deleting the fifth equation in (6) and imposiiz the

symmetry restriction (Bij=ﬂ ) the system of remaining four

LE!
equations can be written &s
Y=KB+U N

where

egl
'a 4n by 1 vector of deperdent variables, where n is the size
of the sample:- : | " ;

%, 000 %, %,. K.. X, 00C 000 2,0 0 0]
X=|10 X, O d X,, 00 Xx,, x.,‘xsz 00 000 XQ 00

0 0% 0 03X, 00 %5 00X, X, 00 0X ol

0cO0OX. 00%,,0 0%,0X,, 0X%X,0 000X
L - 94
a 4n by k matrix of observations; .

B;(a. (s 491 ?:_.04 Bsz ) ﬂ|: Bto B»ls‘ BZJ B_}z;ﬁ:u b:o B:ls
Bis dqdaq diqdeq)s and C ‘

-
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U,

ULl

a 4n by 1 vector of disturbances.

Alsc . ' - B ’

~
Xj'ing(pj/p’)”:
77=10g (P /P, ) 3%

xj;=1og(9j/P,)’j

LW P W )
" ]
- N
w w

- -
> w»
w mn

I

-—
[S)
Lo
- -
(8]

Xj.=log(P,/P,) j=1, 2, 3, 5

_and
x.j=-1og(p;/pj$ j=2, 3, 4, 5
x,j=-log(P,/Pj) j=1, 3! 4, 5
X, =-10g(P,/P,) j=1, 2, 4, 5
XK. =-log(Pi/P3) 3=1, 2, 3, 5
It is assumed that the u ‘s in (6) »aré normaiiy
distributed with mean E(Uic)=0' 1=1,2,-- n and that the

: variancefcovafiance matrix aé given by E(uituit)= 0441, for a
: v .
i=1, 2, --- n where In'is an identify matrix of order n by

n, and the explanatory.Qafiabléé'are non—stochasfic: This
means  that eaéh eguation 1is 'exggcted to éatisfy the
ga§sumpfions of a standard linear regrgssion model. HerVer, "
‘the possibility théf ~ the tegfe§sion &isturbances ‘an
different éqﬁations are mutually correlated cannot be. ruled
out.‘ - g | |

; .

In the ptesgmt cas§, .the1 depeﬁdént,jandi-indgpendent

 'véftab1es of the sy5iem repre§ent a given firm or industry
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production structure. As such, any of the firm's reactions
to changes in any of the prices (the independen% g:riables)
will affect the cost éﬁéres (the'debendenf variabléﬁ) across
all equaiions'and hence the disturbance terms. Therefore, -
it 1is quite likely that the équationf will’be related
thrdugﬁ thevdisturbancevStructure. For these reasons, the
covariance of the disturbancés of the i-th and the j-th
eéuatioﬁ are eipetted ﬁé be non-zero. .

» system such as the one above whose eqguations are only
related through the disturbance structure is called a system
of seemingly pnfeléted régressions.‘ The covariance
structure for such a system is defined by

Blug uy )=0y4T for all i,j=L, K, E, R, NR - (8)
where I_ is an identity matrix of ofder n by n.

Under all of > thé- above ;éssumptions, ~the
variance—qovarian;e matrix for U can be written as

'Z=Zt ®] f

where I is 2.positive definite variance-covariance matrix

of the n-th order with elements Oy

- -
l\ °
0(| 0!2 ----- Gvn
4
X Zc =192, O, === O;n
o Ogg=———-- o
D n: nn
— J

v » S | (9
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It will  Dbe assumed that U is distributed as
multivariate normal with mean  vector zero . and
variance-covariance matrix £: that is "

U~ N{0, I) - |

Efficien£ | éstimafign ‘can be obtained by. applyiné'
hitken's generalized least squares (GLS) te (7). The GLS

estdimator is- given as
‘ =(X‘X'1x_)’"XIZ‘IY o ) ' . . (10)

Feus | ‘
and is a best linear unbiased estimator. In the context of

“

seemingly unrelated regreSsibns, the estimator .is.

-

- ’ 11"1#

_ 1
11 121 n i
o X X 0 0x X, o fx,x Lo X %y
. .
o .
21 1 221 2n 1, . 23 1
o XX, o] X, %, : o T x| Lo xzxj
3 .
ol xlx o™ 2x'x v oM xlx ToPdixlx,
1 n"2 n.n n=j 11
L \'S . » -l -j - ( )
i - . ' .
where o jrepresents the (i, j)th element of the inverse cf

the matrix I ;n‘(Q).

The variance-ccvariance matrix'.of thé estimator is
qiven_by | |

E(B-B) (8-B)=(® 1K) | 4' | (12)

Since I_ is uhkﬁown, a feasible GLS (gener?lized‘ieast
sqﬁares) estimator must be deviséd. zellner (1962) propbseé
that in the first stage'ordinary least squares be applied to
each equation in (5) to obtain the residuals which are then
to be used to 6btain estimatbrS of thevelements Qng§;tO
fdrm gc;’ The feasible GLS égtimatérifisfféhen:'éefiﬁédt‘bf
f=(X'I-'x)" &' ¥). However, .the estimates obtained by
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applyihg Z&llner's tﬁggstage: technigue . depend 6n Which‘
equation " in the"systeé” 35 deletedi} This gquestion is
discussed next. } S

" 4.A.2 fnvariance of Estimaiésl Due td Deletion of One
Equation ‘. -

Since Zellner's two-stage p?acedure is not iﬁvatiant
with respecﬁ totthe'deletion ofﬁgne ef the equatiens'it is
desirable tc find an'estimation.tgéhpique whieh is invariant
-with respect +to the deietion' o%mﬁahy eqﬁatioh. Iaximum
likelihood ‘estimation (MLE) ‘and 1terat1ve Zellner estimation
(IZE) are examples of - such technxques» The latter technlqun

is the one Whlch uses aellner S two- stage estlmates of the

an:
regression coefficients for calculatlng

\g ‘new :Set of
residuals leading to a new'eetlﬂate of I, whf&h can be used
for obtaining 'new estimetes Qf‘the fegre551on5coeff1cients
and sc.on (see-Rmente.end Gilbert, 1968} P. 11545;

Mest of the kno&n ~statistical prope;ties ef these

estimators are asymptotic. MLE, for example,  are

‘consistent, asymptotically efficient and asymptotically
ag,

normally distributed. However, estimates based on a finite,

small 'sehpie may not satisfy theése large sample probertie
The small sample properties ~are usualiy investigated by
Monte ‘Carlo experimenes.' From a'series of-Sﬁch Mohve Carlo
experiments, Kmenta and Gilbert (196&)‘haVe shown ';hat the
iteréti&e: ZellnerA'eetimates’ (IZE) ahdeMLE'are identical.
Ruble (1968) ﬁés"qleo' showh. that the IZE and MLE are..

computationally equivalent. These 1ZE estimates are,
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therefore, equivalent to the MLE eStimeteSOand are thus

~inBependent of the equation deleted as well ' as heving all

the desirable large sample properties of ML estimators.

An alternative to IZE is Malinvaud's (1970) minimum

distance estimator (MDE). Invariance of parameter estimates

is assured if the MDE is-applied and itegated to converge on
estimates of,bothjthe parameters and the yarianoe-covariance
matrix.’ This is known as .the iterative mininum'vdistance
estimator (IMDE) technique. Berndt et al. ({974) have
shown that if the errOrs are normally distriéuted?then this
provides . maximum l}kelihood' estimates for multivariate
regress§pn modeie.n'These estimates are also asymptoticeﬁ}y_
efficient; The application of either IZE or ‘IMDF,
therefore, solves the problem of invariance. R

Since the cost function involves many parameters (more

than the share eduations) it isbreqdired. to. have a .large

number of observations 1if one is tc apply ordinary least
. . N .

~

-

squares tc the cost function in order to estimate ﬁhé,
reeiduals.. On. the other hangd, share equations can be
estimated with fewer ‘observations. As to the single
equationv estimation, Guilkey and Lovell (1980), using the
CES technologv ,'haVe found the single equation estimating
model to perform marginally bett;r, at far less cost, than

the system of equations model when the underlying technology

is not translog. Whether these results hold for the

translog technology is yet to be determlned : However, for

Aphe; present vstudy the number of observatxons 1s les&ﬁ;h

. ™
‘. - cina s w
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the number of parameters. vTherefore, the esfimetiqn'of the
cost function alohe (that s, single _-équaeion) is
aytematically rg;ed out. L |
It is possihle to estimate the cost functieh* End “the
share equatiohs‘jointly ané in this case suffieientAdegrees
of reedeﬁ.can be’obtained vhen cross’ equation ébns&}éihtsx
_Mare imposed.* ‘Inclusion ‘of the cost’ functlon yields"
estimates of all “the parameters 1nclud1ng A&}j@ aQ; BQQ
fequation 1) which are necessary fQ: the calculation‘ofvthe
scale elasticity’} asvwell as model simulatiqn.' Because‘.of
mhlticollinearity;it was not possible to estimate the\entife
~‘syst:em.,‘ Therefore, the present study will’ be confined to
the estlmatlon of the sys*em of share equatlons only This
will not effect the ob*ectlves of the study.
. 4.B‘ﬁ¥pot§esi5'Testing ’
| For testing the sepé;ability hYpotheses ohtlined in

;Chapﬁef '2.C or testing any restriction on the pa a%eters of

[}

the translog heéel,‘ke_eah apply'the likelihood ratio (LR)
test. The LR is defined'as |

 A=Max L,/MaxL (13) _ , .

w8 | . e ¢

where X =likelihood ratio, L is the likelihood function 'and
Wh“. implies a constra ned modelg, and R impliee an
unconétfained‘model. | | | :

Assuming that the dlsturbances are normally d15tr1buted
with mean vector zero and variance- covar1ance matrix Z,

(13) can be shown to be
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[£ul 0% (14)

o= -T/2 S B

1za]

T

and taking the .logarithm of both sides of (14) and
mu%tiplying by -2 we obtain’

-2log( A= T(tngwl-logl):QI) (15)'
Under the null hypothes1s the test statistic '~210g( \) is

asymptotlcally dlstr*buted as’ ch1 squared x ) with the

' number . of degrees of freedom "equal to the number of

restrictions to be imposea.‘°

The iteratige minimum distance '(IMb). estimator as
available in the TSP oackage ‘(known as LSQ, denotlng'
non- llnear least squares) prov1des the estimated value of

"k$he likelihood functlon, The LSQ ‘program w111 be'

used.to-egtimate the models and to'test the hypotheses.
However, the LSQ program very often farls to. converge'

at the de51red level of accuracy (one percent level) Gh.,

ﬂthe other hand the 1terat1ve Zellner s technlque (a user'

Jwritten program in APL us1ng doub’e prec151or)‘doe= not fa

:.'

to converge  even w1th relat1ve‘y stronger~ convergence .

critEria.: Tth 1£ a proaram falls w1th LSQ, it caﬁ%often.be

'. estlmateo by IZE - : -

Separablllty restrlctlons are der1ved ‘in Chapter 2.C, -

‘,It may be noted there that strong homothet1c1ty 6cond1t10ns

' 47) or strong homothet1c separab111ty (cOnd1t1ons .81) are

11near restrlctxons, ,wh1le-)weak homothetlcxty (cond1t10ns

“43)'orwweak¥~homothetic vseparab111ty (cond:tlons "48) are’

non-linear restrictions. In both cases, given the log of

SaTy . ) o B wr
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the, likelihood® - function: for” ﬁthe; cOnétraihed'»'and

unconstralned models, oﬂe can appIy the LR test. Fbr fhei

llnear restrlctlon it is also posszble to apply a standard

L

F- test (see Theil 13970 p 314) which requires only the
'unrestrlcted estimates. However, tﬁe jnstifiéation EOr-thisv
test is asymptotic: Since it‘ relies .on; the féasiblev,GLS
e&;;mates whese small sample distributions are, in geﬁéral,
unknown. No;e that the F dlstrlbutlon tends. to th= Xzb as
thé. degrees of freedom of the dencminator . 1n F tends to
inf{niﬁy.ﬁ
If the LSQ program -does not converge at:the-desired
level of accuraé}‘an LR test cannot be used and?pne must use
the F-test witH tﬁe 1Z2E estimates. However;'fof,nbn—linégr
restrictions, 1f the LSQ program does not converae, it is
not possible to apply an F-test using the unrestricted 1ZE
esfimates. In thls situation one can app;f' a Wald test.
This‘stest is_ based on " linearization of .the n§n;lipear :
restrictions by a T%ylbr series ékpansipn of the ' functional
restrictions (Bﬁsé, jSSI). | |
The Waid statist{é'for tésting non-linear restrictions
_u51ng unconstralnea estlmates can: be calculated as follows.
 Let E be an asymptot1cally -’normal and eff1c1ent'
unconstrained eétimator of the K by, 1 vectof B so that '
-V’F(ﬁ-ﬂ)“ﬁ‘(o, ¢y o e S |
'where C is the asymptétic infqrmation_patrix,def&hed’pf‘w



-

=L' 1'/T 6 lO L]
¢ T-1>T° ! [ B ) 838

which defines the null hypothesis, the Wald statistic (W) is
, ° : : : . :

.giveu by ' ' ’,' e : .

W= r(B) L(RC~'R! )r(ﬁ\

‘wbe e R=%§§B)|B B 15 29 bv k matrix of rank g.

r
-

W is* asymptotically d;sttibuted as X 2¢g) under the null’

.hvpotnnsis. 7For the setuef share eguations the C matrix can

be- con51stently ese1mated by

c:x (z*elrl

P

where C 'is}?an' np by np matrix, and p is the number of -

, follow5°

equations.

Then if r(B)=0 is a”g'byb1 vector of functional restrictiens.'

The - attractive feature of this test statistic is that %

one has only to, dete;mine the 'appropriate efficient

unconstrained estimates.!'®.

4. B.l The Wald Test‘and Seemingly Unrelated Rngre551ons
| In »orde*'»tq appiy the Weld test to the homo*het1c1ty

| and separab111ty hvpothoses the. matrlx‘ R' and fhe set of

.

4 B.1.1 Wegk Homothetxc:ty

The non llnear restr1ct1ons are’

'diQ=adpq,., i= L K, E R fg,;'A; ;_ C47)

Since the constant pQ is. unknown and is. not a member of the

unconétraxned parameter veqtor B, 1t sho%ld be ellmlnated -as

B

s
.
»«/'

' functlcnal restr1ct10rs r(B) must be spec;fled.‘ - )//iig;'.
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‘»quatlon (17) 1mp11es

a;,/e= oy i<L, K, ‘E, R S - (18)
and.(18) can be writtenias | L o
810/ 1q/s ‘«.ﬁi:K. E, R BT R

shpwlng.J;ha+ 'there are three 1ndepencent resﬁrlctlons
‘USing (19), the functlonal restrlctlons r(B) can be wrxtten

.as

‘ﬂ
FA PBretk Ttk L T
. e -\- L. . l . .‘,';‘1 . A
r(thxFZ(B) il rq. éE a d Qv-O; v : - (20)
| ‘ .r3(é) | v[}LO 8 " LdRQ
The matrix R is obtained as
_ 9r(B), -a .
5 R= —38 |B=B

In this case R is found. to be .-

P -y

.-»d'K_QdLQoOOO000~00000aK' c=e, 00

;’*- 3= -dEQ?dLQOOOOOOOOOOOaEO—aL'Q

'-_;dR(QOOGLQOO'P O'O0.0QOOa 00-:::L

(21)

4. B 1 2 Weak Hoﬁothetxc Separab111ty (WHS)
| Con51der the WPS cond1t10ns outllned in Chapter 2. C

(1) B =a 0y i=L, K, E. and 3 RJ.NR
(2) d Q @0q isL,/K, B (22)
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Eliminating the unknown ‘pi(j=R,-NR),_the‘independent'

Al

fés;fiéﬁiqns {1) can be.w:itten as

1(3? , o
{b) B, .a
C(c) B
(a) B

LR“k7ﬁKR“L=°
LR E ﬁER L- =0

LNR' K ﬁKNR L 0 T -
LRk Brr =0 S e 2

There are fou:-1ndependéht'rgstricxipnsfﬂ" !

Eliminating’ the  unknown ”pq,' the ~independent
_réstrictions (2) can be written as

(1) dLQ K aLdKQ =(C ‘ .

(ii) d.QaE-deEQ =0 | . - (24)

The:é{éie two independent restrictions.
Combining  (23) and (24), .the set of restriction

funqtibhs r(B) is given by

‘1}1(37' %Lkéi-’ﬁkk.qL—

Tl r2(35 € 3L§“E555ER 3 I  f: , -

r(B)=|r (B =B, rarBeyray FO BTN .

| .:‘(3; “BLN#QE ;BﬁNRan .

e (B)f{ dLQ‘“K’ dKQ L
lrsem] g =

EQ

‘”From (25) it follows that homothetlc separab111ty of

labour, capltal, and energy from renehable and non- rénewablev

t
-

resources_1mpl1es 6 rndependent restrictions.

2
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The matrix R~—%%—l|3=8can be derived in tne same manner - -

as'describea_in the previous cas®.
4.C.1.3 Weak’ Separabxlxty of R and NR from E
Cons;der the condxtlons - ' [
Bij i ,‘i=R{vNR 5~an6 i=E -
(l)ﬁER “rPE .
\ - . e . - ®
(ll'ﬁENR—QNRpE , s (26)’ |
" From (26), eliminating pg, the functional restriction. r(g)
can. be writren as

r{B)=Fpyg “r Per B L (27)

. This gives one restriction.
4.C E-statistic and the Seemingly-Unrelated Regression

In’foraer to teéﬁ - a set ef lihear ;estfictibns RB=r,
whé:efthe.ma;fix ﬁ is'as_defined above, B'-is' a vector of
parameters' and r 1is a gﬁvectore of‘speeﬁfied vafues, an .-
Fetest can be applied. Under the null hypothe51s RB r= 0, we7
can use the conventxonal F- stat:stlc fo* test;ﬁg a set of
linear restr1ctlons. In Chapter 2 we show that restrlctlon
(34}%¢i§a 1n the form Bij=0 and the F test appl1es. In this

Icaee'the F—stacls*lc has 9 and (Ln-'ij) degrees"of'

‘(where L 1s the number of equatlons anéd k*ijls equ 1 to the

number of dlStlnCt parameters estlmated)

©
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Strong homotheticity or strong homothetic sepafability
implies linear restrittions and either the LR or an F-test
can be applied. However, to apply the LR test we need both
unconstrained and constrained .values of the 1log of the

likelihood function and it may bhe the case. that one of these,

-

estimations may not converge.'® To apply an F-test as above .

L3

one has to form the R matrix, impesing linear restrictions

such that RB=r or Rg-r=0. For example, testing strong

) ! B . . e
“homothetic separabilitv. the R matrix for the restrictions

in 47 (Chapter 2) diq=o, i=L, K, E, R can be obtained as
R=(0:1I4) ©(28) .
wh;re 0 is a 4 by 14 matrix of zero elements and I; is a4
by 4 identity matrix showing that there are ¢ independent
rectrictions (g=4), and rs0.
Similarly, we can test the h?potheses that

(i) R =0,

RNR

(i1) BEREBENRso

vsing the same framewnrk.,

>
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Footnotes to Chapter 4 . | Coy

1. The disturbances (u;'s, i=c, 1, k, e, r and nr) may
_ i

be attriButed to a variety of random forces, including

empirical dJdeviations from purely competitive markets,

.. non-maximization of profits and also measurement errors.

2. See Mgédala (f977), p.‘1§2. -

3. See Fuss_(1977),'p. 91.

4. See Kmenta (i871!'), p. S517.

5. See Johnston {1972),  p. 238. It'follows from (6)
that in the firsr stage the, OLS estimates of B;'s 1is

obtained as B, =(X!X r'zly i=L, K, E, R and hence the
’ TR L LR _.

o - i

hl

residuals u,'s are ¢talculated as ui=Yi-XiBi i=L, K, E, R.

Finally, L. is ectimated as

-A A - ./\ T
1] t
LU I “L'r
~ n n
Y = ] [ ]
c ' LR
' U
_R'L - - - “r°R
~ ~ n ' n
A uju g . : )
where o, .= —;—i . Note that we dividing the residual sum ~of

ij

squares by n w1t56ﬁt~accbunblng farubhealoss of. degrees of..,'f“

7 e e~

Q
of _‘freedom

" an - -
e > - ‘A -

L

is a.d1ff1cu1* one._ See The11 F1971) . 301 and footﬁotes

13 on p. 322 and Pp. 649 652, ;" : : T
6}f See Humphrey and Moroney (1975)“ p 65 |
7. See "Time Series Processor (Tsp), 1973, vérgibhf
8. . For example, consider.the System of equations in

(3). The design matrix is of order 64 by 18, for "n=16,

o



a

ke

v
e
e

18, the number of unknown

parameters.
9.

Estimated values of

from the,éstimation~of share e

10. See Theil (1971), p.|

1. Another;problem withéthe versjon of TSP used fhefe
(version '2.4) ’is tha£ the ;tand;rd errors are's}ightly
upward biased. Comparisions ofzestimates from ,thiSjiand a
later version (3.5) indicate'ohﬁ f;light_differenceg;

12, ‘

For details see Buse {f1S681).

13.. This in fact happénéd in a few cases. Those cases
will be identified in the. empiridal results.
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Chapter 5. Empirical Results ‘ ‘ ‘f" T

-

In this chapter we present the econometric results for:
the preduction-cost share model. Before doing so, however,

we survey for background purposes the tfends in prices and

‘cos: shares over the 1961-76 study period. Input priées

have changed considerably durirg seventies, particularly
since 1973. This is mainly becauce of the sharp increase in

worlad energy priceé in 1973 which had distinct ‘and

widespraad repercussions. Cost shares have  changed

ccordingly. Therefore, the analysie of input prices and

cest shares may hélp?the interpretation of - the econometric
results présented in the latter sections of the chabtér.’

Troblems with the measurement -of  inputs and their

prices were discussed in Chapter 3. 2 detailed description

-‘of the construvtion Qf variables and rhe sources of data are

.._,..~ - -

gzven iﬁ Aopenolx 1. The construcﬁion of aqgregate price

va*lables is- accampli%hed"by.fusing & Divisia index

Lo

agwregaton.- kggrega*e input p"lres and ‘cost shares are

cshOWn in. Table,. anég 2 respectlvely in Append17 2.

. The -organlzatlon ‘of  this chapter .is as fOLlOWS' In
section A we analyse the trend of price changes; in section.
B we discuss the nature of input_sha:es.and'intensity of

resource use by industry:; in section C we present the

nesults _of tests. of homotheticity and separability as

& ~ g -
“ - ce

dutiineﬁ;:mn “Chapter 4. ' In séction’ D" we presenf"thg'

& : 4
| 106
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i : o , .
empirical results4With.interpretations'éhd some discussion
of their‘implications. ~This later section cdnsistsvof thfee'
sub-sections. in sub—séctibn 1 we ;nalyse the results of
total maﬁufaéturing .and Eompare them with previous studies
of  total manufacturing; | in suS-section 2,‘ as ‘a
representativg " sector - of  the two-digit ihdustries, we
analyse the results of the food industry and compare them
with prévious food,manufactufiﬁg studies. The analysis of
the rest of the two-digit.industries is éimilar to that of
the food industry. In sub-section 3, the general pattern of
importént resﬁlts across induStries are discussed and
_analysea.' ‘
5.2 Price Trends
| THe priceiindexés of the industries are.shown in Table
1 of Appendix 2.7 Té~summarize'the price trends we consider
the graph cof inbut prices fof the totii_222;>acturing‘sector
shown in figure 5.1. Note there that the;prices. of labour
exhibit a consistent increasing trend over the period
1961=76. "We also note that ﬁhe 1abouf price has almost
‘tripléd during that period.

Unlike the pricé of labour, the price of capita} does
not show a regulér upward trend. On the contrary, cyclical
fluctuations can be observed with peaks in 1964v§na_1969 buﬁ
with - continuous wupward movement 'during the séyeﬁtie52 
‘Reasons. for these fiuctuations 'may‘ be“'chénges -in - the

effective tax rate, the real rate of return, and the

investment tax credit since the rental price of capital .is’
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depéndent on these facto;s.\_.k

S It can be seen in the graph that unt11 1969 energy'

-'pr1ces were fa1rly stable. ~A£ter that 1t 1ncreased'stead11y f'

 unt11.1973, However, since 1973 energy prlce 1ncrea5es “have - 7

been quite dramatlc. The maln reason fcr thzs ,substantlal

-y

increase in the'e“eng price 1s the 1973 world oil embargo:fu‘“‘

byE;hé OPEC countries.
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'ii'fslncrea51ng contanuously over the whole per:od as tfor: total = = -

Sl e
. o

R SRRTE

'It can be seen taft the pr1ces of renewable resources~
increased 'qu1te steadlly and contlnuously (until 1971) andy"

fhen thh a h1gher rate of 1ncrease towards the end’ of.'the

,,sample period (beyond 1971) o S S ff

Movements in  the pr1ce of non-renewable resourcds:

: 1argely parallel those of energy Since Cfﬁae-mine?al-oilsg
is’ one of . the components jof~ non renewable ‘resources, a’ .

'-tremenGOus 1ncrease inf'fhe pr1ce of crude m1nera1 oils .

(again due to OPEC's 1rfluence since 1973) cortrlbuted to‘

the - . substantlal increase 'in the aggregate prlce of

‘_non renewable réSOUTCes \PNR) of tne manufacturlng sector,: . .

EI)

‘.if iém ev1dent~ from th above».graph that after 1943 theijff”“
h“lncrease “ine non renewable resource prlces exceeds that _of vf

all other 1nputs.

It is clear from the analy51s of the price trends' that

~in all cases pr1ces rose at’ relat1vely=moderate rates unt11

'1971. Since then allzprlces haVe risen at a ‘much faster

rate, the priceS"of energy and non-renexable‘*esoUrces

"dpartlcularly.t While these movements partly reflect general

‘inflation the relative'changes are,rmportant (see~Angrvine
(1980) and F1lison (1979) ). | | | |

Somewhat‘similar trends can be observed in the cases-of
the - two~digitv- industries=_falthough there ~is often
considerabler'interindnStry: variation‘:(Table'l'of'Appendix
1). 1For'exam§le,'the price of renewable-ﬁresourCes'.to the.

text1le _:1ndustry quctuates ]'con51derably ;rather than .
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manufacturing. Similarly, the 'price of . nonrrenewabln

‘resources to, the chem1cals 1ndustry has rxsen less rapld1

- than that for the: petroleun and coal products 1ndustry 7and”

both ~d1verge: from the aggregatev trend wh1ch of course'w
- obscures such 1nterrndustxy varlatlons.'
QéwS,Bféost Shares

fThe cost shares ‘of the 1nputs are. shown in Table _ 'of

;-Aﬁpendixro2;" For' summary purposes we again con51der thej;

- sheres of the' tota*" manutacturlng 'secror.. The . averace

o

o shares of total manufacturlng 1nputs over thg perlod 1961»16

.._ - . 5 opw

are 39 43% for labopr, 17 80% for cap1tal 3 65% for energy,

17 97%‘“for renewable resources and 21 ]5% for non- renewableV,@L;

.iresources. °Labour share 1s the hlghest and energy shate "'is ©
-the ”lowest . It can be .seen in flgure 5 2 that cost sharesch-'
exh1b1t some varlatlon 'part1cu1arly after 1970. Note,-'for:
| exampl - that labour s share . is vrnltlally"constant;h
increases to a stable- plateau,f 1ncreases’ aga1n in 1972

falls sharply ,unt:l 197A and then rlses acaln. Belng the

_»smallest, the. .variations of the -energy share cannot be *

e h - e -

“”‘recognized E”.‘t5§"751ngle scale bioti3hlth9ugh 1L

-

.........

| cons:derable..'Therefore, a separate~ plot (f"' lth energy_n o
share is» drawn 1n flgure 5.3. It ﬂs_ewldent 1n figure 5 3
that the. energy share fell g.aduarly from 4.0.t0 3 4 percent

"and'then rose back sharply to the 4 percent level by.1976.

LI
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| 5 B . Nature of Cost Shares Across Industrxes o I,.u

€

Input cost shares vary substantlally across. IndustrieS»

NTable_ 5 1) ? In most cases the average labour share is. the_

‘_; ~h19he$t although there"é?éwhmany ex¢@Pt1°“5 (efg’ food,

- -

.ff.t°ba~°°z “woody prlmary ané petoleum éhé* coal products
“IndUSrr1es). Labour shares range from ‘a" low jofj .11 in

'petroleum .;o*”LSE;'in' the clothlng ‘sector. - Energy- snd

_ resource (R or NR) shares are typrcally qu1te small, 'At'its

-

,*'fgia;oest, zxne eneroy share is abou:;o 09 1n the an’.btalla
\1ndustry. Resource shares, however, reach a hlgh ‘of 0. 56-“4

.for'-renewable resources in food manufacturlng and’ 0 74 fon

) ‘nonfrenewable;resources‘1ng£he~petroleum sectorr;

/” . ,
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o TABE 5.1

Average Cost Swares of Inputs .
(1961 - 1976)

019331

_SL. K SE SR SR

1. Food 0.27689  0.12534  0.01844  0.56488  0.01445

2. Tobacco . /0.34243  0.13107  0.00805 . 0.51845 O

3.  RuDDET 0.71734.  0.2312  '0.0326 0 *  0.01887

4. Leatner 0.77302 | 0.09207  0.01529  0.11961 O

5. Textiles . 0.66136 - 0:27726  0.03747  -0.01945 ~  0.00438

6. Knitting 0.80542  '0.17282 . 0.02167 = O ’ 0

7. Clothing 0.88521 - 0.05046 0. 00843 0.0559 O

B8, Wood . 0.39086 ' 0:11463  0.02348 - 0.46213  0.00831
9. Furniture . . 0.71772 0:07862  0.01693 - 0.11559 007114

10. Paper - 0.39581 ©  0.27294 ° 0.08704  0.22527  0.01894
1. Printing ' 0.78659  0.19628  0.01128. ‘0" 0.00585

12.7Prikdry 77 T0l26s18’ 0.15614  0.05691 .0 Q.52177
13, Metal Fab. ®  0.50717  0.11521  0.01609 - _‘q;,ﬂ,f;..f 0.36152

14. Machifery = 0.64461  0.14893 . 0.0131k 0

fI5;'Transp0rt"‘ | 0.58636  0.19671 . 0.01678° 0. 00766 0.19249
.16. Elec, . 0.63937 . 0.11535 . 0.01356 *' O 0.23172 ..

17. Non-met. 0:48149 026551  0.08946. -0 - 0.16354
“18. Petroleun . 0, 11079f .0.13543  0.01054 ., 0. - ol 0.74324
' 19.° chemicals 0.48168  0.36323  0.07179 0.01481  0.064
207 Mise. 0.70992. 0.05848 . 0.01554 _ 0,02085  0.16821
21 Total 0.39443 ° 0.17797  0.03645  0.17972  0.21153
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"éﬁHStAntially “among ménufaéturing"industrjes (Appendix-2,"

~printing, primary and a few others. Many, however,’ chow -a

towards eéarlier levels after N!%i.t_,'Renqwable ,resource

'5.B.2 Nature pf Share Intensity Across Industries S

A LT e

The trend in labour's share of expenditures varies
Table 2). For several cases, the labour share has been

rising; for :eiémple, paper, rubber, Mleathef, textiles,

RTINS

'sligh;- increase in labour's share ;fqllowed by a slight

declire, more like that for total manufacturing. One of the

S v ., o y
exceptional cases 1s the -petroleum and coeal products -« -
industry whose labour share initially fluctuates and | then’ °

declines (due to the ' large increase in the price of

non-renewable resource inputs).
o °

R

'As: for thé;,ether inputs, capital shares generally
exhibit a vagiable declining trend. Enefgy shares fortﬁthe
most paft'are fairif uniform across industriesﬁf Generally,
fhefe-is_a Slight decliﬁihé t}éndufoiighed‘ by “an }ipérea§e~

) Cy C . N :
shares do not exhibit any definite  trené > 1in these

ihduétrfés. ' Non*rehewabie“:breSohrcg shares, however,
generally show é;mérked'increa;; in-the latter yeé:s but the
pattern is not_uniform among the'industries*gsing’;hg;g}ypg AN
of resource. while petroleum sboﬁé'a §hérp.£;n¢reasézi théfq'j
noh—renéwable resource. cost shares declines for paper;
;ndustfies can be classified Ean the'basis’bf ‘theirs
facfér inteqsi:y>és ;eflectéé,in the éverage'_cost .shares '~ fﬁ

shown in Table 5.1. The criterion of classification is e
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rx
- -~
R

< . _ o ‘ ]
taken to be those industries whose average share falls above
the average share across industries. Those industries
falling in this category are considered as input intepse.

The classification of industries according to ‘the -above

J criterion as input intensive industries are shown 'in Table

5.2. It can be seen that thére are four renewable and fohr
non-rengwable;'resource intensive industries. The behaviour
of these industfieé will be hiéﬁlighted in ‘the econometric
analysis.

Table 5.3 shows the intersity of input use as reflected
by relative input cost shares. It is evident that\in most

cases (16 out of 21) the labour share is’«’_fh'e highest (i.e.

Ji ] .
largest cost shdre, H) within the industry and in most cases

energy share is the'Léwest (i.e. smallest, L).. Th?i capital

share is in between. Where ~used, renewable and
non-renewahle resource shares are 1n a few cases either the

highest rr +the lowest.

o R PO

Y
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TABLE 5.2

Input Intense Industries

19. Chemicals ‘Chemicals_
- 20._. Miscellaneou

-

s

Chemicals

B e e e w e m he L DL L
LABOUR CAPITAL ENERGY RENEWABLE NON-RENEWABLE
*’*’--INT,ENSE;, . INTENSE USE RESOURCE RESOURCE
' * 'w‘ USE USE
. .

1. ‘Food

2. Tobacco

3. Rubber Rubber

4. Leather

5. Textiles Textiles Textiles ,

6. Knitting

7. Clothing )

8. Wood wood

9. Furniture _

10. Paper Paper Paper Paper

11. Printing Printing ;

12. | Primary Primary

13. Metal Fap. Metal Fab.’
l4. Machinery

15. Transport  Transport 7
16. Electrical Electrical

Products ‘ Products

17. Non-metallic Non-metal . Non-metallic

18. B Co

a, . }
Petroleum Lo

* Indﬁstries whose average share falls above the average share

" (that is, of total manufacturing).

(-
'



TABLE 5.3 ) ¥

Relative Input Shares by/ Industry

¢

Industry : Lapour Capital = Energy Renewable* Non-renewaple*
Resources Resources

l'Qmeu:w . o
2. Tobacco | t /4 ' H
3. Rupoper ) ‘
4. Leather

©5. Textiles
6. Knitting
7. Clotning J ‘
8. wood - / H L
. ;

I I I I X
.
r

Furniture H L
10. Paper . |
11. Printing -
12. Primary o E .oL
13. Metal Fap. - | ' |
14, Machinery  H L |
15, Transport H I ' L
16. Electrical o '

' Producfs H

17. Non-metal.
18. Petroleum | L . H
19. gnemicals  H ' ' L 3
20. Misc. _ ' '
21. Total H L i )

*» for industries using those resources
H:  highest im industry
~-L: lowest in industry

» > a,’-,r-',..n'_"., w ot e @ e



5.C‘thotheticitywand'Sépafability Ce e e e s
5.C.1 Tests of Hypotheses’ Concerning Alternative
Production Structures ' .2

In this study ‘the maintained hypothesis ' is the.

non-homothetic translog cost ‘function. Against this,

. . - L et e e
e o -~ .. “

“alternative forms Of theé cost fufction are tested,’

et ad
the hypotheses of strong and weak homotheticity, homothetic
Fegqrapilitx anq other separability hypotheées.

The translog function may. act eifhef ‘as  an
approximation or as the exact representation of the
production function. The approximate translog form implies
"a flexible second order approxifmation oflyhe true function
achieyed : by‘ a Téylor_ series expanSionf‘ Separabiiity
restrictions determine thﬁh. fofﬁ the tfaﬁslog;.fdnctionv

- v .
represents (Denny and Fuss, 1977). <4 An exact form reguires
an. aaditional iconskraiAt.‘ In this study the translog
function is treated as an approximate form as implied by our
~ separability conditions.?®
S.C.Z’Strong and Wezk Homotheticity

The results of the strong Bhomotheticity- and weak
homotheticity tests are shown in Table 5.4. In cases whepé
the likeiihobd ratio test could not be pérformed due to " the
nonconvergenée of the non-linear least squares program,

. ) .
either an F-test or a wi}d‘ test was applied based on the
results usiﬁg Zellner's iterative method.*® In those cases

test rgsults are shbwn in Tabief5.5 and Table 5.6. Results

in  Table 5.5 show the F-values in testing strong



B
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- homotherictty “and’ thogé in Table 5.6, the Wald tést values

for testing weak homotheticity.
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3ﬁfunconstra1ned model (malntarned hypothe51s) and those for

‘v '...p

’-the constralned model when the strong homothet1c1ty and weak

'fhomothet1c1ty constra1nts are 1mposed are shown in. columns

‘fcolumn 6 ef Table 5 4 that at the 5% level of 51gn1f1cance,.&.

Te - -

2 3 and.? respectlvely of Table 5 4 ,Itl be -seen _in

the hypothe51s of strong nomothet1c1ty is. rejected. i moStf:fffT

-~

'casesvtexceptlons are Ieatherﬁ furﬂrbure»and chem1cals) the .

'rate of rejectlon is more than.82 perﬁent. Slmllarly, it

can be noted in;column 10 of Table 5.4 that at the 5% level

ook srgn1£1cance,:the hypothe515w of weak homothe11C1ty,

LR

;rejected in the majorlty of cases (except rubber, and total

manufacturlngﬁ the - rate of re3ect1on is more -than. 87

v

percent It should also be noted that in: the case of the

o

v

'ruhber 1ndustry that strong homothet1c1ty 1s only marglnally

rejected; also in the case" of total manufacturlng the

wfhypotﬂ%sisf“of'rweak»;hometheticity Q_is ~only. . marginally

aCCepted.””-_"‘ T .

c e

Results 1n Table 5. 5 and ‘Table 5.6 show that both

strong and weak homothet1c1ty hypotheses are rejected in the R

”remalnlng-cases. Therefore, on the basis of the above ' test

results ‘it can be\concludedfthat-the maintained hypothesis

is the approprlate structure for the translog cost function

Cin this study.. Thls 1mpl1es that the. constant returns to

. scale specification is not approprlate.

}‘ a ) r 5 ‘ T

sl

The values of tbe Iog of the l1kelahood funct1on of the
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P T UL UL A .. ' e Ve s : L2l
V . ' re e Tt L o - s o
TR S Tl T’BEL 5« or e b e L
L « L, I . . e e e e e N S T T I

°~'~".ﬂ?;’.':;fﬁf'“ StrQAEL_vmothet1c41>? T

. NDUSTRY T g .D;ng"**f=}FdVALUE§..fegp'
o Food and ”!“”?ﬂﬁ-fa,.. o L.‘" 1,»'t‘f ""ji*fff“‘-"ff"‘V” s 7'ﬁﬂ -
- Beverages .. . . ST a6 4233 2u5T ReJectedt~;}*““

‘Textiles ~ . - . 4,46 - 3. 044’ CL L 2.57 " ‘Rejected .
wood - . U 4twe s l9.1s7 0 2.57 0 Rejected
Paper . ... - 4,46 15.240 . 2.57 Rejected -

Chemicals - = - . ‘ 4,46 0 - 8.677. 2.57 - Rejected

- D.F.. = Degrees of freedon

- “~ . .
© e L e e e e sl - . .
e e e X X S~ . L TR © e . m s e o e L - [

TABLE Sagn el e T

Weak Homothet1c1§xf

DECISION ~ - © e e I e e e g T IR AR

" . food and

' ‘Beverages

- Textiles:
woaod

23.291 - 7.815 ‘Re jected
12.598  7.815 - Rejected.
-83.974 . -7.8l5 ‘Rejected .
73.665 7.815 Rejected

'37.769 ©© ' 7.815 - Rejected

SRRV VRV

-Chemicals

"% This is based on the Wald Test
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’.GC 3 1 Homothegxc Separab111ty oi the.Resource secgov

L

AR The homothet1é separab111ty test 1s performed 1n the

4 e d e .

S -
-
449

PRI

case of- test1ng separabllity Qi the‘ resouree'4sectnf,j‘that;

ﬁ;is,a'the-'weak separab111ty of L, K, E" from R and NR. These
results are shown 1n Tables 5. 7 and°5 8. Tables 5 7 and 5.8

: show that wgth the exceptlon of leather and clothlng, tne
hypothesxs that labour, capltal,_and energy _are separable

" from resources is;‘rejected . Thls ‘result nas' a very -

1mportant ’mplicatlon in terms o‘ firms' decision--in_ inout

. - ’

a:

- use;-j,;t means that chang~s 1n the praces of R and NR w1ll"’

-ty —— k)

AR .
affect flrms dec151ons in' 't e use of other factors as well

namely L(lx and-E. The~above resultsAalsol1nd1cate~that the'-
Fh |

spec1§1catlon of the cost ﬁunc¢1on exgludrng, resources 8§’ - .

inputs will : lead to serious bias ,inv'the' estimated

paramete"s

R - o

If resources (R and°NR) are not separable from cap1tal
¥ labour "and energy,_,ﬂ.are renewable ' and _-non- -renewable
resources.*llnéividually sepa;able7 f To'»lnvest1gate"th1s”
~
questzon the separablllty test 1s performed between R and NR
for nine 1néustr1e~ 1nclud1ng total' manufacturlng The
reason for testlng only nine cases is that accord1ng to our
def1n1tlon ‘of renewable- and non renewable resources only

‘elght out of the twenty two- d1glt 1ndustr1es as well as-

total manufacturlng use both resources.



g;;mgmmﬁﬁhmwﬂx<

-

Homothetlc Separablllty of the Resouree Sector

InduetrQ

L. B
Maanbalned

"R

P ]

| L.F.

‘l"-'-.-'

WIiszof

SectOr

F

- (W.H. s )2

_Decision

N

2

V-SRI NERV I S

10.

13.

4.
15.
"16.

S 17,

184

19.

- 20.
21,

2.

%

Food

. - - Tobacco

Rubber |

. Leather
{7 Texﬁiles

Knlttlng
Cfotﬁlng
wood.

AFurnlture .
Paper

@, @

1.

Printing

Primary. ~
‘Metal ‘Fab.
Machinery
Transport’
Electrical
Preducts g
ﬂNon—Metallic

Petroleum
Chemlcals

Mlscellaneous -

Total

 séé fOOtnoteﬂ

a
- 157.647
157.397

126.865

a

105.147

~ o

178.465
a.

212,652
e

202.322. .

126.207

w  m . wmee

" 150.578

" 142.600
24,834

1185.783
140,792
. '158.040,

a

209.302 .
231.740

. 203.815
a. .. .

IR

| —46.293

lh7 807

124 9&8”
a

- o

173, 916

a

150.309 -

. 44.867

138 194

" 133,411

199,557

1791649

©131.904

- 142:995 . .

a” ‘
192 393
223 721

in Table 5.4.

See .fuotnote 1 in Table 5.4..

W.H.S.:

A

Ny e P (=

9B BB R NSNS

[CRRNERET Sy

Weak“Homqthetic,Separabilityﬁ

at
33.818
‘ 1:6',038 R

a
a

- 19.180
3.834

0.098 _
a a

17.674
.a

24,026

.a

118.378

50,554

13.234
17.776

-

et
Lyw -

24.768

. a

a .

Rejected

vﬂRejected

a
Rejected

e B
- Rejected”

Accepted

PURSI, 2

. Becepted — -

Rejected = -
Rejected

Re jected
- Rejected
. Rejected .

R .“,'.;a
‘Rejected
‘Rejected -



et U TABLESIB T T e

g Homothetié'Séparéblliﬁyjof'thé:Résodicg Sector - .

- -Industry "Q;E; 4;: ‘xz-Value? o EE;X? Xglgg,'- Decision
Food and Beverages 7 - 45.045 14,067 = Rejected
| ' gg.319 0 14.067 Rejected
‘129.894 14.067 Rejected

o

Textiles . -
.ﬂ'ﬁbod; N
o .”

Chemicals 85.130" - - 14.067 Rejected

. Tobacca

TR BTN

Primary -- -- : T ==

* This ié‘baéed,oHVthg wald Test.' | BRSNS

L]

123.064 . ¢ 14:067 »  .Rejected
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_ 'Thee’results are reported 1n ﬁﬁble 5 9 | The 1mportant‘
”a;eaxures of the results 1n Table 5 9 are that 1n .*he. caseS“*
f renewableu;resou*ce 1ntense 1ndustr1es, namely the food'
papet and totaﬂ manufacturlng e (exceptlon, 'the f_woodu
.;ﬁdustry)‘“,l the. hypothes*s that R and NR are sepafab;e is
fejectédi In the other cases. 1t is accept ed. |
5.C;4.2'Separab111ty of Re!ources (R and NR) from Energy_ 
 in this case both weak and stfong .seoarsbilitv tests -
;are.performﬂd »‘mhe resu‘ts oi strong separabll t} are. show ;'
in Table 5 9 aod those of weak" separab;llty are shown in

'Tdble 5 10: ’ : ?_ | |
The results based on strong separab111ty (1n Table 5 9)_

”shOu’ that ethe hypothe51s that R and NR are separable from

 _energy (E) is~ rejected in most gases (vith the exceptlon of

textiles, fu:nlture. and total_ manuiacturlng)r» Slnce the
'hypothesiS’is rejeotedﬂ in - most cases, this 1mp11es the.
.necess1ty of 1nclud1ng resources as inputs in models of thls

kind.
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TABLE 5.9

r

ty. Within Resources (Between R, NR) and

129

Between either Energy and R or between Energy and NR

: LoFo HO Lo ‘
Maintained . HO . X2(1) BERZ = 0  x2(2)
INDUSTRY ~ Hypothesis BRNRl = 0 * (Decision) BENRZ = O . (Pecision)
. Food and - F*-valde .. Fruvalue
Beverages 23.745. .. -~ -Rejected 41.966 Re jected
Textiles - ?*-value - F*-value | ‘
' 2.623 Accepted 1.659 Accepted
Wood -- F*-value | F*-valuev o
1.018 Accepted: - 9.084 Re jected
Furniture = 212.652° " L.F. 922 L.F. 4.164
‘ 211.181 Accepted 210;570 . Aecepted
. Paper - - F*-value F*-value
7.608 Rejected 11.171 ' Rejected
‘Transport  224.834 - L.F .770 L.F. " 7.642 |
- 224.449 Accepted  221.013 Rejected
themicals -~ . F*-value ' F*-value |
L ' ' 2.324 Accepted 24.5066. .- Rejected
Misc. 209.302 - L.F. .. 1.30 L.F. 9.866
' 208.647 Accepted 204.369 Re jected
Total 231,740  225.252 12.976  L.F. 3.640
' ' : . Rejected 229.972

- Accepted

<

o F;tesf, in cases where log of likelihood function (L.?.) could not

be obtained-(due. to non-convergence -of NLSQ
based on iterative Zellner's estimates..

1) BRWR = 0 is the ‘condition for R and NR being -additive or

- independent ih the given translog specification.

2) BER, BENR, as in (1) im

“respectively.

program), an F-test {s

ply independeﬁée of E and R and E and AR
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. TABLE 5.10 L
- Weak Sepérability~Betweén Enefgy and-. -
Renewéble“or Non=rehewable -Resources
INDUSTRY * L.F.  L.F. . ¥2(2) (L.R.) Minimom*  Decision
. Maintained H:.BER=(E*AR 2 :
. Hypothesis BENR=pPE*ANR -~
Food and , o
Beverages -- -- - : " .585 Accepted
Textiles - -- - .002 Accepted
Wood - = o | -~ . 71.387 "\ Accepted
Furniture 212.652  202.002 ™ 21.3 - -~ 1. Rejected
Paper - . — Ce e 683 Accepted
Transport 224.834 ' 190.932 7.642 - Rejected
: . ' . e T 3 ‘ '
Cnemicals - - - 13.287 Re jected
Miscell- 209.302 209.301., - 9.866 . - - - Re jected -
- aneous . E : - B
~ Total | 231.740  225.977 - 13.326 == Re jected
~L.F. = log of likelihood function
L.R. = likelihood ratio
x2(1) .05 = 3.841 . S
x2(2) .05-= 5.991 : :
“* See fdatnote in-Table 5.4 -
SRS | : ; : -
g ' ot



TABLE 5.11

Separability of Enerdy and Renewable

v "v\

or Non-renewable Resources

INOUSTRY - L.F.1
Maintained
N Hypothesis
Tobacco. © 157.647
Rubber  157.397
Leatherv 126.865
Clothing | 178. 465
Printing 202.327
?;imary : \: 128.207
Metal fab. | 150.578
Mochinery 142.600
Electrical T~
Products 185.783

Non-metallic 140.792

Petrol~ 158.040

y/ (.05), (1) = 2.84l

1: See footnote 1 of Tanle 5.4

L.F.

BER = O
153.770
155.462
126.212
1772655

202.045

P
128.204

150.247

142.505%

180.740
140.761

151 .698

131

Decision

Re jected

Re jected

hecepted
Accepted
Accepted

~ Accepted

' Accepted

!

Accepted

Rejected
Accepted

Re jected

~—
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Weak separability of R and NR from E give somewhat
different results (Table 5.10) from those of the strong
separability;g%se. For example, in the cases of food, wood

and ‘paper, the hypothesis is accepted, while it .is rejected

in the case of the. strong separability hypothesis, but-

réjected for 'furniture when accepted garlier. In the case
of the total manufacturing sector, strong separability is
accepted, while weak'separability is rejeqﬁed. There;ore,
in general terms (either strongly or weakly! the the
separability hypothesis is rejected. This certainly
‘indicates that it is desirable to distinguish among E, R and
N :
NR.

Finally, the cases in which the industries (other than
those in Table 5.10) use only either R or NR,-;he results of
testing tﬁe hypothesis of the separability of R {or NR) from
energy are shown in Table 5.11. The,decision column Pﬁ
Table 5.1} shdwé that the hypothesis 1is rejected only .in
four cases (tobacco, rubber, eleztrical products and
petroleum ) and in other cases the hypothesis i's accepted.
However, rejecting the hypothesis in a féw cases, at least
implies lhat the separability of R or NR from E is not
generally true.

Discussion of the relevant test statistics has been
giQen in Chapter 4. |
5.D Empirica)] Results of Estimated Elasticities >

Estimates of own. elasticities of demand (n,,), cross

elasticities of demand (nij and nji) and cross elasticities

7~



/

of substituticn %44 of the trenslog cost functlion for
canadian manufacturing, 196i-76 are presented in Tables
5.12, 5.13, 5.14 and 5.15 respectively, These values are

calculated at the mean. The last column in each table

L3

L

indicates that the parameters reported are based on either a
¢
homothétic. or a nonhomoﬁhetic translog cost function.'?
Idéally one would like t& know;the standard error of
the estimateé of these parameters. Assuming that shares
(S, Sj) are. noq—sto:haStic (constant) fhe ~asymptotic
variances of o¢ij and oii can be obtained.aé follows:“
a(i) Va:(oij)=Var(ﬁij}/S; S;
a(ii) Var(oii)=Var(Bii)/Si
Again assuming ﬁhat input shares are hon-stochastic,’
:he.asymptétic variance of if_and ii can be obtained as.
b(i) vVarnij)=Var(sij)/s? , ’
,blii} Var(nii)=var(gii), s? .
These étandard errors were cglculatéd, however, are not

reported |

"

ince firstly, these are not usually reported and
secondly, it would be more egppropriate to treat the shares

as stochastic.'*

1t has been ‘verified that the estimated parameters .

satisfy the concavity condition of the cost function for
almost every observation in the saéble period. . Poéitivity
of the cost shares is also satisfied. Therefore, it appears

ﬁhat,for most of the industries the translog cost function

is well behaved for the given sample period.'®

~

a0

/
Z



Elasticities are calculated at mean values.

£

. 134
. TABLE 5.12
LOWN_PRICE ELASTICITIES OF FgcTOR DEMAND
NON-
| o RENEWABLE RENEWABLE

INDUSTRY LABOUR  CAPITAL ENERGY ~ RESOURCES RESOURCES

17 Food —38358  =.27607  =.12964  -.02635  -.51406 NH
2. Tobacco  -.15490 0.09251 -.33640 -.02318 * N
3. Rubber _-.13054 -.30134 -.01573 * 0.00000 NH
4.  leather -.08712 -.33994 -.69545  -.35523 * NH
5. Textiles f.156$2 -.39957 ~.39335 -.45624  1.62648 HM
6. Khitgzng <.05024 "-.07880 -.97783 ¥ * NH
7. Clothing -.03293 -.11985 ~.75503 -.30078 * H4
8.  Wood -.38462  -.29497 _.64069 -.27585 -3.86650 NH
9.  Furn. 21923 -.8l634 -.11705 -.13409 -1.3q7és Y
10.- Péper“" -.18878  -.47193  .25141  -.09555 0.0000
11. Printing -.00405 -.03552 ~.63126 N 32026 HM
l2. Primary -.06820 -.46740 -.53310 % Z.13900 NH
13. 'Met Fab. -.23576 -.53838 -.20001 x _.04561 HM
4. Mech.  -.28738 -.24756 -.35338 . * ~.39618 HM
15. Trans.  -.45967 -.27359 -.24882 -.50841  -.93024 HM
16. Elec. 39378 -.49263 157507 T 0.74457 HM
17. Non-met. -.30856 -.55628 *;.06658 | * O -.74286 . HM
18. Petro. & b ,

Coal'Prod. -.30838 -.00328  -.04356 . -111616 NH

19. Chem.  -.39151  -.35103 -.66550 -.02255 ~ =.04749 HM
20. . Misc.  -.25981  -.83909 -1.540szf-1.2249 -10460 HM
1. TOTAL  =.32148 -.52935 40791 -.07768 -304255 M
NH: Non-homothetic model, HM: Homofhetiévmodel |
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' 5 D. 1 .The Total Manuiactur1ng Sector ‘ ; .
. , - ; A . A
1mportant conclu51ons whlch emerge from . Tables 5.12,

.. i

5.13, 5 14 and - 5.15 regarding the total manufacturing

1ndustry are as follows'

2 _,,~ “enp .

(1) Demand for each input is 1nelast1c. In particular, . -

demand for renewable. and non-renewable *esoufces are the
most inelasticj indieating that demand for resource: 1nputsf

" are ess responsive to chanqes in their own prlces. -The own

i price elasticities of. demand for energy,- enewabme and“
non-renewable resources ‘are ~0.41, -0.08 - and . -0.0%
respectively. |

(2) Energy and labour are substitutes (the estimate of
oLt'is'about 0.601), cross price elasticities for energy and
labour N g and'nEL are 0, 02 and 0.24 respectlvely

(3) Renewable resources and labour are substitutes (ULR"

~is 0.38) while non= renewakﬂ,resource and labour eare |

complements .(ULNR' zis" JfQ.12). The ,estimated"crdss
elastici?ieernLR'and nNRLare 0.97 and -C.03 _mespeetlvelyf
the cross -elast1c1tmes nLNR‘ and nNRL are -0.03 and -O.QS,
resoect1ve1y.,_ )

(4) Energy and tapitaluare complements, CYE-iS -0.18
while the cross price'elasticitiea, hKE and Npg' are =0.01
and -0.03 respectiveiy.‘_i ‘ ‘ N - i

ST _ L

(5) ‘The parameters OLR oLnr’ %k’ Oknr* OER and Opyn

behave d1fferent1y than those‘ of OpLm> oKM and Opg iR

previous Studles. A comparisen between‘c (i=L, K, E) and

1y

oij (i=L; K, E j=R,, NR) w1ll be made 1n followlng sectlon.
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. - a

-(6)' Renewable and non-renewable resourCeS'show'SOme -
subst1tutab111ty The estimated value ,of ngé\ is* 0.07,
whlle “RNR and Nypg 8F€ 0-014 and 0.012 respectively.
AET”D 1 1 Impl:cat1ons of the Results ‘
-»1 .-YV.J\,-: " .

“ance ‘labour and energy alone are. -‘substitutes an

‘n'the pr1ce of -energy alone may lead to greater4

‘abour (labour 1ntens1veness) ¢ A positive value of .
- s l-‘.';, - . . .‘ - N .

. an 1ncrease ‘in them,

ce- of renewable

resources ."iﬁ%yk also have a posrt;vb m'f‘

B R ' *

"ugnﬂemployment.
*On,the other hanq a negat1ve value of gxgm

aﬁitalfenergy
complementarlty) 1mpl1es that an 1ncrease 1n the prxce of

energy may lead td a- smallen'capltal stock. .
A pos1t1ve .value ~of‘oER means that f1rms subst1tute

renewable resources . for non renewable energy resources. “and
~* %hat glven an increase in. the prxce of energy (the pr1ce ofi
| renewable resources ‘remainlng constant) ; a Eirm ,7maj
suostltute renewable resources for energy AioOSitive§value
of oRﬁi also has sunllar ’mpl1cat10ns Tt is worth noting-';

that the . magnltutes of' UER' (0 25) and'oRNR (0 07) are

somewhat d1frerent and 1nd1cates that renewable resources

et
. v, .

are”_ more sens1t1ve to 4energy prace increaSES than
non- renewable resources. \k
.. - e
In a%_similar way, conclus1ons can also be drawn about

changes in the prioe of.other inputs. .



5.D.1.2 A Comparison of Total Manufacturing Resalts
With Prevxous Stud1es : - j.. . : .

A comparlson of results from other':U S. and Canédién
4studles and the present s*udy are shown in Table 5. 16 below.
iIn the;r U.S. manufactur1ng study Berndt_ and wOod (1975)

" found that-~m$tériaf§igafé‘ substititable with K, L and E,
whereas this stﬁdy finds that renewablei réséurées are
substitutes | iof | labour, cOmplemeﬁta:y- tc Eapital' ang

substitures for  energy: non-renewable - resourcas are

'éomplementaryA to laboyr, spb#tithtes for capital and-also
§§§§titutes for énefg&. -Labouf-enéféy .;ubStitﬁtability is .
‘7/;xéctly’th same in both Lhe studiesu;whéreas éapital*energy
compleﬁentarity is quite diffefeﬁ: fin.'magnitude‘ (roﬁ 5{

Table 5.16).

Ed
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TABLE 5. 16 .

ELASTICITIES OF SUBSTITUTION IN TOTAL MANUFACTURING & & :;

U.S. STUDY, ' CANADIAN STUDIES -
./’ 'Berndt and - McRael '_Denny et Denny\/Present
“Wood (1975) - (1978) al (1978) "and Vay Study -
oLE 0.6l . 1.807 . 4.89 ‘ 0.61
oM 0.57 -.17 S 0.43 1.24
OlR o ' o 0.38
OLNR ' o . -0.12
OKE o -3.09 - Y.60 =11.91 , L =0.19 .
OKM . '0.58 - 1.30 Y990 T o
. ,OKR : o SRR " o R - .53 '
~GKNR o S o S - .0.29
OEM 0.76 -6 . 0.2 : .
GER | | - : 0.25

GENR - | _ I . . 075

' Evaluated at the mean value except Denny and may 1978 (at 1972 value)
1. Ontario Manufacturing )

= -
&



o o L ﬁl\\\7t2~.

It ‘can also;bed@seen-in Table '5.16 that the value cf Opy in
the U«s; studf ie@very'close to the vulue fof OENR in the

3r.~

S
vpresent stud;, but the value of GEP
wﬂ— -

-Yalue ofcxb{and of OENR® A »" » : S

1s¢about one tb1rd of the

w -

It -cane be hoted that the aggregate ekqg;&:fty cf

//

substitution between labour - and -meiiiing//f;om "the U.S.

study is positive _eg@nmis~~soﬁewhat different from the

.disaggregated elasticity of substitution parameters in this
study (OLR is positiye and cLNRlis'negative).
Own price .elasticities of demand for L, K and E

es‘lmated in this study ate 51m11ar to those found in the

U.s. study (Table 5 17). However, QPe.U.ST value:of~nMM Cis .

L 10 o *
substantlally larger than both TeR

- ‘ ‘ : . I, . . » .
and nNRNR as estlmatedlln

this study.
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s.a7 ' (}
COMPARISON OF OWN PRICE ELASTICITIES ~ OF
DEWARD TN JOTAL HANUFACTURING

U.S. STUDY' . ___CANADIAN STUDIES o
Berndt ang " McRael - Fuss Denny Dennyzl Present
° &+~ Wood (é.}975) (1978) (1977) " et al & May Study
. .J : ll . - . .
L. . -0.45 -.20 -0.49 -0.77 -0.75 -0.32
KK T =0.44 -1.06 -0.76 -0.31 = -1.10 -0.53
EE -0.49 -0.64 -0.49 -0.59 - =0.41
MM -0.24 . -0.23 -8.36 -0.05 -0.50
RR ‘ . ~ -0.08
NRNR . - =0.04
1. Ontario Manufacturing . _ ‘ R ‘ B

2. .3 Inp'ut Model
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A-comparison of cross price. elasticities of demand -

3

between studies are . shown in Table 5.18. It can he seen

.phat NLE apa Ngp 2re 51m;lar in bg;h studies while iy and

ny, bhave the same’ sign. .as n,. and g, but. ditfer in

., C . ; . £y '
.magnitudes. NLNR and WRL however, deferv from HBM and
ny; Poth in sign and magnitude between studies.

' , -
The .similarity and dissimilarity of the results 1is

s

noteworthy. The U.S. study shows that 71,

is positive
whereas if n is disaggregated into n

and n as irn

LM ' LR LNR .-
this study they are not both positive. This shows that

elasticities of demand for resources remain tnknown (mixed)

if R and NR are not separated. A similar phenomenon can
o

also be cbserved in the cases of n,_and (n

nd
KM n ) a

KR ' KNR

7’ 4

... and (; . ;
"EM Cngge nENR)_ I
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TABLE 5.18

COMPARISON OF CRQSS ELASTICITIE® OF
DEMAND IN TOTAL MANUFACTURING

U.S. STUDY CANADIAN STUDIES

Berndt and . . Present
N5 wood (1975) ~ McRael Fuss Study
nLE ' 0.03 . 0.03 0.04 0.02
nEL 0.20 - 0.37 0.05 0.24
niM 0.37 _ - =0.10 0.25
nML ‘0.18 . =0.04 : 0.11
nLR . 0.07
NRL . ‘ 0.15
NLNR : - : . -0.03
NNRL ) Coo -0.05
NKE -0.16 0.02 -0.05 -0.01
nEK -0.17 0.33 ~=0.004 -0.03
NKM 0.30 0.75 0.56
nMK 0.02 0.27 0.25
NKR -0.10
NRK -3.10
NKNR 0.06
NNRK ’ 0.05
NEM 0.46 -0.06 -0.02
nME. 0.0% - 0.00 ~0.0N06 .
NER 0.04
NRE : . 0.01
NENR R 0.16

3

NNRE g ‘ 0.0

1. Ontarin Manufacturing

¥
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In comparing the results of. the present study with the
earlier Canadian studies it should be npted that those
earlier studies are not directly comparable to this study.

The reason is -that those studies either Utilize different

flexible cost functions or afe based on digferent data. For
example, the Denny et al,.. (1978) study i$ based on. the
Generalized Leonsief cost function, the McRae (i§78)‘study
is based on Ontario manufacturing data and Denny and May's
wétudy is based on a three input (K, L, M) model. |

It can be seen in Table 5.16 above fhét the differences
between the estiméted elasticities of_subStftution of the
present study and thé earlier’” Canadian studies aré
considerable but there are also substan;iél differences
among them. However, the estimated  own glasticities of
demand are not so-diffefenta In particular, in Table 5.17,
the results of Fuss (1977), Denny et al. (]§78) and that of
the preserit study are compared.

Cross price elasticitie in Table 5.18 shows tﬁat some
of the estimated cross elasticities of the earlier studies
are alsc reasonably close (e.g.,'nLE., Ney .and even ngy )
while the dissimilarities 1in othdr cases are not.unlikely
due to the differences in specification of zhe model and the
pse'éf a different data set.

5.D.2 The Food and Beverages Industry \

The fbod industry is one of the.moét renewable resource

intensive industries. It is also an industry which is

important in all provinces (see Table 3, Appendix 2).
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Consequently, this sector is a useful for illustr;tion of

the rgsults‘ for manufécturing at  the two-digit level.

Important observations from Tables 5212; 5;}3, 5.14 and 5.15
regarding the food and beveragegjindustry are as fqllbﬁsfh

(1) ;npqt,demands are all éneiasfic to changes in their

prices. 'Tﬁevgwn price eiasticity of demand.for E ané R are

most inelastic. Tﬂe inelastic demand for renewable

’ - ! >

resources 1s as expecied for the.food industry cince this is

a.resource intensive industry.

(2) The elasticity of demand for NR is absolutely
larger than for other inputs since NR is not as impertant as
R.

(3) Energy and labourare 5ubstitutés, the estimated
. value of n;p is.0.69,'w§jl€ nLE gnd ntL.are‘b.013 and 0.193
respectively. = . o “"

(4) LébQUf—Eenewable resource and labouniﬁon—reneyable
resourceS féfe both substitutes, but non-renewable resources
shov a higﬁer degree of substitutability. npg and Ngp are
0.28 and'”O,iziréspectively, wh{?g npyr and nNypp are 0.06
"ara 1.13 respectively. t ‘

NyrL 18 elastic.

(5) Energy and capital are subsfitutes which is

consistent with McRae (1978) and Denny et al. (1979). The

estimated OKE is 1.07, while estimates of nyyp and ngy are

0.02 and 0.15 respectively .

[N

(6) Unlike materials, the elasticities of substitution

of R and NR witH\"3\E§§ inputs vary. _ The '5igns of the

elasticities are also.-guite different.
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(7) .The value of opp indicates -substitutability.
However, opng indiéates complementarity implying that both
resources are used together. This is contrary to what has
been found in the case of total manufacturing.
5.D.2.1‘Impiicafion of the Results

Some of the.important implications of these_results are
a% folléws:

S{née OpLp iS positive in the non-homothetic case, an
increase in the price of energy'may'increase'thelintensity
‘ Qf labour use. Increases in the'pr£¢es‘of R or 'NR may also

result in additional labour intensiveness.

Since oy is positive an increase in Py may induce

capital 1intensity. Similarly, a .positive ogyg (1.8033)
implies that increases 1in Pyr Mmay increase the wuse of
capital, while a negative OKR. (-0.15) 1indicates that

increases in Pp may reduce capitel intensity.

A negative indicates that an increase in Pyr may

9ENR
slcw down energy consumption,

It should -be noted that results  obtained from a

homothetic and a non-homothetic model ° prc&ides different
conclusions. For. exgmplgq for the fobd industry, the
estimated Ol E ogtained from the homothetic model indicates
that energy price increases may reduce eﬁéﬁoyment, while ﬁhe

LE
indicates that energy price increases may induce employment.

estimated o obtained from the non-hdﬁothetic model

However, on the basis of our test results presented’ in

section C of this chapter, we accept the non-homothetic
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model ané as 5uchlwe rely on the bositiig value of 0, .
5.D.2.2 A Comparison of th; Féodeanufactuging Results with
the Pfev{pué Stﬁdies |

In comparing our foéd.manufacturing reéults with thosé-
of a U.S. and other Canadian-;tudies, we have to keep in.
ﬁ;nd that thggU.S. study is a three input crosé section
analysis and the Canadian studies use only Ontario
manufacturing data (see Tables 5.19, 5.20 and 5.21).

It can be seen in Table 5.19 that for ‘the U.S.,caseﬁLN
denotes substitutability. For the Canadian case we aiso
find o,_ and o to be substitutes and these values~bracket

LR LNR

the Humphrey-Moroney value for resources. However, in the

U.S. case 0Oy is positive (0.64) while in our case Oy is
negative (-0.15) and CKNR is positive (i.BOiﬁ*’the case of
weak compleme%tarity and strong substitutability

hi
respectively.
' hd ’ L)

As_..can be seen in Table 5.19 our estimated elasticity

. . . . N .
of substitution parameters differ considerably from thcse of
McRae (19787T7§fhgse differences are not unlikely given that

the studiesédigfef both in data (Ontario vs Canadian) as

well as specification and time period.

(=]
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TABLE 5.19

 COMPARISON OF ELASTICITES OF SUBSTITUTION
- IN THE FOOD INDUSTRY '

Y

L) .. v
U.S. STUDY ' CANADIAN STUDIES
Humphrey~Moroney : McRael : Present ..
. (1975) (1978) . . Study -
oLE § ' -2.64 " 9.70
oM - ‘ ) _ ‘ -0.24 '
otR o _ T , 0.14
oLNR B ‘ 3.39
OLN* 0.64 : )
v e— OKE o : 1.76 ' ~1.07
L OKM : | - 0.23. .
oKR o ‘ - -0.15 -
OKNR T e 1.80
_OKN* 0.64 .
OEM .+ . _ 0.05 : '
OER - - | o T0.42
OENR ‘ : S =30.13
*Where : !
oLN: Elasticity of substitution between labour : :
and natural resources ' \\g/—J ‘

oKN: Elasticity of substitution between capital
and natural resources.

1. - Ontario food manufacturing
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f
We 'now turn to a comparison of.our price elasticities.
It can be seen in Table:5.20 that our InLﬁ| is greater than
our InkKl , just- the reverse of the results of others;i Also
N - R . . . Y

theirdnMM differs considerably from our Npp and Mypwr .but‘_~

"also among themselves,

: ' . R '
A comparison of the cross price elasticities are shown
in  Table 5.421.- The similarities and dissimiléritieSﬁgf our
results with other Canadian studies can be observed in. this

table. It can be noted that our nyg is the same as that of

. McRae's. It can be'séenAthat R and 'NR behave differently

with respect to M, otherwise results are comparable.
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TABLE 5.20 .

. COMPARISON OF OWN PRICE ELASTICITIES OF
| T DEMAND IN THE FOOD INDUSTRY
y , o j o . .
- CANADIAN STUDIES -
McRael . | 'l'-'us',s2 : i,’Bé_r_l'ny et Present’
(1978) . - (1975) 1.(1979) - . Study
L - 7 -0.29 . .38 -0.27 -.28
nKK . 0.52 - - . -0.70 ~0.74 -:27
nEE . -0.04 ' 0.00 0.3  -.13
MM -0.01 -0.28 -0.16
" NRR- | S -.03
INRNR .51
1. . Ontario Manufacturing - ¢/
2.. 3 Input Model I &
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‘TABLE 5.21
| COMPARISON OF CROSS PRICE ELASTICITIES OF
| DEMAND IN THE FOOD INDUSTRY
‘McRael ' Fuss2  Denny et " Present Study
(1978)  (1975) = al (1979) NH3 o

(E .03 _ ~0.00  0.006  0.03 - —0.000
EC . -0.35 0.00  -0.000 . 0.195 -0.016

0.1~ 0.22 - =0.030 - R

ML -0.06 - 0.06°  -0.007 ; .

LR E . 0.080 , ., = 0.27

RL 0.039 "x0 0.3

LNR . 0.043 0.06
NRL 0.940 1.13

RE 0.0z . 0.0 . 0.005 . 0.202 G.02

EK  0.35 0.00 0.051) 0.134 0.14

BN 0.15 " 0.5 0.524 g

MK 0.04 0.22 . 0.162

KR - -0.082 . 0.17
RK -0.018 , | 0.4

RNR 0.026  0.03
NRK | ? 0,226 0.29
EM - 0.03 0.0 6.108 = | \

VE . 0.00 0.00 0.002 .

ER - .. 0.238 0.36

RE ' .. 0008 0.01
ENR .. -0.435 -0.41

NRE ~0.556 -0.52

A .
".Ontario Manufacturing T .

1.
2., Uses a two-stage model

% -3, Non-homothetic model . = -~
4.  Homothetic model - . -

pos g



itfméy bé'seen from the,éb@vé results thaixiiké primé;y
factor's of production (L,aK)l“tesources'are aiso important
factor  inputs ‘im that thei'are.résponéive to pricé changeé
(as can be 'seen from the elasticities of factor demand) ‘and
can be substitutes o:_complements. -Thereforé, the estimated

elasticity'pafameters_oij

(i=L, K and j=E, R, NR), n

(i=L, K and j=E, R, NR), Nyj-

13 (1 L, K and j=E, R, NR), in

addition to those related to the primary - factq; 1nputs,7
obtained in this stuly ca? be useful in analyzihg the
'effects of changes.in‘ﬁhé‘price of ;inpu;s, in part%qplar,
the change% in the pficés °f'5;¢R ahd NR on input uéé;‘ Thg
following section explores‘in.more-détail the 1mp11cat10ns

of these estimated elasticities. across 1ndustr1es 1nc1ud1ng

(4

;he total manufacturlng Sector.

5.D.3 The General Featu:es_'of Empirical Results Across
Industries
Summary statistics of the factor demand model are

4

reported in the previous se:tion,-in Tables 5.312. 5.12, 5,14

g

and '5 15 respectively | . USually the results of the
non- homothet;c +ransloo coSt fu:ctlons _are,f:eported since
the prevzous' analysis (Se'tlon; 5.C) showed that it was
usually the appropflaté/\\¢del (except for the leather,
_furnltureﬁ\and chemicals industries).' ’_However,_i£ has been .
fouhd'that in other casesu;(ﬁextiles, clothiﬁg,‘ printing,
metal - fabricatinéy trahséo}tatibn, eléctrieél' products,

machinery, non-metallic and - miscellenous industries) the

noqfﬁomothetic model, although accepted by the homotheticity



tests, does not always simolteheoosly‘safisfy both economic
and mathemarical conditions."Therefore, in those cases the'
-estimates of the spérémeters reported are based on the
homother1c model whlch does not have this problem.
5. .2.1 Price Elast1c1t1es | | “

Own and cross elasticities of demand are valuable for
interpreting the 'effécts of oolicy decisions .and exogenous

events on the use of - 11puts. ' The followlng‘features of the

elast1c1t1es de%ermlnea in thls study are w

th notirng.
(1) . There are .sihstantial ' differe 5 in price
elast1c1t1es for all inputs across'two—digit industries.
For example; the prlce elast1c1ty of. energy input 1s mostly
‘ihelastin acréss industries but it 'can also be elastlc
(e.qg., furhiture and miscelléneoUs,ﬁindhstries) and ,ranges
from -0.016 =éé' - >540 Slmllar differences can also be
observed for other 1nputs across 1ndu=tr1es but ne1th%r L or
K has an elast1c1ty‘greater than unity. Therefore, changes
in the price of an input a{feots- different industries’
production decisiong to-widely.éarying degrees. )
(2) There is a substantial difference between the total
manhfacturing sector and individual two-digit induStries in
terms of madﬁ&tudes of the own and cross’prioe'.elésticities
and En . terms of the gighs.-of Cross orice elasticities

E.

between several inputs. o oo
%" (3) Own price elasticities are inelastic except in a
few instances, namely, textiles (NR),  furniture (E),

miscellaneous (E) and wood (NR). Similarly, inelasticity is
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“al ost”élwayé the‘ruie for crossﬁprice Flasti¢ities.‘

\The divérsity of the two-digit indussry reSQlté
indiéa es the 'desirability.'Of vundertaking'a‘study at'the
'disagéregated 1eve1_;ather than relying upon.,réSUlts for
totai manufé?ﬁﬁping., For specific inauétries,‘hﬁét‘is found
a;fthe égéﬁeégte-';¢6el is not necéssa}iiy’ftrﬁe at the
_disaggrééated ievei and-can often be quite misieédiﬁg f:efer,

/

to Tables 5.12, 5.13, 5.14 and §.15).'"

5.D.3.2 Elésti;ities_of-Sﬁ%st%tption
The‘efdss eiastic;ties  of  substitution oij_ beéweeh

inputs  1_'and j are shown in Table 5.15. Table 5.22 below

summarizes the number of cases of substitutability and
complementarity of 'gi, across ~industries- including total

manufacturing., = ~.
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TABLE 5.22

e | N
THE NUMBER OF CASES OF SUBSTITUTABILITY AND
.- COMPLIMENTARITY BETWEEN INPUTS ACROSS

] INDUSTRIES
: ' Total Number
Substitutes ’ Compliments Cf Cases
oLK . 20 1 2
OLE’ . 21 | " 0 21
oKE 6 15 21
em o 2 - 12
oKR - 7 | 5 - T
OLNR 3:_.Tﬂ_;ﬂ‘° 12 | s 17
OKNR ¢ 12 - 5 . Sy
oER 1 o . 12
GENR 10 | 7 o7
ORNR s 5 9

o L8 o - . .
a: As indicated by the sign of the elasticity

of substitution ,(Oij)
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It can be seen in Téble 5.22 that labour and capital
are substitutes for all industries except one, the peﬁroieum
and coal products ipdustry. The very~ fact .that they are
complements as co¢pposed to substitutes ig due to the nature
of tﬁe production technology.  Petroleum refininq,l.fgr
example, reqguires a specific technclogy and Effordsvliftle

pnssi%ilitf”of qubstﬁtutfon between 1labour and capital.?®

That 1is, ' some specific amount of ~apital &nd lakour are

W% .

required for e production of a given am~unt of 511, ors or
coal. . e

The eiasticity oF substitutien hetwsen Jabour -and
energy o - denotes substifhtability fer all industries rith
differences in magnitudes réhging frbm 0.04 te 7.62. The

~r

value of is the 1lowest in the case of electrical

a
LE

products and highest in  the case of pefroleum &nd coa)
3products. A relatively higher degree of substitutability
can ke observerd in other cases such as the tnkaccr. rubber

and knitting industries. Positivity of for all

"1k
induystriec cuggests that energy price increase may inecreace
Tahaur intensity in thelfanadian manufacturing cector.

OKE: Capital enerqy complémentarisy (~KE 0) 1is not a
general result buvt most previous studies esupport this
hyporhesis.’f-:On the other hand, contrary evidence is
rgportéd. by Griffin and Gregory (1976) and Pindyck (1977),
based on a three input model (capital, labour, energy) using
time series data for manufactufing pooled by the

~

Orqanization for Economic Cooperation apd Development (OECD)

‘
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oountries; Hslvorscn and Ford (see Berndt and Wood, 1979),

based on cross-section data on capital, two types of labour

7

and three types oflénefgy ‘v sta' for eight two-digit SIC

manufacturing i

U.S. electric

-

characteristics

ndustrir-: Ohta (1975), based on data from
utili¢y purchases and energy efficiency

of boilers and turbon-nerators, and using a

hedoric approach; McRae (1978). based on a regional KLEM

model specification.

This crrflicting evidence might be due to the fact that

the results are based on Aifferent sets of data, different

time periodsf§ different methods of estimation and different

approches

to measuring inputes. It may be noted that the

measurement problem might h»e a rcrucial reason for the

contradictory evidence. For examrle, Berndt and Wood (1979)

rRInt apt that t

and Gregory mi

"‘h?‘."ary

meaTure.,

The

rreylte
As 2

apd -

ASs re
ren',
and av
aldend

oL 387

he residual "easre of capital by G-iffin

7bt b~ eane  of the main reasons for the

cin~e the =~ are manv problems with such a
regiA men o e '“°‘ ret oy tb capitasl
yuctpres
~apturee  “rny unidentified fac'ors such
tpurne  ro  lapd, inventories, economic
working fnpifal, indirect busiress faxes:

y rrror in the measurewment af wvalue
~r the yage bil1" (Berndt and Wrod, 1979,

).17

impljcation of rapital eneray complementarity is

that qiven higher energy rrices, Aemand for investment may



150
/
decline. .-Capital-energy substitutability, on the other
hand, would 1imply that higher energy prices may induce
capital intensity. In this study OKE complemertarity has
been found  in 15 ‘out of 2&. cases {(including total
_manufécturing). The magnitudes of the negative OKE . varies
from -0.19 (tctal manufacturing) to -4.41 (furniture), while
the positive OKE ranges frcm 0.07 (leather) to - 9.22
(miscelleneous). A relatiyely higher complementarity ¢an be
noted in the cases of rabber, “eutiles, hetal fabricating,
machinery, electrical products and petroleum industries.
While we offer no explanation,’we note that for most of  the
renewable intensive indusﬁries (food, wood, paper) OKE
denotes substitutability and for all non-renewable resource
irterisive industries oKE gfe complements.
oLR: Renewable rescurces are ~usea in 12 out of 21
industries, Lagour and renewable resources are substitutes
in most cases (exception, féxtiles and chemicals). The
reason for “hese exceptional ceses may be due to ths nature
of the industries and the technological constraints?® faced
by them. Labour-repewable resource substitutabiiigg,in the
maﬁority of cases indicates that like oLE substitutability,
an increase in the price of renewable resources may lead fo
labour intensity in fhose industries. The mggnitude of
positive oLR varies from 0.14  (tobacco) to 2.78
(transportation). We also note that fgr all resource

jintensive industries OLR ‘indicates substitutability.
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oKR: Out of the 12 industries, renewable resources and
capi%al are found to Dbe .complements in 5 cases and
substitqtes in" the others. A’ complementary relationship has
indus;ry specific implications. Industries for which OKR is
negative are food, tobacco, fu;niture, transportation and
“total ﬁanufacturihg;l As to the role of renewable rébource
intensity on the oKR cgpplementarity or subsfitutabii§¢&/ﬁe
cannot draw any definite conclusions, since of: the five
resoprée .intense cases, oKR indicates complementarity in’
three cases (food, fbhgcco and total manufacturing) and
substitutability 1in two cases (wood and paper). There are'
also substantial variations in the magnitude of oKR"acrosé
indqszries{ For example, for the clothing inéustry OKR is
aboﬁt 0.02 while for the textilés and miscellaneoﬁs this
value is abcut 4.35 and 4.8 respectively.

oLNR: In the majority 5f the cases (12 out of 17)
labour and non-renewable resources are substitutes (OLNR>0).
A higher degree of substitutability is usuall observed in
the cases of two-digit 1level renewable resource intense
industries (food, wood and paper). It'éan also be seen that
in the fgw cases (rubber, textiles, printing, primary andn
teotal manufacturing) exhibitiné lébour%non-renewable
resource 'complementarities, oLNR has small (absolute)
valﬁes.;;Thérefore, it may be concluded that like E ‘and :R,

3
an increase in the price of NR may also induce labour

a

intensity in most of the Canadian manufacturing industries.
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oKNR: Gapital 1is a substitute for non-renewable
resource (oKNF 0) in 12 out of 17 cases. It is important to
note that for some of . the nbn~renew§ble ‘resource .intense
industries (metal fabricating and electrical products) GRNR
denotes complementarity. Even in 1£he cases of other
non-renewable resource intense  industries (primary,
petroleum and total manufacturing) oKNR substitutability is
not'statistic;ily significant'at the 5% level.‘

.oER: Energy ana renewablie f resocurces display
substitutability ‘in mos;' cases (except for the \paper
industry). Energy-resource cohplementarity in the ;ase of
the paéer industry is ' hardly*‘surprising given its.’
technology. It is alsc important to note that baper is one

of the most energy and resource intensive industries.

g -

'-ujﬂnpositiveness'of:oER'indicates that-firms substitute

% ' ) T
relatively cheaper renewable resources for relatively
expensive energy resources, This seems to happen

lconsiderably in the cases of textiles, transpértation,
chemicals and miscellaneols industries. " |
cENR: Energy and non—renewable. resources are
substitutes in 10 out of 17 cases in which ﬁon-renewable
resouréeé are - used as inphfs; Therefofe, generél
‘conclusions cannot be drawh.. The, substitutabili;y - Cr
complementarity of ©ENR parameters depends on the indusfry
in quést;on. In particﬁlar, oENR seéps to have displayed
‘substituﬁability in the . cases of inqnerenewable resource

intensive industries (primary, metal fabricating, electrical..
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products and total manuvfacturing) with the erxception of
petroleum industry uin which' case;oENR compleméntarity is
also statistically insignificant. | |

‘oRNR: Both R and NR are used simultanecusly as inputs:
in nine out of 21 cases but usually one or the other 1is a
small cbmpénent. We find that RﬁR are complemernts in five
out of nine cases. In the cases of téxtiles and chemicals'ﬁ
estimates of RNR are very high in magnitude wﬁilé\in the
case of food industry this is very small in magnitude. Cne
of the reasons -fdr such results may be that these are not'
non-renewable resource inteﬁse_ industries, the fpercenéage
shares of NR by these indﬁstries being very sma1L (e.qg.,
food 1.4%, téxtiles 0.44%, chemicals 6.4%).

C 1t is i&poftant to note from the above anélysis that
the use pattern of‘E_and-NR is different across industries
with respect to policy implications, even though both are
largely non-renewable resources. We have seen that uoRNR
behave quite differently than oER; In the case ofioER, we
have concluded that firms substitute R for E. However, we
cannot make such a conclusion in the ca;é of ORNR since in
the - majority of cases it denotes complémentarity.
Similérly, considering oKE and OKNR it can be seen that OKE
are cchplements’in 15 ouf of 2} cases, vheréas ocKNR are
complements in ‘five out of 17 cases.

| Finaily, as o the babéviour‘of the resource:_intense‘
industries we note that .of the non-renewable ;esource

" intense industrieg the petroleum industry is .an exceptional .
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ARy

a ' .
case in more than one way. Fcr.example, for this industry
cENR  indicates complementariy whereas for all other
non-renewable resource intense industries. thié denoﬁés

substitutability. Again oLK is positive for all industries

_ except the petroleum industry; also OKNK érevsubstitutes for

petroleum and’ pfimary ‘while it is complementary for other

' non-renewable Tesource intense . industries (metal

fabricating, machinery and electrical produycts)-.

_Simiiarly, as mentiored before, the paper industry alsc

. behaves exceptibnally in ¢that OER dendﬁes complementarity

. . L o . ‘s
- for this industry while it denotes suybstitutability for

others. )
5.D.3,3»Cross»Elagticit}gs of Factor Déhand
The cfoss price elasticities of factor demana nij with
respect té changes in prices of K, E, R and NR respectively
are shown in Table 5.13. The cross price elasiicities with =
réspecf to changes in prices of‘L,_K, E and NR are shown in
Table 5.14."2hé'sign of both nij and nji.are.determined by

oij discussed in the previous section.?*
, : . \

Note that in Table 5.12 the nij are all inelastic (with

the'éxcgption of chemicals) and they ‘diffef"substantially

acfoss indgstrigs{' ‘Fori instance nﬁﬁ lrapges from 0.0005 .
(electficélfproducgé) to 0.05 (primaty metal iﬁdustzy),' nKE.
from -0.07  (fﬁrni§ure) to 0.14'(misée11§ﬂ¢ousl, nER f:oh
-0.54 (paper)’to &,35 (wood). Similar variations can. -also
be obéerved' in»the cééé;of‘gther cross eléétiéities across ®

industries. .

-
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This.wide ragge of elasticity“values imply »divefse
,impath’”of price 'changes on different industries. .For.
example, if the price of enérgy‘increases by.10%, éhé demaﬁd
for labour in the primary metél inéustry‘may increase by
0.5% whereas a similar increase in the price of enérgy the
demand for labour in the elect;ical products industry mayi
increase only by 0{005%.‘~Similaf variations can be noted
fbr cther nij across industries. However, in évalﬁating-
these effects we must keep iﬁ mind that these elastiéities

-

are erenaent on'input'cosg sharés and aé such the,predicﬁed‘
effects 6f'a change in input price Qill be partlj determine&
by the .importance..of its cost éharé in the total ¢tost of
/productioh, For example, n thev'above case, 'the. priméryl
.meiél .industry .is an energy intense industry whereas the
eiectrical products is not and 'their a;erage cost shares are-
0.06 and'0.01 respectively. Accordingly,dLE for the primary
métal' industry 1is larger ,thah for electrical proﬁucfs
industry.. |

-~

Note in Table 5.14 the njivare_not ail 'inéléstfc—-nKL:
(fyrniture, « ‘miscellaneogs;:, " nEL (knitting),» tfnRD
(trénSportation), nNRL (food,. . 1505&), NRK (tekﬁiles,
traﬁng;tation), ,MnRE_ (chemicals), NNRR . (texfileshw
' paper)--but they differ consider;bly acrosﬁvindustries. " For
egSﬁpie,x- nKL varies from 50;196 (petroléum) “to f~°95
(ﬁiScellénééus), nEL from 0.023 ;(eléctrical ”pfoducfé) to:
.11 (knitﬁing),; nﬁE ‘;roﬁ~. -0.21 fpépét%* to i;ﬁé*

(chemicals). .Similar variations can alsc be noted in . other
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casés.of nji aéréss industries. It sheould . be néted :that'
each - column in Table 5.14 corresponds to each column in
Table 5,13 differing only by the fact that = the éolumns '%n
" Table 5.14 are the'reyérsed cross price effects.
.. It ,can be seen in Téble 5.14 that ié‘some' cases (e.gl'
"KL, DNEL,” "NRL, DNEK, VNRK, nnné, "NRR) - increases in the
pfice’df the i-th input may résult in reiatively higher
impaqf orn demands ‘fog the j~th input'tﬁan iﬁ the reverse
*rgféaSé'in Tablef5.13.* Fcr e¥ample, ﬂLKifor the wood  industry
,;sih Table 5.13 is_0.03, whereas'UKL‘inﬁgéble 5.14 fbr-this
| industry iq 0.10; for the same industry TNLE is'0.01'i6 Table
5.13 and MEL is .0.3C¢ ir TaSlé 5.14; Simjlafly: for the -
_paper industry TKNR.is 0.02 in Table 5.13, while TNRL 1is
) 0.34 in Table 5.14;:for thé same industry NKE in Tébie 5.13
is ' 0.03 and NEK ir Table 5114 is'0.095. Simila; differenceé
" -can .also be observed in other cases. The reason is due to
the higher relativé‘cost sharelof ghe i-th input whose price
increase may causé the effect "on the j-th input. For
egample}';onsider nEL for the wood industry, tﬁe shares of E
and L for this industry are 0.39 and (.02 respectively and
1’therefor§,'hEL is determined by a larger shéré than NnLE.?® A
k!ﬁmilar explanation holds: for o;hef cases.‘
SfE'Summaryl o , | . “_
_ Finally, the overall impliéatiods of the estimated
'eiaSticitkgE;of subsitption and elasticitigs~of'.aéménd< can .

be summarized as follows: - Lot
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() fstimates o£ el$stici£ie§.éf)substi;ﬁtion clearly
imply that incréaseé in the price of energy 56r"resou:ces;
other things reméiniﬁg constant, is very Iikely tO‘incteaséM:A
the demand fo employment with only a"fewmexcéptions. I |

(?) ‘Thé impact cf increases in tﬁe'price of energy, on
the other hénd,' i's ligeiy to reduce,‘capitai' intgnsity.
~Similarl&, increases in the pricelof,capital is moreAlikely
;o‘réduée the demand for fenérgy Therefore,, ifk energy
-corservatiéh s the cbjective, the p011cy of an 1nvestment
tax credit wnlch reduces the price of capatal may not be’ a
.preferred pollcy since thlq may induce energy consumpt;on.

| _(3) Sunst1tut§b111ty between E and R in most cases
implies th%;' the “in;reased use of.renewable gésouf¢es may
ease the pressures on energy demand; Hoﬁever, ‘we ~have to
keep in mind that one 6? the,resource,inté%se'industfies
(paper) implies a very spéEiallcase,oi qER éomplementérity
and also that the degree of substitutability in‘the.bthér:
renevable rescurce ;ntensg indﬁStries isvusuélly'_not  §:eatv.
(e.g., food 0.25, tobaéco'0.0Q,btotai ménufébturing 0.25 and
: & SO T _ v

Wwood 0.75). - P

(4) The . behaéioural implicatioﬁs ~of the two.
non-renewable resources {E and NR) are quite‘distinct (e.d.
oER denéte§ substitutability in the majority of the'cases
whereas oNRR denotes compfementarity in . many = cases).

.Re-eniorced by4'the fact . that renewvable rﬁsoutCes and

[y

non-renewable resources are also different, this -argues 'in
. > & .

favour of the separate treatment of R and NR.

>
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(5)"Ow? élasticities' of* fac£of demand'indicate that
like‘1;b0ur ;hd;capi;aly.energy, renewvable and‘npn-ﬁenewable
resources 'fesp;ndv‘to‘ own price changes witﬁﬂelaétiCities
usually varyihg‘f;om 0 to {1.0;

\ (7) With féséétﬁ‘to cross elasticities nLK, nKL,“hLE,
R ] )

,and nEL are almost always positivéﬁ nKE, nEK are uéUally

negative and in the other cases signs vary.



Footnotes to Chapfer's

1. For a detailed _discussioh of the Divisia index
aggregator see Chapter 5. | |

2. Depending on whether an industry useé>R of NR .or
both, it can be seen that for some_og the .industries the}e
argﬁfour inputs (using either R or NR) and 'fort'some five
inputs (using both R'and NR).

3. The reéntal price of capital is calculated by wusing

the Zfcrmula as adopted by Berncdt (1979)., For details see

‘section A.1l.b of Appendix 1.
4, For exahpié, according éo Denny and Fuss (1977),
the condition for the separability of X,, and X, from X, is
_given ;by o /a,=B3/Bas.” They‘point'out'that this implies a
flexible technclogy aq§> the additional restriction
Br‘B;;=ﬂ.,’: imp1ies'an exact form of the transiog function.
Seé.foétnotev12, p. 408, Denny and Fuss ( 1877). |
5.‘ In our case the separébility of x.Aand X, ffém X,
can be obtained from theﬂrestrictidns in (48, Chapfér 2) as
Bii=a.P3 9
Ba:s=a2Py )
"whiéh implies a;/a3=Byq/B,y, and is the weak sepQrability
condition of Denny and Fﬁss (1977).  Since we _édopt the

. . ~ . v . .
rapproximate form of- the translog, the additional condition

~ BiyB..=(B,.)?*  (noted 1in the previous footnote) 1is not"

-

imposed,  For furthe?. discussion see Laumas and Williams

(j981); p. 328 and Denny and Fuss (1977): b

€«



6. In scme cases the non—liqear leagt-squares program

(in TSP package) did not converge even-at a' veaker

_convergence criterion. The 1I1ZE technigque, on the other

hand, providqd by a user written APL language program worked

quite well. The reason seems to be that TSP (1973 version)

runs with singié precision, while APL runs with double
precision.’ ’-. v |

7. For ‘total manufacturing( strong hoﬁotheticity is

decisively rejected, while wealk homotheticity is ‘marginally
'accépted,, therefore, 1in the empirical aﬁalysis; we retain
the non-homothetic model. Pindyck (1979, b.!ﬁé) found the
results for homotheticity tests incénleSivevon data from
thé Unitea States and an;da. However, Denny and May (1978,
Production Ecbnomics, volume 2, p. 61) decisively rejected
strong hoﬁdtheticity;
| 8. Some of bthe previous stﬁdies, ke.g. studies by
Binswanger, (1§74a$ ' Binswangeri(1974b), Berndt ‘and Wobd
(1978)) assume a constant returns to scale specification.
F 9. This raises the guestion of ommission §f variables
;hich in turn implies bias in the estimated parameters.

10. . The tobacco industry -is also one of the renewdble
resource based 1industries. Since none of our selected
ndn—renewable resource components are usea\ﬁy %his indusfry,'
the industry“ is not ment oned here ir')'he;l.i'st of renewable

/ . s . ’
resource intense industries ' for testing this hypothesis

&

(separability of R from NR).
: E ~ ¢




il | Humphrey and Moroney (1975, p.72) noted that the
translog production model cannot fruitfully be applied in
thése sectors that make only miror use of natural resource

; . .
products. Although energy shares are usually qgite small,
sometimssA.these résqurce shafegv are even smaller (e.g.-
textiies and transportation; see Table 5.1 above).

12. Tests of_ hypotheses concerning homotheticity
indicate that fcr most of the industries the non-homothetic
specificaticn 1is the appropriate one. However, failures of _
the non-homothetic wversion to satisfy other fundamental
cenditions for some  industries requiréd resorting to the
homcthétic'versjon in these cases. See Section 5.D.3 fér
further aiscﬁssion

13. See, for e#ample, Bins;anger (1974} and Pindyck
(1979, . "

14. Treating éi and §j as. stochastic variables it 1s
possible to approximate the standard error of oij with the
fellowing method (see Jchnston, 1972, pp. 401-402). In
matrix notation, the standérd error (S.E.) cf oij can be
written as

"S.E. (gij)=vVac(f)

where f=0ij=f(Bij, Si, Sj) - : +
‘and 'the asymptoti;'variance of f is given by ’ ‘ .“’
Var(f)=% (33);-v (éé) , o | q
T \ o .\ da _ 3f & e fB\
where a=(gij, Si, Sj) ' _ aBij‘ ij ij
| ar . | ls, - s,
% e 34- ‘i
”“ . ¥ of |S -5
N Lasj b h|




nﬂd \ 1s the estimated varlance covar: iance matrix glven by

Var(ﬂlj) 4 Cov(sz 51) o Ccv(ﬂlj Sw)
v=| cov(§; Biﬁ) “ar (Si) »Cov(si.sj)
|cov($5 Bid) Cov($i §3) Var(59)
15.  ?roblems arise in the cases of é;me £ the

1

industries (primary, machinery, petroleum, chemicals ‘and
metal fabriéating) -in that estimates obtained using the
whole .sample period 19€1-76 provide estiméhgg positive

values ¢f own elasticity of factor demand. It wvas noted

¢
a

that in thbse cases at least one of the observatijons -wé.g.
primary, price of ca;ital (196%, 1968);lmachinery, price of
capital (1976); metsl fabficating, pr%ce of capitai (19743:
- petroleum , price of resources (1975,.1976);~chemiéals,
prire of enérgy (1976)-- were wunusually large 1in these

years. » However, estimates based on excluding those

observaticnes provide negative values of own elasticity of

demand.- The*efore,'\for those industries reported results

| TR N T = .. A .
'a:eﬂQg@ggﬂcngexg}udnn;‘those observations.

7%5; in evaluating -thev results we sseume that the
’6u£put pffént“is held constant and as such we must be
céutibus in making strong statements.
.Tj;‘ In the case 'of the leather indusfry reported
K T N ; .
Tésults are based on the non-homotheticiflode] insteéd of the

e} ; » -
homothe%gc mode*. This is because the estimates obtained

_
from the - non- homothetlc model satisfy all the concavity

.conditions whereas those of the. homoth!plc model d¢ not.
4
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8. These conditions are the negativity of the own
pricé elasticities o(\demand and the concavity of the cost

function (i.g. the negative semi- def1n1teness cf the Hess1an

matrix).

i9. 'Another Canadian study of 51m11ar nqpe bv Cameron

and Schwartz (1979) focuses-on the uneven impact or greater
difficulty with respect to adjustment among "~ disaggregated
industfies. - They identify that combination of high shares

and low elasticity creates problem in adjustment.

20, This implies a technological c?nstraint." The

petrcleum refining is a chemical process and we expect that

such an activity would use some fixed amount of capital and:
3
. labour. Moreover, this is a capital intensive *ndustry and

'there might' be a lack of adjustment in response to sharp
(unusuzl) inzrease in the4§rice of non:renewable 'reso&;ces
(e.g. crude m;neréi‘dilq) '

21.. See Berndt and wOod (1979)

22. Berndt and Woods (1979) also attr1bute cbserved
 d§ffé}énces in OKE to the fa1lg. to distinguish between

net and gross substitutioR effects.

23. As determined b the'prbduction technology.

-24. 1t can be noted t ij 0448, and ni;= 0448y
indicating that‘nij is determ1ned by 013 and Sj , 'whereas
Nyy is determined by the same Oij but with s instead of
sj', Since §| ”énd SJ are both posltlve the sign of N4 aq§
nyy depend on the S1gn of o ;

13"

Y N -
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25. It fiollows from footnote 18.



Chapter 6. Productivity Analysis

, . 7 . s

'Productiiity is the 1relationship betweer outputs of
goods and services and the inputs of beasic resbufces;»
- labour, capital, energy and natural resources.' Inf the
simplest terms this relationship can be-expressed as the
rati0~6f aggregaie output tc any pérticular inpu§ or”tc_ the
index of agg;egété . irputs. In orther wofds, this isvfbe
index of output per urit of input (e.g. output per man-hoﬁ?}
or aggregate inputs. ’ | |
Increasés in productivity can be accémplished through
induced 1innovation, technological Apfogress, 'economies of
scale, economies of scope and learning-by-doing.. . An
increase in productivity results in savings of scarce
resources. The increase in productivity is particularly
: _ .
. important ip.the'éase of scarce non-renewable resources such
as energy. ‘Chﬁnges in productivityﬁ among firms or
industries. may - indicate a. shift in their relative
compefitive positioﬁs. ?roductivity changes may also be’va
'valuable.'poligy tool fo;,gerfhment§ which are regulgting
firmsfaccording to a "fair returp" c:iferioﬁ-iﬁ that it may
assist in 'identifying_ (and penalyzing) firms with poor
productivity perfbrmance. _ -
'Bec$use productivity growth rates are .aqgﬁﬁporgbnt
economic indicitOr, there ha§.begn reneﬁedAinterest' in the

subject which has resulted in many studies of Céhadian_

175
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manufacturing -being;,unaertaken.- slnce none: of the studles_

are concerned with natural resourges - as, ’separately‘
. : 2

w
/.

identified.rlnputs, the preS°n‘.study Wlll lnvest1gate thef"j.:
1moact of resources on. product1V1t1 growth rgtas and in

particular how effectlvely these resourcescare utllized 1n;

manufacturing production. o

There are alternative productivity measures.-lln the . .

following section . we discuss partial - and total factor .

prodictivity (PFP and TFP). Partlal meésures are regectedl

and so the emp1r1cal results are only rgpoated- for total

g
v

K2 ’
factor: _product1v1ty. These results are compared with.

similar estimates from other  studies. However, /the

convent10na1 res1dual approach to toté? factor product1v1ty7

.’)

_ measurement\,assumes constant ret 22 ,to scale. . Th1s
. ' A \ b

assumptlon was generally rejected 1n Chapter 5. . Thereforel_

unlike other studles, we .also determlne parametric‘ total
factor product4v1ty measures and scale elast1c1t1es for the

total manufacturlng sector wh1ch Yare- con51stent hw1th_ the

'estlmated non homothntlc cost functlon.~'

¥
‘1(

6.A:1 Part1a1 _versus Total Factor Productiv:ty

Average productlvzty is the: ratlb of real outppt to:

real factor input, If Q, is the 1nde7 «@f ‘real outpnt 'tf

|

time t and X, is the ‘index of a real 1nput at’ t1me t

average LaCtOL productlvzty of xt 1s deflﬁed asy ~
: : B
- : . . - T &E . @,
xt'Qt/xt (1) . : ' o

.

The reciprocal of th is the input requirement per wunit of’

output | or ‘the intensity of the input. Since: the average
‘ ) K =

- . : ¢




,
x
b
+3
-3

Lo

4 i - £ f ; A .
‘productivfty measurés output per unit“of a single input, it

15’ also known and bbtter agSCfibed as PartialiiFactor

k!

Productz%xty (PFP)} jl'“ - s S f@ﬁae-

Because output is produced by a c8hb1nat10n of inputs,

.-,

.an approprlate m%asurev of total factor product1v1ty w1ll

take inﬁp account all inputs. Ths productlvaty, measure
' - ’ {.A : ! R !lf :
: v - A . -

obtained - this  way is - known as‘Total Factor. Product1v1ty

ta

(TFP) and is defined as > S

PvtsQ /F . (23 e ' R. " “
where F_ is the index of total, 1nputs.lpv. Fg @ |
6.A, 2 ixmxtatlons of Prp . : ?ﬁ by

The llmltatlons of PFP measures are the follow1ng,v (a)

no - causal meanlng qpn‘ be asigned xté ‘PFP, and (b) the
" eff1c1ent usé of a paftlcular 1nput depends on othet 1nputs,l'
but  thlS :iST not accounted for in the me;sure (see
_thuvaraianp‘et al., 1978) \;' - | L, | | |

S

B .
vAlthougﬁ-~'PFP ?is subject tb"limitatiprSi 'factor
‘intensxty or the rchprocal of‘PFP can be 1nterpreted ;s an-
1nput reou1rement per unlt .of output : In’ fact factor
1ntensxty can be used- aé én fhg1catbr of factor use, and the

[

-trend of facto:ehuse» over time can be used_ﬁgt~anatyt1cal

" urposes.p : . # . a
p . ¥ :

Berndt . (1978) has “shown that .’the e-ffeqt of price

~o-

varlat1on On,wevéraée ¥nput product1v1ty (PFP) can - be

: summarlzed suoc1nct1y bj?-‘the negat@ve of the "price '

e

, Y .
.elast1c1ty of demand and as suchaacan be used as an:

9'
alternative fto UPFP.‘ 1% “1j 1s the prﬁfe elastic1ty of the
v "} . N . .‘ P "_ B m ‘;‘i‘; A .
- T e \ e L F
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_ o ' P
i-th input' with' respé&t to change in the f th prlce, ‘then

7

i
g

ol

he e*astlczty of the i-th 1nput s productivaty (Eigl 'fE

given by €y =-nij.’ This" 1s also true for the own . prxce

elastic1ty of . demand for the i- th 1npat

'.\,. _-J

LR : &
‘ :
3

' 6. A3 Total Factor Productlvzty (@FP)

- A

Foow, SRR

The measure of (TFP) most commonly used isﬂ the
jpropoftional rate pf‘ growth of to@al factor productlvxtj :
~ This .vaipe‘ bo;h s&gn1f1es i aﬁd quantxfles“

. : R -1’ B
gains or losses. . ”he% vaport1onal rate, of

measure

Tproduc;1v1t

‘growth of to al factor p:oduct1v1¥y (TFP) can forma;ly' be

der1ved fr ,total factor productlblty. iy the fgllqﬁing“"‘
mariner: e -
CTFP=Q/F, .. o, (3, )
where — ‘ o ju. L o '
. ) v ) . . % g
Q=output e Cd .
F=" H Xii o . . . * 'u‘ )
1=0 ‘ ~ A .
F=aggragate lnput e : B ) T. -;&;::

Lo

X =Quantity of'thé i#th inputr
: y

'Siéthe i-th cost share, obtalnéd by d1v1d1ng i=- th

input c¢suﬁby to ail cOst of product on.

Taking the hatuféi"log, ] .t
' log(TFP) log(Q) log(F) |
log(F)- §§ loglX ). ' ‘?; :w b .
- lcg(TFP) log(Q)- ZS log(x ) N _’(4)

Totally dlfferentlatlng (4) thh respect to t1me t,

!
.



o _ilis_(ﬂ’l’__-(; /ﬁ?rp)" 3(TFP)/at

dt |
- s ) - . ' ' ) ‘l-l -\‘1"’
4 o LN 1 axi {S ' - . , . : . N
- \'A=1/c!‘£ S : : A N - ‘J .
?‘ ) "i i xi 5t 5 :v L ) .
£ ,/-‘v" o8 : 6‘\ = | N
e ‘.» . . : “ . . S . ) L ' .
R R TR G

. "'1 .

%whe’e a dot Qver a varlable 1nd»cates the prooortlonal rate

of growth.,@ g” wﬁ » j - “}_ _tgt‘

R

. Thus, tne ﬂroportlonal rate of arowt@.of -total factor«
E?pgoduct1v1ty (‘ﬁ ) is - S1mply thé d-fferencelbetween the
gprogort1onal rate of grOwth of output (Q) and 'the” share
g we1ghted proportlonal rate of grow“h of aggregate 1nput (F)
eEquatlon (5) isg the conventlonally measured D1v151a 1ndex of
It 1s often felt' that lthei‘productivity .meaSUre ‘of
equatlon (5) is- réETi;’ '*[_i”“ L -

i

"--~ a measure of our 1onorance; an indioator
that tells us "how -far we are from the 1deal
(Star, 1974, p. 2).°® It is’a re51dua1 measure and tells us-
nothing of the sources of increases in product1v1ty nor does
'f1t 1nd1cate p0551b1e ‘means oﬁ_'1mprov1ng eff1c1ency (e.g,
‘1ncreased capac1ty 51ze, .inoreased:'cdpaCity utilization,
_economies of scale, eConomies“ or r-scope, - su stitution
effects, teohnological effeots, 'etc});{ﬁflt ‘is simply a
difterence between.Q and F and is only an indexing 'vapproa'c.h~

(Diewert, 1579).

(&)



6.8 Produotivityuueasurement in This'Studyv
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t

- In thxs section ve discuss the measurement of the\totalj‘

factor product1v1t1 qronth rate or the proportlonal rate of

dgrowth of total factor product1vity (equatlcn 5) and relate .

thlS \equatlon to the transtog method‘of D1ewert (1076) May
and Denny (1979) and as atso dlfcussed by Fuss (1977)

Diewert (1976) ‘has shown that 'the Tornqv1st‘The11

dlscrete approx1mat1on to the DlVlSla' 1ndex' aggregator is.,
1deal _for the 11neer .hoﬁooeneous translog funotzon. The .

(\ o

A

rate of growth‘of product*v1£y &s.measured by the d;screte‘

DlVlSlo 1ndex 1s - , _ |
logPv, 1ongt 1—log<Q )- 1og(Qt 1" (logF -logF,_y) -
| (€) |

where'

Pv ~the product1v1ty in year t
.. Qt—OUtDUt 1n Year t

F_=a measure of aggregate input and 1s glven by

t
'logF -logF | 3 ‘(109x1t—logxit~l) S A R
where W t-(Sit+ fe- 1)/2 an arithmetic average weight of the

L d

i-th 1nput cost shafe to total rece1pts at t1me t and t-1,
-ang xi is th=‘1 th 1nput quant1ty

Both the disCrete‘ﬁiyiSia_index and the .Fjsher 1deal»

,index are superlative (ideal) for the linear homogeneous'

'utransiog'function. Thus elther of these 1nd1ce5 could be

used tof measure the rate of; growth ‘of total‘ factor
product1v1ty However,.for computatxonal convenxence, the

D1v151a bxndex 'is. preferred to" the other indices for
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product1v1ty analy51s. '.,ﬂ - o f} o [j_ J '

6 B. . 2 Estxmatzon oi the AnnualﬂRate of Product:m1ty Growth
' 1n the product1v1+y analys1s ‘we are 1nterested 15::
1nvestlgat1ng the.annual rate of product1v1+y growth These'
3£e§u1ts afe often summar1zed in the average annual rate of
product1v1tv growth *hat"is, fan  aVerage of the/annua1
'rétes. _The ~annpal growth rates (rg) can be calculated’ by

.

the‘residual'method as : .o -
-«(Qt Q¢ - 1)/Qt 1) ((Fy Ft 1) /Fe_ 1) L2
:Values can be obtalned for each of t= 1 consecutxve years and ’
'ayetaged. | Denny and‘ ‘May - (19’9‘ have shown (8) to be the
‘aiscrste approxlmafion to the cont1nuous_D;v151a index and
the translog productlon functlon. o ‘ |
The annual rate of product1v1ty growth 'cah;lalso be
calculated by us1ng the method of least squares. @cootding
to thls method *he TFP 1ndex (Pv -Q /F, ) can be. considefed
as a functlon of the txme varlable T such that |
Pv -(1+g) where T=t-1, t=1, 2, _-——-n. ; (9)
and g=1s the 'annual rate _ofv g*owth of Pv . -~ Taking the -
vlogarlthm of both sides of (9) glves '
logPv —(t-1)log(1+g) ' f‘... o).
The stochastic spec1f1catlon of (tO)'cah be wrftten'as )
 logPv,=(t-1)g+u - _'-t' S (1)
where’ﬁélog(1+g5 and u —d1sturbance term. Thus ifV'long
is regressed on (t 1) the estlmate of. the coeff1c1ent B can

. be obtained and g 1s g1ven by
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to investigate its,pattern acros

: . : s o
are -also interested in .the pattet

R, sz

. )

a

gtexp(ﬁ\-i"' 1,g ﬂgh.'a, "’-; - (1é) .

wh1ch gzges the annual rate of productxvxty growth *

The least squares method 1mpl1c1t1y adsumes that Pvt is

>«

grow1ng 'atA approx1mately a constant annual rate of g overd;'
-the g1ven perlod of tlme. Th1s is a strong assumptlon and ‘.g

'does not always hold even approx1mately ' For thls study ve

will apply both the re51dua1 method and “the: least squares
thod. o V-' L - e .’ ' o U

Productivity, Res its

s

In th pgoduct1v1ty analy51s our main objectlve is- to
’ —

[

determ;ne ‘the rates of total ﬁactor product1v1ty growth ahd

A “two- dlglt 1ndustr1es We
-ofvlnput requ1rement_‘per
unit of outgut over time within.each‘industry,':For'our .
purposes we have L1 plo*ted 'the TFP ratfo index"(l e.h

aggggt/rt) for all 1ndustr1es, (2) CalCLlated the TFP annual

-growth rates by 'thei re51dual 'method and determlned the
' average ‘annual growth rate"(3) estimated the annual average

- TFP growtn rate'by' applylng the expcrentlal growth .rate

method and compared them w1th those of the re51dual method
(4) compareo residual average growth rates w1th fthe recent -
4

product1v1ty study by -Denny et al. --(4981) . .Finally, we

‘have . analyzed the’ pa*tern ‘of 1nput requ1rement per unit of.
'}output over *ﬁhe perlod “of 1961-1975. “In the ana1y51s ve

have hlghllghted the 51gn1f1cance of resource 1ntenslty vand‘\

product1v1ty growth rates.
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- 6. C'Y F&ots of TFP lndexes . "‘ - .;;£—~?f%f5

[}

The‘ total factor product1vity 1ndexes are presented in

" Table 6. 1 and the1r plots are‘ Shown fin Fzgure 6 1 :9“By _
ilook:ng at“the plots it ‘can-. be seen that there is an upward
'“trend over the perlod across 1ndustr1es Wlth the except1on

I‘of’ the mlscellaneous category The pattern of thlS upward

\

trend 1s by no means un1form jacross 1ndustr1es. 'However,y

(%

somewhat s1m11ar trends appear for. food furn1ture, prlmary

and’ cheh1cal§ 1ndustr1es and the total manufacturlng sector. T

}

'In most cases TFP 1ncreases almost contlnuously over the'.
per1od 1961-72 or 1961 73 at whzch time" some' dlsruptlon, ®
appears. About 1973 there 1s some - readjustment after .which

\\g;.product1v1ty follows a somewhat dlfferent'spath,._ pften;-

/T/’"\\vﬁ ‘ e

decrea51n§/ hus on the vb%s%svof the piots one _cgn )

'approx1mately denote two different per1ods ~of product1v1ty

LA

Lt

change 1961-172, 1973 76

R



l Table s 1

Trends in.Total Factor PToductiv1ty Iﬁ Canadian .
Manufacturing Industries
Te TEL-T8) o

Food Tobacco ‘ 'ﬁubber ' Leather Textale ‘_Knitting
L o . . . DS c T . 9.

1961 - ".89214 8751% 48052 . .74309 62759 .53283 . |

1962 .91585°  .B4624 .55502 ' .76523 . .67923 54169

1963 . .88808 ° ,90379 +56991. . .80778 -.717761 1 .57210

1964 90227 , - .B4EB2 -59361 . .85356 . 74438 .62034

1965 " .93340 ¥ 94501 = -.62082 485229 ' ,74014 +66057

1966 - (94258 | ,98585 -63308 © .84707  .74300 .. 72184
1967 © ,95406 - .95918 .63836 87500 ".76974 .72532
1968 . 96216  .89717 .59494 - - .91369  .B5781 - ,82425

1969 - .98127 . - 96234 - 60238 - .92600 = .95627 85865

1970 7 .98292" 1.93530';K 95829 - 95575 .91951 .88951

-00000. ™ 1.00000  1.00000  1,00000 1.000Q0-. -

06202 1.04987 = 1.04238  1.11321 . 1.08484
1973 1.03357 -07807  1.09446 . 1.00856  1.15254 . 1.11559
1974 - 97811 - -1.08749  '1.06954  1.02486  1.11605 - 1.08343. A
1975 ..96606 . '1.08871  1.00041 . 1.03221 -1.09620 1.17039
1976 :;975524«v 110734 1.07767 ~ 1. 09970 ‘ 1 13830 ,1.23189v RYES

1971 1. 00000. .
1972 1.02253

o bt et

Clothing;, Wood Fﬁrnitu:gr 'rPaaef,'aP:ihtiagg i Primary ,/'1j

1961 .72364- .88404 - 77307 97784 . .6808% 89152"
1962 ° 75730 .91198° .76961 .98016 .73091 - .90780
1963 © ..78000 - .93658  .79475 .99288 -74657 - 91661
1964 80269 . 96242 ; ’v.81044 - 1.00886 - ' °.78826 .92296
1965 ° .82871 . .97617.. .85369 1.00029 © . .83720 : *
1966  .88l164 , .98293  .B9631 .99825 . 87423 . ,92733

(19567  .88430_ 98869 - .91039--  .94964 .89444 . 89806
1968  .92248" 1.01097 = .93635 .95339 .90445 o

1969 ' .93843 | .99285 .98269 - 1.00135 .93002  .92717
11970 93918 - . .99038 .96910 .99739 93776  * 93914
1971 - 1,00000 - 1.00000  1.00000 - . 1.00000. 1.00000 96286 .
1972 1.06926 - .989065 1.07140 . 1.03212 1.07276 .97808 .
1973 '1.10638 ~ .99482. '1.10604 - .1.115%8 .1.00635-  1.00000
1974 1.06586 .98229  1.00130  1.19117 * ° ,98917 -, .57998
1575 1.08762.  ©.99395  ,98075  1.03574 09456  .96887
1976  1.13961 1.05743 _ 1.00977  1.07025  1.18497 97427

’f'¥ Excludediobéaryatidn"'
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TABLE

>

6.1 Cont'd
] < R
~Met. Fab Mach. Trans. Elecy . “Non-  -Petro..
: ' - . Prod Metal ' o
198l - .81563 . ,82255 '.58015. 71355 .78986 93145
1962 85125 . ".86205 - .63068 .757704. 86136 _.97463
1963 |.B5B56 .B6UD3 ' .68496  L79253  .86569 1.01820
to1964 90443+ (93136  .69629  .81695  .89842 1.03373.
1965 93702 .S6191 .69304. '.84328 - .91€02 '1.04568
1966 ' .95370° 1.00410 77363 ' .B6194 " 92413 1.04595
1967 - 95372 98842 . .86443 .B87144  .86788" '1.04025
1968 ©.97120. 99631  .91426 .92600- -.90508 1.04450
1969 . -98469 ' 1.04382 . .96472 . .96665  ..92110 -1.02989
1970 97553 1.07296 748 . .9856%,  .90211 ' 1.00703
1971 1.00000 1.00000” 1.80000 1.00000 - 1.00000° 1.00000:.
1972 1.01696  1.00381" -1.05417' 1.07410 - 1.04523, 1.00257 %
973 1.07093  1.02808 * 1.13260 . 1.13867  ~1.08461 '1.06993
1974 -1.14751 1.10735 1.25377. °1.12477 1.08708 1.60117-
1975 1.06914. 1,02381 ~1.20585 1.10825 1.05731 1.62319 -
1976 1.06992  1.00208 1.25670 1.15589 1.05208. 1.57280
/i Chem. . Misc. . Total
1961 J6467  .89264 .83207 g
1962 .81061 - .91083. " .86262
1963 .83492 - .9056). .87323 .
S 1964 .88780, .95362 ..89610 N
1965 - ° 89619 . 98324 - .92297 r
1966 - '.93351.  1.02892 . (93147 T
1967 .91899 - '1.04430 93260 L e
1968 92261 1.13269 95656 oa e
1969 95734 1.17926  .97739 .. S
1970 95782 . .95594 - .96867. . e
1971 1 00000  1.00000 1.00000 - ot '
1972 ‘105831 1.85394 1.03287. - //,
1973 -1.14127 95316 1.09114 - e
1974 1.10866°  .84060 1.12579 |
1975 .98494  .82029 1.08559
1976 95514 . .87408 1.08890
e Q&
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L G,C.Z'Rates'of~TFPAGrowth4
Average-.annual rates ‘6:’ TFP changes using bbth‘the
ﬁieun1form exponentlal growth rate approach and. theftresidoal, :
‘ approach are shown inv-Table 6. 2~and ranked in Table 6.3,
Columns 1 and 2 of Table 6 2 show -the differences between
least sqguares. (exoonent1a1 growth) est1mates and- the average
Lannual rate of change of TFP.; In' most cases"these are'
.V.close.‘ However, in tne m1scellaneous 1ndustry category, the-
least squares estimate 1s regative, while the ave":m~a ‘enaual
rate : of_: change .est1mate i§ positive. Considerable
'd1fferen9es can alSO be observed in the oases of the rubbeg,
wood, '-printlng and  petroleum indpstries. l.Otherwiser
‘although the trends in total factor productivity are by no
‘means,.uniform, 'the~ least‘sguares'estimate of\the rates of
| change arebclose to those _oetermineo- from the . residual
‘nethod‘ Some of the importanf- observations ~of the TFP "
growth rates based on the least squares estlmates follow. S a
| Most bof the resource:1nten51ve industries have below
’average productivity growth rates over the wbole.'eampléﬂ
periodz e. g food‘ and _beverages 0.79%, wood 0.71%,ipaperi»
_0.8@%» and prlmary 0.77%, ' versbs‘ .91% . for’ total
: manufacturing "~ The petroleum 1ndus€ry is the exceptlon."
-High (above average) eneroy use 1ndustr1es other ‘than
ﬁtextlles (i.e. paper,_ chemlcals, non- metalllc and pr1mary)

K

b do not have h1gh rates of- produ~t1v1ty 1ncrease.3f'

= ; ;A3 tentat1ve relatlonsh1p between produbt1vnty gro&th

o a\,k @nd prgtectlon mlght B Suggested by &the data.' mnglowtng B
R o e B uE WMW}* %”J’:a v G e T e g e
: . ol L :
o : en ey g

w. . . : . - :
EX: - i 5 - g . . T
. eogmm W e o R sy, T L

C e e v

TUAY e et eseane oAl AL st - .. am - -
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Anastasopoulos and Sims (1981) ve may.ooﬁpare -pfodoctivitf
growth in protooted and unprotected~ sector§; :,This"
-compora51on 1s 'shoén ‘beloﬁo'ih\ Table »6‘4; for tho }saméi
_1ndustr1es that Anastasopoulos and Sims studled in Quebec.
_ S - S . Lo
It can be seen in Table 6.4 that genetally the
heavzly protected 'industties TFP growth ratos are above
average (1.91%) suggestlng that proouct1v1ty in these
industries may .have benet1+ted byv p*oteCtlon. ATthoughf
unprotected" transportatlonr .w1tho‘it$" hlgh raté of
.product1v1ty 1mprovement is affeotéd by‘fﬁé Canadian~Unitéd
‘States Auto Pact. Nomlnai ahd effectlve protect:on ‘rates
‘,fort_tho' 1961—1970 perzod are shown for 19 1ndustr1es in
Apbondix‘ 4y Table- 3. Although exceptlons .QXISF (e.qg.
printéng),_a similar pattern is observed. ;ﬁowever, over the
i1961-70fp¢riod'at leaStyfnominal andfeffettive»tariff .toteoo

-—

have}genefally.deoreaéed,.
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- TABLE 6.2
RATES OF TOTAL FAQ%ORfFRObUCTIVITY'CHANGES
- — ,\“ |
o 196176 196176 196172 1973-7¢ ~
" INDUSTRY LEAST-SRUARES AVERAGE ANNUAL AVERAGE ANNUAL = AVERAGE ANNUAL
. FESTIMATE  RATE.OF CHANGE RATE OF CHANGE RATE OF CHANGE
1. Food S 0.63% W B
2. Tobacco  1.76% ©1.59% L77% - Losx
. . 3. .Rubber A5.97%‘ * g6y 8.69% 1.02%
4. 'Leather > 2% - 2.60% 3.05% 1.38%
. 5. Textiles  4.35% ' 4.25% 5.57% - B q.sé%
6. Knitting  6.16% 5.88% - '6:85% 3.20%_
7. Clothigg  3.05% ERC 3.66% CLem
8. Wood'  «0.71%‘_ 1% 1.07%. 1.95%
9. Fumniture 2.21% o l.ou 3,20 oeleszg
ld.'Paper o.ﬁO%}; - 0.91% 0.56% - | 1 QQ%;
1. Printing  3.20% 3.88% T }.70x“
L2 Primary = 0.77% 0.61% 0.86% -o.éé%‘
L. vatal Fab 188 . 2iom 2.19% 17X
12; ’thch4iqer).' ‘. 1.39% o | 1.68% C2.17% - 0.31%
" 15. Transport 5.3% ©  s.e0% 6.16% 4.79%
16. Electrical =~ . - o N B
Products - = .3.27% - 3.42% 3.96%, 1.96%.,
17. an-metal. 1.95% 2.13% ' ZZ;BIQ:‘V 0.27%
| ~18. Petroleum & K e L - o
' Coal Prod. 2.86% | 4.33% ©0.71% 16.30% .
1;i9. Cheqicals~,'l.92% 1;56%t W'f' 3.11% _52;34§’ o
5 éb;,Misé. -0.35% 0.22% .  ’,1,93%_: 447K
21. TOTAL lely Lo  2.08% f,-l.si%:_'



TABLE 6.3 .

ANNUAL ¥ GROWTH RATE OF TOTAL FACTOR PRODUCTIVITY (TFP)

195

. Miscellanéous

- Miscellaneous

. INDUSTRIAL EXPONENTIAL INDUSTRY'S AVERAGE ANNUAL
GROWPS BY , TFP - PERFORMANCE RATE OF CHANGE
- PRODUCTIVITY ~ GROWTH RATE " ‘OF TFP
‘RANKINGS S : |
Knitting 6.16 Rubber " 6.65
Rubber 5.97 Knitting ' 5.88
Transport 5:33 . Transport - 5.80
Textiles 4,35 * Petroleum 4,33
' ' Textiles - 4.25.
Electrical. - Printing 3.88
Products 3.27 Electrical.. o
Printing 3.20 Products « 3.2
Clothing. 3.05 Clothing 3.13
‘Petroleum & : Leather 2 2.60
Coal Products. 2.86 o T
Leather "2.44
Furniture 2.21
~ Nom-metallic 1.95 Non-metallic ‘ 2.13
Chemicals = 1.92 Metal Fab. . . 2.06
o Total ©.1.91° Furniture -1.94
“'Metal Fab. - 1.88 - Total 1.93
. Tobacco - - - 1.76 ~ Machinery .. 168
 Machinery- 1.39° Chemicals 1.66
R o Tobacco 1.59 |
Paper ~D.80 Wood 1.31 .
Food 0.79 Paper 0.91 .
- Primary . . 0.77 Food- - 0.63 . g
wood 0.71 . "Primary '0.61
-0.35 1 0.22
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r

" T0TAL FACTOR PRODUCTIVITY (TFP) CROWTH RATES

'Protécfed'

Sectors_

~IN THE PROTECTED_AND UNPROTECTED
T VANUFACTURING SECTORS |

.
v

. A et T . N

e TFP . COTFP
- Growth Rates Unprotected - Grawth Rates

Tdbécco.
Textiles
Leather

~ Knitting

* Electrical

R Clothing

 Rubber & -
.-Plastic

“"Metallic
Products

2 N

Miscellaneous .-0.35

‘.".’ .
Furniture

{1961-1976) ~ ‘Ssectors . (1961-1976)

"i.76',’ | | | | o
435 .

,2744%; N o
v_é;is S . |

Paper e 0.80

| Machinery o | 1.39
321 | " -

1.88 .

. radsport -, 533

ec22l N

e



Also s;mple regress1on ana1y51s u51ng tar1ff levels and.
changes~—tof expla1n rates of factor product1v1ty do not

prev1de eV1dence of any clear relat1onsh1p.’ Although these.

results are not revealmgr one would expect that unprotected'ﬁ

industry should be . more eff1c1ent g(e.g.j}'Boadway - and
_Treddenick[@‘~197dr Saunders, 1980). 051ng a general,”'
equilibrium.janalysis,f BoadWay and Tredden1ck findilthatf.”
. removal 3oifztariff protectlon Lould result 1n angreases 1n'"
manufacturing and prxmary output and decrease in) tertlary..
Hence, reduced tarlffs should, in the long run, improwe
factor productiv1ty B

Other factors 'such as ‘mariet 's;ructures, foreign -
ownership, export share, unit transportation cost (see
Saunders;‘ 1§80);dplant size ﬂsee:Gorecki,f1976) also'erfect"'

e

. P PR
-~ productivity growth and may be affected by . protectlon

' policies. "Industries developing more plants of the mostb:

Jwgefflcient size wzll have high product1v1ty growth rates.ﬁ;'

N ¥
For example,g.thls seems to be the case for kn1tt1ng m1lls

S and the petroleum 1ndustry (see Goreckl,‘1976v,-~ PpP. 85-87)~

However,' for the petroleum 1ndustry, the sharp»r1se in the -/

pr1ce of non- renewabie resource 1nput and its products is

the cause of: faster TFP growth in the latter years.

6.C. 3 Changes in TFP Growth Rates

I‘ most cases, 'the trend of the TFP indeyx changes.h

con51derably around 1972= 73 - Trends -appear somewﬂat more

un1form, however pr1or to 1972 (and p0551bly agaln after

1972). we have used the res1dua1 method calculate the
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averaqe annual 'rate~' of change of TFP for the 1961 72 and
.1973 76 perlods. The rasults are also shown 1n Table 6.2.
It is 1nterest1ng to .note that there are; substantial

variations’1n the growth rates, both w1tn1r and between

industries ‘over dlfferent time pernods. -‘

- It appears that in general product1vity grow:h rates
'declinedh after 1973 with the %xceptxcn of the paper, wood
'and petruleum industr: es. Interest1ngry, these are mostly
resource, 1ntensvve andUstries‘which showed iov productivity
growth rates over the whole 1961- 76 perxod Cyclical, or in
the case r.f .petroleum OPEC stxmulateﬁ prlce movements
.contrlbuted to-this‘deyelopment. We find that- th " product
prices 'dff'these'indqstries rose faster in this period than
that of total manufacthring. “ '

FER Y

indu5tries. May and Denhy-(1978) 2lso observed a rcduced'

produét1V1ty growth rate for Canadlan manufacturlna for the

- 1971~ 76lper10d ‘The aecl1ne in product1v1ty trend  in the .

'-seventiesafxystlfles the: concern of economlsts and pollcy
'analysts, The question arlses what might be the causes 'qf
ithis slondown in productlvzty_growth,

.'”ifhwekwant to 'explain.=the .éhanges in éroduttivity
trends (i.e. the 1972 76 break), we may consider changes in
relat1ve prlces Whlch 1mpl1es that the technclogy 1n ‘use his
.no‘ longer appropr1ate.~ Consequently, efflc;ency is reduced
nhen there is dlsruptlon as flrms pursue. short—runa"and’
‘lpng—rUn;agjuStments to adapt;tbitbe:newrsituation;f We also

]

~

Productivity growth has >declfned for the rest of 18 o

=



Gl ._-_ Al
find thattlthe'i}ncrease in input prices is,larger than
y 1n.rease 1n output prlces and therefore, we may eXpett ‘a
.decreaSe ln product1v1ty af : o i ‘

There~are many po=51ble reaSOns for the slowdown inﬁ

'_Abproduct1v1ty. Stuber (1981) 1n the Bank of: Canada Pev1ew

: 3

" lists ‘the following possible réasons'
- ;"f(1)gCyc11eally weak demand for output
“(25 Relative energy-prieefshocks and higher inflation.
(dl' eseleration of cayxtal labour ratio .
(4) Inter- sectoral movements of labour (e.gq. from the
agrlcultural sector to commerc1al or serv1ce sector)
(5) Reduction in research and development expenditures
(6) Changes in labour force characterﬂst1cs (e g. more,
female and youth pant1c1patlon) . l
lﬁ)‘ Influx. of lnexperlenced or less skllleo persons in
the work force -
(87 A decl1ne in average hours worked

¢

(9) A t1me lag of adjustment ‘t»- S ';;d.

Stuber s analy51s reveals that items (2) and possibly
f(3) are. the real primary causes' of product1v1ty slowdown.
Howe;er;%-problems with ‘measurement of capltal stock make.
changes in the capatal labour rat;os dlfflcult to determlne._;
The actual causes of TFP slowdown.are not yet conclu51ve. |
Any future study 1n thls area can 1nvestlgate th;s .1ssue

, more thoroughly. ' 'v?.; - T 'frhyn."

N



200

6.C.4 A:Comﬁafison of Annual TFP Growth Rates with the
Study by Denny et al. (1981) '

The rpresent‘ study is a time series one using Canadian

national manufacturing-data for the period 1961-76. The

-

~study by Denny etw< al.. considers a combined time series

cross-sectional analysis of productivity growtn rates in
.
Canadian two-digit marufacturing industries in five regions

and the rest of Canada'dver the 1961-75 period.

!



. TABLE 6.5

" ANNUAL TOTAL FACTOR PRODUCTIVITY

(TFP) GROWTH RATE

Denny et al B The Present Study

~ o~ .
- -

<, AVERAGE - GR_ﬁELON 1egs: than 2% ?€j~fife than 1% .
- PCOR: :

7. less than I%.

RANK
(1961-75) (1961-76)
HIGH Textiles, knitting Ruboer, textiles,
mills, transportation knitting, transportation
-equipment, chemicals equipment, petroleum
' and coal products
 ABQVE ™" Rubber, machinery, ‘. Printing, electrical
electrital prpducts products, clothing,
leather
AVERAGE _ ' Food arfid beverages, .  Non-metallic, metal
OR BELOW leather, furniture, fabricating, furniture
printing, primary - tobacco, chemicals,
metals, metal fab- machinery -
rlcatlng non—mefalllc
minerals, petroleum
and coal products
POOR Tobacco, clothing, wood, gagef, food and
. wood, paper, ‘ beverages, primary o
miscellaneous .. metals, miscellaneous
NOTE: Uhderlining indicates 1ndustr1es of same rank in
both studies. ,
HIGH: More fhan 4% © |11t TTre e e s el G
ABOVE AVERAGE:

Less than 4% and mdre than 2% . = o TdT T

- P . e e e



oA

,oppo51te WaY . Suiﬁ;aptlal warlattonsw1ﬂ the. time pattern of-
1nput requ irements can also be observed for the two dlgltV

w.1ndustr1es.,...' ‘ .

202
It can be seen in Table 6.5 that there are some
differences in  the ranking of industries by‘productiwity
growth, bot‘in general the rankinos are Quite oonsistent .
In some cases these differences are minor, but the petrcleum -
and coal products, clothing and chemioals, shift by two

positions. Reasons for these differences may include (a)

‘Canadian as opposed to regional data (five regions), (b)

different treatment cf materials, and (c) the fact that the

Denny et al. data does not include 1976,

6.C.5 Factor Intensity »

The trends in factor intensities over "the 1961-76
pericd are shown in Table ! of Appendix 4. It can be seen

in figure 8.2 below that for the total manufacturlng sector

the pattern of factor’lnten51t1es over - tlme dlfrer. Labour,

4,

'”energy “and renewable resource xnput 'recu1rements - are

' declining almost until the end of the sample perlod ° The

capital input requlremen* shows 2. (somewhat flat W-$haped)

'_patterg Aoﬁﬂ_sgbstantlal fluctuatrons over tlme, while the

L -~ — e e B - Thbe L T AR L ey T

Y

- .

° - At w . R ® e w - - .. o~ e -

:

'In almost all cases the aggregate 1nput requ1rement is
always deor1n1ng However, thls declining trend is seen to

be relatively -slow in the case of _resource intensive

* e a e

industries;:- “The aecllne of the aggregate 1npﬁt requirement“ ”

EadE 2 2
» 2 . k o .o 3 - “
ol . L0 o 1 @ " R

N wm

-1mp11es an 1ncreasrng°trend of total factor product1v1ty

-t

’ noﬁ-rehewaﬁle”r&soﬁrre requ1rement movesﬂ_ln' roﬁgﬁly ”the R
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ratio. Estimates of elasﬁicity of subsfitﬁtion vbetween
labour and capital are 'ﬁositive for all industry classes
indicatingu:capitél-labouf *subs;iﬁutabi;ity;." Bedausé the
pricé of labour (wage rate) has been:incfeasing faster than
capital, labour inpdt has been'declining which may also  be
partly due 'to‘ factor 'augmeﬁting " technical progress and:
learning by doing.. Similar .explanations h%%é—Qfor oiher
inpuf requirements aﬁd their‘Subs:i;géion rélatidnShip with'
5ther fadctors., However, the substitutionfcémpléméntarityv
nature .of other iﬂputs is not wuriform across two-digit
industrieé and so they must be observgg on an individual
basié. | | | |
6.D Parametric.Productivifyaneasurement |

-Pérametficv_productivity ‘measurement is bésed on an
econometric approach utilizing the_estiméted §$rameteqs.‘of
the prodUction ané/or the cbst functioen. The values of_fhe-
‘estimates arerﬁsedvto decompose‘ the ;esidual (TFP) * into
various éémponent-effects (scaié, techholbgy, etc}). Thus'
bf using additiénai information about the Strpctufe of the
production process, the vparahetrﬁﬁ ﬁéa5ure can avﬁia the
deficiences of the residual (TFP) measure (Kiss,.1981), |

The, parametrié productivity 'measure,“is'detived from
'thé' economic theory 5f productjoq.- 'The productioﬁ
technology of the firm can.bevdescfibed.as"‘

Q=f(X, t)- C(13)

where : B -



® X=(X,; Xi,-— %) S P

a vector of inputs, and . . ~_‘ R

W

*ir e .

. t=a technical. change varlable.
'The correspondlng dual cost functlon 1s gzven by
c=6(p, 0, t) S ,“4);
where P= (p., pz,f—-pn), a vector'Of input prices.7

”The pr1ma1 notion of the proportlonal growth in total

factor produc ivity 1s deflned as the‘partial derivatiVe' of:

g .the productlon' functlon in logarithmic form (hololng 1rptt

-

guantities- constant)

Blogf(x £)  Bf

_ f t (1Y
ft ot . f (15)

e

N

-

which is the percentage change in output due to'vchange "in
technical progress. . . _ ‘ o o —
' The dual notion. of the proport1onate change‘ in total

'factor product1v1ty 1s deflned as -

. --3logG.. 3G

94 16) -
et -~ 3t - at ( 6)

Q=

-

‘where .input prices and output quanti*ieS'are.he1d=fixed3
Th1s measue is the percentage reduct1on in total cost due te

techn1ca1 progress (see Berndt 1978).

Thevelast1c1ty of cost with respect to output is

a —.—-_.4. e

def}ned‘as




1‘Using'(21) ahd‘(22) €. is obtained as. -

)

) %dﬁééi{féié) has §hown4that

FeeT Feq Fet ‘ , .
* T :’c..\..;:,'.,.'ACC - »m.w - v e _uw tn[-w Ly ree o e mb <,

a. -maa..;a..,.-w.'

In the case ef the constaht returns to scale g€ = n apdhfi'ufgyL"m

. :“Q'

T R RG]

‘. :’«-.._,_
: San N L -
L .

ft Ct . _' : L ,‘.. il . I-v._:_,..:_f" ' ..\ SRR . ) Cia .

¢ .

log(C) log(a,)+zailog(P1 )+(1/2)ZZBijlog(Pi 7log¢Pj )'
Qlog(P )log(Q)+a log(Q)+(1v/2)BQQ(1og(Q)) |

(20)

where ‘vP; =Piexit - =1, 2,.;.,n. For the translog

non- bomotheflc cost functzon (20) scale elasticity €eq is

‘given by o _
£ = 5QQ109(Q)+za Qlog(gi)_ (@,
Technical change is given by ’

ect;—ixisi L (22)

fr

A, S, |
Ect _ iii

'-QQgi.f aQ+BQQlog(Q)+Zd

"'Ph
ot
™

Accordlng tO'Lhe non- homothetlc transxog cost functxon'@uug

19,0 ‘_,g‘:“f:;r ?3f”;ir a

e E e S S a7 R TR
REE R feq” TFlogq . . -‘-"Ig-:,§17%.;g.;;;4:
The rec1pro'al of (17) 15 the return to scale (RS) glven by o
A 3 ”~;-;:.f ST L
:.T“T‘ Rs” /e Qtﬁ-ga; - gﬂu_,-'_"'*"*"" e e
A S R (18) T -



PR ..,:’

 theré£oreL‘ 'v‘_._,‘x, e _
€er’ ?ct:‘ MSg T 24y

(see Glllen and Oum, 1980)

U51ng the producf;on functlon (13) the rate of change.“'_‘

of output can be e)pressed as (see May, Puss and Waverman, R

1979) L
where A= ——/t L e (2e) :e' o
, and the rate cf changeaof Tc? can be der1ved as . .
) TFP—A*(E - )f‘l 3.'“"' (2 EIRER R S SR
------ cQ 1 ety ha 7) - ._-‘-A, e _ ot .'l: ., :’?':L::" ";

B -~

'2 That 15, TFP technldal change etiectsQSCale eFfects.;7

- THF. above relatzon 1s obtalned by u51ng the reszdual

d formula (Q—V) However since, thzslrjs JQ?VLL?: parametr;cwj_wa,

_'1. v
c-Q'»
effects and scale effects are sepa*ated.

measure, - (u51ng

«

.

In view of acceptlng the non homothetlc translog cos;

[N

functlon as the approprlate spec1f1cat10n for-'most ‘of.ethe,‘b

1ndustr1es .1nclud1ng ~tota1 hanufacturlng, the»ﬁaramétric_.’

v,measurea1s tﬁg appropriate measu*e of'produéti&ity‘ohange.'
Otner parametrlc measures are used by Berndt and Khaled

" (1979), ‘and Caves et al (1980) In order to 'obta1n

approach of Caves et al. (1980). By thls method shlfts _in

-~

~ the cost functlon (14) or changes in product1v1ty can be

‘_est1mated as (holdlng 1nput oonstant)

.. Ologx, - . '7\fk3 L
-e—Lalth =§1ggg —~B-°a"1° ‘-zsi o T (28) A

G

estlmated parameter) techn1cal=

fparametr;c estlmate of product1v1ty change we followed the3

.‘.Qﬁgghereﬁs.ei tb ;nput coSt share. The dxscrete- approxamablon :



R

., _assumed..
[elastjcity is
‘parameters q

seén

- affected by

'wttpflzs)'qeh bé.writtéh as’ |

-

| Tﬁ(legG J-logG

t- 1)

=D1v1s;a

(QO%- and

where
funct1on

glven
' Ql BQQ'

‘that
’(i,e}

returns to scale

derlved from the spec1f1cat10n that ' o - ,'. R

C G(P(p,,,g;gﬁ*—-p

whlch 1mp11es

1neex f
factor
In terms of the translog cost

by v(21)

(29) does net 1mpose

separabllity of prxces (P-pt;‘7(

T:tébﬁj'

_ 1 Yfd10g6) | [310gc e f{i.;;f:‘é'
"2 )(alosQ) * (alng)t ,} “,"FQ TeEtead.
z( Sit-
Blo G
o 3( log )t+

1 . S
>{logx - 1ogxit 1}

91086 -gtx Lf-pia
BlogQ) Z{IOgQ ,L°89t_1i;

P )

:(10°F . ld Ft 1) -

. [
.5 e .

BT IR S A D
o - - L® e &

(29)

A

agqregate; 1nput C=the(icost.'

~

s

augmenting techn1ca1 change 15' T

fun~ tow,.*he 'scale .

aBove, lenn estlmates of

(29) can‘be estlmated It*',.;“‘be .

the\resﬁrlctlon of eoﬁstant'
HieeE . e
BlogQ : Also (29)_ is

=f);¥?' not -

), Q,‘ ’*‘(30)

put 0; but 1nstead from the spec;{;patzon

c= G(P,,'

(see Caves et al.,

——-p . Q, ;y'

(31)
1980) . :
At

Factor augmentlng techn1ca1 change Wlll 1mply that p¥ 1=Pe )

where, .as before, Ai s

d1m1nuatidn. Thus

1t 1s less 11ke1y that

‘-,‘,_('f.:' L

,qolllnearnty)

‘are 'the_-rates of factor - pr1ce

w1th factor augment;ng technlcal change'

(20)
(29)

'eur‘lspec;f1cat1on 1llﬂ'be ‘

‘The ‘equation using the



factor . augmbnflng model (20) provzdes ‘af totalv faCtor

producttv1ty measure allow1ng for non-homothetlcaty of thé'

PR tost funrtlon.-'»Thzs. formulatlon “is used assa measure of

product1Vhty Ln th1s sectlon-and ‘the results ﬂarei presented

‘ﬂ_}cxin;-Table 6 8 Gedumn (9) shows the percentag rate,oﬁ;f,;f

-

change of 0roduct1V1ty growth (TFPN) and column (10) tshduSQ-vr

the index’ of *otal factor productzvzty (TFPNI)
Y

Total iacﬁor producciv1ty growth as measured 1n sectlon

w-,.,~-. 'a.

-, ' . . -
Y

%‘ "’and re ected 1n.flgu1es 6.‘;'15 reported in- chumn 8

"-TFP ;\Thls measure i's the dlfference (Q/Q) (F/F) that ,IS,

.....

a-’ 1 column leSs column 5 o We observe that TFP‘?S nn1formly
greate:vthan TFPN The reason is .that 3%3?6 1s assumed to
*~equal‘+‘56'ffct: TFP whereas in. the ‘non- homohetlc case thlS

'-~ratlo need not egual one. Returns to SCale (c lumn 3) exast

but dec i . throughout. the perlod : Hence *he dlfference.

Thus under the accepted non- homothetlc model product1x1ty

growth :is- lower than that' zmplled by the re51dual total

ﬁ.v~factol produetlv:ty measure - ftﬂ~rl'fﬂff, . .hfﬁﬁ'

o

;”;;; lf?* Column' (101_anpws the»-anoex of TFPN wh1ch shows an
1ncreaszng trend wlth a decllne in 1975 and 1976 " Thzs
trena- 1s con51stent w1th the trend of TFP ratio (fzguré 6 1

motal Manufacturlng Industry)

R L B . -
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’ column 7 respecflvely

"{; . ngregate 1nput requirements, per unit of output

. industries.

6.E Sﬁmﬁary”'

.

The methOGS,oiipennY v Fuss and Wa verman ©(1973), 'hewever“‘

allowé' the.nseparabion: of' theﬁ TFP measuee 1nto technlcali-

change and scale effects: wh1ch .are shown in columr 6 and
SN

\ ' ; :
T. . The analy51c of TFP trends reveals a turnlng poxnt

[}

around the early éeventles, _partlcularly in"1973/74. « In

\‘

most cases_prooq;t1v1ty declines aftér'197

2 E

2. Average annual'rate of'changeqcf'fFP 'grow*h tates

vary suybst antlally acrovs 1ndustr1es from about zerc to pver

<

six'percent. Four categor1es of 1ndustry ranklngs in terms .
.. af spreduceivity perfd?mance'are §hown “in’ Table 6. 2.

3. Md%t of the resource 1nten51ve 1qdust*1es ffaﬁd]‘”

¥

'.,

prlmarj and wocd) have -5 poo*.rate of grow%h .of TFP © T

o

4, Average annua1 rate of change estﬁmates are’ usually

d1fferent from tbe exponencxal growth rates élthngbnthey": ‘

are szmlla-. L fvjf'"f S ‘“.f“
5 “An. attempt to relate product1v1ty growth rates with

tarlff pro*ectlon does~not p*ov1de any conclusuve ev1dence.

6. TFP ggtr ates obtalned in th1s é%udy are close to’

‘those of Denny et al (19“1)

-
’

‘declines over tlme but for sbme of the resource intensive

Lndustrles the »rate -of decl1ne is slower than for most

8



~

5?.- A procedure was devised. by - which ﬁéramétriq

[}

productivity .estimates were determined. The -parametric

estimates are usually smaller than the 'convenﬁiqnal TFP
igrowth. rates. . This is because of the presence of scale
elasticity effects. In the ébsenée of scale effects,

.'techﬁiéélu Chaﬁge éffects-ahd TFP growth:rates'should belt

same.. Y
o, _ A SN

9. Returns to scale fluctuate over time. The scale
measure consi&tently exceeds ore indicating that constant
returns to scale is not a valid assumption for the Canadian

manufacturing sector. o T S
10. ~ The parametiic productivity index is ;onsistent
with the:total factor product;dity ratio index in phé%\

A

\%ﬁe_last

parametric préductivity estimates ai's decline in

".two years. o

-Qs_'



Footnotes to Chapter 6 .

1. Refer to Kendrick, (1957) p.1

2.. ‘For “example, studies by Auer (1879), Denny and FLSS
(1980), Rao (1879), Denny, Fuss and May (1981).

3. See Berndt (1972). S .o

4. Fo;h theoretical discussion see Dhruvarajgn.etfai.
(1978), Star and Hull (1976 .

5. As' qucteﬁ bj Danielson (1975)

’ 5;‘ See Diewert (197€).

7. The Divisia index is a consistent aggregator and'is

3

a discrete approximation to a continuous translocg function

' (see. Denny and May, 1579). The Divisia ingex is easier to

compute than either the Fisher ideal index. or any other

index aggregator.

8. This " procedure was used by Dani elson 11975) pp.

185-18¢. For similar trend growth formulaq see Postner
(1871) pp. 109-112.
9, In order to investigate the eiffect of tariff

protection on prqductivity_change{ cross-section regressions

of TFP growth both on nominal tariff rates and its rate of .

change and dffective tariff rates and 1its rate of <change
were run separa4ely The results are as follows:
TFP/fe51dual)— 1. 62 + 0.11 Tar1ff’nom1nal)+0.30 Cntariff

~

(1 27) (1.43) -(0 32)

. R"‘O 382 ’ “"s_» l:l

TFP(residual)=~1 68 + 0u06 Tar1ff(effect1ve) 0.56 Cetariff

. _'}1.32) (-1.11) ~_(~o.31)

- <t .= o R .

N\



e v L Rie0:20 -
: where Cﬁtériff'is the change in nominal tériff, Cetariff is
.the change in effectlve “tariﬁf"!ghd the t-statistics are
u,showr in bracke*s.

¢ $w4loa§ that the cogﬁf1c1enps are npt. .significant..

< B wtr W T g . «w

qi Howexgr we may infer that possibly the higher the tariff

protectlon (nom;nal or effectlve) the higher might be the

rate of TFP growth rate. This’ -however, does not .seem to..

support .the deéclining TFP in the latter vears.

10. This i in turn implies <«hat partial factor

productivity (PFPs) are increasing.. It is found that the

PFP  growth rates for L, K, E, R and NR over the 1961-76

1

period are 3.26, 0.25, 1.95, 1.98 and’ 0.29 percent
respectively. It 1is also found that like TFP, PFPs also
have declined over the 1973-76 Peribd. The rate of ig;owth
of PFPs over 1961;?2 perida are 3.58, 0.8, 60‘*2.39 and
-0.23 percent for L, K, E, R and NR tespectlvely,‘whlle for
the 1873-76 period these rates are 2r39' -1.27, 1.82, 0.87
and 1.72 percent'for~L,'K, E, R and NR'reSpe:tively.

. Aggregaté input requirements are shown in Table 2

cf Appendix 4. This is the reciprocal of TFP ratlo. The

declining trend of aggregate input requirement implies -

!

rising factor productivity. S oo .

12. In a production function (a function of input -

quantifies) the association of Ay« with the ‘i-th input

'Nariab1e~'x 'such that ‘x*<=xiexi , implies that Xi is the

i i

‘rate of factor augmentatlon of the 1 th input (Xi)f " From

2 da e

A -

7
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...... - .« et e e i e s e e~ L

~
o

the cost function,side (a cost fuhctionAbeing a function of

\)\i . . :
i€ which means that

P, 1is diminished by the dual rate A; (X; <0). This implies

input prices Pi's and output), P: =p

that the i-th price variable is declining at the rate of Ay

which has a cost minimising efficiency implicaticn.. See .

ey “ o oo sy B » PRI L -

wills (1979).

13. May and Denny (1S79) also demecnstrated in terms of

‘indexing. productivity measures that the rate of growth of

productivity arising from the augmantation of any subset of

the factors can be calculated from the gross output

- productivity measure by wusing the appropriate share to

expand the,gros$ output measure.

14. The estimates of a,, & and B, were"qbtained by

Q
using methods which?are.discusseafin Chapter 75 section 7:iA.

5. It shculd be noted that in the._honrhomothetic
total facter productivity case, time is explicitly used as a
factor augmenting variable in the cost equatién (20) aﬁd
through the scale elasticity (since in.équation 21 scale
elasticity €eq” %%%g%).' On the other hand, inqthe_;gase of

conventional TFP time is only implicitly involved in that

one looks at year to year change in ocutputs and inputs.

3 L
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| cixapter. 7. A s,i'ﬁnai'at'io‘h of ‘the"_'v 'Vrmlpac_tsj'-o_fﬁ ng"ce‘
‘Increases | . | o
7,A Simulation Method
* The impact of prlce 1ncreases (or decreases) of one  or

more 1nputs on the pattern of resource use and on the costs:

o, SN . - o ‘_,‘m - o -
‘p # e D e ﬁ'wr.m‘

of productlon is very 1mportant both to thevflrm and. to the

economy. As relative factor .prices change, the firm may

alten.its.cost minjmizing factor input cOmbination pas well

as choice of .procduction technolpgy. As firms reSpond-to

these‘prfce'movements, they alter output and employment as

they substitute among inputs. Both of these responses have

important macro implications %or,the economy. Being able to

7Simulate - this behaviour is, .tnerefere, imppttant _fdr

prediction and evaluation of alternative governmentllpolicY

’strategies.‘ It may also be no*ed that as costs change the .
relative pr1ces of products change so. the pattern of demand

for-manufactured goods also-changes. The following seEtions'
analyze, theoretically and empirically, . the effect ;_bﬁ

alternative ‘exogenous price changes..and poiicy decisions on

target variables,-using~enpirical results obtained in tnis

study “ | | o

-

Accord1ng to product1on theory, changes in input pfices‘h

‘may have twov effects, namely, the substitutipn effect'anq.
odtput effect. Becguse we have  measured only the
compensated factor. démand curves we cannot eatimate'both
effec s. For example, to determlne the .output effect.'we .

need - the Marshallian factoq demand functions which requireé

R

217 s
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""knowledgo o“ the elastzcxty of demand for output whlch we do- ... .

not have. . Therefore, we analyze only. the‘Sub5t1tut1on:

‘effect that is to say the cost m1n1m1zlng move along ,the'

1soquant _for. g1ven'~1evel f outpﬁt., As an, example,.:

* P

the optimum cost’ m1n1mlz1ng ‘mix. 'of labour-(L) anc other

inputs (QGE), 1ncludlng energy, cap1ta1 and rescurces.

pjlgqqsndet the- ;mgec; pf&aq'1ﬂqr§a§e Ln tﬁé'ﬁﬁlée of; enﬁfgy oﬁ;'v

. Assume - ‘that - f;rm a technology “is-non= homothetlc,“f.“

marginal products’ -re po u1t1ve,. 1soquants are .Str1Ctly

. ~

convex and fifﬁsﬁ m1n1mlze cost and face perfectly elaStlc S

comparative . static ..results “for & ebange;gn.the.priceioff

energy.

P L / Effects of Input Price Changes on Input Demand

g Ry N . . | o . L

Lt ' R
] syz.«i Qo ‘
2 2 1 E T Q.
) Qe e | OF
Figure, 7.1 o . : b

If a firm |is p*oduc1ng on isoquant Q° WI‘h prlce of

labour Pﬁ and the prlce of other 1nputs 1ncludlng ene?gy at

P1 » the 1socost 11ne CD is tangent to the 1=oquant curve
at the minimum cost input comb1nat1on wh1ch is po:nt R where

output Q°-1s produced.and.QOEb un1tsgof energy—other 1nputs

'

input supplies. Using ngure 7.1 _we - can 111L=trate the, .

s



‘wnandﬂ L“: unzts bf 1abour 1nputs are- used If the pr1¢e of

energy rlses cau51ng POE to rise from P"”“ to P"" th1s ._,;ln

OF .
;wlll change thea 1socost 11ne 1n order to produce the same ;{fki;

leael of output he new'lsocost llne (EF) 1s now -tangent

ce i .tO. _tne .same 1soqnant at the golnt .S - where less of QOE éhéf .“

R R L) : . ) i A S ;
é © >0 . rdu, < 8, © “...',".,:‘ PR ..,‘.’, PR o re L.
) . s L e ey,

more of:L is used, That 1s, (L’—L ) units of laBOur 1ﬂpu+~- < e
is ' substituted. for (Q - -QéE ). units of other'input mix,

Thxs 1s known as the substltutlon effect.

In a two 1nput model *ompiementatlty i's not'postxblef SR

@

;gThéreforé,;ln the. aboVe d&ag*am we can only demonstrate mthe'

-
B SRR . "T <tp ~ .. .

-

d 'SUbSt*tUtfan teffecty " ‘However, . in.a multi- 1nput model two NP

.. 0"0 B e L e e .
. v et et

1nputs are-oftén complements. 'Fo‘““example% »cap“ta& @nd .

energy are found to complements in- the present Study and 1n ";ﬁwj
- ™ mast @flthe ELEM,imgde% studles. ﬁ;n a. mu1t1 dlmen51onal
PR Wy kS { S o L~
. . : P 37 ;,‘ H N b-1'e He W
framework _it.a would = be - easy to demonsttate .the' | Teww

- ’ S -

LAl

. complementarlty between two 1nputs,'wh1ch ‘means that 1f - the
pr?%e f"lfone' St ‘then '1ncreases ‘the’ demand for the other.f

siRge o
.<decreases. ‘béing ‘a dlagrammatlc framework and LUSING a

jsystem of ﬂ5ubfun€tlon§;‘from a g;ygp_@master“p}daugfién@?

function, Berndt and Wood (1979) have explained the;, meanzng

of..gross and’netlSubstitutability and cpmp'lementar,lty.v2 It
'nfollousnhthat thetvenietenCe lag“ net euhetitutabilityw or

coﬁplementarity between two inputsudepends on yhether'the'

) -
-
"

groSs‘substitution effect or the expan51on »elasticity‘ is -+

- .
- . .

domxnant and this is an emp1r1cal 1ssue.
The .increase in ‘the price of an input or. 1nput

components may also have effect .on firm's output.' For. '~



.

.

' bollcie5'7once 1mp‘emented generally 1nfluence more than the

TS e

exemple, ;in;ith‘ above*-sltuatxont.qne would speculate

negatlve effect on output This ffect-; knoun 'AQ;QBhéEz%f:Ei

output e‘fect. f"

L PR

o ;"_Tnus an lncrease “in. tbe prlce of an 1npuL Wlll cause a

cost mln1m121fg f; to decrease 1ts use of that 1nput for

&

two reasons-'f1rst the. f1rm substltutes other xnputs,'*hat, R

-age . DOV retat%vely~Leso expens1ge. Th1s effect is known ae

- .
. v—o - - - -
P R - D
e, e T e e o -y ‘" o

BT

'th-.substltution,effecat..Second, the 1ncreased 1nput prxce
vill increase a firm‘cfmarginal cost, the'ebv caus1ng it to

decréase “out put and thus decrease lthe use of allv other;

. . .
) 2 “.@ L. o - - - “ 1 -, 3 ~

' 1nputs” : Thls 1s the output effect. Slmllar reasonlng can‘

K
v .
¥, -

be Jsed to-show that a decrease in the price : of an 1nput

-Mlll cause the flfm to use ‘more of that 1nput.

EN

C - P

iy

Governments may seek 3to counter the effects of an

‘impact' resultlng from price- 1ncreases through tax pol1c1e<

“which: irfl uenee, relat1ve input prlces.. However, tax

< r

target varlable and often result in a lneed' to.‘trade off

»

between ternatlve pollcy objectlves. Fot example; if a .

government wanted to reduce the consumptlon of ' energy and

1ncrease‘ employment a conflict would result if OLE were.

negative. ‘ _

ﬂlnf-the" contex* of the. Canadlan economy, r151ng energy
prlces ‘are a very sen51t1ve issue. In Eastern: Canada many

fee’ tbat laq.f rncreases in energy prlces w1ll result in
: & N

ma551ve unemployment and‘economlc 'rece531on. : Energy r1ch
N .

prov1nces argte for energy pr1ces closer to world levebs for'

r

t



-9

s

qteadv ra*e. ”he recent 1ncrea51ng trend of then prlces'.of

-

5-.;.
RS

prov1nc1a1 economles.I Resource conservat1on also argues for

the manu‘acturlng sector depends largely on the,.smgnv‘and

:'magnitude‘ of ioKE and GLE Nega’cav° valFes o; OKE and GL?

would 1mply reduced Cap1tar and employment 1nput..:-However,

T e e, . -

-hlgher domestlc energy prlces. The 1mpact of sucb moves on’

substatutaoqllty) 1n most of the fac or demand studres f

v o e e - B~ - - -, -4 B Lt e - -

1nclud~ng the nresent stuéff " on the cther“ hanEffhoth'.

posltlve and negatlve values have been opserved for cKE
. N h

LR . - - . R * . R

renewable and non renewable resources are also a matter of

concern.~ In fhls chapter, therefore, we examine the 'impact

3.

o Energy, prlces are presently increaszng in Canada at a.

“of these pr1ce 1ncreases ‘on the natlonal pol1cy Object1VES‘;

of energ) conservatlon and employment (1n the manufacturlng

sector cf the ecbnomy). - Besides examlnlng the effect of

wt

ffor~”1ncreases in the prlce of renewabre resources and for

1ncreases in non- renewable resource pr1ces.

o s

.Simulations . were carr1ed out for total manufacturlng

3

) o N
and a selection of spec1f1c two—dzglt -1ndustr1es. ' The

1ncreased energ} orlces, s1mulat=ons were also carrled ut

select1on sought varxetv in factor 1nten51ty, technology and’

reglonal 1mportance. “The set chosen and “the .prov1nces .in

which these are particularly 1mportant 1ndustr1es (see Table -

3, Appendlx 2) fOIIOWS' lfl‘_i"’.kg“:* _ a

Al T . v o
. L4 . < . X

&

the._ pos1t1ve ertect pnOVInclal Eéﬁéﬁﬁéé and the'°}f'f7fﬁ"

- v g e -
el . . ’-

.an hasﬂ been . found | p051t1ve i (that -?rs,i oenotes -




C e

' 7 AT Estabj&ﬁb ng the Cost Punctxon. e

4 v oy

"u‘,ﬂ,. .. "»'-."A-.".'

_.1r)wpood and beverages (mcst .0f- the prsv*ﬁces) .....

s e e ot
(""._‘, . .

'(2) Clothlng (Man1toba, Quebec )
hh§3) Wooa (Br1tlsh Columbla) g
f(4) Furnlture (Quebec, Ontarlo)

-(55 Daper (Mar1t1me prov1nces, B.C. &nd Quebecf
.‘(6)'Pe*roleum and coal products (Alberta)

(7\ Chem*cals (On arlo, Quebec)

((8) Total manufact dng (Ontar1o Quebec)

-

In oraer to 1nvestlg te these effects w1thout 1mposlng_

the 51mp11fy1ng assumotlors used in the above 1llustratlon,

™ %
Q-).’."w"')' SR

a Llerlblé- moder .must- be spec1f1ed The nen- homothetic -

.uutranslog model used 1n the regre551on analys}s is th " most -

’ approprlate ‘as” the test in Chapter v5 ~has snown. The

'e‘cont1nue to be assumed

transloo mode* spec1f1ed in Chapter 2 -

.3log(¢)=logno+aQ log(Q)+(1/2) WBQQ(logQ)’+2ailog(P )

- | Kl/DZZﬁ ]og(P )log(P )+Zd log(P )log(Q). (1)
- . ’ i3 ’
assumes in qeantaneous ddjustment of 1nput demand to de51red_

’

levels. * There may be, however, lags  in hthe' adjustment'

process.  This mlSht be'/an imPOrtant“issuefBUtfit'IS'not”.

adaressed “in ‘this thesis.f The :?theoretical . . framework

E ]

_developed by Kesselman et al (1977) will be followed in

the 51mulat10n procedure and 1nstantane0Ls* ‘adjustment will =

v

- jln the f1ve input (L, K E, R, and NR)“pnen—homothetie
tran

log cost functxon'{\ﬁbdel 1).. there tare 26 unknown

fparameters to be estimated (after imposing symmetry ahd

e




homogenezty restrictlons) t Fo.,tne purpose“ oi 51mulatlcn 5:%

flon requ1res the predlcted value of total cost (C) 'Slnce‘,

°

the estlmataon ofshare equatzons does not provzdej:us'5yith'

,all: parameters of . . cost” function, it-is necessary to

- v o P 4

estlmate the cost functlon.

.

’.; 'rfh' order to estlmate the cost funct1on one. mdy applv'

elther an Jteratlve m1n1mum dlstance estlmator (IMDE) -or --an

ulteratlve» Ze‘lner s estlmatlon (IZE) technlque as drscussed

- .
o W T @

'inﬂChapterwA Tt was oornted out'rnere ha* the ag cataom'

~cf" IMDE ‘sometlmes <;allS to prov1de estlmated coerf1c1ents

whereas.iZE 'always_ prov1des'“the .requ1red coeff1c1ents.;

wies Wt et e

r~~wTheref6ref_foﬁe'vcan apply the rZE techn1que to estlmate theﬂ'

. translog model. However, because in our study *he number of

. >

observatwons ,@{?t,le°5 han-the;number of parameters, Itilsd

not p0551b1e to ‘estimate the honrhomothetic cost function

(;)..that: way:”' Since. the ge:.;al cost function cannot be

eStimated'directly 'there are two. alternative procedures

which can be foIlowed iy ‘

o

ot 1nput prlces on1y.‘ That 1s,'
log(C/Q) loga°*Za loo(P )+ ) Bijlog\P )log(P )
- j (2) _’ |
(b) Estimate the general cost fuﬁctioo;j but, uee ‘the

followlng procedure.

estimate |

(a) Estlmate a un1t cost functlon Whlch 1s ‘a-~ function

(1) Estlmate °i' Bij and diQ of the non homotheéxc cost

'on u51ng the system of cost share equatlons. That 1s,‘

L. cueen



- L

"'”1°9‘P ), "Log(p ) 1ogT®, , egai

i=L, X, g, R “NR. - j=L,. K, E,- R,-NR - {3)

(11) 051ng the eff1c1ent estlma*es: obtazned from the. -

~'ij” estlmatlon of -the share equatlons, aICUlate that part of
. the ¢ ost fu“ttlon whrrh 1nvolve these parameters namely,

Ta loglP )+—-ZZB log(? 21 og(P )+ Zd

1og(P )WJgQ .
¢ BT 24 1Q o

- (ar

-

auorloenotexf(éyhmbj P7C _(al_bart' of <the traﬁslog,usosm
gunctron); n oroer'_to 'ohtaia. the"remaining anknown
| parameters o, ,aQ ; .BQé h_ regress ?logC-PTC) oh‘logQ_and
. (logQ)2 “n That is, : - o ;f'hw;l L
| ' (‘og(C) P“C) f(logQ,,(logQ)w)w :: : (5)
(111) U51ng the estlmated parameters 1n (5) obtaln';the.

estlmated value of tOtal cost as’

-

C=exp(loga¢+anogQ+ B (logQ)’+PTé)' (6)

0 o
Recall that the results of the tests o‘ honogene1ty in

Table 5. 8 of: Chapter .5, show . that in' all 'cases ertept«'

A}

leather furnrture and chem1ca s, the homothetltlty of the

ﬁ\.

cost functron is re]eﬁted ‘This 1mp11es tnat only 1n these o

cases .is the unit cost- funct1on a valld speczflcatron. &8

.‘Lﬁ' .

all other ‘cases” the non homo'hetxc cost functlon. is
appropriate.. = -
. The second procedure outlined aboVe is smm;lar 'to' an

¢

extraneous estlmatlon procedure (used 1n poollng time serles
and cross sectlon data) In . addltlon, ‘ becaube thlS

'prooedure enables one to estlmate ‘the’ general model and so

the scale elast1c1ty, it "also affords 'the avenue for



determinihg}‘fpafametffc7"estlma es _of{,'.tot&l factor*

-

productivity as outllned in Chapter :6L though nbt.a}}»;”

'pa:ametersh"afev estlmated -sihUltaﬁeoUsly ’ Thzs | second
procedufe 'will‘ Eé followed to simulate the cases ;n'which
ths technoloéy i non*bomothetzc. |
7.A:2'}he‘sihulatlon Procedure

.‘Sihulation"gives ‘more p*ecxse estlnates of “input

demands due .to changes 1n 1nput prices than the elast1c1ty

estima“es.e The orocedu*e can be. stated as fcllows. leen

, | SR e e
(total "cost: C, cost shares §., i-L, K, E, R, NR) for given

_1nput prlces and for a glven leve1 of output (outptt effect

) held constant) and obtaln the values of 1nputs whlch are the

basn values. 1In step 2, change *he 1nput prlce of an 1nput_
“lor p:lces,'of ~mdre than one 1nput),',re-est;mate the
_Stochastic'variables with the same’ set A‘f"parameters and-

obta‘n the (shocked) values of inptt. quantltles. Finally,

take the dlfference between thése ‘values of’ 1nputs ~and the
S8

base values obtalned in ‘step 1 and calculate';mrcentagexu'

~ , ,
changes. ',z]> , ' s

"It may be ‘noted that elast1c1ty estlmates a*e ‘based on
the flrst step estlmates of S _only and 1n_ thxs partlcular
‘application (the'transiog case),the eStimated valueﬂofvtotal
.cost vatiable (C)‘is‘ not  required, bwhileQ the _simuiation
rqui}és an estimate of (C) yhich involves another step.

-

the estlmated values of the parametets of the translog COSt
o ‘

_functlon ‘in"step “1;v~est1mate “the - stochastrc variables.

e
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,5.5.2;1.Thg:¢§5g59£.the~0nit Cost. Function
(1)'Using the . éstimated' values of the pérameters,

obtain the  predicted"valpe. of the 'unitlcqst, for given

- .

values of Q ahd'ﬁnput p;icgs (Pi). That is, €=C/Q, where c
is obtained as an expenential of (2) above.

N

L () Estimété'sharg_(si) as. .~

o =.. + l ‘..v )
Sy=ey )iﬁij 09(% - ) |
{3)Given $,=P,X,/C, the i-th input guantity -X  is
obtained as
By=(Syxc xQ)/py D c ‘,
Therefore,  given changes (shocks) in'P , the impact on
‘X can be!Calculated. , ’ ' R
7.4.2.2 The Case of ‘the. Nonfhdmothétic Translog Cost

- Funetion - e ‘ .

In this case. the total,cosi,CrCan‘beydirECtly predicted

A

as C and can 'be obtained as an exponential of (1) above.

; The remaiﬁihg steps aré,the same as above for the unit cost
'fuﬁction. o | e
f,A.3 Ecodometfic Problems in simqlation
'P:obléms' concerning é#éimatiog' of ‘the"totai cost
funCtion-haQe been 6ut1inéa’inlthé previous .sécfibn; " The

following additional"estimationt’proplems were encountered

. and are’due either to (a) extreme multicollinearity or (b) a

_negative sign - -on . ‘the coefficient of/,(lng)’/Z, ~-the

~co§fficient‘qf which should be positive to give - the cost

. function the abpropriate curvature.
_ " < hl
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If (logc PTC) 1s recressed on the explan;tory vaflable
(logQ) the- resultant coefflcxent is positive.  However,
if (logC-PTC) is regressed ' on both of the explanatofy
variables (that is, logQ,and.ilogQS’/i),,the coeffic;ent of
(logQ)z/Zv:beeoﬁes negative. In o;def to e#amiﬁe wheeher
this is due to collinearity we looked at (i) the overall

effect on R’ of adding logQ, (ii) the simple’correlation,‘=

between logD and (logQ)*, and (iii) the .size .of sténdafd

errors on _logQ and (logQ) 2. We coneluded th:t the problem;‘ei

is collineepiﬁy'and‘not a problem of the coeff1c1en£ ~of

. (lpgdyz/x\haeing a'negative:sign. < |
‘fn orde;‘to>resolve the problem -of ceLlineérify"ﬁwp‘

methods were used. R N"ij-'“ |

' (a)'Ridge Regression‘Metﬁod

For the linear model
Y=Xp+e

the" Pldge estlmater 15 glven by
A= (X X+k’) Ly, o

-

where k 1s an optimal scalar which allows the (X'X+k!}

%

,:ma+r1x to Ra 1nverted The determlna*lon of .an optzmal k is

.#bbinm in Rldge regess1on An opt1mal ﬁamay be

¥ ,ﬂiher a,search procedpre or by minimiz{fg ‘the
.t .}Yg_ : ' o . v . o .
mean quare error (MSE).q The minimized MSE Ridge regréssion

mothod -as developed and\empzrlcally 1mplemented by Dempstér
et al. (1977), 1s followed in ‘this study

. (b) M1xed Estlmatxon Method



The muiticollinearity impasse can be circumvented by
the introduction  of . additicnsl  information. Mixed
estimation requifes a pPiOPi'information zbdut one or more
¢f the parameters.and their vafi;ncesfénd“in'QUr study the
restrict%on that the coéfficieﬁt_ of {(log2)*/2 must be
pésitivg isﬂanié_priovi cdénsideration.

In our hodel ‘

~Y§Xﬁ+e' 3 » ) ' | h (7)
where‘we assume E(e,)=0, Var(e.)= Zl=‘0§1n,wheféofis aé}alar
and C=Rﬂ;é, | f c (8) |

.

where we assume E(e,)=0, Var(e

¢ [y
Py .

-and where R ig a matrix of rank®r of known constants, c‘is
an r-vector of * épecified values, e, and e; &re random
disturbance vectors. . .

The model (7) is augmented by the relation (8) and the
N4
system is written ‘as

Y h:4 e, .
R+ '
C R e:) (9)

where

(10)
For known I, and 1,, generzlized least squares applied to
(9) yields an unbizsed mixed estimator.. _

Following Theil (1971), the mixed estimator can be
written as _

ﬂf=(Xj{:x+x'len)—l(x' IFY+R IFc) | (11)

in actual estimation S, is substituted for I, in the wusual
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form s?*1 , z, is required to be known a priori.

Mixed estimation, which usually uses st;chastic
relationshipé-égéh as (8)'ébove,_is more flexible than the
Ridée eétimator in that it proviGes a compromise between the
ricors of the full Bayes.énd the somewhat inflexible Ridge
estimator. It also allows a prior/ information to be
introduced more naturaily and with much greater fléxibility

than the Ridge and with less computational effort.’

To apply mixed estimaticn pricr restrictions are

required; in the present case on a,, oa., B._. Here the B
Q QQ : ~QQ
parameter is restricted tc be known and its disturbance térm
[

is assumed to be independent ana normal. The assﬁmption of |
normality of the disturbance term allows one to determine
the variance of the distribﬁtion if one imposés the prior
‘retriction that the parameter lies within -a given range with
pre—assigned\ probebility (see Belsley 'et al, 1S80). ' The
imposed BQQ coefficient is obtained from- a regrcssioﬁ of -

(logC-PTC) on (loygh?,’2 ‘including the corstant term, The

s

estimate of the wvariance of ﬁQQ obtained from this

regression is ther  used as a Known parameter-'in “the
sto¢hastic " restriction seﬁ*up}' In this specific
applicationrn, the étandard least squares pssuﬁpﬁions are
acssumed and the estimates are obtained using the | simple

‘ .
mixed estimator

B, =(1/s*X'X+R'R/0)1(1/8]R'Y+R "c/0}) (12) :
where I.-c? , which is taken as the variance of (logQ)?/2 as

mentioned above and s*=(Y-XB)(¥Y-XB8)/(n-k).

—pa,
A
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'Bo;h Ridge and mixéd estima:ion procedures are used for

determining the various non-homothetic total cost functions

éstimated. OLS procedures are adequate for the homothetic
}cases.

?.B Simulation Results » ©

1

Input - prices have increased rapidly-Since the early
. .

. seventies, especially for energv. and resources. . For
example, for the period 1871-76, increases in the prices of

labour, capital, energy, renewvable anc non-renewakle
: : _ Sahi

resources are 69, 33, 103, 73 and 117 percent respectively.

Relaelve pr*ces have changed cons1derably as increases in

o the energy and resdurce prlees have “exceeded those of labour

and e:pec1ally.cap1tal. The results presented below are

evaluated using as the .standaré of compar;son the mean
values cf the variables. - Since these apprcximate 1971
prices, the changes occurring by'1976 are similar tc changes

‘relative to 1971 prices though .labour's price increase from
o .

the mean. 1is sd@eWhat larger and resource price increases

slightly less than-from 1971°priées.‘° In‘the light of the

" uneven 'pateern of 1nput price. increases, it is desirable to

1nvestlgate the 1mpact of 51gn1f1cant changes in ene}gy and

resource pricés on input demand a{i average cost of.

prqduction.

| The ‘impaetn of "significant input‘price increases were
detetminea‘by~meens of a simulaﬁfon study carried out using
a moderate increasee (20 percént) and large inereaée‘(so

percent) in the price 6f energy (case 1), the "price of
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renevable resources (cage'2) ;.the price of ‘non—renewablei
resogrcés‘(case 3)._ The fesults.based on<é§tima£es for a 20
percent increase in the price of E, R and NR are preséptéd
in Tables 7.1A, 7.25 and 7.3A réépegtively, while the .
results for a 50 percent fhcrease;are préSented‘_inv Tablés'
7.1§,'.7.ZB and 7;33 belbw;. The discussion foddses on'only
oﬁe level of each price_increase as similar patterns. occur
for the other. | .
There are a npmber ofu-differgnt 'conéidgragibns which’
o 5

one can use in evaluating;_the results but the important

criteria are (a) empléyment, (b)vresourcé Conservation and
~{c) - impact . on unit - cost of-é?gduction. Since theéé are
imggrtant aspects about which government is presEntiy ‘most
concérned Vespeqially with respecf to ‘energyj,. we will fécUs
on thesgsiﬁ thé\discds;iqn. In evaluating the :ééults'-wéA
have to remember thét any given policy“will effect all
‘industries; .~ Ne¢ policy can be made  industry specific,
Thereforé; policy <choices must not only reflect tradeoffs .
.within an industry but alsc tradeoffs between inapsﬁ:ies.
Results baéed on both the homothetic,@gd honfhgmothetic”
translog cost functions are préesented ~ahd analyzed.f 'The
hhomcthetic. model is applied to the cases_bf furniture and
chemicals indust;igs, while. the‘§non;homothetic ﬁOdél ‘is
applied to the other six ‘industries (that is, food and
beverages, wood," Clothihg,  paper, -pe;;oleum ;nd, foﬁal

manufactiring). S o '_ o (
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SIMULATED EFFECTS OF A 20% INCREASE

TABLE 7.1A

IN PRICE OF ENERGY:

PERCENTAGE AND QUANTITY CHANGES®

: 232 :

INDUSTRY

L.

EStimates

K E R NR’
Total " =095 4 -7.61 o +20 & .52 I
‘Manufacturing  (59.64)° (-5,39)% (-85. 03)8(10.51)4(31.62)¢  Mixed
" Food and .25 .38 -3.38 16 -10.15
Beverages (5.09) (3.32) (-3.76) (5.48) - (=9.63) " Ridge
Clothing. 12 .38 -12.57 .49
~ S(71) (=12)  (-.63)  (.14) - Mixed
Wood 47 42 (1110 .30 -9.55 - L
| (4.05)  (.82) (~4.87) (2.69) (-1.78)  Mixed
Paper 1.07 .81 2.84 -3.79  <1.41 o
(13.90) (5.75) (7.32) . (-24.28) ‘(~.73) Mixed
Petroleum» ' W51 -.27 -2.20 * =.01 .
ST (1h22)  (£.69) (-.44) ( 16) Mixed
Furniture® .16  -1.37 ° -1B.46 .36  4.04
' (.51) (-.48) (-1.29) (.18) (1.26)° - OLS
" Chemicalsb .59 24 =11.49 . 25.62 2.11 »
| (4.99) . (1.24) (-12.05) C5.1}); (1.83) - 0LS

*xOOD0Ow®

Homothetic model

“Millions of man-hours

Millions ?f dollars

BTUs x 1012

Not available

s Quantlty changes appear in bracket
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'TABLE’7 18

SIMULATtD EFFECTS OF AN INCREASE IN PE

(50% IN&REASE)

b

- 233

INDUSTRY o ‘% | K E R NR ' Estimates
Total 1.07 .13 -17.00 . .53 1.26 -
'Manufacturlng (145. 38) (<7.32) (-190.10) (28 11) (76.09) = Mixed
. REN— i | .
Food and .sa 92 -9.53  0.43 = -22.61 S
-Beverages . (12.76) (8.02) (-10.60) (14.61) (-21.47) Ridge
Clothing . .28 ~ -.83  -26.02 1.11 * o
o C(1.65)  (=.27)  (~1.31) - (31) Mixed.
—¥add “ 1.08 .96 " -23.35 71 -21.32 ]
- ¢ (9.35) (1.90) (-10.23) ' (6.32) (-3.97) Mixeo
Paper " 2.86  2.26 2.59  -8.23  22.80 _
(37.13). (16.09)  (6.66) (-52.79) (-l. 45) Mixed
~ Petroleum 1.17  -.56 -7.49 * .02 o
: (2.83) (-1.43), (-1.50) | ¢.21) Mixed.
Furniture .35 ~3.08  -36.54 - .78 - 9.0l o
- C(1.11) (-1.07) ¢ (=2.56)  (.39) - (2.81) . O5
Chemicals 1.39 .60 -23.93  58.00 . . 4.83
’ (11.80) (3.12) (-25.09) (11.61)  (4,20) - oS
" Note: For footnotes see _Taole'?,li.\
‘;_g :
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TABLE 7.2A

SIMULATED EFFECTS OF AN INCREASE IN PR

(20% INCREASE)

.2.‘34; el

INDUSTRY

Estimates

Total -

-Manufacturing

1.43

 (193.96)

- -1.67 .99 - -2 03 37
(-94.20)  (11.12) (-108 18) (22 15)

Mixed

:;Foodxéﬁd'
Beverages”

i
- (}0;42)

1.78 '-4,72,,.’.-i28¢_- -2.06
(-15.47) ~'(5.24) (-9.65). (-1.96) .

Ridge

Clothing

S -.29
(-1.74)

275 038 Lal v
(90) - (17) (o)

.,WOOd

4. 51

- (39. 03)”:'

2.60 6.0 -4.79  23.54
(5.13) (2.63)  (42. 79)’3 (4. 38), -

“Mixed

“.Papgr‘ o

.55

L (717

5,75 - -10.42° -2.21 -19.62 -

(41.00) (-26.83) (-14.18) (-10.15)

" Mixed

Furniture

+
ce

: (1;69)*j

-

s 2.
€=1.58) C

X 313 422
9) (-1.36). - (1.32)

. Mixed. .

oS

K3

~ (nemicals

e R

36 543 <1750 5.4
(1.86)  (570)  -0.35  ~4.99.

oLs-

‘Note: -

T

F’br:,;f‘ootnote._s see Table 7"1A.~ L
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TABLE 7. 2B - -r.s,_z.” :
SIMULATED EFFECTS OF AN INCREASE' IN PR
(56%~4#EREASE)

CINDWSTRY L . kT E R NR
.Estimates S : S

Total R 3.6 275 <571 1.29 Mixed
Manufacturing  (5l1. 66) (-195.40) - (30.80) €303.98) (77.86) o

Food ahd - . 3.5 -5.31 . 11347 -.23- -6.03 . Ridge
Beverages . - (62.97) (-46.21) - (12.60) (-7.95) (-5.73) o

© Clothing .39 6.48° 7.0 -7 % Mixed -
S L (2.38)  (2.12)  (.40) o (=.13) .

Wood . 10.63 5,90 *6. 210,11 57.93 1 Mixed
o - (92.08) - (11.62).....(6.30) ~(90.24) (10.78) o ‘

‘~Péper . ©1.73 © 13.99 . .24.18 75,75‘ -45,89 Mixed
e - (22.46)  (99.83) (-62.24) (-35.85)](-23574)' T

Furniture Lo L5s o 9.86 v 639 . -8.27 1002 REh
C (4.s1) - (=3.42) (0.45) (-4.12) - (3 13)

‘nefiicals - -0.44 .86° 1219 -6.64 .12.76  .OLS
R (-3.72)  (4.49) . .(12.79) - (-1. 33) (-11.09) .

':,,\L— -

-t

. ‘Note: For footnotes see Table 7.1A

. ‘ -
R 3



. - Petroleum .-

INDUSTRY-

.¥ood and
' Wood
- ¥

'Paper

" Furniture

- Chemicals

TABLE 7

J3A

. +SIMJLATED EFFECTS ¢

AN INCREASE IN PNR .

(20% ANCREASE)
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o

Estimates

fqtal'] .
Manufacturing

=12 ,
(-16.05)  (88.35) :'(37.51) (34.16)

-~ 1.56 !

R YRR
-

] & ‘ %,,‘
64 =1,17
#0.20)

‘3,35

Mixed"

Beverages

92 . w9
(18.30) - (4.31)

LS
-7.94-

-.026
(8.83) - (~.91)

1 .5.25
(-8.78) .

o

', Ridge

2

- Z1

D a9

;3359f _ ;4sﬁi
(-1.57) (4.01) .

.10 s

‘Mixed’

L .64
- (8.26)

38

-
&

-3 -ls7 0 C.sg
- (~.80) €~10.05).

- Mixed '
( 049) . .

10.49

(25.26)

" 4.05
€10.45)

(=30

-1.53 % - _.1.59

»

v " Mixed
. (20.31) . -

(4.17)

132

191
7 (0.66) -

"ai7‘13/ -,.2;46

(1.20)  (1.23) (-6.70)

T

167
(14,10)

-1.18
(-6.16)

. =24.81
(=4.97) .

L 2
2.0 |

oS

kgbte: ‘for fdotnoteS’59§1TableazﬁiA' _ LT
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TABLE 7.38
SIMULATED EFEECTS OF -AN INCREASE IN PNR o
750% INCR.ASE) o
INDUSTRY L K E R NR
‘Estimates :
Total” LA | owas 8.37  1.97 -3.35  Mixed
Manufacturing . (23.48) \(234.20)  (93.62) (104.76) (-225.87)
. Food and 2.07 1.13 -17.70 - =-.03 =20.06 Ridge
~ lBeverages (4._1.4’6) (9.88) (-19.67) (-1.02) (-19.05) o
. Wood 2L "‘71.é7" N _7,95 ~ 1.04 & =3.40 °  Mixed .
o (-1. 79)  (-2.49) T(-3.49)  (9.33) (-.63)
" Papert sy "ﬁk‘-}és 2,60 3Gt (<177 Mixed
A\ (19.71)  (6:75)  €1.55) (-21.86) \ (-.92) .
_“Petroleun 25.13  B.05 . =679 . * 3.1l Mixed
o (60.54) ° (20.74) - (-1.36) - ~ (-39.80) -
Furnitute . 2.83 4.17  38.49 5.4l  <42.03 . OS5, .

(8.96) (L.45)... (2.70) - (2.70) (-13.13)

" Chemicals

4,01 2,43 4.76 T -55.95  -6.46 oLS
(33.93) - (-12.73) = (5.00) (-11.20) (-5.62) - =
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The ' latter results are based on .mixed and Ridge regression

N R S
techniques. »In-tho follbwing-section we eXplain ‘the results ™

of . the total manu acturlng sector and compare *hem wlth the~

Denny\ t al N (1978) study

. 7.C ffhe Total Manufacturxng Sector

the . model the. effe.ts of an 1ncrease in prlce\g;) specific

1nput on ..ha+ factor and otherf np uts cﬂnle 'malptaining

h

constant output., In the tab‘es above, :he
‘are the percentage changes 1n the use of 1nputs, whllew,the
- _ ST

1 absolute ‘changes are shown in’ brac&ets. For convenience we

- may translate ‘these  changes into  their - respective

.conventioral measures--e.g. man-hours into the change in the

&

One purpose of the szmulatlcn sttdy 1s to predlct from 

| a;"' _4

igures present ed*-ﬁf’

number of emploved persons, taking eight man-hours to  be.

~equal to onevjobr."Similarly,"énergy can be converted into

_ - ‘
the barrels cf oil. equ1valent ‘and Other 1nput demands f(e.q.

A

K, R and NR) 1nto m11llons of constant dollars.. ° The chcice

of elther R1dge or mrxed estlmates was based on a comparlson'r

of ‘the standard error of the est1mates and the approprlate

‘ 51gn of the coef;:c;ents.fﬁV

7 C.1 C}se 1, Increase in PE
‘ From ‘Table 7.1B it“can be ‘seen that a 50 percent
,1ncrease in the prlce of energy is preo1Cted to result in a
17 percent reductlon in the consumptlon of energy (that is,
the equ1va1ent of 40 m1ll1on barrels of 011 ger year) in the

'total manufactur1ng sector. - The relat1ve changes in other

&>
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inputs are “mdre'-modest. Slnce E L .E-R and E-NR”are

, suBstitutes, the demand for labour 1ncreases by aboue 1. 07,.

'percent (72 675 emplcyees) the. demand for rénewable and

non-renewable resources 1ncreases b O.SJ'percent and 1.26

'percentc (that' is, 7moreAAthan 28 and 76_millionsvcf 1971

.constant‘dollars} respectively. Since E-K are eomplenents,

the Ademand' for capital serv1ces decllnes but only by 0. 13

pcrcent (that is, by 7.u2 million dollars)

\The lmpacts of a 20 percent xncrease in the - pulce of;

_enercy are shOWn in Table 7. 1A - It can&be seen ‘there"that

L)

'-other - than for cap1tal 'the effects are approxlmately

two- fzfths .as large as. in the case of a 50 percent lncrease.

T.&aZACase'Z,.IncreaSe.in PR

*ﬁThe :results ‘of Case 2 are presented in. Tahle 1 2k and
7.28B, Because renewable resource prlces have 1ncreased more:ii
slowly than ’energy or " non- renewable resource prices, "§4r

focus on the 40 percent 1ncrea5e alternat1Ve. Results cin

Table d7.2A show that a 20 percent increase in ‘the price of

renewable resource reduces ‘the demand for those resources*by3 .

‘2 03 percent (108 m1ll1on dollars) Slnce-R-L R*E and R-NR’

are subst1tutes thlS leads to an 1ncrease in the demand 'for.

labour ’of 1.43 percent (96 980 persons) energyrconsumpt;on.

of about 1 percent (2 3 mllllon barrels of oil equivalents)

andv non- renewable~‘resources of 3T;pereent (22.15 millions’

of 1971 constant dollars) Even with apzd percent increase

t

in PR the meactsz"areb» considerable. - ngain . R-K
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: comp*ementar ty induces a 1.67 percent décline in the .

serv1ces of capltal

A

'The 1mpacts,o£_a,50’peréent.increase in-PR are shoWwn in

“ o . . s £

Table 7.2B. It,follows that the effects are more than twide:
- , R . ‘ N '
those with a 20 percent increase.

».47.C;3 Case 3, Increase in PNR

| Tbe results of increases in the price of non—renewable
 resources Eare‘snown in Table 7.34 and 7.3B. ;In the-case'ét
&, 50 percent increaSe, there'is'a;3.75 percent decrease' in
D the use - of _non-renewable "resources2 fsin?e ‘NRL“ﬁre,
"substitutes mith'inputs other than Tabour,!' case 3B y1elds
a_ 4;14 percent 1ncrease in the services of capztal (234, %O '
mllllon dollars) a 8.37 percent 1ncrease in the demand for
energy (19.6 milllon ‘barrels of oil equzvalents) and about’ a
2 perceng 1ncrease in the use of renewable resource (104.76

N o

4m11110n ay

9

The 1m6 ct of a 20 percent increase 1n PNR 1s shown in
Table 7.3A. 1t shows that these effects are less than half

of tngagjfects Suown 1n Table .7.3B.

#

f% TO. ‘summarlze ‘the . effects, 1ncrea5es in the price of
B
energg; renewable and non- renewable resources . conserves on
théég* resources.’ Energy demand is partlcularly respon51ve
dto 1ts§own prICE,‘SO 1ncreasgs xn* PE are expected to " be
?feffectlve 1n conserV1ng energy Wlth respect to employment

1ncreases in- PE and PR 1mply increased: employment as xlabour

subst1tutes Lfor resources espec1ally renewable resources.
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.Lebour demand 1is relatively insensitive to changés in. PNR.

Capital_is.complementéry with both E and R. The decrease in -

. o : O . : Vs
the demand. for capltal is much more&respon51ve,-however to

san increase in the PR than an 1nc*ease in PE for which there
/‘. w .

1s only a veéry small rnductzon.,,
.7.C.4 A Compar1son of Total Manufactur1ng Results with Those

.of the Study by Denny et al. (1978)

A comparison of total" mahufacturing results of the

present study and those of the‘Denry_et al. (:578) for a 50

percént increase.in the price of energy is shown 1in Table

7.4. Both similarities anﬁ.difierences occur.. The impacts

of a 50 percent increase in PE™ onﬁﬂehefgy cqgsumption are -

- fairly close. For other inputs, however, the resul:ts differ

LY

‘cdnsiderabij.. The estlmated impact of thn increase in PE on
both ﬁ¥ and K_ £rom this study are much smaller than those
isprojected by Denny?et al. Also, they proiect almost nb

eéfect upon material 1nputsvsﬁsn'thé same output level is

maintained while this study predicts some increases on both

R and NR, particularly the latter.
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TABLE 7.4

*

IMPACT OF 50% INCREASE IN THE PRICE OF ENERGY

ON THE INPUTS

(Percentage Changes)

Denny, May, Pinto (1978)

- 1965 1970 1965

4.3 4.6 1.09

(140.61)

-10.7 -0.21

(-0.90)

-17.12
(-165.45).

-18.0

‘0 o . C -

0.54
(25.03)

1.26
(65.07)

4

?resent Stuay

1970
1.03
(134.02)

-0.16
(-8.830)

-16.40
(-185.27)
0.42

(21.88)

1.19
- (72.20)

1976

T 1.18
(166.32)

-0.27
(-15.89)

-18.11
(-223.09)

<3

 0.57
(34.91)

1.47
(111.45)
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Some diffefences aré to be expected, given that the
studies are based oﬁédifferent sets of data (e.g. different
gime periods),l different models (in their case generalised
Leontief) and differenf ways of measuring lébou; and,éapital
inputs. However, these. tho :studiés have QU{Zé different
implicatiohs for the impact of ‘energy pri;é increéses on
othet factors, eépeciaily L ‘and K. Thi:'stuéy indicates\
much smaller adjustments fn those inputs and' SO has
different implications fcr decision makers. Which of these’
resui€s is the more reliable reguires fu;thérisﬁudy.

Even though thé percentage -«changes for ;apour and
capital found in this study are smélier, in absdlﬁfe terms
these effects ar; still impoftaét~ and _the total effect
ccnsiderable though more widely dispersed (i.e. thr0u§E the -
R and@ NR sectors). . For example, inrghe above case 1.09
percent increase in the demand for.labour means a demand for
70,305 people and a 1.18 percent increase implies about
83,160 more jcbs. Similarly for R, a 0.54 percent increase
means a .demand worth ‘about 25 millions of constant 1971
dollars, and for NR 1.26 percent means an additional demand
amounting to 65 millions of 1971 conétant dollarsw.
7.C.5 lmpact on the Two -digit Level Industries -~

' The 51mu1at10n results for specific price increases in
selected two-digit industries are shown in the above Tables
7.1-7.3, It can be‘seén that‘in almost all cases sighé of

the own demand due to an increase 1in own prices are

negative. Exceptions are paper, for cases 1A and 1B (Tables
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7.1x,  7.1B), <clothing for case 2A (Table 7.2Aa), wood and

paper for case 3A (Table 7.3A). 1In the case of the paper

industry Denny et al.(1979) found a positive value of Nyum

(own elasticity of demand for matériélS)' for their static

"

model. For clothing and wood, it folléws that a moderate

inérease'§§ not effective in.én economic sense (increaSev-in
demand due. to 1increase in- pwn,price)._ We note that the
\Enput shares in ;ﬁese'cases are relat@vely spali.

The impacts-for totgl manufactuiring masks & variety of
effecté upon specific industries. 1f the price of energy
(PE) 1increases by So‘percent the decrease in the gquantity
demanded varies considerably across -industries. - Decreases
range from -7.8 to -36.5 pertent; It can.be seen that the .
y;ffects on the demand for lap@ﬁr‘is almost Jalwéy% positive
and thet Qquite diﬁfe;éhzf;ffects on employmé!!’ﬁy industry
can be observed. jfbf‘instanée, iq thé éase of paper, the
effect 1is ébéﬁfl a 3 percent increase in\;he demand for
labour, while aimost zero for clething. I

Ameng  these ,industries capita<:’appears 'as both a

complement and'afsubstitute, the percentage changes varying

" from =-3.05 to- 2.26. The non-renewable resodrce'input is

alsc a #ogplementbor‘a-substitute dépend%ng‘on the industry.
Almést ’ébways, with the exception of chemicals, thg effects
on NR is cpposite to that of capital. Unlike capital, NR
shows.relatively large responses. . |
Renewable resources are :substitutabl§ Twith energy

except in the paper industry. The fespoqﬁes of R is
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exceedingly large for the chemicals industry. If the price
of renewable resources (éR)"increases by 50 -bercent,; own
demand for R decfeaées but,the chénge is not as largelas in
. the éase of_ené;éyﬁ The effect on employment4is'substanﬁiél
with the ekception of ciothiné and chemicals and the
percentage changes véf&ing from J.55>tQ5i0.63 percent in the
other jndustries. |

Cdpital can either a complement ér a substitute for R,
The changes range frém -9.86 to .,13.99 percent.
Non-renewable resourcés can aléo be éitﬁ%r.,substitﬁtes or
co#plements depending on the'industfy. As before, with the
excéption of total manufacturing the effects on NR is
opposite to that of capital across ihdust;ies in terms of
sign.

Renewable resources . and eneréy.are substitutes (with
the exception of paper). The increases in ‘the demand 'fof,
energy as a result of a 50 percent increase in PR Y?ry from
6.39 to 14.36 percent.

If “the price of non-renewabler resources (NR) increases
by 50 percent Ehe own deménd for NR decreases substantially
(varying from -i.?jlto ~42.03 percent). The effect on the
demand for labour is usually a moderate cinncrease but for .
wood, which shows a -.21 percent decrease, and petroleum
with a 25.13 percent increase. Capital, energy and
renevable resources appear as .both complements and

)

substitutes and display a wide range of relative changes.
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7.C.6 Total Manufacturing ‘and  Two-digit Level
Lhdﬁstrié§, 
in ihe_pfevicus sections we have analyzed the ’effeété
of energy or rescurce priée increases on total manﬁfacfuring
and atrbss;tWO-digit level industries. ij- fdllowé that a
.giveh percenfaggi increase .in' the price of'éither_energy,
renewable or ncon-rernewable tesourcés méy-. result in
considerably different impacts on total manufacturing and
the specific two-digit level iﬁdustriés; For example,‘é 50
percent‘increase in the ‘price éf energy may result in energy
.saving by 10'pércen;vfo; thq'food industry, while .fo; the
" total manufacturing sector the rate Sf energy saving is a 17
percent Téduction. A 50 percent increase in .ngigauses a
decrease in the  u§e'af R. In the wood inddé&;y the 10.11
percent decline i§~almést twice as much as in the “total
manufacturing sector but in the food irndustry'the reduction
is very smafiA iSimilarly,.it can be seen théf the<effe¢t of

also quite different between total

= [

PNR increases_,,,.»:,'é;.;r‘"g"a:ﬂf
manufact ring‘.:éﬁd:;ﬁkhe two-digit level industries,
Therefore, :hé.éé{ect‘ef an‘increage in the price of either
energy or reSoufcés,' the impéct of which on” 'fotal
manufacturing may be. seeh as desirable %rom,ﬁhe point of
view of energy saving or higher empioyment, may have ‘quite
diffe‘relnts or uneven impacts aéfoss'the spegific two-digit

level iﬁdustries.



7.D.1 The Effect of Energy and Resource Price Increases 7on
Average Cost of Pfoductioﬁ

. The effeot;of“energy and resource prire. increases . on

the average cost of output are shown in Table 7 5. It can

- be seen there that even a large 50 percent 1ncrease in the

N

price of energy. resuLtéfiﬁtonly 1.65 perecent increase in

“the average cost of”output for total manufacturing.. On the

cther hand, a similar increase 1in the price of R and NR

esults in more than & and 10 percent increase in the

.

average coSt ef output Therefore, energy, because it is a

small share of the total tost of produ:tion, hae ~a . much

smaller effect oh the average cost of output than Lesources
- A ‘34;4 K . .

for a given percentage price change.

P

that the effects of resource price increases are’

significantly higher‘ than -those of energy prioe'iﬁcreases

other than for chemicals. For example, for the food} wood

and paper industries a 50 perceht.increase in PR may result

in more than 28, 21 and 10 percent increase in . the. average

cost of output respectively = Similariy, a 'SOEPpercent

increase in PNR resultq in ‘more than’ a 37 percent increase-
in the average cost of product1on for the petroleum.

industry. These are, of course,  resource intensive”

industries.
~The themicals industry, however, is an exceptional case
in that the 1mpact of energy price 1ncreases are parallel to

those‘of R and NR price increases. .Thls;occurs-because

%

U C. 247

At the two-digit industry level it‘cah also be seen

e



248

TABLE 7 p)

-~ THE EFFECT OF RISING RESOURCE - PRICES

YON'UNIT COST_OF-PRODUCTIONa .

TOTAL MANUFACTURING . ~ Fom

Orlgmal Unit Cost  thit Cost Orlglnal Lmt Cost hhlt Cost -
U'ut Cost After 20%- After: 50% Unit Cost After 20% ‘After 50%

Increase Increase . IR Inqrease . Increase
PE  .94385  .95045 .95947  1.00268  1.00626  1.01137
. (.70)  (1.65) (.36)  (.87)
PR . .94385  .97723  1.02589 1.00268  1.11660  1.28719
S (3.54) (8 69) AR (11.36)  (28.37)
PNR  .94385 ~  .98541  1.04627  1.00268° ° 1.00551  -1.00930
-'(9040) ) '.(lo 85) : " (f28) . (066)
CLOTHING o o

ﬁ%ma.l Unit Cost tht Tost Orlgmal .l.hlt Cost tht*&sf%
Unit Cost. After 20% - After 50% Unit Cost After 20% After 50%

Increase  Increase - K __Increase Increase
PE  .85756  .85889 86062 . 1.06238  1.06707 1.07323
' (-16) . . (;36*~{.7: o - . (044) »(I.Oz)
PR .85756  .86718  .8Bl5Y ~ 1.06238.  1.15795  1.29382
» ! (1.12) ) (2180) '-. : (90Q) , '(21078)
PR & . . % 106238 1.0644l  1.06737

(.19) (.47)

" Note:  a. percentage changes are shown in brackets. ' R
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T mBE 7.5 (continved) . ,'\:'
' THE EFFECT OF R{SING RESOURCE PRICES

ON UNIT COST OF: PRODUCTION ‘
"‘ / . . N C* “a
| PAPER . PETROLEUM

Ongmal Lhit. Cost  Unit Cost Ofiginal tht Cosf phit tost
Uit Cost After 20%  After.50% Unit Cost After 20% After 50%
- Increase increase o Increase Increase -

PE  1.14973 .1.17045  1.20161  1.05870 1.06075  1.06373

 (1.80) (W.53) 0 (19). . (.48)
PR 1.14973  1.20050 . 1.27450 T
oL (4.42) (10.85) ,- S |
PNR1.14973 | 1.15404  1.16 '1.05870  1.21903 ° 1.45569

- (.38) (.94) - 5:4) - (37,50)
FURNITWRE A “CHEMICALS;”

 Original Uit st Whit Gost Original URIT Gost Thit st
‘Unit Cost After 20% . After 50% Unit Cost WAfter 20% After 50%

Increase - _‘Increas'e. o Increase - Increase
PE . 0.9475 : 0.9504 ° 0.9538  0.8688 - 0.9391 . 0.9551
PR 0.9475° 0:9689 .  0.9997 . 0.8688  0.9628 0.9336
L (2.26) - (5.51) - (6.68)  (7.46)
PNR  1.9475 0. 9595 ' 0.9732 - 01.8688  0.9387  0.9560
| (r.27) - (27 0 (8.05)  (10.04) -

Note: a. pe‘rci_e_ntage changes ar‘e_shbw_n_in brackets.



o chemlcals JS a hxgh energy us1ng.1ndustry
o The 1mportant thlng to be noteg here 1s that wh:le most”'
of the attent1on w1th respect to manufacturlng _adjustment-n
has. focused on energy prlces, 1ncreases in resour"e pr1ces
may really be more 1mportant Wlth respect to 5ubst1tut10n
and 1ncreases 1n the average cort of productlon durlng th:s

' same perlod.? An. 1nvest1ga+ion of the d fference between the
'1976'cost oF prodMCtlon and the mean “cost of productlon over .
the 19o1—76 pertod sh *hat**he contr*butloﬁ of renewapie
and non- renewable 'resource cq}t 1ncreases are hlgher thanﬁ
that of energy.cost 1nCreases.f‘dft is foundrfthat 36.14
. percent _ot the 1ncrease 1n total cost is attr1buted to the
1ncrease 1n 1abour cost, '13.07‘percent to.capltal cost,‘only
4 28 percent toﬁ energy ‘cost ) 15.42 perCent'to renewab}eb

, resource cost and 31. 09 percent to,‘non renewable resonrce
cost .rncreases.¢: “Thus almost one-half of. thlS increase in

‘  a§erage cost (and an even larger‘share of the 1ncrease over'

~1971¢ costs) ‘is attrlbutable tc renewabre and non- renewable
reSource -price 1ncreases, ThlS_ fact . demonstrates' - the .
de51rab111ty of - treatlng renewable ,and nonrreneﬁap;e:

.resources as separate 1nputs of productlon.: i

-It_;isv'useful to reflect on certa1n pol1cy measures to'
control manufacturlng costs in v1ew of thlS analjs1s of)<the
_source’ of these cost 1ncreases. Programs to control energy
price‘increases have ‘been advanced and defended on the
}grounde.that 'theyé would ‘enhance ,theﬁ compet1t1veness of

CanadianJmanufaCturing. “OverVail"manufactur1ng_ the vrmpact
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of such p011c1es will be small. More important are the

"oosts of otherl 1nput particularlyf)labOur‘ and natural
'resources. The compet1t1veness of éanadian manufacturing
nill rely 'hore heanily “uypon a productlve and competrtlvev
;1abour force ano Hatural resource 1ndustr1es.

7.D.2 Reg1onal Inplrcatxons of Slmulat1on Resu‘ts

| We have mertloned before that 51mu1atlons were done for

total manufacturlng and 7for a few selected 1nous rles.;;

Other than CCSL shared’ and technOIGGY, one cfi the malng

crlteria of ‘selection of those 1ndustr1es is their Leglonalff

‘srgr1f1cance. ’AInAthe earl1er sectlonuof thrs chapter the
,iﬂéustries were assocxated gw1th their predom1nant reg1on

Now in order to br1efly dlscuss;the reglonal 1mp11cat1ons of

the resu]ts, we conslder both - the 1nput (e g. E or R or NR)
and the reglonal representat1on of the 1ndustry. »For'h
:example,- chemlcals - is an - energy intensiue industry
concentrated invOntario and QUebec. t WOod on the~ other
hand, is-”a renewabre (forestry) resource based malnly in
British Columb1a.» Slmllarly, petroleum and coal products is

3

a n;n-renewable *esource ba d 1ndustry centered in Albetra
&
In order to indicate brlefly ‘the regional 1mplrcat10ns

¢

of input pr1ce ~changes as . an aspect of_ lnterindUStry'

‘varlatlon we may con51der 1ncreases 1n the prlces of E, R
~and NR in turn. Increases “in: the price of energy has a
‘conSrderable effect on input demand and average cost of
productiOn on most of the industries,»particularly'on total

N

mqnufacturing, food “and chemicals industries.” - From the
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fecional'point.of viethhis indicates that this will effect
,most of.the reg1ons, bqt partlcularly Ontarlo and Quebec

Increases in the prices of :enewable. resources (PRh
will ‘have fsicnificant*‘effects on the wood and paper

1ndustmes and also some effect on the food xndustry

g we‘l Thls meanc that increases in the price. gf renewable
resources will mostly af‘ect ‘the British Columb'; and -~ the
Marltlme p*ovxnﬁea.& Wlth respect to the food in

el ffect is 4di st 1buced acros; most 2 tre p:oulnces.

Increases' Ln”the-prace of nonéreheweble,resourCes yiii
have a.SigHifice;t'effede on the petroleum aqdvcoal products.
"inddstry. This implies that it will have most of its effect:

in the Province of AiSertg.‘eHowevef SOme effects on  other
‘regions ahd-»provinces are also obv1ous in Tables 7.3A and
7.38. | | | |

o Finelly, it should be noted shat the mpre-significénﬁ

*

regional . implications of a price increase for a resource may.

be on , the supply side (e.g. regionai, particularly,
. ; _

previncial resource ownership) rather than on user or

- manufacturing sidgg‘ o
o, A
7.E Important Findings of the Simukation Study

Some of the important f1nd1ngs wh1ch emerge from the

N . 9

s;mulatlon study are the followlng-

P

(1) lee the study by Denny et al. (1978)., increases
in the p;ige of energy_héVe significant impacts on the use

of energy. -

try, this =



L4

(2) Unlike mater1a15 as an input in Denny et al.'s

study, both renewable and non—renewable - resources ‘in ‘the

present study dQ respbno 51gn1f1cantly to prlce changes andj

hence 1mpact on other 1nputs.
'(3) The total manufacturing 1ndustry and two- 6191*3"

level 1ndustr1es are also dlfferently affected by a g1ven,

’ percentage 1ncrease in the prlce of energy or reeources.

(4)" Increases in the prxce< of energy and resources

generally. create' emuicyment, In the case of capital,

however, which.0ccurs as‘either‘a'substitute1or 2 comolement

to energ y dependlng on the 11dustry,‘energy pr1ce increases

.
e

may result: in elther an increase or- reduct;on in cap1ta1
intensity.
(5) The effect of energy price .increaSes on average

cost .of output are usuallv small and much less than the

o
.

effects of resource prlce increases of 51m-tar magnitude.
(6) Phe region specific industries are very differently
affected by a given percentage increase in the price of-

. ‘
energy Or resources,
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'F ¥ootn9tes to Chapter 7 ' |

;J.' Simulation provides effects of input price change

on -input ‘'demand in absolute magnitudes as opposed to an

élas:iéity estimate which is in'terms of percentage changes.

H@wé;éf, both simula;ion and elasticity estimate should

. prov&de sihilar impliéétions. See the discussion éf the

simulation procedure in the following secticn.

2. The net substitution elasticity of factor i with. -~

respect to )ﬁééto: 7 is defined@ as the suﬁ”of_the gicss‘
substitupion-'elaSJ;t}ty and - -the e?paﬁsion‘ élasnicity;
Expansion bgiéééicitf characterizes movement &alcng an
,expénsion patﬁ.‘;(Seé LeifIJohansen (1972), pp. 124-26 as
referred to by: Berndt and Wood (1979)). The expansion -
elasticity being &always negative, net elasticity of
substitution may be either positive or negative depending on
whether it is dominated by gross substitution glasticity or
not. Thi; in turn will dgiermine” gubStitutability or
complementarity. ,

3. See Berndt and Wood (1979) p. 346.

4. The incfeésgs in iﬁput prices imply changes in
rélative prices..and this in turn implies that firms will
make édjustméhtzﬁo such changes through substitution of
inputs .o; changes in output. Although this may happeh over.
time, theé adjustment ﬂrocéss inherentlin Fhe--ﬁpdeil assumes
this to be -{mmediate. Instantaneous adjustment implies a
static model, &hile a dynamic model takes into, account the

«*

process of adjustment. For recently developed dynamic
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ivfadjustment model see Denrny et al. (19%%), Berndt, Fuss
and Waverman (1979) and Befndt,.Morrison,and Watkins (1979).

5. This might be because IMDE as available in TSP
(version 2.4, 1573) runs in single precision and our written
1ZE Srogfém in-bPLtruns:iﬁvécuble.prec;Sion. .

6. Unit cost is,%ﬁfunctidn of iapﬁt préces only. For
the derivation of the uﬁit-c&sﬁ_func:ion frqp the total cost
function see Chapte: 2. »i:? a

7. Parametric productiVity\uses the estimatés of a,,
“, aﬂd.BQQ which are aQt évailab}g‘frgm'~t§e esti?ation of
share equations . only. - Maddala. (1971) discUss€s  the
conditions undér which ex;raneous é§£imates~are consistent.
They #%ill in general not be efficient.

8. Thé:Ridgm is one of the:  variants of T“continuous
shriﬁking" methods. _ The ﬁﬁdgm:method i€ motivated gy tﬁe
Bayesian interpretation of Ridge. Tne method implies that
the observable least squdreé ‘estimégors,‘ say &4, are
marginally independently and normally distributed with mean
zerc and variance 027A1-+w2 where W’O}/k; k is the unknown
scalar to be determiﬁed énd Ay is the eigéﬁvyalue. It turns
ocut  that fof D number of explénatory variables, the.prior
expertation ofiéi/ﬁn§ﬂ7[kgis p. Accé?ding to TDempster et
& - .

al. (1977), Ridgm chceses k. tc make this -expression equal

to its pricr expectation, when s? is substituted for o? and

,

k=n’tw, where s’=(V~X§Y(Y~X§)/(n-p), where n is the size of

the sample. This means that the sclution®of the relation e

L



or L, ——21  -p=p - (1)
02/k+o?/)\i

_gives us optimal value of k. For two sxplanatory variables
(1) implies 2 ,polynomial.of degree 2. Theref®re, in thac
case, we choose that véluc of k which is between 0 and 1.
For details see Dempster et al. (1977). °

.
9. See Belsley, Xuh, ard Welsch {(1520),
10, The rate of increases in the prices of L, K, E, R
g ) .
and NR from mean pgice to 1976 prices are approximately 83,
32, 96, 61 and 95 gercént respéctively.

1.  The éffect on labour input 1is wunstable in this
caseg  %ir that for a 20 percent ‘nrreasé in PNR, the sign of
the simulared effect is neqarivé (rs expected), while for a
50 percent increase,-the effect ~ Yar- input 1s pesitive.
However, the effe~t ig very smal) 21so we fipd that oLNR
ie etatierjrcally insignifi-ant at the 5 percent level.

7 Tn this case reqinnal cignificance is determinegd
e the hasis of the prr-entage ehare of value of shipments,
(ae ghwn in Tehle 3 of Apprendiy ") ip "ten Provinces 'andv
henre of the reqions t je obvious in Table 3, for
example, thar word induaks ir~ prominent in the British

-~

~Tumbia reqion
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Chapter 8. Summary and Conclusions

The main objective of this stuay has been te
investigate thé role and use of enefgy, renewable resources
and non-renewable resvurces in the Canadian manufactu;ing
industries u;iﬁg,_thé tranclog producticn technclogy as
revealied through the Eranslog cost function. The

¢

ncn-homcthetic form of the trancsloeg cost function nas been
the maintained hypothesis on the basis of evidence:  from
previous stucdies which have demonstrated the appropriateness
of the function. |

‘In  the introductory chapter it was argued that like
energy; renewable and non?renewablg resotrces are inputs of
policy significance ané that theyb should “be treated

-~ ’ ’
separatelv so the effects of rescurce price fluctuations can
be invesflgated.A i

The empiricel analysis demonstrated that R and NR are
separate ifactor inputs which have a significant role in’

firms' producticn decisions,and that they behave somewhat

differently from the materials inﬁbt used i?lKLEM models,
where materials consists Vof renewable and nen-renewable
resources and lﬁother materials. Cther materials were
txcluded in this study assuming that they are separable
(independent) from other “inputs. The recent sﬁbstahtial
increases in renewable and non-renewable resource prices
(e.g. grains, 1live animals, other agricultural pfoduqts;
“ T

;-
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crude mineral coils, etc.) motivated the analysis.

In Chapter 2, the methodology -of this research was

develcped, the general "model derived and the general

translog cost function mathemafically specified. . The

conditions for  testing homotheticity, homothetic

separakility and other separability hypotheses were

developed. Details of the est%mation and':eséing procedures
<8
were outlined in Chapter 4.

Datea construction was cutlined 1in Chapter 3 arnd

features of the cata were dlscussed in the 1n1t1al sections

of Chapter 5. Price trends were analyzed and it was found»

that PL (price of 1labour) and PR (price of renewable,

resources) have . a regular upward movement, while PK

fluctuates having a scmewhat cytlicél " pattern due to

variations in ®%®ffective tax rates, real rate of return and

other factors. The prices of enérgy (PEf'and' non-reneQable
resources (PNR) have sharp rising trends. Input cost shares
show considerable variation. It is iq¥eb@s;ing to note that
K and NR sharés tend té'move ih oppééing @irectibns over'the
19€1-76 period, while thé movements’»of other irput cost

shares are scimewhat more uniform.

N
4

\and this hypothe51s was rejected for most of the 1ndustr1es.
Exceptlans were the leather, furniture and the chemlcals
industries. Also homothetie separability"'and'uother

separability'hypotheses were tested. Our conclﬁsion is that

Homotheticity of the Btanslog cost. function was, tested

A

Canadian manufacturing .industries are mainly characterized
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'
-

by . thé: non-héﬁothetjc--'struc;ure of the‘ pfqduction
technclogy. A similar conclusion wasﬂarrivgd at by Den&y et
al. (1378). For the Canaaian agriéulturél _production
technology, Lopez (1980) also derived a similar conclusion.
As tc the tests‘of separébilitg of inputg, it was found
that L, K and E are not separable f?om the resource sector
\
(R and NR). &Alsc R and NR are not separable in a few cases,
while E and R and E and NR are nct separable ih most cases.
These resultg iﬁdicate tpe importance of -treating resources
ac distinct inputs;’. i
The analysis of empirical :ésults in Chapter 5 also

provide estimates of the elasticities of demand  and

elésti;iqigs of substitution. Changes .in fpe prices of

Wi, resources were found, to affect industries’

z*iéﬁﬂdé;;éio;;.buﬁ responses were generally inelastic.
'There'are.considerable‘ differences in pfice eiasticities
across- two-digit indust;ies and also between totdl
manufacturing And the fwb-digit'inéustries. Therefore, ‘it
is necessary t5' iﬁvestigate both.totél"manufacturing and
two-digit industries when sfudying the’nature of demands for
energy and resources in this sector. \ .

It has been found that with.the.exceptiOn of the papé;
industry, energy and renewable resourCeslarg sibstitutes.
Thereiore, it méy be ‘coﬂcluded that firms substitute
renewable resqurces for (;elativély expensive) ehergy
resources. However,'it ié hoﬁ Qenerally;tfué thatvrenewable

resources are substituted for . non-renewable resources,
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because R and NR have been found to be both'substitﬁtes and
compiemeﬁtsl Energy and non-renewable respur@es are. also
found. to .be either substitutes or complements depending on
the indﬁstry in questign; Thus the_utiiﬁzatiOn of 'E and NR
~differ across industries even though both are depletable
resources. |

Capital-energy complementarity has been found in 15 out
of 21 cases indicating that this is not a geﬁgrai result and
‘as such no general cbpclusion can be méde regarcding Ehis
parametef. Denny et al. (1979) also arrived at someyhat
similar conclusion Eor Ontario,manufécturing. | |

Labour and energy are subsiitutes in all indusffieé.
Therefofé, enefgy ﬁrice increases will result in an increase
in employment. | |

The substitution pafamete;s oLR, OLNR, OKFR, oKNR, OER,

éENR receive particular attention in the present study. It

is found that these parameter estimates provide greater

insight and have different implications than their parallels

( oLM, OKM and o©oEM) in the KLEM.modéls. Fer example, a
compafiggp between,totalvmanufécturing reéults'with the U{S.
KLEM hodel indicates thét_ in -genéral thefe ére both
similarities ahd Hissimilérities among these parameters. In
the' present;study,hthe_balue of GENR is vét& close to OEM
in the U.S..study,_whilq oER is about one-third of GEM and

oENR. Similarly, it is ﬁound th;t for the two-digit level

'food manufacturing ‘fhgse parameteqs behave 'nsdmewhat

differently than thoses of  the KLEM models. This clearly

o7l
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indicates the nécessity dﬁ' separating R énd— NR frém'
materials both for production 'specifiéation as wgii as
resource management-policy purpoées{u-l ﬂ e

ﬁrodUctivityAanalysis shows.ﬁhat'éhe ~annual rates of
total factor p;odugtivitf (fé?) groﬁth fates ?§;e~quité 
'differeﬁt.across industries_(Chapter 6)?’ This may vref;ect
the ,infiuence of’ cOmpetitién and tariff protgctidn. The
method gf.estimation o@ annuél average TFP growth rates 'is
very important. For' example, the exbonentigl growth rate
.iﬁﬁéd.On a constant (Uniforﬁj ratelbf éfow;h mly not be éﬁ
appropriate . measure given cycliéal fluctuationsbin\thejdata
or a sudden unusual increase in one or -more/ compcne;ts of
‘the Divisia aggregator (e.é. a very large increase in PE or
PNR). Thé‘average'annué} rate of change measﬁre; which
takes into account of yeaf to year regular (cohtinuous)
changes, may be preferred to 'the expcnential growth ffate'
measure based abn ordinary least sQuares~ estimates. In
general, exponential érowth rate eStimates .are lower than
the average annual rate of chahéé;of TFP. .-“ 4

The aﬁalxsis of TFP trends reveals a tufniné .point.
The sampie-time"sérieS»kas divfded'into ﬁwo'periods, 1931-72'
and_1973;76. It was foundith&ﬁ génerally TFP 'growth r;tes
decline"gxcebt"féf  som§ of the resource based industries,
For'to£al.manufacturihé,;hé ‘rate _of _TFP_'gréwth_"isk,Z.Oé
percent for the  1961?72--péripd Lahd‘1.51 pékcént for the
1972-76 pefiod;' quever;_fgr Somé‘pf .ihe twoféigit flévél

industries . the rate declines quite substanbialiy. ',Sor

V-
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example, for textiles the rate declines from.5.57 percent'to

0r65 percent and for chemicals the rate declines .from 3.1f

to -2 34 percent.’

Vi th reference to-our product1v1ty study, as mentioned

‘abové, it is very' 1mportant to note that in most of the

other gtudies productlv ty growth rates were also found to

declrne in ‘the early 19705. The exceptlonal trend ‘of the

few resource based 1ndustr1es observed here has not"~ been
found .elséwnere. A praduct1v1ty decline is of particular

concern to economists'and. policy ,analysts’ giVen Canadian

competition with other 1ndustr1alxzed countr1es. Further

’study of the decllne in TFP 1s needed

The ’ana1351s of 1nput requxrement per unit of . outputv

(factor intensity) reveals that there are g'substantlal»

variations in the use .of energy, renewablé and non-renewable .

resources across “industries' and over time. The major

.features of factor 1nten51ty are that L, E and R 1nt°n51ty

denllne almost untll the end of the . sample period.  The

'caprtal 1nten51ty- shows ' a 'fpattern .'of con51deraole

fluctutations over"time, While : non renewable resource.

intensity moves roughly the opp051te way. It is also found

. _that the aggregate 1nput requzrement decllnes, Vlth some. of

the resource 1nten51ve 1ndustr1es dlsplaylng slower rates of

decrease,

The . above productivity ,results Vere"*based°jon fthe

' conventlonal TFP measure wh1ch assumes constant 'retUrns to

scale, “gan ' assumption usually re]ected by our-“aata.
1 ' ' 4 S '
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Vie

4

‘Paramétric - prpductivity " measures ',-allowing for

i . -

non-homotheticity , and so consistent with the data, were

_ determined for btdtal manufacturing only. 'hroughout the

period, the pafametric productivity measure is smaller than

the convéentional TFP values. This difference arises because

~

o) , sl - . . 4
- the productivity measure allows for economies of scale and

.

"- intensity. |

~

may not account for - residual factors included in.

conventional TFP measure. Like the conventional TFP, the

. ' N "\ 5 .
.+ parametric measure alsp declines in the last two yeers.

Some_ ééonométnic¢ prob1éms arose -in the simuiatié;
study. Those pr6b{em$\$fé dealt with in Chapter 7. It is
found that thejsimulafed'éfiects of‘,énergy, ﬂrenewablé: aﬁq
hén-rengwéblé‘ rééﬁufce  pricevincreases on input,demand'gﬁd
unit cpstvof prcdﬁction are considérable.and thése effects
varyr wide;y acress two-digit in@ﬂsériés 'and the total
manufacturing_secto%. |

\ItE’is“ found thatvthe'USe of E, R gr NE is reduced in
,resﬁqnse §0 'own 'pricé increases. .IE  fol1ows ffom “the

‘ “ . Y B . . b -
s{mulatron results that energy price increases wusually

A increaﬁps employment.‘ With capital and enefgy | being

substitutes or complements, increases in PE may imply‘either

greater capital intensity .or a reduction in - capital

-

) . . N . . . . . . Be . :: :
The simulapfa'effectsxpf energy price increases in this

.%tddy'-and' the:;benny et al. (1978)7study.are'béfy close,

although‘fof‘dthér inputs the results ldiffer cdnsidefably,'

"Fér example, the ‘éffggt of jpcrease.inzpﬁ»oh‘bgth L and K



264

from this study are much smaller than those of Denny e al.
Even though t percentage changes are: smaller, theﬂ effectsu

| ‘are not unlmporcant A
‘V\‘ ltSiS‘ ver y 1mpo:tant and ~1nte"est1ng to note‘ the
| simUlated' effects of energy end resource prxce 1ncreases on
the\average cost of productlonui It is found :thatliﬁor ta
given vpercentage increase, the effects of energy<§rice‘
increases‘on average cost of.productlon are'much' less than
the effects“ of renewable and non- rene\able reaource przce
ﬂ,*;ncreases of the same percentage.» Resource prxce 1ncreases
generally 1mply 1ncreased use cf labour but the 1mpact onh
capital and’ energy use is mixed. _

The reglonal 1mp11cat10ns or the 51mulated results are
aISC impertant. .For example,. rncreases ln'“the prlce of
renewable resources 'would tend ‘to have-a greaten~effect on
manufacturing in the Br1t1sh Columbla region, ' whlle,
_increases in PE may affect the Ontariojhfégion ;more..
Simllanly,,increases in=PNR influences 'manufacturlng, costs°
-more in the prov1nce of Alberta. | |

fhe empirical results p{esented in Chapters 5, 6, and 7
have 1mportant polrcy 1mpl:cat1ons -a \h!tcated in those

: chapters. In general:energy and resource price changes may.

I3

. have 'cbnsiderable imgact ~oh-” input use in manufacturing,

part1cularly on employment. It 1s 1mportant to note that‘ﬁv'

',renewable and non- renewable resource prlce changes w1ll have
'-more 1mpact on 1nput demand and un1t cost of productlon than~

: energy prlqebchangesl, Therefore, 1ncreases in agrxculture,
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forestry or"mineral’ resource prices will have a'greater
effect on manpfactUring than energy price increaSes.

A

The low value of price elast1c1t1es of demand with =
9

©

respect to 'R and NR means that changes 1n the1r prices: w11;'

‘largely translate to.<hlgher‘.costs; In partloular these‘
re;ths.are consjsternt wlth the complementarlty of L, KR and

ih{«.R imﬁlying)]that resources ape,requ;red to be used with =
labour and capltal , ’
F1na11y,L 1nsp1te of the 11m1tat10ns of our study Kemg.'

small size of the sample, multlcoTrlnearlty etc.)3 web haVe<

been able to demonstrate the tole . and use of'ehergy,h

“renewable and non-renewable “resources | in - Canadian
mannfacturﬁng.fprodnctionf" However, given ~that we  have

ekcluded other.{materials from. our specifioation;Aof- the

oroduction,ftunotion,- a'gfnrther' study ‘may consider a six

.-input model inoludiné 'other hmaterials..as a factor of
production.' Moreover, ' some 'of the: 1mportant factor
augment1rq aspects suc*as techn1cal progress, learnlng by
adlng, 1nduced .1nnovat;on etc. are yet to be 1nvest19ated

. A : A o . S

fully.

. x

In _addition te _the - above consideratéon,'any fufure

_ studyfmight'focus-on a particular'indhstry and deal hith the
demand for st1ll mqre specff1c resources. For'example,'the
demand fér. certaln agr1cultural products or f1sh by the food'

.'1ndustry, that of forestry products bx‘the wood 1ndustry and:.

similarly, the demand for any spec1f1c m;neral .resources.

(that is, .1ron» ore, unon metalllc,*'eto.)=.by‘ the.*metal

b
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fabridating induétny The results of thls study suggest the

%

potent1al for a varlety of more 1ntens1ve analyses -focusang_

[

on resource input’s by Lesource u51ng 1ndustr1es.,‘A1&p, the
"econometrlc problems -such as- autoeorrelatlon,

multlcolllnearlty, the powe? of the test staelstlcs such as

the llkellhood ratio, and the F and the Wald tests in this

pa"tlcular appllcatlon_'should be 1nvest1gated further. 1iIn
addition,va parametrlc procht1J1ty study for alI’lndustrles

would be desirable.

. . ' N M ) N .
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Appendix 1. Sources of Date and Construction  of

Variables

The proklems of measurement of variatles are discussed

in Chapter 3. A detailed descriptiph of the sources of data

-

ard construction of variables are provided in this Appendix.

A list of thef names of the sources .of data and their
ca:alague numbers in parentheses are gjven as:fcllows.. Only
catalogue numbers will be referred to in this discussion of
the data ;ourceé.

°

Data. Sources ¢

Lt

Statistics Catalogue Title
Canada Numbers ’ Date

. : 'y .
{e ‘ {(13-522) - Pixed Capital Flows and Stocks,

Manufacturiﬁg, Canada (1526-1360),
ﬂethcdclogy} February, 1967.
sC . {33-368) Fixe¢ Capitél Flows
and Stccks (192€-1978).
SC (14-201) Aggregate
Productivity Measufes;:
SC , (15;508E) | Input Output Structures of the
Canadian Economy (1961-1974}.
sC (15-509) " Input Odtput St;pcture é£ §he
" Cah;diét_Eéénoh§’(596{;f974x: '
'(éonstant d61lars).

Revised Input Output Tables

Tw
s
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sC

SC

sc
sC

sC

sC

SC
sC

- 8C

sc

SC

'sC.

sc.

(31-003)

(31-201)
(31-203)

(57-202)
(57-202)
(57-207)

(57-506) *

[ 2N

(61-208) -
(62-202)
(62-528)
(62-543)

(71-001) -
- (72-002)
- (72-204)

(1971-1976), Input Matrix,

v&?kprovided by Statistics Canada

o

. on request.

Cépacity Utilization in

_ Caradian Manufacturing.

LT

Oh

‘General Review of the

Ma@ﬁ{pcturihg Industries of

~ Canada..

~ Energy Statistics: Services

Bulletin.
Electric;Pgwer\StatiStics,
_ & ,

VOl . I I . '-‘\‘..

. Detailed EnerékﬁSupply and
¢ . RS

1962-1974. . L

Demand in'Cahéda;ﬁ;

Consumption of Purchased
Fuel and Electricity by .
the Manufacturing, Mining and

Electrical Power Industries,

ag
2%

. .. 9
Corporation Taxation Statistics.
Prices and Price Indexes.
Industry Selling Price Indexes.

Industry .Selling Price Indexes,

‘Manufacturing, 1971=100.

The‘Labohr Force.

Employment Earnings and Hours.

-

Earnings and Hours of Work in

288 *



Manufacturing:
Note: The namés of other sourées with dateS'ate éiven ih the
references, - . |
In order to estimais'the sost or 'p;odﬁction iunct;on
and the inpuﬁ Qemana models specified in‘Chapter 2., we need
to construct the following variables.‘s ‘ o .
xi=Qusntity of the i-th input |
Pi=Price ofAthe i-th inppt : v
Q'=Output of the industry-
Si=Cos£ share of the i-th input
¥ C =Totsl éoSt of pfoduqtion' o | ; —~
The description of ths déta sources for esch' vsriable
and .the procedure of its‘constrﬁction ars discussed below.”
A.1 Ihput and Ogtﬁut Prices
A1, 1 Capital’v
[Capital stock data for the. Canadian manufacturipg
_indust;ies.can be obtained from the-following sources: -
(i) SC (31-201) and SC (31-203) and |
(ii) SC (13-568) o

N In the flrst source (1) data for 'value of shipments

(Vs), wages and salarles\ (WS) cost of raw mater1als

-

supplies (CM), cost of fuel and electr1c1ty (CB) as- well asf“

other relevant data are aval%able. From these var;ables the
value- of capital (VK) can be. obtained. as a  residual.

measure.fs‘

. vxvsws CMCE -

= J ER o k>

v ell h net h e %n 1n%ehtbfles i
A‘s W ﬂ”p Mg’g mw%’]r [U\V S r‘?f g
m-zvﬂ'l e "'-‘.;,f;@v-m;?m. \4,1‘%* l""“ - T ’ . ) oo

L
ROpiE e o - . .
Bl i A Wy g s gl 8 S A
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calculated using_ggta er:vaIUefaddedv(VAY}
I Nv:vamcﬁ-vs
which can then be used‘to-obtain gross output;r
The value of capital (VK) is deflated by an inVestment

deflator and adjusted by a capac1ty utllizat1on rate from SC

(31—003) The secondwsource (ii) provxdesudata for mid- year“\”’.

‘net  stock both in current and constant do Aars.' These data

years.

" are adjusted by utll-zatlon rate as . a allable ~from SC

(31—003) and used as measure of cap1ta1
Reg1onal energy demand~stud;95'by.F (a975) and McRae

(1978) wuse a residual‘-meaSUreﬂ for cap1tal lxnput. The

-resxdual measure is used because capltal -datad are . not

ava1lablesat the reglonal level However, there are several

: dlfflcult1es wlth such a. measure"f

(i) There may be differences in proflts in different

~

(ii). There .are problems with  inventory valuation

adjustments;

_importance.

o

(111) “here are problems due’ to unknown components.

Data in the second source are more recentlj updated and are

. ava;lable natxonally for the total manufactur1ng sector as

well as for all two -digit level 1ndustries. The calculatlona
of these data 1is. based on a perpetual cnventory method

ThlS study uses cap1ta1 stock data from.’the second source

since regional’ product1on technologies are of Secpndaty
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. Since the major interest is in ‘capitai’;egrvices, 'en
adjustment to the capital etock data is desirable. However,
an adjustment _may create some-preblems. Fo; eia&ple, one
‘mqy\\use thesapaci:ty dtilization rate (u) to adjust capital
etock-ﬁata. But in eélculating.u, autput is involved- and
this will iﬁtroduee biases.* Becguse offthis circularity
-problem in calcuiatihg u, ‘adjus*ment oﬁ capital' will ke
avoided “on the argument that use of energy and resources as_
separate inputs picks up-. "the utili;ation aspect. Hence.

_ these variables  will ‘elso' serve as proxies for the .
utilization factor;' ih‘other-words, theb more the' use of
eneréé and resources the greater wlll be the utllxzat1on of

capital and. 1nputs.l‘ | | '

A 1.2 The Rental P*xce of Capltal "‘

. In construct1ng the rental prlce‘ of capital“ we 1have

r

followed the methodology of Chrlstensen angd Jorgenson (1909)"

as was done by Berndt (1979) We c13551fy three ,typesu of

capleal stock as.  ' : o C Ty
' (1) Machlqery and equ1pment (ME),
(2) Engxnee11ng structhres (SE)
(3) Bu11d1ng structures (sB). SR .e .
We aefxne  ‘ _ﬁ,v’ '}' fx . , }*’“
PKME= Rental prlce of capltal machlnery and’ equlpment.
PKSE -Rental prlce of - cap1tal englneerlng structures.
PKSB=Rental pr1ce of cap1tal bu;ldzng structures.«

N

© The formula for PKME is .

s



pRME=m(1—Eitx*zE~K;YE)/0féit§»*(Qsmt_lﬁnnaAﬁi
Psmﬁ*.1392)+?sﬁt*Prqptg‘ :

Where, | o | o

Eitx=Effective.£éx~rare ef'tﬁe corperateaincome taxs

ZE=Present value of therdeprecratioﬁ'allowanees of a .-

éolraﬁds'investment in ﬁachﬁnery anazeéuipment. |
K=Rate of investment tak credit.
v¥E=Adjustment ef the cépital reﬁtel(price for equipmenr and-
| machinery, it reflects the fact that. the'investment |

tax credit K wiil reduce the base on which the
deprec1at10n (capltal cos*) allowances are computed

Psm_=The 1mpllc1t investmeént deflator for ME

Psm t_1=Psm_,at ;he prev1ous year. 1

RREAL=Reel rate of return, o

.%392=The rate of:eceﬁemic depreciatipp-efdgEf(eSSuming ; l
- a 20 yeér“iife\gpeh for all ME, i.e. 95:percent'is}

dQPCEulcted after 20 years when the rate of
deprec1at10n is .1392), o ;e- “ |
Propth Property Tax=Property taxes pald/Net value of fixed
assets 1nﬂlud1ng land. '
: For rstructures the formulae are similar.. édr eﬁgjneering

structures, SE, s ' - , L

PKSE= (1-Eitx*2S- h+&s)*(PSE *RREAL+PSEt*.0582)+bsatéproptx
' (1 - Eitx) - ' . ‘ :

ﬁhere,
.ZS=Present value of depreciatipﬁ‘allowances of a dollar's *

‘investment in engineering-structures.

o
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YS=Adjustment to the capltal rental’ pr:ce of eng1neeh1hg”
structures (GQﬂ

‘Pst The 1mp11c1t 1nvestment deflators 1n 1971~100 for:.

o structure (SE) , o L | , |

fﬁatt 1=Ps.; at the prev1ous year.

.0582—The'rate ‘of econonmic depreciaticn in structures.

‘For buxldlngs,_

'PhSB-{(1 Bu:y*zs K+YS))(Pstt l*RREAL*Pst * 058 )+Pstt* Pr°opty
. \ 1 “Eitx

ﬁhere: | |
Pst =The impliéit investneat deflator ih 1971=100 for

| bu11d1ng seructures. - L s 'f
Pst =Pst at the prev1ou= year.A -

A So far we have outllned the formulae fo; :construct1ng
‘hthe rental .pxlce of éaplia . The sources of data for the
Qariables involved in‘the.caiculatlon of PR ' (i= ME SE, SB)
“and the aggregate rental prlce PK are as fo‘lows'

,Eltx° The effect1ve rate of corporate income tax. . quy,the
. vears 1961-1965 th1= serles was taken from Jenkxns \197‘),
'Table p 209' for ‘the perlod 1956-1874 ffhe data were
taken from Jenkins (1977) as follows, | “
Eitxs Ingome taxes ‘paid (Table D*?)/Bconomlc 1ncome

<

ing ludxng 1nventory revalﬁatlons (Table D- 14),

Slnce Jenk1n s study only went up tc ~4~'values for:'197§7”
and 1976 'were extxapolated Slnce the serles dld not seem'
to have any def1n1t~ tnend (up or down) he mean pf the .

.~ last three years observa;;ons (197gf74)hwerenused as;valhe§;5

. PO s . B -
. L . <. e n U
4 L. o 2 . X RPN Tl . . Lo . . .



for 1975 And | 197b. This preEedare‘was uti;izedﬁaj Béfﬁaift
(19*9).;«“\#’-’” | o
"‘ZE “ans iSv The present value for deprecxatlon allowances of
a doliar's 1nvestment in'SE and_SB. respectively.  This ‘is
computed. using: tbe‘. formulae for declining baiaﬁte “
‘ depreeiativn for the yeare 1961-70. . |

m+1/T)T

,' '_?ZE ZSr(l/T/(R+L/T;)(1 ;

where ‘
R 'is the f&te of dzsﬂount (assumed to be 10 percent) and T
is the ecohomlc l e of ,tne asset. (assumed to be 13.45'
.ﬂdea:s) f' Allowahce Qas. made for the changes in tax iaw of
v*197TQ’ 2E V4 found to be:.b7]7 for 1971 and 86781;or 1972,
The cogrespondlng ZS flguees were found to ‘be .1€43 for 1971‘

and . 1536 *o& 1972 For a detalled.eescrlptlon see7_Berhdt‘.

~ o

f7\1979)

RREAL: This 1s after.taa.real rate of return adjusted fer

_ inventbry valuatlon' aliowanceSUI For 1961 64 the date weretbﬂ-f

- itaken from JanlnS (19’2) zab‘e 63, p. }87 - The 1975 fana; 
‘;1976 valua& were not ava11ab1e but 51hce the_series does 66:‘
;\\;‘Pave any spyaific trend,.the“meanvvalues;gf the iaSt th?ee

years (1972~74) vere taken for 1975 and 1976. However, for.

the: total manufactur1ng sector RREAL was available for theSen
two 'years and . wvere .obtalned -from :"Two Cheers Fef The

, Eighties", anﬁemic ‘Council of Canada, Sxxteenth Annual'u

4

" Review,-.(1879). - ;3>'."u.;*?*f““““ e



ngn{,
,Hropgxé‘Thedéffedtiverate of orooerty tax;'defined as
Proptx=Pnépertyf£akes.paid/Net income of.fixed assets
| 1nclud1ng land’ | | |
‘ mhese data were taken from Jenkina (1972) ior 1961-65 (Table
64, fo property tax and Table 59 tor net income of f1xed
assets 1nclud1ng land) and from Jeqklns (1977) for the years
.1965 74 (the ratio of data if™Table D-8 to that in Table
—3) 1975 76 values were.aetﬁaf the mean of the last three
years (}972-74)T . | | | ' |
" Otter vargables in the rental price formula are:
fngate ¢f investment tax credlt | ”
'%f§E=the”lproduCt‘ of K, Eitx .and ZEQVI'The:“correSQOnding
variablgﬂ for ' structures ‘gs‘ib obtained as a product of K,
Eitx and ZS o | - a |
_ uﬁata on the 1nvestment tax credxt were avallable since
;W§71 for the Prov1nce of Ontar1o and - since 1975 fors the .
,ofher' pzov1nces.j However, 1n order to obtain nat1onal data .
for the years 1871-73, approprzate adjustment has been made
to " Ontar»ebﬁsgate for those yeans.' The sources ‘of the data
is SC (61-208). ‘ | L |
Wlth PK (EQME‘ 'SE, - SB)Voalculated from‘zhe rental

}prlce formulae above and ‘their’ correspondlng quant1t1es OK '

(i=ME, SE, SB), we have obta1ned the aggregate Divisia 1ndexf

‘lfor capltal rental pr1ce PK and a ‘Tmeasure of the total .cost -

' of cap1tal (CK) The latter 1s calculated as- A .
_ v . v
CK=QK*PR

Qhere oK r (ZP *Q )/PK =
T % ki ki ‘



- N ~ -
,QKME Mld year net Capltal stock in machlnery and equ1pment’
T m1111ons of constant 19 o dollars. |
“QKSE‘Mld year net capztal stock in engineering Jtructuﬁes
' in m1111ons of constant 1971 dollars.
QKSB M1d year net cap1taT stock in bu1ldxng structures 1n

© B

mllllons of constan‘ 971 dollar:. ’
’f‘; ‘ | Tﬁese' data vere taken from §C (13-568). Tneae capltal
étock data . were calculated using a perpetual’ inventory _
’netbod. For methodolcgy see SC (13- 52l,. ) :__‘ : | w
A.2 Labour, R ' | | o

A.2.1 Lahour Input - _“ SR -

In Chapter 3.A.1 it'is argued that man-hours worked
’lMHW) ;is the - ideal measure ‘of ~ labour *inpat.dw'As ;an
altern?t?se\to\gﬂw one may have to'dse man—nours paid (MHP)u
For exahple, Fu}s (197/) used MHP as the labour input. Both -
ceries we}e’determ1ned and the methods are dlSCLSSEd in thlS

section.

<
o

The total labour force in"productién"SOnsists of .

_ proddétion workefs (blue. collar, non- productlon or: salarled
remployees (whlte-‘collar) and proprletors (self employed
ﬂowner operators) Sources of data for each. type of worker, _f'
wage rate per worker and the calculat1on of  total: cost of.
labour w1ll-be-dlscussed=belov. | | o
SOurces of- ancnata . | ,

TN Productlon workers' Data prov1ded by Stat1st1cs Canada

on{request.

N\ . : Lol A . V. S0



. Salaried employees: Data provided by Statistics "Canada
on request. -
Prébrietorg (self-employed): Data available from SC

. (31-203).

Sources of MHP Data . " | H -
Production workers: Data availablé from SC (31-203)m
Salaried employees: Not available from SC (31-203), but

can be calculated in the following manner. : : : i
MHP sMan-hours paid for salaried workers, calculated as

MHPSfThe annual payroll (salaries)/Average hourly

earnings of salaried workers. i -
: ’
Annual payroll information is givern in SC (21-203) and

4

ar™ annual survey SC (72-204) provides data for -average
hourly earnings fof salaried emglpyees_(AﬁEs) during the
period 1961f69f However, this suzvey‘ was discontinued in
1969, andnﬁHEs data for later Yéars is approximated as:

AHEs=Average ve=<kly earnings (AWESs)/Standard work week

(SWHs)
AWEs data were tszken from SC (72-002).
Data on SWHs were collected from the occasional labour

costs surveys of manufacturing. As those deta are not

reported in the labour costs 'pﬁb}idhgf?ﬁélEheﬁaaté'yéré:3-HP.\

R

-

L . . .
provided by Statistics Canada on reguest. .. However, - those

data were available for ‘the years 1971 and 1976 only. For-

[

the intermediate years the SWHs were calculated by linear

o L
-interpolation.’
I - .

b4 L . . o . N
a - - - - )
. . . vty o . L . ) ,
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. . v . .
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T guantities and prices for production and salaried
labour in'menufacruring oanutoen be defined as follows:
MHP_=Man-hours paid, production workers™
AHE =Wages oé prodhotion workerS/MHP
;,=Ave age hourly earnlngs of production workers.
AHE ﬂﬁy rage weekly earnings of salaried.;mplcyees
_(AW )/SW}-I’s |
=Ayer39e hourly earnings of salaried employees.
MHPS=Saia ies of saiaried employees/AHEs
Data on \he number of proprietors (self-employed) are
Laylalable frop SC ~ (31-203) anc is used as a basis for
complexzng,the labour data as desc ribed below.
Since MHW" data is preferred to MHP data and since MHW
dara wvere eventually provided by Statisrics Canada, that weas
‘employed &s the measure of labour services in this study.
Thus, labour input wae measured as total man-hours worked by
proouctlon workers, "~ non- productlon , worke$§ - (salaried
employees; and proprietors (self-employed) 1ns£ead of
methours paid. . %He cost of labour was measured as total

e

A ST PG S
labour compensation T(TLE) . Totar\;;xﬁbourf "compensatxon_~“-j :

o 1nc1udés- al} payments »in-‘cash or. 1n klnd by employers to‘

w

. e
-~ s -

persons employed as remunera 1on for work :1nclud1ng wages,"'"

- P . — -

salarres and supprementary ‘labour 1ncome “and estlmatea

‘ rreturns t selﬁ employed. workers. Stat1 tlcs,j Canade'_

(18- 201) Prov1des TLC accordlng to this procedure.
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A.2.2 Construction of Labour Prices and Labour Compensatfon
Let us define the following variables:
HW=Total man-hours for production workers.
HS=Total man-hours for non-production workers.
HP=Total han—hours for proprietors‘(self-employed).
‘Data on HW and-HS were providéd by Statistics Canada on
request. Similar information for proprietors is ﬁnavailable
but SWH data were provided by Statistics Canada on request.
The construction cof KP variakles depends on:
(i) the number of proprigfogg, taken from SC (31-203) and
(ii) the_SWH data p;ovided by Statistics Canadaf
However? the SWH series was not complete for the period
1964{76;1_5Aszﬂﬁentibned ,beﬁore,-Stabistics Canada provided
;m,dﬁté. f;;. the ‘yeafs 19713 and 976 and ~the_ data_.4£o;
intermediate years were obtalned by llnear 1nrerpolat10n.
For the earlier years (1963-69) these data were.‘taken from
SC (72-204).’I.Thfs_'publication“wasvhqt;avaiiablé'fof the'“'“

'-‘years ﬂ95.'hhd 1962 heu data . far. these .xwo“.yearsp were.: o

- l .....
-~ , o - e e A

B T

obtalneu u51ng 196a~and 1963~dax L y-lnterpolatlon)

ea

T Proprxetors s?ii;deb is .. an L__putea 1pdbﬁé“wh1ch

e

- -
b 1

' based - .ﬁhe assumption that théy:work the same numbér of
Ailhours as the salaried employees, using. the "standard work -
week in hours - (SWH) of .the salaried employees as obtainéd-. ”
above, HP is calculated as follows:

HP= number of propr1etors 52-8WH - ... .-

e N T R

SR whepe srzamnmber ~o£ gee&s an a yea;

-
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2.2.3 Other Variables

WW=Wages paid to producti&n .workers, ﬁillioﬁs of
currenf dollars.
| -SS=Sa1ériéé paid ﬁo salaried ehpioyees, millions of
current dollars. D e
These data were taken from SC (31-203).

It may be noted that WW and SS are only direct payménts
to emplofees including income tax w1thheld but exclud1ng
fringe benefits. Data on fringe bene£1ts are taken from the
follqying sources:

(i) "Fringe"Benef't Costs in Canada", various issues,
The Thorne Group Lim!i ted Management Consultant. |

(ii) "Employen Beneflt Costs iﬁ Canada,f ”;éiiéﬁé'
issues, Thorne  Riddel .Associates  Ltd. ‘Management

: Coﬁépltant. |

=

.I; should be noted -that frlnge beneflts, from the above

iqsou.ces, do not overlap*wlth ‘data; from .Sta,isti;sg~Canada
- 131 203)

A 2 4 Prxce of Labour |
?; leen '“he data’ we.have dlscussed S0 far, the prlces of
-:productloé c;orkers' (PW) ' salaried -employegs.f (pPs) - difi
fp;opzletors can be defined as iollows;..‘ o

(i) PW=(wW+(FB WW)) /HW .
where fB=Frin§e benefjts as percentage of gross vage bill;

(i1) Ps=(SS+(FB $5))/HS . ',. >

4
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(iii) PSP=price of propfietors
We assume that PSP=PS, of ‘non- productzon employees.

The prices obtalned as above, 1nclude supplementary
beﬁefits (through fringe benefits) and hence total labour
compensat;on can be obta1h°d as follows'

CL(W)=PW HW, lebour compensat1on, (production workers)

'CL(S)=PS HS, labour compensation, (salaried employees).

CL(P)=PS HP, legbur.compenéation, proprieters.

TLC can. be obtaided by aggregaging over CL(W), CL(S) and
CL(P). As mentloned eariier, agggegation wés done by the
Divisia index. | ” )
Jivenh quantltles (as hours) HW, HS, Hé and prices’(wage
and salary rates per ‘man- hour) PW, PS and PSP,respectively
an aggregate_D1v151e price index of labour (PL) -and coet CL
(as TLC).can be construéted such.chaf;, h
_.CL=PL¥QL, whefe '  | o ‘\\

QL= (IP #H,)/PL i=ﬁ) S, P (S=P) | | .
A.3 Ene:g; Deta

A.3.1 Sources of Energy Data:and_Conversion into Qﬁkput
BTUs | - | -

_‘Tﬁe following are,tﬁe'main eources of energy data for'
Canadian manufecturing industries:* ’ |

(i) sc (57-506) | | o

(ii) sc (57-002) 8

(iii) sc (57- 202) ‘Volume 11

~In Chapter 3.A.3 the nece551ty of - transformzng various

5;ypes of natural units of energy quantities 1nto”pqtpqt;pqp§\:‘

SR ML PR i e e e e s
" M B .. DY woe e - . e LI R - LS -
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i€ explained. The transformation- of the data - is as:

(a)  the conversion of the natural unit inté 1nput BTUs""“i"

and then to output BTUs. L |
(b) thf.’dlsaggregation of '5ii"15£§1{£§7866§655ﬁ£5f7’”
namely, heavy fuel ull l1ght fuel oil, kerosene and dlesel57
. 01-'f and ‘the aggregat;on of. anthrac1te, sub*bltumlnous,
bﬂtumlneus, impcrted bltumlnous, 1lgnute and coke 1nto coa1
Because of this transforna ion all quan“1t1es ”afe‘
measured in millions of output BTUs and all correspond1ng‘
prlces are measured in dollars per mlllaon output BTUs.v The
output BTUs are obtalned as follows' | |
(1) The conversion of naturalAunits'idfo inpuﬁ BTUs
" using couversion factqrs'reportedyih TaSIe’A,1. ’ | |
(2) The conversion of input'BTUs.infb 6utputhTUs,using
a'faslbr:whish"édptuses:fhejgela;jvei‘effisiency' of ‘euergy-
7cenversion among different fuelTappliauées“useaﬂihfthe same

~end-use., Efficiency factqrsgare reported- in Table A.2.



CTARLE AL G

CREL T e
. A (Input B.T. U, /hbtural thit) -

c-oloEesteledty o o T L, 412 BTU/MKWH
; . ‘ ) ) .‘4: .. ‘v‘lv. - ‘ ~~‘A‘h,<- .-4‘.' n‘-. I .'.’-
2. Natural Gas .. .. 1000-1060 MMBTU/MMcf‘

3. L.P.G. (Liquified L R
T T PetrGlaJm &8) "f- .o-.,- v e A '-ﬁ‘ “4‘7095%1‘&3&‘381 -a' -»q.w ".,‘h e "I 4

I R TR .m'i-m---«_. P

| ;b:ﬁ"Gasoline S 222 MMBTU/BatTel

- 5. Qil /‘?”'iféaVyhﬁbéI'01l At ??Lﬂé 2874 MMBTU/Barrelr&j;EJ?A*WEsZimA
I - ¢ Light fuel oil '5.8275 ‘MMBTU/Barrel - o
L Kerosene . .. 5!6770° MMBTU/BarrEI““i*'l"'f*fffﬂf?
Diesel 0il- =~ 7 . -.5; 8275 MMBTU/Barrel;g R AR
6. Coal ) Anthrac1te : , 25. 4 MMBTU/Ton‘
' - Imported Bituminous 25..8 ‘MMBTU/ Ton .
Bituminous . ' 25.2 M43TU/ Ton’
Sub-Bituminous ' 17.0 MMBTU/Ton -
- Lignite + . 13.2 MMBTUW/ Ton.
. Coke - - . 24.8 MMBTU/Ton

L

Source: 1. -SC (57-207)
B 2. McRae R.N. and Alan R. Webster C
"Reglonal Ehergy and Production Data for Canadlan :
Manufacturing Industries", working Paper #78-6, Canadlan
“Ehergy Research Instlthé uly, 1978. :

Notes: MMBTU = Millions bf,B.T.U. | 3
MKWH = Thousands of KwH
Macf = Millions of Cubic Feet
:": | ; . ,‘; ) : . l ‘ ) ;
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P e et
NATURAL GAS COMVERSION FACTOR -

So9e2 L . ., 1060 -
1963 ... .. .. .. 1050 . -
1964 - - . . 1035
" 1965 ,gﬁﬁx_. o L - 1020 .
. o S1%6 1010
R 1967 - 1974 REEE ' 1000 :

The conversion factor fOr 1975 and 1976 are taken to be the same as
l967-7h IR L

Source: MCRaeuand web;tg: (l??&) |

-
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" e : 'IABLE,AZ.._. I G I
¢ L ., .' .
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S el . s i et '

CBNMERSION FA“TOR OUTPUT B.1. u /IhPUT B T u.'_; Q,};g,;;gﬁfiﬁ,;,Lg.

»;FU?L:‘ _71 " -Q_~.-; g_-;f' OUTPUT B T u /INPUT B T u,ﬁ;w}

| Electrlclty :*"'5; ‘.‘i_:;vﬂ",f.i,. L l DO
.imunﬁ.&s ttj. 1 nt_'x - i 5.'£54'
4nLPGu L - N -
',xGasollne f _ | ‘:; FA R < ,. .' ;ZOLkﬁw .‘v |

Heavy Fuel 011 T i = - A ‘;' '“:”v;"§é?~yﬁ“;ng ’:_ L

L'i'ght'Fuel'.Oll | o ':. B .82 R . )

Kerosene Co e . .,.' - .82

biesel 0i1 - . . - a6

oAl T e

© . Sorce: McRae and Webister (1978):

L : jGrlginal Source* Canada, Department of Energy, Mlnes and

: ‘Re'sources. - . .. T
- -1 Energy Demand. Pmpgectians.. A Total Energy Approachv Regortlf@iv:;:?Qtl
| o ER-?l-a, 0ttawa34977h Sh | TR TR e

oy e ek



‘”;45coke for thewyears 1962 72, but these are only ava1lable “as

7_~component 1n the total coal and coke flgure fo

The data ‘for 0;1 are avallable as_ aggregate fuel joil,f”\

ffor:"the-;years -1962*72 and in disaggreéated form for the ;
'years f973476; 'Since there are substantlal dafferences in'

"conver51on factors‘° vf fuel components (kerosene, 1lght

fﬁuel 011 heavy fuel 011 apd d1ese1 011) 1t ig necessary to o

first dzsaggregate fuel 011 1nto four components for the

. years 1962-721 tnen to convert 1nto output BTU unlts and

~~~~~

':7ﬁffﬁallyxﬁ to aggteqate . these four .components.: :mhiﬁ;{ﬁ?““*

‘-determ r‘atron ‘ bace:,:g . ’. tha quantlty hares | Of 011

' u:compbnents assum1ng chat 4for_ each :1ndustry the quantlty

4
s

e

P e w ® e e e = s

.share' fBrf each component is constanf over .the. perlod
n%1962-72i'v The component shares are. calculated as.an average'
using-ﬁh 1973 and 1974 data 'fo{'_each__lndustry h These
'7share5‘are shownlmn Table A.3. .i o |

A The data for coar are:;separated dfOrpisuhfhituminous,f

'1mported bltumanLs, ,bitumanus, ‘lignite, 'anthracite“and

Py

oewy ,-,‘.., -

'°n“ aggregate ‘f'f:;F years ]973 7ba: It A5 - necessary to?"

dlsaggregate the coal and coke data fdr 1973 76 -beoause of
ithe dlfferencec in the converszon facxors for. natural un1ts
:.tO_anUt BTUs for each of the coal components. e Agaln .thet
:lesaggregat1on' is done using the quantrty shares of the use
v'cg coal components;_ However,'hecause the trend of the wuse
| of coal components decllned sharply after 1970 the share‘of
"each type of coal is calculated as the propor11on of each

1972 1nstead

'-'of tak1ng an average of over several years.

a e \“:A- . '-'-. A
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" INDUSTRY-
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©_ Tobacco .

.-'—,'.'- “ R:Jbberu PR

©1 Leather
 '5?ﬁTéxtiles B

e e

’F Knit§ng“uf”’T

Clothing

J:wcodf::. R

‘Furniture
Paper .~ =

~ Printing
Primary
Metal fab.
Machinery

Transport -+ % gz Ll
”“-fEJécEfféél'pfbggfn;

" Non-metallic |
" Petroleum .

: Cﬁémic§ls
- Misc.
Foqd

TOTAL.

' KEROSENE

. ,«:fv-, $0828. 1 | |
-, .0012

Clie e linTABE ALEC
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" AVERAGE.FUEL SHARES
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e e e SHARE OF COAL COMPONENTS (1972)
A (QUANTITY SHAR::) -

Ny CANADIAN. & .. SUB o j i

. .. ANTHRA- . BITU=- - . BITY~ - BENCRTEERE
"INDUSTRY-. _ CH'E - MINOUS | \ ‘,(,INPDRT:.D» : m:NouS LIGNITE COKE»-
o Sy ot TsE T s3SK -t ss . S6 T

Al
K3
> .

Tobacco | 0. 0 -  -4», ST N « I 0
CRupber. T Q 0 L o0 o0 .o
777 Leather  T.2588 .a2 0 .0 . o o, o
Textiles . .0l74 0 8511 0086 - .1229 .0
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”;These shares are then used. to dlsaggregdte coal intc ‘its

4-,'-— -

i

._components vf;or,,1933 76 -Slmllarly,-_ e have converted e

. R S . - e

natural un1ts 1nto 1nput BTU un1ts over the perzod 1962 72

A 3.2. Own Generatxon of Electr1c1ty

":Totel consumptlon of electr1c1t} ~ (TCE)-. by4iithe_

manufacturlng 1ndus*ry 1ncludes the amount gi!electrlclty

e

J'purdhased (EP) %nd tﬁéaamount generated for own . 'use (OGE)

Quant1t1es QfL EP in MKWH" are avavlable from qC (5'7 -506) .

~‘for each ‘of the twentyJ}two digit lnqustrxes and for the

./totalo menufactur1ng seétor;‘but.totai*consumption data are

'estlmates of OGE amd so of TCE by 1ndustry.,

not ‘explicitiy avallable ‘for"all"of these' . two- dlglt

- industries since the anounts generated for own use areéhot

~aluays reported However, TCE data are ava1lable 'fog, the

R - " N-,o;'v‘.

]

'"t7sub sectors “OF some-of the tWo“dﬁgIt level 1ndustr1es from

‘ *

sC (57 202)\ ‘These sub sectors and the1r we1ght “in the

-.total sector; for those xndustraes are- shown 1n Table A, 5

swte v, . .‘ e ayn Wt W v oo .1_.\'»‘

v A e e

relntormatlon on these_ sub sectors _.can be used,axo‘»der1Vg~*"'“

K . T . a
IR e . @ moa - . t. -n . ~ t- - o - - -
. d .. .. vl h . -, - - i3 ALt L e -

C R PR . - . C v, . .



o309, ¢

. . TAREAST
WEIGHTS OF SUB-SECTORS RELATIVE'TO THE INDUSTRY
INDUSTRY CODE  SUB-  SIC. % WEIGHT OR % WEIGHT OF
TWO.DIGIT SECTORS CODE ¢ sus-sscmRs WHOLE INDUSTRY
Paper 10 Pulp & 102710 su2s 7.809
: . Paper ’ - (69.51%)8 -
- Non-metallic 17 - GCement 17-3520  .361 3.043
o Manufac- - . (11.86%)
turing” IR A
fora-  17-3570 .128 ¥
sives . o (4.21%) . A
. w-~Primary =% 712 070 Tronk T 122910 30540 7.970 o
: o - Steel - - o (38 32%) e
~ Mills L ST e
Snelting 12-2950 © 2.707 .
A & Ref. - €33u9e%)

Petroleum 18 . Petro. 18-3651 . 3.898 4.044
e Ref, T (96.3%) . -
‘Chemicals 19 . dndust. 19-3782 ¢ L698 . . .- €270

T T
Chem.  19-3783 . 1.073 .
(17.117%)

 Other - | e -~ - - f o
'_Nhnafact--'§ S :
“uring. - /
Source: SC (62-543) Manufacturing, - ™~ N
o~ 197 =100, 1956-76 i : . ‘

a: The figure in brackets is a sub—sector weight'as a % of the whole
industry weight 4 .



]

of ‘the subﬁsectcr SIC four digit'cbde numbers; sub-se&tor

The 'SIC two-digit classification code number, the name

ﬁeight' as a percent of the total twe- dlglt 1ndustry sell1nq

pr1ce index and whole 1ndus+ry welght as a ' percent of the

total manufacturlng sector 1ndustry sellznb p*1ce 1ndex are

“"shown 1n columns 2, 3} 5 and 6 respectlvely 1n Table ALS

It 1s ev1dent Irom Table A.D5 that sub-sectors falllng under

Paper (10), Primary (12) and Petrolgum (18) 1ndustL1es are

-

fairly ”&epresentative 'off these _industries in lthat.they
account‘for about 70 parcent cr' mcre of indust’y output.
The sub-sector of the Non-metallic: (17) and, Chemlcals (19)
reportlng TCE are poor prox1e for their 1ndustr1es."

Given the above 51tuat10n the problem 1s how to obtain
own generat1on of electr1c1ty da. for. all the- two dlglt

manufacturlng 1ndustr1es.' There are three p0551ble ways to

do it =«

"Smelting -and Refining” and "Petroleum Refineries” as

<

1{a) Take "Pu}p.end Pepef], "Iron and Steelﬁﬁills" plus"

L)

M}

repreSenting\:Paper' (10}, Primary (12) and'Petroleum:(TE),

1ndustr1es respectxvely

1(b) Then subtract the quantities of electr icity (TCE,

representatlve of the sub-sectors of these three 1ndustr3es

from the ICE quantities of the’ total manufacturlng sector

and allocat

among vthese 17 1ndustr1es in proport1on to thexr purchased

amounts of eLectr1c1ty whlch are avaxlable from SC (57 506)

-

@

these re51duals (the‘ TCE by 17 1ndustr1es)*'



< 2(a) Do the same as above but also include "Industrial
Chem;cals" as representing "chemicals" industry.

.Z(b) Do the same"as in 1(b) but allocate Tresiduals

-

among the 16 industries.

“3(a) We can also include the ~sum - of . nCement
manufacturing” and "Abrasives" as representing the

"Non-metailic" industry.
"a_ . I . '. ' , t
3(b) Do the .same -as in 1(b) but allocate residuals

w

among the 15 industries.

 Taking "Abrasives". and "Cement manufacturing” as

]

representative of Non-metallic it has been found that OGE
becomes negative. This implies thatgthese two sub-sectors
fall far short of representing the whole industry.

Therefore, the hihird possibility cah.be'ruled‘out. “As f6r

the sec9nd possfbiiitx it is quite o?&ioﬁsw from Tablé A.S
that "Industrial Chemicals"” veryb po&rly represent the
Chemicais industry (even less than one-third of the whole
industry). This may lead to under estimates of the amount

cf OGE. Therefore, the OGE {fqr each of the seventeen

R4

industries, other than ‘P%per, Primary and Petroleum

industries, has been allocated by procedure 1 above. The

oy

quantities of OGE so obtained were then converted into
outpdt BTU units. It has been assumed that OGE hats the same

unit price as that of EP.

. P A s )
Given the quantities, as ohgpined above, and the cost .
of individual energy components, a unit price for each type

-
- .

. 'bf,enétdy is calculated as follows:

. ¢ . “ . - :
. . : « : Chmge g . .
) . R e s ¥ L or



"PE ECost(E, ) AQE;"
where.
PEikPrice‘of i-th energy component.
T Ei=i-th energy quantity.

St

# g 17Q51 (Q) qggqrg}vgaih(ﬂﬁ)::;fc-fLG)f;gaeorine (G), .

electricity purchased (EP), electricity own

generated (0GE) and coal (QCL)

.t
N

Seven pairs, of prices and quantltles. have ”beec
determined. These are : . | | \

(PO, Q0), (PNG, ONG), (PLG, oLG), (PG, ©G), (PEP, QEP),

(POGE,IQOGE), (PCL, QCL)
where OQE =Quantity of the i-th energy type in millions of
BTUs. Sifnce PE is the price per unit of energy type i, iy T
is alse the unit cost to the éptimizing agent.'?® With thesev
“PE and QE we constructed an aggregate ,Diyfsia préce
index PE and an impiicit guantity QE,'where rhe cost of
energy CE can be obtained as o

.CE=PE*QE, such’that

QE= (IPE *QE)/PE  i=0, NG, LG, G, EP, OGE, QCL
since a simple weighted average of the PE implies perfect
substitutability while the Divisia index does not“,lit is,
therefore, an ideal method to be used.

The energy sources mentioned above provide energy-?aata
for the years 1962—76 The valies of PE and QE for - 1961‘f
therefore, were obtalned by e§grapolat10n using a regr3551on.
~;echn1que. ~This technique "will be discussed in the next

section.



-t

A.3.3 Extrapolation for Missing Observation
The sample size in this study is sixteen years covering

the period 1961—75. Energy data are not available before

. Observations. Since ‘the corresponding-onervat{pns for ~all |

other associated_ variables are available and since the
sample size 1is not largé, extrapolating missing values fbr
thése two " variables .is‘ preferred <6 drppping"the year
altogéther. | . o

- Therg are different ‘mgthods of extfapolation.15 The
éimpleét mgthod would be to make a linear extrapolation.
But ;sinéé for a small.sample each and-eve?&ngservation is

quite important to the estimated resu1ts the extrapolation

should be done as accurately as pdésible.ﬁl.oﬁe of the

methods of extrapolation 1is to find a series which is

reasonably correlated with the series to.be‘extrapplgted.
In Sur case such a seriés is the total cost of energy (CEE)
which 1is available from SC (3&—203)'and goes back to 1961.
Since our purpose is to extrapolate the égérggate energy
price (PE) for the years 1961, CEE'can be taken as related
to PE. We, therefore, specificy a relationship with PE as
_the"tdepéndenf va;iable' and CEE and it; a time trend, as
independéntiﬁgriaﬁi;s. That 1is,
PE=f(t, CEE} . o - (1)

' I't is further assumed that the reiatipnship may be

closelyu approximated with either a linearvor a non-linear

r

regression model.

313

1962. Therefore, we are missing the P§{(1961) and CE (1961)



Given the fact that there.was a sharp rise in -énetgy o
pricés around 1973, a non-linear relationship bétween Pﬁ and -
t is toc be expected. The linear and non-linear. models are
specifféd as follows:

L. (ak Linéarvadeluvﬁj,; }',?,4.1; 1,_;;:,;;‘;;70'¢"« R

PE=a+B.’t+B.,CEE+u. R (2)
whe;é a}, B,, B. are unkﬁown parameters and u,, is‘ the
disturbance term. - - - - : e

(b) Nén—iineaz moéel

PE=a,eft CEEYw, = = o (3)

where a,, B, Y, are unknown parameters and u, 1is the

disturbance-term. ,
Taking logarithmélof both sides of (BY, we have

log(PE)=log(a,)+Bt+ Yidg(CEE)+l€P(u,) |

Regregsibn models”(2) $nd (3) were used to extrapolate
PE (1961) and CE (1961) for the to#al.méqufagtUEing sector
and for all twc;digit'level industries. Once thq parameters
are estimated, the values of CEE (1961) and t ({561) are
substituted in the regression equation and the value of PE
(1961) is obtained. | |

The .choice between tﬁe two estimates’' of PE ({991)
“(based on modelé"z :and '3) was “mainly. based on the
consistenéy with PE'(1§62), ﬂowever, 'consistency with a
longgr' trena was alsé a’criterion. - The modél used for each

industry is indicated in Table A.6.
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where QE (ZPE *QE )/PE

.o

'1" * B e, @ . . * e ,.

."b14:

OGE separately However, th1s does not 1nciude-the"cest,of

other fhels-(COF) avazlable'from sC (57-506). g Aga1n CEE

w;¢(available £rpm-'Sp (31 203) _ costs of electricity and

cupplles used) does not fhclude~the cost of OGE Tmerefore, M

'"'the actual cost of energy (CEA).should be eLther-

. 4
% \:, o

Toemnes o

~
A 3

A, 3 4 Cost o£ Energy f """ ‘
| ; The calculatlon of the cost of energy is-as- follows.u“;_h
CE=PE *QE -"'a-';"' ” A‘dﬁl".‘. ] .'.14).s.--“'

CE‘.A SCE+COF" " = om o - . -(5'.)4' T
. T [T e O N A v I

T2 S T D T F_’” @“.?..“ . m o

CEA=CEE+cost' of OGE. ~ . ', (6) T e

o

_ﬂ@%;vdiﬁgyregcgp rengEen (5% and (6) is usually very small

H0wever,wfor - some of thé} 1ndustr1esﬁjthev dlfference”“as
. . . - - e o

t

51gn1f1cant for thel years 1975 and’ 1976. Equatﬁen'(ﬁ)ﬁis

.

" used’ for calculatlng the. actual cost»“of energy _ in. this

i ( ) e Y

Af’study. “The reason for ch0051ng (6) 1nsteadxof’(5% is that

QUantlty data are unavallable :pr COF S S

Alternatﬂvely, .the cost of OGE (1961) .can_be obta1ned
as: B | ', :

COGE (1961) POGE (1961)*QOGE (1961) S (J)wJ

It is assumed that the pr1ce of OGE- 1s the, same as the pr1ce

’ ofe',electr1c1typ_ purchased j (EP). thle ~the .price Of

v~

electricity is. not available for 1961- the pr1ce of electrlc
power (Pelect 1961) could be obta1ned from the "Input Output

Table. in the follog1ng manner:

N

ki

-

1EFE1QEi 1s ¢he aggregatxon oger seven ‘components éfeAEfng"~j-

<



v e

5 V‘Pelect ( 19671)=. Vawee'.--:-'?‘-' “

dollar/Value Of electrxc power uat,&constaht?if;:f

dollar..»

'7S1nce the'pr1ces for 1961 so obtalned 1s greater' than fthe,gjf'“

-}1962 prxee5~alread§ avazlable (and electr1c;ty prlces dur1ng

the early 1960 s‘ vere qu1te stable) Pelect (1961)

~o«n¢‘-...

caiculated ~ingtead - as .the avemage of the prices avagiabie

AN

for 1962,s1963.and 1964 'USlng this average prlce for

Pelect (1961), the CE 1961)'is cal-ulated as

L] e
(

A 4 1 Resources Renewable and Non Renewable

R . s..»“

- resoufce pr1ce measure& are needed * leferent 1ndustr1es_;_3

‘-kugé' d1‘ferent Eypes _ of ‘renewable . and’ non—renewable

w resources. .2 resource 1nput may be cons:dered as a ‘highly

i o R

spec1 ic 1nput consqstlng only of sub components of ‘SIMILEF*T
types of pr1ma*y,‘70r SllghtlY processed resources.'vFor

example, "grains" itself may be treated as a resource input

O I

consistihg?'of«?sub?components 1of. different:types:of crops

‘such as wheat, barléyf oats;'rye,'etc. ASimilarly,"jorestry

produCts" con51st ,of various types of forestry related.
products such as logs and- bolts, pulp wood poles “a"df"'
p111ngsvetc. However,'xn general any spec1f1c 1ndustry uses o

-+ : - more .than one- 5uch highly spec1f1c resource.'v For" example,

] .
xgralﬁs,f‘!kve anlmals," other’ agr1cu1tural products, fish

LN
R

land1ngs,1meat products, dairy products fand flsh productssw

are collectzvely renewabler resources used by .the{ foodl .

Aggregate resource 1nput or quantlty and rorrbspohding

,Qt,j electrlc power i'@?ﬂ:7¢9ffé“?

Pa—

cfE (1"961) CEE ~(1se1;+cocz (1961). R

NETRS



'Tf mlnerals are hon- renewable resources;fsff

_. aggregation.procedure is used. All resoudtce data are taken

'frOm'thefdnputeoutput'tablesg'1;’-~§ ,;:ivﬁujxf;g‘f 4

%o . B ,__': Lot B : A AUV N e 4 . [P S [
Lo Tre ».'_ RER h . . ceea. '....‘“- N T B L A P R PRI TR SOOI S I S AL A I ST .

Industré.} Slmllarly : meta111C"mrnerals ~dn@ hon-métallic

1R hggregatzon,;ftﬁ ba51c resource.'corﬁ;‘)c)‘ric-_ilﬂt:_"~.31,—'ja_‘l."'ef~

aggregated 1nto a ub aggregate, for example,'the icaﬁeéory,‘b
gralns is a suu—aggregate of the hlfferent types of crops

ment1oned qbove. As well a correspowdlng prxce Jndexv-isv

o

constructed fqr hls : “b*aggbégate.} Then _:fthe.uﬂ_

'fsecond stage, sub—aggregates are algregated “tol dbtaln the. .

LN

requ1red aggregate resource.lnput.\ As-before,_the‘D1v1sia

i
N
A 4 2 Pr1ces of Resources'

It 1s posszble te obtaln resource pr1ces in two ways..

lv(e) From the Input Output Tables ~an ;mpllclt-.pr1Ce'

K index for each . 1ndlv1dual -resource,,cenfvbe_.obtaﬁ,.deasq

follows: .
PRi—Jalue of. resources in current dollars/Value of _;9'

resources 1n corstant dollars

a where PRi;Pplce of a resource or a resource product‘of the

" i“th type.

(b) For each individual‘resource a price series must. be

"c6nstructed. It can be based on the quantlty ,of thef iftH,

prOduced, resource_ (Qi) anﬂ the correspondlng value (Vi) of

that resource. A’ 59111“9 Prlce of the resource ‘is obtained - .

)
. '
&

3 §591=Vi/Qief:éﬁeipér.unit se111ng pr1ce.” .This';PéP

could"beff%reated; as the pr1ce of- a resource or a resource

s & 8. -
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punposes of this productlon study,r The

e .'»- .

;moduct for. the|:

‘13'\' reason for 1nterp‘et1ng th1s as a pr1ce 1s ‘that the sellzng

pr1ce af . a_reso,rce Qb 1ts prodpcer is. the buyxng pr1ce ‘of
~ .the resource to
- if'inputr"‘ Humphre_ and Moroney (1975) adopted this procedure
‘ for construct1ng _esource prlces i' "U.Ss. -manufacturlng.
for fthIS' de resource prlces as obtalned from the first

ble,' prov1d1ng 1ndustry spec1f1q

sourced (1npu%-output

publlcatlons of Statistic Canada) wh1ch prov1des a general

- prxce and not ”an 1ndustry vspec1flc pr1ce. It should be

L
» k .

noted that the values of resources (1n constant dollars) as

RN - A P

the 1ndustry ‘using the \resource as ‘ani e

Y

determ1ned (in 1nput output table) are 1n producer 5 pr1ces.a. ‘

it

' The value of the i-th renewable resource component Cin o

constant dollars, is treated . the quantlty (a real

AR

“prlce _PR , was deflned above. The D1v151a aggregate pr1ce

1ndex (PRy and ' guantlty 1ndex (QR) for renewable‘

resources are obtalned w1th these PR 's. and.QR;[s; :Thebcost'h'ﬁ

of renewable resources (CR) 1s obtalned ‘881
CR=PR tQR S

whére

QR=(ZPRi *QR VPR . i=1, 2, Ls-f m,, m, is the'number-

¥

measure) of the '1 th renewable resource ,CQmponent Tts

of - d&fferent types :off'renewable7.resources used by.”an'

1nd try. _ o ,
Qﬁ LI . L SR
‘ The Divisia aggregate " price .ndex (PNR) and the
y guantitY“ “index  (QNR) for non%renewable. resources are

. ~
s
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obtalnnd s1m1lar1y.h;¥ilct

Flnally, the cost of non- renewable resources KCNR)” is

T g- e

.....

obtalned as.foiiows." ‘
. CNR;?N_R ,,‘*QNTR- L SR k » } v

where,

| QNR;(ipNRifoNRiVPNR.if1, 2, ---m,, m. is the.number of

—'diffé;ent,ltypes._of,nn6n4ren¢wable _résou;cgs _hééd.-by én S

" -industry.
v mR°Sdhr;e dats are obta1red from S -“;j;<ﬁ;g_ e

Iy

- sC (15—308E) 1561~ 74 oata in current dollars |
sC (15 "509E)., .196/%-74 data in constant dollars |
;,¢m-.'Rev1sed défaw¥;;w(1971-76) ‘Were provadedlby Statistics “
Canada on request |
‘A5 Output
&, 5 1 Output Quantity .. : L‘ i.3' | ; ; X
| _Rece-nt Canadian stu,dlwll ('Dgnny et .al..f ) 1."9.‘77,. ':197‘"9;
McRae, 1978' FUSS,A 1977) ﬁeé"re 6n£put‘”as' feal gross
.output.v The total vdlue of output (TV) is g1ven by:
Ty VA+CM+CE S ey T e e
'Vhere, L |
 Va=value added
. . CM=cost of:ﬁépefials
.CE;ngt'of”energy}7 .
nThé réal gross output at'tine t is Q ; defined as:

0.=TV/PS . (9 . S .




...

_—
L. ®

‘1 In (8) CM can be broken ‘down- as»ﬂ *“‘”:'“f]‘lfﬂf “;_.

“o T réw materials. - Other materlals comprlse prOdUCtS “Buch™

e

= where

CM= cn+cnn+cou SO Gy .

CR cost of renewabre resources
ACNR cost of non- renewanle resources _ .
COM= cost of other materlals. - ,

It maY‘ be' noteo that other mater1als are 1nputs that

have been pfocessed further than those 1de t1f~ed as

v 3
renewable and non-renewable resources which are ba51cally

. paper - produCt , newsprlnts, other paper stock clothing and

<

jaccessories,.' plastlc : fabrlcated products, _ industrial

chemicals.etc.  For sbme of the 1ndustr1es the cost of other

3

materials share are small. ‘For 'example, for 'the- pr1maryt

‘‘‘‘‘

e

metal inaustry the COM share 15 about 18 percent ot the:f

total cost of aggregate materlals (R NR and COM) for ‘the

wood 1ndus‘rv this share 1s about 33 pnrcent for petroleum»

: about 20 percent and for food 46 percent For some of . the

1ndustr1es COM is 1mportant and for some it 1s not.

.‘In<the_presentfstudy v does not 1nclude_ COM and is

v~ given by: . °

TV=VS+INV-COM g (11)
where
VS=value of shipments

 INV=the net change in inventory;'given by

-



.do'INv=VA+CE+CM>vs T anle J
' Subst1tut1ng (12) and (10) for INV and CM respéttiyglym in .o
.(11) we obtaln '._ . | |

TV -VA+CE+CR*CNR . - (13) |

In def~n1ng TV in. (11) it is a55umed a pPlorl that the
.marglnal ptoduct of COM is 1ndepeﬁdent of other 1nputs (i. .e. *.
‘other mater1als are separable) Ve In: ozder-to obtaln a *?91'
| OUtyUt measure it is necessary to deflate (13) bv an voutput
price, »The ,;ndustry' se111ng price *ndex'-(PS) *is “the

deflator for gross output deflned in‘(é) . The questlon “is, .

.y,"‘

" can this be used for deflating (13)7’ Assumlng that perfect -
competltlon exlsts in the. product and factor markets, PS is
a suxtable deflator.:fot (13),,:1herefore,,teal output.is

.

| obtalned,as.' | e
| th—Tv'/ps s (1a) |
In so doing the. impact of COM -on the 'detefmination of a
flrm s selllng prlce 'is 1gnored w1th an imp11o1t assumptlon
that COM is separable from other 1nputs.
A 5.2 Industry Sellxng Przce Index PS’
- Industry selling price 1nde;es are taken‘nfron"the
followingusources: o : |
(1) sc (62-202)
(2) SC_(62-528)
(3)°SC (62-543)
It. may be notedf_that for ‘some oi; the‘industtiee
(namely, Rubber, 'Metai faoticating, » Transportatlon,

eTElectrlcal products and Mlscellaneous) the prlce 1ndexes are

»

o ) .



not avallable from the above sources at the two- dxglt level

but rather at the four d1g1t level: 1n those cases price.

weighted indexes. For

épqz;ggign' industry.

€ are available fér two

1ndexes have-.been_ constructed. a
example} coheider—the case of the
‘PS's'data_for'the‘whoieﬂpefiEd.1961
__of the four four-digit. level * ‘sub-sectors, 15-3230 and
15-3250, and their respective weights.a;e-5;670,hand 1;974
(togethetﬂachUnting;fOr-7.644,of.the tetal inéustry 'yeight

e

_of 2.455)., - In order that these welqhts can be add up to

2

unlty the g1ven aelghts ére converted into “propbptions as
0 7418 4and 2582 respeetlvely. The'aggtegate éSﬁislthen.
calculated as: - .;‘ - ) o
Ps=Ps(15-323b)¢b,7418+p$(15-3250)40;2582
vTh&s:is{treatea aS‘the Ps”fér the ihdhstry. Similar weights
, lare 1aléb'ehown in Table 5 column 5, for example, the cases .
of Non motall1c, Prlmary and Chemxca s. fhe PS for mpther:

industries lfstedtabove are slmllarly-calculéted.
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‘ Footnotes to APpendxx 1

1. See McRae and Webster (1978), p.12
, T
2. The problem is that dlfferences in profit rates may

be due to rent,- where -rent. may varyv depending on the

“monopoly poweb‘ of the firm,which is unknown .. Therefore,

~differences in rent may create problem in. the residual

measure.  Inventory valuation adjustment may, creatn,

N

,problem‘in that firm may adjust -its level of; output by'

changlng ‘its 1nvento*y, -where ‘invantfr§ Ve *uaolon may be. -

ffected By the interest rate whlch 1s external to the firm.
The interest rate may ‘increase or deﬁrease which in turn.
wiil'Vafféot .the ‘daluat1on of 1ny§ntory. * Therefore,
valuation of the ‘i;jentof§ adjasomen; wiil afféqt capital .
.valvue. -

Other unknown .componeafs.may inyolve randcm events‘or
any other factors. See.Berhdt and Wood ((1979). |

3. See Statlstlcs Canada (13- 522) Fébruary,‘1967:

4. See Statlst1cs Canada (31-003).
When the rate of capital cost‘allowahée'ia 20

, 95 perc¢ent of the ‘asset's 1initial cost will. be

ciated in 13.425 years (see Berndt 1979Y This"can be
R ‘g{ » R - %
‘§ﬁ§' a5 follows"' . *

ﬂd. . . i

Let , TR _ . R
I=investment
L=Life of the asset .

r=capital cost allowance

Given the capital cost allowance by the Government tax

-
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authority, L is obtained as

I+(1-e)b=0.0541 - - o

or Ltlog(1-r)=10g(0.05)

oer=lo§(0.0§)/log(1F})a134425, for r=.20, a 20 peftent
capita;;coﬁt allbwahce." -
: 6: ’Life of the asset in this case can also be obtained
2s in footnote 5. | | H

;77. For interpolation, the fdllowiné linear:}alatién is
 assumed: -
. SWH(1976)=SWH(1571)+8*T, - ! |

wheré Buis thecslope coefﬁaéiegi which may be-po;itive or
negative, T=1971, 72, -=-- 76, B=(SWH(1976)-SWH(1971))/5.
Fo} the  food industrf B=-0.11, given SWH(1271)=37.95,
SWH(19f6)=37.49. Fér the rubber industry B=.096.

8. Some.typographical ertors in the energy data source
SC (57-506) were detected by McRae and Webster (1978). The
energy data were cbtained from them on request‘and were used
in this study. Data for 1976 were suppli;d by Statistics
Canada on request 4(sinc; 1976 energy data were yet to be
published). |

S. Iﬁ transforming energy data, we have followed the
methcdology éfﬁMcRae and Webster (1978).

10. See Table A.2. |

11.. See Table A.1.

¥

12;$ Millions &6f kilowatt hours.
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13. See Fuss (1977).

\

14. Properties of .the Divisia index 1is discussed in

. »

Chapter 3. {For details see Diewert (1976).
15.. For interpolatidh or extrapolation in‘Vregréssion
.analyéis seeiMaddala (1977) pp. 201-207, section 10.4. |
16. Physical qﬁéntities of resource componenis are not
pub;isﬂéd. For the'.purpoge of aggregation, héferogeneous
rescurce components (in physical units) are convérted into
dollar values ' and deflated by the price index tc o6btain a

v

real measure. ' : ‘ —
)

rd
;

17. Th&s provides a general prdduqé;'s price of
resource comﬁénent and this.is noé inaustry sééc&fic. This
method does not allow fo:ftﬁe'possibility of intermediaries
and their markups.

8. Humphrey and Moroney (1975) make a  similar

assumption.



Appendix 2. DATA . - y
Table 1: Manufacturing Input Price Indexes, 196}-76

/

327



1.67518

. ' 1. FOOD
YEAR PL . PK PE PR PNR
1961 51123 778527 B5078 .76749 80433
1962  .52419  .79692 .88094 ° .80764  .81266
1963 .53958  .81976 .88586  .78030 ' .81138
1964 .55901  .91277  .90254 . .78889 .82066
1965 .58413  .88512  .90205 -.83316 .81724
1966  .63291  .91498 .90588 ° .89170 .83633 -
1967  .68575  .89918 - .91513  .89883  .85680
1968  .74322. .95304 . .92871  .91013  .87717-
1969  .B83820 1.00435 .93176 .96646 .90118 .
1970 = .90993  .99348 .94134 - .98416  .96147
1971 1.00000 1.00000 1.00000 '1.00000 1.00000
1972 1.07611  .90917 1.05448 1.13329 1.04622
1973 1715730~ .89653  1.14665 . 1.48533 1.09703
1974 - 1.34321 . .94133 1.40084. 1.65718 1.25875
1875 1.592 8 1.14091 1.68667 1.75783 1.45544
1976 1.80477, 1.22736 :2.05273 1.71639 1.53098

) u 2. TOBACCO

YEAR PL PR«
7861 L 46368 80212 _87867% 82239 -
1962  .47185  .79486 .89162  .81099
1963  .49573. .77370 .90126  .84392
1964  .52530  .80376 .92660 .72396
1965  .54523  .88325 .92306 .80026
t966  .57760  .83592 ..90264 - .93728

1967  .63157  1.24315  .87796 1.05800
1968 73104  .88363  .92030 1.00847
1969 . .80957  .90955 .87858 1.02777
1970  .90557  .93046 .91662  .99439
1971 1.00000 1.00000 .1.00000 .1.00000
1872 1.07056  .98510 1.02488 1.00726
1973 1.16360  .99474 1.09784 1.06970
1974 1.31368 1.05066 1.27226 1.14419
1975 . 1.55556 1.22834 = 1.50421 1.32993
1976 1.79334 1.32585 1.86808 1.36129

. ' RU ) :

YEAR PL PK PE PNR.
7961 47427 70218 74500 83581
1962  ,42050 .68774 .78695 ' .82958
1963  .42196  .73891  .76533 .84504
1964  .43421 .80240 .76338  .83664
1965  .45947  .73385 . .76361 .87704
1966  .46791  .79900 .77826  .87196
1967 . .48206 .87536 .B0268 .91959 = - *
1968 ~ .46102  .86841 .81686. .91503 N
1969  .50371  .88120 .83693  .95669 v
1970 ~.90590  .92818 .92943  .97986
1971 1.00000 1.00000 1.00000 1.00000

01972 1.07626  .83613 1.03248 - 1.01893+

1973 1.15139 - .80209 1.07893 1.10864 /
1974 1.28947 1.16827 1.38860 1.34762 ‘
1975 1.49205 1.04128 1.55508 1.50765
1976 1.11439 1.96928 1.57157

328
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: 94. LEATHER: ,

YEAR . . PE J PR
1962 56347 63651 -1.00755  .81043
1963 .58845 = .65788  .99704  .76437
1964  .61366 ~ .74295  .99794  .72412
. 1965  .63646 1.44893  .99B59 - .75443
1966  .63200  .75122. .94657 . -.90189
1967 . .74435 - .80196. .97154  .87076
1968  .79340  .89421  .97517  .88452
1969  .86621  .81639  .99326 .96387
1970  .92299 ~ ,83519 1.01304 ' 1.00999.

1
-1971 -1.00000 1.00000 1.00000 1.00000
1872 1.06664  1.69592 1.11007 1.86086
1973 1.16660 .88296 1.30652 224299
1874 1.33128 1.41634° 1.48746 1.63495
1875 1.53741 1.33305 1.55014 1.39100
1976 1.73433 1.42820 '1.78815 2.00609

5. TEXTILES
YEAR PL PX PE PR ~ ___PNR
1961  .52948 .97537 .86760 .98185 - .81651
1862 . .559891 1.04690 .87990 -1.00195 - .77779
1963~ .58172 .99466 © ..87820 1.07065 .81751
1964 .60407 1.05571 . .,88549 1.09897 .80110
1965 .63075 .94236- © .89831 1.02088  .85183
13866 .68468  .95834 © .92997 1.03705 .86812
1967 - .74033  .84684.. .92636 .94503 ° .88747
1968 . 80647 .96378 93035 .92845 .83593
1969 .88024 1.00570 .87565 .95284 . 88005
1870 . .94191 1.08385 .81452 1,01399  .97397

1971 1.00000 , 1.00000 - 1.00000 1.00000 1.00000
1872  1.07252 . .96752 1.0618t .98679 1.03467
1973 1.15289 1.02175 1.14268 1.30434 1.10936
1874 1.30067 1.25101 1.58253 1.81304 1.39741
1875 1.49108 1.32487 1.82207 '2.19381 1.70535
1976 1.70350 - 1.41954 2,3¥4534 2.17175 1.88681

- 6. KNITTING . ‘
YEAR PL PK “.PE ) :
1962  .54337  .74429  ,95923

1963  .56627, .72514  .83074

1964  ,59361  .79990 .96725

1965  .61258 1.61809  .95485

1966  .67188  .84272  .95095

1967  .72631 - .87357  .92454

1968. .78011  .97559  .93767

© 1969 .85859  .94377  .94516

1970  .92279- -.945395  ,97142

1871 -1.00000 1.00000 1.00000
1972 1.08716 .93288 1.01317
1873 1.17224 ',88200 1.09779
1974 1.35441 84765 1.28571
1875 1.58368 1.01115 . 95376
1876 1.78236 .99856 1.71017"
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7. CLOTHING

.88916 -~

.63696

.65263

YEAR - PL . PK PE PR
1961 .51814 ~ .79550 1.02674  1.01273
1962 .55038 -~ .81763 1.00036 1.02910
. 1963 .57443 291437 1.03606 1.05433
1964  .59622 .92887 1503710 1.02921
1965 . .62614 = :83520 1.01409 1.11946
1966 .67825 .76009 .83341  .96533
1967 .71629 ..862§0 .95958 ..89616
1968 77647 ©.96931  .96091 .96877
1969 .84953 .99262 .96634 1.01134
1870 .90480 .95260  .98478 .92486
18971 1..00000 1;00000'_1.00000 1.00000
1972, 1.08182 1.03238.  .98129 1.34145
1973 1.17921  .95838 .99470 .1.60739"
11974 1.33438 1.03371 90969 1.48202
1875 1.53655 1.16868 1.27479 1.78841
1976 1.72866 1.16843 ~1.43185 2.24949
oy §.. WOOD S -
"YEAR PL - *PK _PE PR PNR
1961 .- .48114 .95114 = .98934 ' 68533 ' 76389
1962 .48371 1.04759 . 99287 . .70496 @ .77490
1963 .52047 1.11525 .98256- ~ .72911 .83129
01964 . .53984 1.17545  .98433 . .772t0  .82029
1965  ..57044  .96548  .98093 .81705 .84397
1966 .62769  .89777. ..96014 .84293. ]
1967  .68139 .94220 - .95781 - .85748: , .91228
1868 . 74901 1.16760 .95750 . .93125-° .90983
1969 .82548 1:26444  .93819 1.01422 © .95695
1970  .90358 . ..88042  .98600.  .94325 .97121
-1971 - 1.00000 - 1.00000.. 1.00000 1.00000 .1.00000
1972 1.08214 1.11230  1.02548 1.14895 1.00232
1973 1.20963 1.53587 1.10794 1.43141 1.02008
1974 1.40510 {.36828 1.24439 - 1.51481  1.14066
1975 1.6%+107 1.59861 1.42063 1.55667 1.25493
1876 1.85919 1.74424 1.75804 1.75186 1.35007
' .9, FURNITURE . - ' '
YEAR PL. PK ~ PE PR " PNR
1961 .52782 . 73307 .99294 .70550 .86726
1962 57017 .80684 1.01576 .73292 .85988
1963 .61820 .83682 .99419 .76318 .86810 _
1964 :61778 .85046 1.00160 .77992 . .87225
1965 .62693 .86012 = .97788 .79682  .88776
1966 .68060  .97662 .93852 .81966 .80523
1967 .72967 = .88852 .93494 .84649 .91037
1968 -- .78307 1.04668 - .92364 .95767 .90437
1969 - .85598 .94356 .97601 1.02177 .91823
1970 .92626° 1.00537 . 1.00827 .87770 .97443
1971 1.00000 1.00000 1.00000 1.00000 1.00000
1972 1.08140 1.03671- 1.05218 1.22762 1.01088
1873 1.16386 1.11431 1.13842 1.54243 1.08440
1974 1.31373 1.31305 1.35032" 1.49873 1.27315
1875 1.505894 - 1.38987 1.45459 1.46748 1.43973
1876 1.69399 .1.51453 1 1 1.61227
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.PL

54726

.56629
.58332
.61304

.67289
. 72558

..78654
.84243

.81953
1.00000-
1.07404 -

1.16126
1.36705

"1.61005
1.864689.

* PL

. 55422
. 57857

.60156
. 62845

.66025

..70926

- .75681 .
81054
. 86646

.92391

.08943
18119
. 35662

.55036
.57672
.59459
.62301
. 66878

ST2171
.77424.
. 82860
. .81355
1.00000
1.07850

1.17690
©1.30240

1.50838
1.69965

.00000 -

58143
75232

. P.Ll' :. L
. 52877

10.

.73980

TPAPER ’ ‘
PK

1. 74620 73891 "BT?S§>-} 95611
1.12418  .75799. .81661 . .92879
1.21033 - - 77359 i;82784 .92563
1.26797 .78816  .83331-:...94006
1.09891 .81515 .84226  .97667
1.06778 .83381 .88262 .1.01956

.98194 = .85865 .94003 ' 1.05908

.98662 - .84758 .94052 1.09285
1.06607 .86825 /95798 1.03726

.98223 .87251  .98431 - .99933
1.00000 1.00000 1.00000 1.00000

.93986 .98800 11.00941 .99767
1.14748 1.07508 ' 1.14319 1.07800
1.55040. 1.47759 1.45247 - 1.39376
1.46776 ~1.73096. 1.77019 1.65624
1.60341. 2.04542 1.90284  1.79084
: 11, PRINTING' -

. PK__ PE P

. 570, .9193%4 -~ 7709710

.88356° .92831 .69090

837947 ;94345 .70890

.91821. -.94608 ... .80360

..76620 .896318 ° .93750 -

.82662 .91314 . 94920

.83934  ,81660 .82730.

.83870 .92800 .91800

.99869  .:94710.-. .8&110

.81619 .96172 1.1%950 -
1.00000. 1.00000 1.00000

1.13608 1.02905 1.20980

1.09584 1.09775- 1.55130

1.12150 1..35338 2.24560
1.25891 1.57390 .2.06090

1.30850: 1.70229 2*19270
A Y PPIMARY o

- PR = i PNR
- .94405 77918 758271 .

©.82247 - .80137 .78355
+.99084 - .80478 78405
1.03570 - .73722 . 79364 -
2.85146.. .76449 - .81537
1.07897 - .79230 .85146 '
1.16885 .79596 .87251 - -
2.07414 .80828 ..89161

1.12388 . .85019 ° .93355

1.10035 .91902+ 1.04755 |
1.00000° 1.00000 1.00000

.85244 1.00932 1.029%91

1.00647 1.12381 :1.20412
1.19723 1.33883 1.50813

1.27734 1.63130 1.63893

1.36926 1.97467 1
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13,

METAL  FABRICATING

197272

L S

ek e o b — -

.64081"

PNR

.80839

.81142

YEAR. PL . _PK’ _PE - PNR
T 7579327 890715 . TB30UZ3 83947
1962~ .53844 . .69551 .88436°  .83689.
1963 .55876 .75037 °  .88110 - .81916.
1964 .58057 .83186 ;8%703*' .84331..-.
1965 .60779 .88227  .87740. . -.86347 °
1966 .66779 .89983 - .88044 .87931
1967 - .71872  .83097 .5 .93138 . 88854
1968 .76964 .88340  .95818  .88808
1969 .84318.  .91266  .94357  .92054 -
1970 .91480/ 1.00629 = .94877 .97516
1971 1,00000° 1.00000 '1.00000 :J 00000
1972 '1.07330 .89839 - 1.03206 1.02360
1973 1.16552 1.01568 1.13595 1.12630
1974 '1.30772 2.59614 1.28105 1.45545 .
1875 1.46483 1.44634 1.44240 1.62631
1876 .1.62959 1.55642 1.79422 1.72440
© . 14. MACHINERY . s
YEAR PL - - PK_ . __PE PNR :
196.1 51130 63385 88276 .B3067 -
1962 . .53341 .69168 90027  :.82870
-1963 ;55657\ .75705-  .88326 .81679
1964  .57349 .84015 ,86975  .83770
1965  .59229 1.05621 188647  .86085
1966  .65404 1.13233 88151 .87823
1967 .71178  .99833 t88369] +.89038"
1968 .73690 1.04494 ma88705  .89299
1969 .79256 1713935 N$82834 92243
1970  .88222 .96064. . .96814 .97168
1971 +1.00000 1.000005_1 00000 1.00000
1972  1.04807 '1.05221 - 1.00664 1.01996
1973. 1.08213 1.10933 1.06071 1.11842
1974 1.26601  .84261- 1.18034 1.43430
1975 1.46202 1.23632 1.49666° 1.64852
1876 1.61320° 1.33122. 1.74487 1.75351
L - 15, TRANSPORTATION 2

YEAR » . PL PK - PE_ PR
1962 - .53499. .85245- 184221, .72856
1863 .56166 . 83377 ';84671 -~ .T77748
1964 .58604 .86470 . .84453  .78110
1965  .52156 - :93762. .84653 = .79622..
1966 .66187 °  .76120  .84823 82389 .
1967 71907  .82481  -.85787 = .84582.
1968 .77588 .93985 .86904  .98073-
1969 - .80564 .86710  .89154 1.02523
1870 .89144 .~ .81153 .83144 . .,87123
-1871. .1.00000 1.00000 1.00000 -1.00000 .
1972 1.04378 1.03080 1.05628 1.23590
1973 . 1.10526  .99969 1.11164 -1.55708
1974 1.28414 - 1.02760 1.37387 - 1.50622
1975 . 1.47446 1.28600 1.61020 '1.47263
1976 1.68246 1.39238 1 1

.83241
-..85175
.86973
.88639
-.89129
.92846
97897
.00000
.02241
.11498:
.39975 -
.59521
.70336 .




16.

ELECTRICAL PRODUCTS

. PR - PE _PNR .
72269, . .B2362 77109
 ,.88028 . .78284
.87162 . 178968
.86662 —.80577
85426  .84535
.84328°  .92667 .
.84675  .83067 -
.B89775 .92863
.94238 ©.93501 - .97409
.95726™ . 95724 _; 140"
Vo, 1.00000 -t o 00 00+ -
197231, 06360 1.02572- %, PR 1.
1973 7 1.'13880°,1.07172 1, T3847 -, 15
1974 1.31984 ¥ $.09981 - 1.28703 " 1.46788
© 1975 1.52369. 1.32853 -1 56507 1% 37793
1976 1.72061 1.43474 1.91681 '1.48163.
. © . 17. NON METALLIC S
YEAR ‘PL . - PR . PE: PNR. ..
- 1961 52755 . .B291L# 76142 82942 .
1962  .54967 .89036 . .80050. .85270
1963  .57208  .93225  ,79771 * .86142
. 1964  .58702  1.01849 .79474  .85504
1965 60678 - .95350 . .80353  .86440
1966 . °.66247 . .94607 .81129 .87499 °
1967.. .70699  .87580 ..84659  .89166
1968 . .77440  .90501. .87377.  .88102
1969 .85689 .95645 - .91210 . .91686 .
- 1970 - .92869 ~.92782 .93438  ,96372
1971° 1.00000 1.00000 . 1.00000. 1.00000 .
#1972 1.09001 - ;97823 1.02578 1.01655
. 1973 1,19795 1 ‘06618 1.12074 1.08795
1974 1.35735 1.19822 1.46382. 1.26476. °
1975 1.55759 t.33388 1.87373 1.48888
1976  1.78615 1.43869 2.26013 '1.63754 -
.. . .. 18, PETROLEUM -~ -
YEAR . PL . PK PE - PR
© TB7135 - TB7R94 ¢ TU5563  LB4203
1962 .60220  .B81199  .93365  .89306
1963  .§2434 80301 < .92434. .90304
1964  .63169 81272  .B9774 - .91695
1965 = .64853. .82954  .90412 _ .91987
1966  .68931 86081 ~ .90413 92190
1967 .74061 .85024  .92095 92102
1968  .79911 87837  .92617 92183
1969  .90645  .98432 .96122 ,91806
18970  .95429  .81665 _ .98262 - .92803
1971 1.00000 1.00000 “~=00000- 1.00000
1972 1.12342 1.08770 1.02147 1.02575
1973 1.27266 -1.40557 1.08435 1.26061
1974 1.41839 1.66765 1.29577 2.75346
1975- 1.66501 1.80182 1.59921. 3.40260
1976 1.89255- 1.83909 2.07654, 3.74029
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CHEMICALS

.32661 -

.73635 .

-*&-—‘—*—5.—‘—4—-‘

I
.90805""
.90519"
.91501 "
.95242-
.89198
.99625
.97857
.93317
.88504.
.01364
.00000
.01886
. 15943
.48989 :
.99360
.95526 -

PNR

. 77898
.81047
.84641

..86314

19.
YEAR PL PK - PE PR
1961 .53281 . .86211 .72222 .81638
1962 .54875 © .88410 .75109 .80729 -
1963 .56564 = ,.91444 .75916 .83655
1964 - 58972 1.02602 .77669.. .88459
1965~ .58975 . ‘96545 .80607 ~ '.95123
1966 .67-121 .98053. . .81489 ° .97708
1967 .71909 -~ .95464 .82597 .90391
1968 .76940° 1.02003 .84344 .85369
1969 -, .82922 1.01935 .83668 + .94587
1970 .91126 -~ .98358 . .93853 .1.01857.
1971 1.00000 1.00000." 1.00000 .1.00000
1972 1.06827 1.01614 1.09785 1.01936
18973 1.13431 1.04510 1.18731 -1,52272
1974 1.28572 1.23460 1.43436 1.90524
1975 1.45448 1.335 1.89443 1.95734
1876 1.64032 1.425Q0 2.36098 1.93006
_ S L . 20\. MISCELLANEOUS
YEAR PL’ PK \ﬁ PE. PR .
1961 .58625  .71646 .77653  .69165
1962  .63498 ~.70818 .91575  .74112
1963 .69895. .72739 = .89645 . 75398
18964 - .71147 ~ .78618 .91518: .77092
1965 .72548 -.87152  .91716 . .77838
1866 .79153 —;;8%909; .89316 .81354 .
1967 . .88354 .— 92922 - .87573. .84631
1968 1.00939 _ .94995 87603 .96933
1969‘_1.08267-&& 00274 .90137 - 1.0}419
1970 1.19994  .96215  .94401 87544
~1871. 1.00000 - 1.00000 1.00000 1.00000.
1972 "1.07666 .892781 1.03382 1.22392
1973 1.15067 191021 1.08324 1.52868
1974 1.30489. ~.99659 1.22463 1.53701
1875 1.46586 16411 1.31092  1.47713
-~ 1976 1.63725 1 25407 1.68377 1.68084
r o 21, TOTAL M NUFAC. URIN E
+ YEAR PL .~ PK . PE PR
1962 58372 “;.863111 . 79294 \79643
1963 60698 - .90727%° 80706 ~18908
1964 62791 .96356 80396 . .79240
1965 65814 J94301 82405 .83281 .
1966 70000 .92559 83598 - .88570
1867 74419  .90673 - .85341 = .90131"
1968 80233 . .97185 - .86127 . ..92079
1969 86047 1.01474 87180 ..97568
13870 82791 . 95848 .81471 . 97582
1971 1.00000 1.00000- 1.00000. 1.00000
1872 1.06977 .99013 1.03324 1.12220
1873 ~ 1.16512 4.06444 1.12233 1.42743.
1974 1.32093 1.16204 1.38929 1.59177
1975 1.49302  1.21034 1.69048 1.70840
1976 1.68302 1 2. 1

89001
.81850
.95620
01776
.02520°
.02309
.00000
. 09399
.39530
.02524
.21999
.08099

PNR "

.82076. - -
- .82228"
.83638
.85495
. 88052
:89351
190217
.82993
.99873
.00000
. 02602
. 18690
. 75868
.02063
. 17333



-Append1x 2 :
‘ Table 2: Manufacturxng Input Cost Shares,

c
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ERESC S
1. 'FOOD

-Q}T"" "-.E‘ A
W . -
. @ e

o si - . §8  _SE . S8R ; “
.28244 12869 .0208BB .B5523

1962 .27288
1963 .26930
1964 .26449 -
1965 .. .26690
1966 .26652
1967 .27295
1968 .28312
1969 . -,28644 -
1970 .29401
1971 .29927
1972 ,28780
1973 .25880
1974 .26157
1875 .27375
1976 .28896
YEAR sL
1961 . 32205
1962- . 33748
1963 .32395
1964 .33656
1965 .34414
1866 .31104
1967 .27124
1968 .31660
1968  .32317
1870 .33260
1971 .36818"
1872  .38626
1973 .39528
1974 .36474
1975 .37771
1976 .36793
YEAR SL
1961 .68987
1962 .70227
1963 .69479.
1964 .68347
1965 .71805
1966 ..70544
1967 .68108
1968. .67014
1969 .66858
1970 . 74396
1971 . 73057
1972 .76626
1973 78125
1974  .72479 .
1975 . 75082
1976 -

. T0178

SNR

.01165

.01217
.01298

.01326
.01234

01437

.01505
.01636

.01736

.01725
.. 01667

.01502
.01423
,01548.

01528 .

(S%

)

.12996. .02054 .56487
.. 13471 .02062. © .56321 .
. 14357 .01983 ~ .55913
.13644  ,02003 . ..56337 -

- . 13372 .01802 - .56840

-, 12989 .01858 . .56421 — .

©..13775 . .01853 - .54555
. 13982 .01773 .53965,
. 13748 .01667 .53448
.13694 © .01700 .52953
L 11589 .01657 .56307
.09874 01515 .61130
.08342  .01678.° .61401 _
.10287 201765 .58025 -
. 10458 .01953 . - .57165

’ 2. TOBACCO < '

' SK & ~SE SR =
13247 |, 00671 53883
.13199 .00807 - .52256
.12612 .00846 54147
.13514 .00773 52057
.15417 .00852 49316
.13070 .00771 55055
.15836 = .00646. 56395

~ .12538 .00703 55098

~ -.12576 .00720 54386
.11951  .00738. 54050
. 13567 .00843 48772
. 13493 .008135 47036

©.13169 .00878 46425
- .11680 .00891 50955
112084 .00914 48231
.11768 .00984 50455
3. "RUBBER . .

SK. - SE SNR

- 25752 .03350  .01911
.24488. .03323 - .01962
25331~ ,03305° 01885
.255%6. =~ .03052 02046
.23120°  .03038 02037

- +.24382-... .02979 02085
.26673. ..02875 - .02344"
.27679.. . ,02832 02474
.27815 + - .02745 02582

. J20737 - ;03438 ¢ 01729

- #2277 - .03080. .01586
18540 - - .(03425 .- .01409
. 16881 ,03398 ° .01585
.22458 .03517 : .01546 .
.19751  °.03845. .01322
.18458. .04251

.75605 -
4

336



L 1976 67419

YEAR.f

1962 .75231.

1963 . 78671

1984 77805
1965  ..71744
1966 . .76398

1967  *.79978

1968 . .79090 .
1969 . 79412,

1870 . 79895

- 1871 - 78854

1972 .76056
1973 . .76143
1974» .76844
1975  .79335

1976 .173786

YEAR SL .

T96T | TBY9YBT7
1862 .60348
1963 .62796
1964 .62626

1965 .64859.

1966 ...65487
1967 * £68640

‘1968 ..66503
. 1869  .67453

1970  .66308
1971, .68257

1972 .70793
21973 71295

974 68196
1975 .67202

YEAR . SE

4. LEATHER

| 07249 .01505
07726 01§75
_0893 .01617
14941 01506
.07796 - .01482
.08592  .01581 -
".08823°  .01519
.08038  .01477
.08746  .01471
.09691 .01426
.10000 .01416
«08009 .01424
11747 01510
10156 01556
.09421  .01618
5. TEYTILES
SK SE
T33476 7
.32815  .03556
.29994 03492
.30211 .03378
28102  .03554
.28157  .03431 -
.25478 . .03616
.27849 .03593
.26956 .03439
.28662  .03228
.7.26298  .03557
.23694° .03854
- .23350 ., .03804
.25703  .04302
26553 . 04694
.26223  .04749

6. KNITTING

. 12654

SK SE

.M 1961 .79923 17814 . 02264

D 1962 78766  .18976  .02258

%% # 1963 79894 [17956 02180

- 1964  '.79584  .18359  .02057

" ¢ 1965 68028  .30172  ,01799

¢ 1966 - .80528  .17402  .02070

1967  .80465 " .17430  .02105

e ° 1968  .80372  .17588  .02030

. 1969 ..81699  .16315  ,0198§
1970 - .80888. .17843 . 02069

1971 .80544  .17419 02036

1972 - .81801  .16009. .02190

1973 . .83046  .14685 .02269

- 1974. .BA504 12990 02506

1975 - .83863  .13687 -.02450

1876 .84772

.02574

SR
" 16664
. 15915
11928
. 12042
. 11809
.14324
09849
. 10468
11073

.09888 -

. 10029
. 12528
. 14424
. 09899

.08953 °
. 11585

SR

.02744"

.03144
.03246

~.02982,

.02493
.0185%

.01654

.01730
.01315
.01350
.01160
.01348
. 01551
.01192

.01086

SNR

- 00306

.00437
.00573
.00538
.00503.
.004323

.00409 ¢

.00402
.00422
. 00487
.00538

. 00500

.00204
.00248
.00360
.00542

\337



7. CLOTHING

.73107

SL SK~- SE SR-
1961  .85907. .06460 - .00913 .06720
1962  .86300 .06260 .00892  .06548 .
1963 .85918  .06602 .00883 -.06596
1964  .86390  .06334 .00859  .06418
1965  .86975 = :05441  .00873  .06711
1966 .,.88413  .04738  .00885 ’ ,05963
1967 /.89557  .05183  .00904 .04346
1968  .89481 7305401vﬂ .00847  .04270
1968  .89607 .05069  ~.00782. .04541
1870 .91163  .04782. .00761  .03294
1871 .90509  .04575  .00756 .0416t
1972  .90332 . ..04387 .00758 .04522
1973  .89182  .03904 . .00826 - .06088
1974 - .88444 - ,03925 .00853 .06778
1975 .88865 .04019 .00826 06291 _—"\ -
1976  .89295  .03654  .00863 .06188 :
! " 8. WOOD
YEAR SL ' SK ° SE SR -SNR
1967 39092 11993 02355 - .46009 00557
1962 .38550 . 12565 ¢,a§§95 .45821 . 00568
1963  .38861  .12597 .02434 . ,45534° .00574
1964  .37766 - .12645  .02386 .. 46%40  .00762
1965  .39073  .10589  .02471 .47012 .00856
1966  .39824  .09796  .02425  .46986 (ﬁYoossg
1967  .40472 ..10174  .02372  .46050{ '@Q931
1968  .38424  .11304  .02221  .47180 . .00891
1969  .37707 .11700 .02156  .47542  .00895
1970°  .40670  .09577  .02217  .46615  .00921
1971 ° .4Q733  .10275 : .02284 45817  .00892
1972 .39709  .10102 . .02271 .46918  .00999
1973 .36371  .11815 " 02103  .48759  .00953
1974  .38668  .11303 .02345 .46559  .01125
1875  .40322  .14324  .02498 .41568 .01288
1876  .39031 .12646  .02526  .44623 ~ .01175
9. FURNITURE
YEAR SL SR SNR
98T TTS0B U7 ”01957 SAVIAL ?bgggv
1962 . .71783  .07391 -.01853  .11974 .06099
1963 ° ..72440 .07243  .01701  .11726  .06891
1964  .71542  .07328 .01705 * .12264  .07160
1965 ,71385  .07559  .01844  .11954  .07259
1966  .71083  .08088  .01698  .12143  .06975
1967  .72033  .076®4  .01733 . 11550 .07060
1968  .70639  .09046 ,01732  .11382  .07202
1969  .71813  .07846  .01791  .11282  .07268
1970  .72278 .08518  .01633  .10096 .07475
1971 .72895  .08086 .01618  .09909 .07492 .
1972 .72140  .07331 .~.01581 .11786 .07162
1973  .71431  .07427  .01480 .12374  .07278
18974  .69574  .07847  .01501  .13443  .07635
1975  .72701  .0848B0 .01562 .10694 .06563
1876 .08644  .01690  .09948

.06610
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.51285

10. PAPER
‘YEAR SL SK . SE SR SNR
1961 35522 30747 08651 .23347 01733
1962  .36206  .29847  .08593  .23502 .01852
1963  .35716  .31214  .0B347 .22844 .01879
1964  .35198  .31333  .08379 .23130 .01959
1965  .36799  .28606  .08809  .23681 .02105
1966  .37982  .27447  .08442  .24018  .02111
1967  .39574  .26879 ~ .08500 .23024 .02024
1968  .40375 .26631  .08359  .22534 # .02102 |
1969 - .40540 .26670 .08206 ~ .22631 .01953
1970  .42327 ,25204™° .08094  .22496 .01879
1971  .42484  .25692  .08841  .21134  .01849
1972  .43926  .23894 ~.08752 .21406 .02023
1973  .41800 ..25835  .08414  .22084 .01868
1974  .38381 26578  .09257  .23083 .01702
1975  .41824 26004  .09057 .21430 .01686
1976  .43637  .24132  .10563 .20085 .01583
, 11. PRINTING ,
YEAR SL SK SE ' SNR
1961 = .76255 21768 .01273 00703
1962 .76054  .22015 .01274  .00657
1963 .76986  .21080 .01247  .00686
1964  .75191  .22905 .01196 00708
1965 .78695  .19186  .01215 .00903
. 1966  .78669  .1938% ' .01183  .00759
1867  .79316  .18896  .01147  .00641
1968  .80035 .18132  .01176 .00658
1969 .78245  .20090 .01114  .00551
1970  .80033  .18468  .00997  .00501
1971 .79275  .19314  .01010 .00401
1972 .78107  .20502  .01005 .00386 -
1973 .80056  .18501  .01011 ~ .00433
1974  .81458  .17024  .01071 .00447
1975  .81511  .17146  .00999  .00343
1976  .82098  .16534  .01075 ..00293
. 12. PRIMARY
YEAR ’ SL SK - . - SE SNR
1967 %;IBBU ) T0B545 50745
1962 «/.24752. .17196 _ .06333 .51719
1963  .24771  .17842  .06067  .51320
1964  .24497 17462  .05759 .52281
1965  .19217  .35580 .04390 .40814
1966  .25755  .17210  .05437 .51597
1967  .25589  .18353 .05250 .50808
1968  .22314  .27170  .04520 .45996
1969  .25723  .16507  .04998  .52772
1970 - .25881  .14769  .05066. .54284
1971  .28846 - .14716  .05824 .50614
1972 .30309 .. 12618 .05664  .51409
1973  .28092  .12791  .05482 .53635
1974 .25727  .12477  .05371 .56426 -
1975  .28303  .14125 05981 .51581
1976  .28323  .14503  .05889
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13. METAL FABRICATING

YEAR SL - SK SE ~ SNR
1961 49902 . 12786 .01917 . 35396
1962 50650 .11608 .01875 . 35866
" 1863 50060 . 11601 .01820 . 36519
1964 43499 . 11744 .01718 = .37039
1965 .48840 . 11353 .01661 . 38146
1966 50711  .11187 01609 .36482
1967 52564 .11026 . .01637 . .34772
1968 52239 . 11593 .01607 .34561
1869 52878 . 11505 .01564 . 34053
1970 - .014486 .33645
1971 .01447 . 34367
1972 .01439" .36148
1973 .01387 .37957 .
1974 .01227 .37631
1975 .01406 .39088.
1976 48589 11577 .01596 . .38238
) , 14. MACHINERY .
YEAR SL SK ° SE SNR
1961 .65514 14697 .01645 . 18148
1962 . 65498 . 14662 .01512 . 18329
1963 64897 . 14703 .01372 . 18928
1964 62565 15114 .01300  .21021
1965 60624 % 17399 01211 20767 -
1966 61335 .17350. .01188 .20127 -
1967 65375 .15436 01181 .17998
1968 65158 . 16891 .01204 .16746
1969 64652 - .16894 .01174 . 17281
1970 68256 . 14551 .01158 . 16034
1971 66246 16117 .01296 . 16342
1972 66239 . 15350 .01375 . 17036
1973 64070 . 14624 .01344 . 18862
1974 65177 .09488 .01328 .24007
1975 62376 . 12072 .01252 .24301
1976 63299 ' .12952 .01480 .22268
‘ 15. TRANSPORTATION
YEAR SL SK SE SR
1961 50330 22334 . 01943 .003739
1962 .57815 .23567 .01804 .00383
1963 .57653 .23211 .01684 .00358
1964 58953 .20522 01582 .00376
1965 57996 .20985. .01564 .00498
1966 59825 . 17579 .01617 .00540
1967 59675 . 19264 .01630 .00453
1968 58827 .20806 .01624 .00524"
1969 57970 .20265 .01594 .00701
1870 60012 . 18539 .01616 .00748
1971 ..57966 .20308 .01589 .01017
1972 - .57421 . 18989 .01607 .01265
1973 58246 . 16439 .01595 .01379
1974 58805 . 15549 .01683 .01663
1875 57306 . 18401 .01776 .01123
1976 59272 .17978 .01948 .00846

SNR

. 16431
. 17094
. 18568
. 18957
.20338
. 18978
.18218
. 19470
. 19086
19121
.20719
L2234 1
.22300
.21394
. 18956
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ELECTRICAL PRODUCTS

.08277

16.
YEAR SL
. TB5630 ‘T?T?B' “UTBIU ‘QUSQF
1962 .65964 11914  .01580 . .20542
1963 °  .65453 12105 .01568 - 20874
1964 64126 = .12499 .01460 .21915
1965 .62933 .11796 .01400 .23870
1966  .62074 .11675 .01264 . .24986
1867 .64380 .11038 .01331 .23251
1968  .65220 .10925  .01322 .22533
1969 . .64615 . 10949 .01252 ° .23183
1970 .63659 . 11281 .01219  .23841 -
1971 .64940 11717 .01235 .22108
1872 .633905 .11736 01269  .23090
. 1973 .62415 .11083 .01214 .25288
1974 .60672 .10182 .01188 .27958
1875 .63279 . 11639 .01308  .23774
1976 .63718 . 11887 .01452 +.22943
17. NON METALLIC '
YEAR SL SK . . 8NR
196 1 462270 27713 ;U§404 7. 16661
1862  .46133 .27668 .09320 .16878
1963 .45674 .28248 .08978 . 17098
1964 .44801 .28962 08566 .17670 -
1965 .45764 .26783 . 08307 . 18546
1966 .46854 .26996 08893 . 17256
1967 .48102 .27077-  .08537  .16284,
1968 .A84386 .26854¢" . 08210 . 16500
1969 J49131 26871 .07898 . 16 (il
1970 £48390.  .27052 .08010 . 15548
1871 .49530 " ,27063 . 08097 . 15308
1972  .51858 .25084 .08597 .14360 ™
1873 . 751035 .24800 . 08669 . 15496
1974 | .49800 .24446 .09870  .15784
1875  .49040 24757 . 10097 .16107
1976 . 48512 24438 .10976 .16074
18, PETROLEUM‘oréE
YEAR - SK SNR
7861 - .17907 . 16846 . 70149
1962 12003 . 14947 .01000 .72049
1963 L1107 1 . 13997 .00977 .73954
1964 . 10670 .13676  .01058 .7459B
1965 .10224 . 13520 .01040 .75217
1966 11329 .13190 .01025  -.74455
1967 .12219 .13189 .01054 . 73537
1968 .12134 .13120 .01179 .73567
1969 .12719 . 12791 .01246 .73244
1970 . 12884 . 12477 .01231 .73408 -
1971 .11267° .13473 01117 .74143
1872 .11136 . 14033 .01118 .73713
1973 .09692 .14731 .00978 .74599
1974 .05856 .08611 .00637  .83896
1975 . 05564 .09209 .00709 .'84518
1976 .05580 .00873 .84259
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’

19.

CHEMICALS

. 15529

YEAR SL SK SE SR SNR
1961 43037 .36515 . 01417 . 05680
1962 48301 .37061 07171 .01522 .05946
1963 .48113 .37116 07171 .01573 .06027
1964 .46646 . 39027 . 06667 .01514 .06146
1965 .47974 .37111  .06837 .01564 .06514
1866  .47358 . 37487 .07001 .01478 .06676
1967  .48410 .37300 .06823 .01346 .06121
1968 .47928 . 38344 .06472 .01327 .05928 "
1969 . 48883 . 37238 .06500 - .01358 . 05820
1870 .51017 . 35202 .06621 .01348 . 05811
1871 .51762 .34727 .06652 = .. 01326 .05533
1972 51110 . 34518 .06718 ° .01424 . 06231
1973 .- .50798 ° .32993 .07363 .01768 .07077
1974 . .48467 .34128 - .07866 .01834 .07704
1875 .46817 .35291 .07759 *.01603 ~ .08529
1976 .45173 .37103 - .09879 .01285 . 06550
20. MISCELLANEOUS .u :
YEAR SK SE ' SR SNR
1861 7?8?2 . .01861 02111 . 15151
1962 72698 .07588 .01675 .02045 . 15994
1963 . 72930 .07442 .01590 .02024 . 16014
1864 .73003 .08049 .01588 .01950 . 15410
1865 LT1718, .08806. .01645 .01979 . 15751
.1866 .73013 .08745 .01665 .01560 .15017
1967 .70863. .08208 .01666- .02317 . 15852
1968 . 71985 .09088 .01641 .02086 . 15180
1969 .12728 .09169 .01685 .02118 . 14300
1970 .73368 . 08839 .01784 .02280 .13618
1971 .68688 . 10677 .01387  .02833 . 16314
1972 270102 .08366 .01486 .02353 . 16693,
1973 .67352 .08122 .01418 .02121 k29386
1974 .65484 .07418 .01186 .019829 .23983 -
1875 .67503 .08043 .01282 .02079 .21094
1876 .709809 .07961 .01306 .01458 . 18367
21. TOTAL WANUFACTUQING SECTOR
YEAR SNR |
1861 39018 19313 ‘UIUﬁg .19044 . 1858%
1962 - .38934 . 18995 .03873 . 18115 .19082
1963 . 38856 .18259  .03777 . 18541 . 18567
1964 .38588  .19416 .03705 . 18289 . 19992
1965 . 39243 . 18584 .03706 . .17847 .20620
1966 .39802 . 17998 .03615 .18110 .20375
1967  .40521 . 18022 .03592 . 18066 . 19805
1968 .40343 . 18798 .03514 . 17402 . 19943
1969 .40614 . 18783 .03434 17413 "~ . 18757
1970 .40935 . 17963 .03431 . 17008 . 20666
1971 .41079 . 18496 © .03589 . 16776 .20060
1872 .41303 .17233 .03499 . 17903 .20062
1973 . 39518 . 16201 .03333 . 19507 .21440
1974 . 36688 . 14936 .03545. .18138 .26682
1975 .37315 . 15203 .03617 17313 . 26552
1976 .38063 .04085 . 17084 . 25258
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Appendix_z ' ' ot _
Table 3: Percentage Share of Value of Shipments by
Province and by Industry s ' .
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APPENDIX 3: _ ESTIMATED REGRESSION RESULTS

1. Foob

1.00306 -
4

(6.146)
.05172
(.695)
1.07445
(5.859)
© ~.14000
(-.901)
.01076
(.344)
.12071
(8.023)
.00394
(.706)
-.00670
(-.659)
-.13537
(-9.147)

. .olle2
T (4.381)
 -£Qﬁ4'f
 (19.742)

.000718
- (1.408)
-.08203
(~13.470)
©.00263
(1.794) .
.01504

(21.5757

'-.00535

(-6.75§)

2. TOBACCO

11.60903

(6.824)

(.283)
-.00238
(<.239)

N~

L =.64219

(-1.675)

M3
(8.944)
01930
(-1.899)
(.00055)
(.652)

©(-.15338)

(-4.890)-

(6.229)

~ (-.00201)

C(-1.942)
-.08045
(-3.211)

.00528 -
(7.168) -~
-.00382
(~2.365) -

R
-

. . ‘?.

oy
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3. RUBEER

.78036
(25.511)

© 17930 |

(6.269) *
03648 -
(12.201) "
0.00386
(0.542)
.10912
(4.968)
-.09707

- (=4.729)

(.723)

. _;01374
(-2.122)f,

[*H

.10808
(5.558)
-.01718
(~6:432)

-0.00170, -

P

. .00618° -

(.993)

.03102
(6.489)
-.01554
(-2.165)

T



" 1. FOOD

-
‘*BﬁR
“BRNR
':BNNR
DLQ

DKQ

DEQ .

DR

. DNRQ';
RZ(L) -

D.W.(L)

R2(K)

D.W.(K)

R2(E)

D.W.(E)

R

 D.W.(R)

-.00971

(-6.745)

.23085

(13.680)
-.00810
(-5. ale)*f;“'

00376

=.07960
(=4.345)

.00940

(1.119)

P.00648

(~4.535)

.07589

\(4.347)‘

.00079

8472
.7581

.9762
1.4572
.9801
2.2690

'..9428

8249

2. TOBACCO

-.20927

-~ (-5.300)
~.01609
©(.766).
00175

(1.050)

L1943

“]‘;ozﬁﬂ

347

. RUBBER

i
-

(1.806)

-.02624 @

_.00285

(-1.985) .

1;' These est1mates are from the TSP program (ver51on 3.5, 1981) while

results in the text are obtained from a written- IZE program,
estimates are quite close and probably -only differ because of the

The two
K.

stronger convergence criteria 1mposed in the written program

2. t- stat1st1cs appear in the parentheses

€5



AL

W

AE

AR
BLL
BLK
BLE

BLR

BLAR

BKK

BKR

BKNR

BEE -

BER

APPENDIX 3:  -ESTIMATED REGRESSION RESULTS |
" 4. LEATHER

- 0.96091

(1.440)

.0.82856
(-1.521)

-.01037:
(-.38883)
87602

- .10812

(3.556)
-.04758
(-3.098)
-.00211
(-1.717)
-.05842
(-2:040)

.05230
(3.592)

A 3

- (-2.107)

-.00396

:Q<;.204)

-

.00442

(5.248)

-.00100 :
(-.943)

’SQVTEXTILE

.68761
(175.309)
.25955
(61.031)
,+03563 -
(67.801)
01250

Q23

.00470

(10:042)
12045
<. (l0.048)
. £.08433
C(=6.549).

-.00305
*(-1.510)
-.02839
' (-9.023)
-.00467
(~2.680)

. .08960

‘</Af>(6.247)

© -.02403

. (-13.122)

- ,01815 -
(4.978)

“Looer

(.357)

T .02133

(4.125)
.00658
(2.095)

6. KNITTING

© 1.02909
(11.573)
~.06817
-.820
03909

(3.916) -

L4

0000097
(.00633)



R2(R)
D.%.(R)

‘.sséi
D.W.(E} ~ 1:6697

4. LEATHER . -

BENR -
BRR .06281

_ (2.094)
BRNR -

o, -
BNNR —
DLQ  © -.03111

- - (-.256)

- DKQ .. 0.16763
| (1.686)
DEQ .00456

(.941)

~ DRQ -.14108
DNRQ -

- " 1.4056
RA(L) 4994
D.W.(L) 1.4056
RO(K)  1.3747 .
RP(K) 4994
R?(E) |

5. TEXTILE

-.00082
(-.282).
. .01024
(3.216)
-.00658

(=3.079)

.01147
(3.382)

¥

. 349

6. KNITTING



AL
AK
AE

AR

ANR

‘BLL
BLK
BLE

BLR

BLANR

BKK

BKE

BKR"

BKNR .

BEE

T APPENDIX 3:-  ESTIMATED REGRESSION RESULTS

7. CLOTHING.

L2135

(7.190)
13714
(1.809)
£=.00131
'C-.o81)
-.34898

. (~2.280)

02618
(4.239)
-.00L
(-1.164)
.00445
(1.158)

N

.00220

6

(1.577)__"

8. WOOD

.96428

(10.097)

-347356.
(~2.335)
-.01294
(-.658)

.32056

(1.422) i

+20166

. .08775 -

(4.895)
-.03305

(-2.416)

<:;—.00207

(-.720)
-.07777

(-2.360)

.02514

(3,770)

.06768
(2.402)
-.00116

(-.447

-.03827
(-1.099)
.00481
(.742)

©.00788
6.506

  3503’

" 9. FURNITURE

V72481
(207.708)

(49.795)
.16210
(48.528)

- .10567

(37.767)
.07057
(50.661)
.04525

(2.489)
.02442 -
(2.844)
=.00543
(-2.397)
-.06634

(-4.312)

,00210

.00826
(.621)
-.00721
(32.630)
-.02824
(-2.684)
00277
(.227)

-.00227
(-452)"



-~

s

. CLOTHING

BER
~BENR
BRR
BRNR
BNNR -

"bLQ“

DKQ

DEQ

N .00103
(1.083)

8. WOOD

-.00268
(-.465)

-.00197

(-1.022)
.12109
(1.748)
-.00237
(~.184)
-.02561
(-4.200)
-.07317
(-5.876)
.07605
(2.871)
.00473
(1.833)
.01759
(.596)
-.0252
.8172
9640
.3080
1.1492
.5656
1.4193
4597
1.2809

351

9. FURNITURE

.00035

-(.140)

.01455"
(1.830)
.08673
(4.614)
.00750

(.854;“»41?

-.02692
(~1.733)



352

-~ . o
Py

APPENDIX 3: ESTIMATED REGRESSION ﬁESULTS

10. PAPER 11. PRINTING ' 12. PRIMARY
AL 50882 1.25731 .-86881
J (11.038) (12.871) - (6.245)
Ak 15791 Coe L -3320 41674
S (L2e8) o (-3.077)  (2.465)
AE 10505 ., .01054 - L 27176
(2.279)  © . (.653) | (4.093)
AR ~.17488 0 .030%6 *.55730
| (-1.585) L (.967) (-2.144)
ANR .00310 - o —— ‘ : -
(.131) REI—— --
BLL - 16442 L lesss f .17677
(17.035) . (10.128) T (8.437)
BLK - -.07414 -,15273 - -.02566 o
| (-10.267) (-9.968) “ (<2.466%_ " -
RLE ~.01559 ' -.00579 . ..00105
. (-2.544) - (-2.213) - (=.141)
" BLR -.08033 -.00616 -.15006
(-5.087) ( 1.061) (=4.329)
BLNP .00564 . . - : R
(1.620) -- | --
RICK .06963 15078 .05878
(5.790) (8.899) (3.627)
BKE -.0L465 .00072 -.01430
(-3.451) (.433) -  (-3.353)
BKR . 01908 00123  -.0l882
(1.642) (.256) o (-.757)
BKNR .000074 . - : --
(0.032) _ — --
BEE -10135 .00403- : .02333

(14.468) (2.301) ' . (2.643)



1 2

353
10. PAPER  11. PRINTING 12. PRIMARY
 BER -.06783 .00104 ~.00798
C (-5.592) (1.025) (-.577)
BENR -.00327 - -
(-.838) - -
BRR .15300 .00350 .17686
(47.970) (1.567) (3.095)
BRNR -.02391 - -
(-3.104) - --
BNNR - .02148 -- --
(6.114) -- --
DLQ -.06054 -.07133 -.06558
(-5.905) (~4.955) (=4.202)
DKQ .01185 .07511 -.03054
(.748) (4.763) (-1.551)
DEQ -.00177 ~.000047 -.02439
o (-.309) (-.02042) (-3.257)
DR .04849 .00373 -.12051
(3.537) -- --
DNRQ .001°7 . - o
R2L .R<79 .9654 .9431
oW 1.9704 .9390 1.9555
RV ~75] 9405 .8904
DW 1.64672 8342 1.1846
R%F 9049 .895) .8976
DW 1.7474 1 £529 2.0197
RR L8030 - -



13,

AL
AK

AE

ANR
BLL
BLK
BLE
BLR
BLNR
BKK
BKE
BKR
BKNR

BEE

15.

/ a
APPENDIX 3 ESTIMATED REGRESSION RESULTS
METAL
FABRICATING 14. MACHINERY
1.16765 1.17286
(5.534) (6.135)
.37188 © 37626
(3.367) 7 (6.490)
.02335 .03547
(3.045) (3.313)
-.56287 -.53458
(-2.279) (-2.616)
.13038 .13863
(3.388) (3.146)
.02561 .00537
(1.318) (.491)
.-.00577 .00225
(-4.414) (1.254)
-.15022 -.14625
(=3.436) " (-3.077)
.03991 .08540
(1.796) (15.275)
-.00412 " ~ -.00507
(-2.704) (-5.113)
-.06140 -.08571
(-1.799) (-6.644)
.01261 .00461
(8.197) (.922)

354

TRANSPORT -

.57833
(143.17¢6)
.19374
(39.355)
.01548
(37.920)
.00831
(7.135)
.20415
(25.611)
-.02699
(-1.772)
-.04751
(-3.151)
-.00454
(-3.391)
.00801
(1.814)
.07102
(2.660)

10420

(3,901)

~00648

(-3.126)
-.0l445
(-3.139)
-.03577
(-.924) .
.01233 .
(9.189)



BER
BENR
BRR
BRNR
BNNR
DLQ
DKQ
DEQ

DRQ

-

13.

METAL

FABRICATING -

-.00272

.9532°

14. MACHINERY ;5.

-.00179

-.07011 °
(=2.713)

"(=3.555)

-.00310
(-2.107) . -
.09747

- .3898
" 1.9586

1.9385
.7905

1.7579

3§§7

TRANSPORT
.00264
(2.739)
-.00395
(-1.169)
.01149
(2.809)
-.00769
(-1.003)
-.02362"
(-.422)
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APPENDIX 3: ESTIMATED REGRESSION RESULTS

ELECTRICAL - - PETROLEWM. &
16. PRODWCTS 17. NON-METALLIC 18. COAL PRODUCTS
AL 1.17146 .80406 .52832
(9.882) (6.003) (10.761)
AK .27899 .51398 .23047
(8.003) (4.450) (3.426)
AE 02657 -.05450 -.00778
(5.115) (-.858) (-.179)
AR -.47702 -.26354 .24900
(=4.396) (-1.775) (3.215)
ANR -— ' - -
BLL .09370 | .15383 - .06435
(3.380) (9.365) (6.284)
BLK .02955 -.00182 -.04167
(3.729) (-.133) (-2.948)
SR ,;.bq;gz‘ - ~.05291. .00190
T (~3.853) (-6.607) (.436)
-.11803 . -.09909 -.02458
(+4.626) (-4.624) (-2.191)
BLNR - - -
BKK .02925 .03493 .11664
(5.389) (2.012) (4.340)
BKE -.00371 -.02841 -.00343
(-5.068) (-2.925)  (~1.466)
BKR -.05510// | -.00470 . -.07155
| (-6.468) / (=.152) (-3.624)
BKNR J— - — .
BEE .01186 .07643 00991
(10.308) (9.072)

- (1.062)



 16.

BENR
BRR
BRNR
BNNR -
DLQ
.‘ DKQ
DEQ
DRY

DNRQ

'ELECTRICAL
PRODUCTS

-.00293
(=2.773)

-.06385
(-4.488)

' -.01956

08513

(~4.666)
-.00172
(-2.793)

S

\_\

17. NON-METALLIC -

.00489
(.266)

-.04308
(-2.268)
-.03586
(-2.187)
.01951
(2.163)

T—.05943

357

PETROLEWM AND
18. COAL PRODLCTS -

-.00837
(-1.504)



AL

AK

AE

ANR

BLL

BLK

BQE(

BLR

BLNR
BKK -

-BKE -

BKR
BKNR

BEE
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APPENDIX 3: ESTIMATED REGRESSION RESULTS

19. CHEMICALS

.50064

©(95.474)

35496
. (83.897)
.06605
(86.520)
.01342
(81.531)
.06494
(21.131)
-.05862 -
(3,578)
-.03516
- (=2.723)
-.01948
- (-2.433)
-.01402
(-9.688)
.01003
- (.860)°
.10383
(7.465)
-.02138

(-4.340) - -

.00111.
(1.139)
-.04841

' (=3.725) -

©.01851:
© (1.073)

' 20. ‘MISCELLANEOUS

.71985
(111.407)
.09374
(37.762)
. .01647
(31.318)
.02262
(18.694)
4732
(29.503)
02149
(.473)
.03296
(1.759)
-.00364
(-.933)
.00448
(.530)
-.05529
(-1.724)
.00645
(.533)
.01092
'93,979)
.00689
(1.492)
. -.0572
© (~4.758)
. 00863
. (=4.139)

~

- 21. TOTAL

-59201
" (4.801)
-50298

(6.283)

.08569
(3.484)
.51752

- (6.139)
- 69819
(-7.862)
.11207

1(5.754)
.03121
(3.246)

-.00560
(-1.638)
-.04401
(~3.472)
-.09366

(-7.332)

- .05209
(6.435)
-.00769
(-3.651)

© -.04903
(-5.979)

-.02658

-*(73.6265,

402025

<

w840y
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© +19. CHEMICALS . 20. MISCELLANEOUS ' 21, TOTAL
‘ | | [ | o

BER . .01964 - - .g0246 « - - - -.00491

X
S (e721) . (1.265) . (-1.554)
BENR . .00270 . . =001l  -.00204
o (ea) (-.368) o  (~.498)
BRR ..  .01438 | -.00511 . - DL 13346
(13.890) .. (-.976) . (8.979)
BRNR  -.02110°  -.00871 ol -.03550
| (-6.778) - . (-l.284) . (-3.284)
BANR 05678 S 7573 © T .15778
S (2.774). o (5.479) (12.820)
g - B - e
e - . (-1.445)
' DKQ - | - “-  =.3054
= S  (~4.020)
DEQ . - . == - -.00477
- - . - -- SRR - (~2.043) .
DRQ - -- o -.03330
- — - (=4.171) .
NG - e .08553
R w70 . T30 | o L9081
oW 7856 - . 79291 o 1.4746
R%K 6675 S L6407 | .9818
ow. 11,0773 . | . 1.3884 , 2.0588
‘R%E .8799 4045 L9245
Dw-. . 1.5347. ©. l:2902 . 2.8574
R 9638 . a0 . . .e8m
Dh  1.9404 C- 7 nau7 S oW T 2.0694



-

'Kppehdlx'l. M;scellaneous Data and Regressxon Results
- "7 7Table 1: Factor Intens1ty ' :

. \
. ~
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1,

. _FOOD |

1.06885

1.00738

.64902 .
.69975 .

NR '

. 74375
. 76634
. 73606

.84715

.89226 .
.99743.
.02399
.00000 -

.97784

.99447
.97337
.03162

.95411

L K . - E. R
1961 71.42454 - 93067 7.11389 T.05424°
1962 1.35854 .93013° 1.07069 - 1.03175
1963 1.34246 .96600 1.10179 1.08335
1964 1.28277 .93198 1.04843 1.08627
1965 1,24397. .91717  "1.06378 1.04043
1966 1.21115  .91863  1.06274 1.03615
1967 ~ 1.15884 .91919  1.04048 1.03290
1968 -1.14207 .94702 1.05271 1.01565
1969 1.08237 - .96365 1.06077 . 99951
1870 - 1.05632 ~ .98878 '1.01873 1.00340
1871 1.00000 . . 1.00000 1.00000 1.00000
1972 .84632. .98572 .97839 .99358
1973 .94023 1.,00810 - .97365 .97420
1974 .96767 . 1.07779 1.04755, 1.04055,
1875 .96070 1.10151. 1.,02971 1.06084
1876 .91689 1.06637 .95882 1.07792,
‘2, TOBACCO ' o
YEAR- L K E R
T96F 71.47458 .95073 .75726 T1.05006
1962 1.56656 ~ .98634 . .86575  1.06539
1863 1.38669 .893867 = .87031 1.02779
1964 1.37050  .97599 .78005 . 1.16113
1965 1.30679 .98072  .83526.- .96314.
1866 ~ 1.17331"  .92447 .81342° .96613
1967 1.11813 ~.90002. .83652 1.04762
1968 1.16777 1.03831 .89981 1.11210.
1869 1.05105 ..9878 .84333 1.05177
1970 1.01708 . 96527 - .87401 - 1,13627
1971 1.00000 1.00000 1.00000 1.00000
1972 . .94832 .97699 . 94727 .92654
1973 93637 .99030 .96308 .90307 -
1974 .B2762 .89931 .91203 1.00212
1975 .84687 .- .93111 .92636 . .97465
1976 .75893 .88102 .85175 1.034899
3. RUBBER ‘ B
YEAR L~ K 'E NR
1961 . 2.30456 T1.66448 7T.47585 1.45758
1962 2.01474 1.40871 1.20806 —J,31459
1963 -1.97300 -1.34714 1.22727- Y2317t
1964 1.91336 1.25133  1,13607 .1.34972
1965 1.82483 1.20646 1.10203 1,44937
1966 1:78539 1.18562 1.07501 1.30484
1967 1.73744 1.22886 1.04463 -1.44400
1968 - 1.85774 1.33586 1.05109 '1.59239
1869 .1.78813 1.39456 1.04815 1.67540
1970 1.07046 @ .95506 '1.04369 1.05992
1971 1.00000 1.00000 -1.00000 1.00000
1872  -..94690 .96710 1.04643 . 84735
1973 - .90789 - .82408 .99952 .88143
1974 .91286 .1.02384 .87554 ° .85854
1975 -.95528, 1.18082 1.11320 . 76696
..8881

..97325

361



1876

..96547

. 88080

. 4. LEATHER
YEAR L K ‘E R
1967 71.34574 792398 971950 1.68099
1962 1.32298- - ,91828 - .87244 . 1.53001
1963 1.29035  .92387  .89639 1.18420
1964 1.20082  .88547  .84847 123836
1965 1.19223  .B8747  .88354 1.30174
1966 1.18936  .90975  .93252..1.34529
1967 .1,18873  .96453  .99548 "' .98390
1968. 1.12365  .9153t  .97037 1.04890
1969 1.08511  .95705 ,98196 1.07896
1970 1.06129 1.04474  .98409  .94380
1971 1.00000 1.00000 1.00000 1.00000
1972 1.03174  .69430 1.02010 .76596 - ™~
1973 1.01282 1.14531 . ,93499  .78453
1974 -.98514 1.15186 .95777  .81245
1975 | .95796 1.15086 -1.03001 .93941
1976° . .89503 . 1.07679 1.00359  .91091
‘ 5. TEXTILES ‘
YEAR' L . K- E * R NR
. 1967 T.73287 T.36248 71.25133 71.91628 .96396
1962" 1.61376 1.22180 1.16133 .2.07324. 1.06635
1963 1.54472 1.12002 1.09084 2.12436 1.27352
1964  1,49252 1.06930. 1.05405 2.14973 1.22672
1965 1.47695 1.11172 1.09047. 2.12114 * 1.07568
1966 1.45352° 1.15889 1.07590 1.84708 .95844
1967 1.38020 1.16248 1.11512 1.47887  .87083
1968 1.20415 1.09517 1.08222 1.31492 |.89156
1969  1.08007 -.98053 .95326 1.28377 .85812
18970.°1.09924 1.07176 1.05757 1.02387  .98982
1971 1.00000 1.00000. 1.00000, 1.00000 1.00000
1972 .904527 87103  .95440  .81449 - .84004
1973 .87915 . .B84325 .90829  .7426%+  .33169
1974 89856 ' .91392.  .88842  .74100 .38589
1975 ;géigs,,1 01700  .96659  .53695- .52323
1976  .83806 ' 1:01532  .89923  .52571  .77240
‘ 6. KNLITING ' '
YEAR L~ x _ " E
1962 1.92878 ' 1.568627 1.23862
1963 " 1.82665  1.48243 1.18284
1964 1.69335 1.34044 1.06241
1965 ~1.58564 " 1.23887 .1.07103
1966 1.44838 1.15468 1.04116
1967 1.42763 1.18890 1.16022
1968 1.26194 1.02162 1.04894
1969 1.20262° 1.,01023 1.05056
1970 1.13504 1,07871 " 1.09087
1971°¢1.00000. 1.00000 1.00000 -~
1872 .91118 - .96093 1.03548
1973 - .88169  ..95812 -1.01730"
1974 .90086 1.02316 1.11310
1975  .82051 ~ .96976 1.57438 .
-,78366 ; . \




A}

CLOTHING

1.05063

7.
YEAR L K E R_
1961 1.39844 71.35508 89809 1.21753
1962 1.33462 1.28914  .90907 1.17815
1963 1.29412 1:23590 .88374 1.17751
1964 1.25726 1.1704%  .86082. 1.17702 .
1965 1.21693 1.12910  .90343 1.14251
1966 1.13439- 1.07316  .98883 1.16945
1967 1.14197 1.08801 1.03076 .96348
1968 1.09503 1.04745 1.00379 .91017
1969 1.07121 1.02606 .98417  .99202 -
1970 1.07666 1.06119  .98890 .82786
1971 1.00000 .1.00000 -1.00000 1.00000
1972  .93949  .94587 1.04147 .8251%
1873 = .89433  .95296 1.17656 .97434
1974 .90527 1:02587 1.53452 1,35877
1975  .89494 1.05269 1.20098 1.18300
1976_ .86032 1.03038 1.20313 .99663
&, WOOD . .
YEAR L K ' _E - R NR
1961 1.40667 86543 73494 1.03333 .57055
1962 1.37422  .81990 .77316  .99640 .57755
1963 1.32023  .79179  .78114  .98174  .55747
1964 1.26163  .76912  .77973  .96433  .76547
1985 1.24864 79257  .81898  .93250  .B84447
1966 1.20444  .81917  .85290  .93841  .84525
1967 - 1.17079  .84379  .87060 .94112 .91948
1968 - 1.09160 .81666  .88020. .95799  .85227
1969 1.07922  .86671 .96821 . .98458 1.00934
1970- 1.02843  .98529  .91638 1.00388 .98374
1971 1.00000 -1.00000 1.00000 1.00000 1.00000
1972 1.00872 - .99893 1.09590 1.00718 1.26284
1973 .99412 1.00829 1.11902 - 1.00126 1.41181
1974 .99183 1.18033 1.21137  .98482 1.62441
1975 .97563 1.38473 1.22233  .92543 1.82858
1976  .87232 1.19426 1.06453  .94096 1.65233
9. »FURNITUR“‘
YEAR L . R . NR
1962 1.40826  .92371 rg1941/,1134431 .88585
1963 1:35594  .90291 . .89194 '1.30788 .B9373
1964 1.31906  .88479  .87388 1.31758 .90974
1965 1.24958  .86944 ° .93225 1.21107 .87307
1966 1.17387 = .83913  .91621 1.22544  .84260
1967 1.14435  .89663 .96826 1.16356 .B7470
1968 1.09859 . .94880 1.02894 1.06472  .94360 -
1969 1.03797  .82745 1.02301 1.00494 .95278 .
1970 02991 1.00810 ~.96344 +.11682, = .98515
1971 00000 1.00000- 1.00000" 1.00000 1.00000
1972 32841 .88713 . .94220 ~.98290 .95938
1973 90707. .88801 .87104  .87225 .96509
1974 96387  .98051  .91171 1.20093- 1.06201
1975 1.00060 1.13999 1.00303 1.11104 _ .91930
©.97444  1.16175 .99994

.90067
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1962

1965

1966 -

1967
1968
1969
1970
1971
1972

1973~

1974
1975
1976

. 85429

197164

-10. PAPER
L "~ R ] NR
T.71380 ‘BﬁS?E ‘“66775 1.04602 .75629
1.20649  .80064  .99350 1.05507 .83539
1.18227 .79943  .97199 1.03984  .87421
1.14413  .77480 .96869 1.05795 590803
1.12673 .80798  .97473 1.06089  .92853
1.11078  .83645  .95740 1.06440 ° .93604
1.15621 .94989 1.00842 1.04374  .93078
1.11514° 96962 1.02953 1.04628 .9599p
1.04916 .90191 . .99018 . 1.03535  .94327
1.02859 .94815  .99614 - 1.02664 - .96556
1.00000 1.00000 .1.00000: 1.00000 1.00000
.94669 .97311 .98535 . .98677 .07848
.86878 . .89858  .90772  .93728  .96094
.82023 .80716  .85717 .90962" ~ .79883
86159 1.08445  .9307f .90082  .86564
.93084 .98996  .98711 .84402 .80782
11. PRINTING . ¢
L i K E NR
.43948 1.11993 1.18002 2.05579
.39801 1.12801 1.13424 2,09381
.30694 1.11846 1.08459 1.89986
.22763 1.05862 1.02055 1.96005 .
.17388 1.01894 1.07624 1.67059 =
. 14433 1.00899, 1.07287 1.49053
.12605 "1.01192 1.13472 1.61404
.09181 .99828 1.11668 1.34072
.07632 1.02803 1.01187 1.07879
.00000 . 1.00000 1.00000 1.00000
.92589°  ,95868  .93052 .81370 '
.98944 1.01165 1.05529 .80485
1.00526 1.04313 1.04010 65795
.90236 .97869  .87273 .57593
.83019  .91901. .87905 48808
12. PRIWARY
E ) NR
T’ZSUEG T_UU?E7' T.11475 71.02189
1.21260. .98519° 1.05525 1.01428
1.17563 .96611 1.02195 1.02104 -
1.13848, .91326. 1.06918 1 WB745 B
1.13920° .90333 1.05028 1.05361 .
1.14417 .92891 1.00980  1.02609
1.13956  .98918 1.04990 1.06664
1.04359 -~ .92875 1.00159 1.06460
1.03341 .95835  .96920 1.07244 .
1.02712° * .95381 .98973 " 1.07073
1.00000 1.00000 1.00000 ‘1.00000
.97468 - 1.00626 .96386 .98664
.92643 ..96686  .93768°  .98528 °
93905  .97109  .94445 1.01369
1.00155 1.15700  .97049 - '.95739
.96378 1.20076
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13.

METAL FABRICATING

0

1876

YEAR L K E NR
1967 7.45018 7.20272 71.75462 @ 96431
1962  1.38540 1.05937 "1.12626  .95827
1963 1.33539  .99133 1.10834 1.00700
1964 1.25767 ° .89639 1.04043 .98181
1965 1.18864 .81878 1.01515 .93028
1966 1.16725  .82206 1.01127 .96669
1967 1.16272  .90746 1.00608 .94283
1968 1.10628  .92015  .98396 .96123
1969 1.07457  .92916 1.02261 .96056
1970 1.06744  .99453 1.02196  .97398
1971 1.0000Q 1.00000 1.00000 1.00000
1972~ .94728  .96665  .98001 1.04490
1973  .87780 .88716  .89348 1.03777
1974  .80968  .80724  .87179  .939072
1975  .89326  .94195  .95818  .939481
1976. .88654  .95138  .96288 .99915
14. MACHINERY
YEAR L K E NR
1961 7.36944 T.01831 71.01792 94650
1962 1.30387  .92520 .91120  .95205
1963 1.28517  .87852  .87385 1.03373
1964 1.15860 .78533  .81110 1.08032
1965 1.12091  .74151  .76464 1.07082
1966 1.06215  .71334  .77981 1.05226
1967 1.09511  .75779  .82145 .97700
1968 1.07838  .81035 .84601 .92714
1969 1.01632  .75935  .80499 .94618
1970  .98939  .79620 .78192  .85542
1971 1.00000 1.00000 1.00000 1.00000
1972 .99135 _ .94148 1.09583 1.06310
1973  .95023 = .86964 1.03958 1.16119
1974 » .B86929 .78156  .97129 1.14587
1975  .92329  .86856  .92503 1.298318
1976  .94702  .96524 1.04637 1.24247
15. TRANSPORTATION
YEAR . L, K E . - R
T9ET 2707573 T 61 T60849 54078
1962 1.89203 1.38161 1.36805 .52439
1963 1.74092 1.20334 1.23047 - .44584
1964 1.70081 T¥.14532 1.15533 46361
1965 1.80394 1.03637 1.09364 .57885
1966 1.45787 1.06145 1.12032  .60185
1967 *1.27928 1.02762 °1.06895 .47047 °
1968 1.18786  .98998 1.06827  .47752
1969 1.10789  ,82090 1.00444 _..60012
1970 1.19416 1.15668. 1.12276  .86801
1971 1.00000 1.00000 1.00000 1.00000
1972 93558  .89423  .94376 ' .99222
1973 .87726  .78137  .87158  .84039
1974 ~ .79698  .75166  .77791 1.09545
1975  .81592  .85741 . .B84431  ,91298
.79203 ° .82858  .81003

~.66079

— A ek h —h

[P G G G

NR

.07883
.08314

14331
. 09458

14151
.00054
.87081
.97884
04842
100000
04479
01117
.84056
.85356
.79852
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16. ELECTRICAL PRODUCTS

L K B . NR
1961 1.56206 '1.26346 1.42227 ' 1.06565
1962 1.47566 1.13970 '1,25420 1.02409
1963- 1.39631 1.06565 . 1.24515 1.02194
1964 1.33612 1.00457 1.16808 1.05312
1965 1.27068 .83647 1.13869 1.09569
1966 1.24294 .89784 1.07974 1.08473
1967 1.22707 .96815 1.16162 1.03070
1968 1.12831 .97502 -1.08970 1.00280
1969 1.05705 - .93992 1.02873 1.02113//\\ . /
1870---1.02314 .98743 1.01268 1.00466
1971 1.00000 1.00000 1.00000 1.00000 :
1

1972  .90108  .95099  .90630 1.01217

1973  .84395  .B88254 .86324 ..87978

1974  .83744  .93475  .8845% 1.01975

1975  .84511 .98803 - .88423 1,03146

1976  .80332 .99603 .86447  .98871
17. NON ME;ALLIC

.@5135?
2668 1.01038
.11570

.04085
.09642

11612
.08135

’ NR.

1961 1. 48486 1.63662 1. 280354 T.70737
1962 1.36843 ,92728 16118 1.04418
1663 1.33816 . 92949 . 15403 1.07635
1963 1.27693 - .B7077 .10311  1.11869
. 1965 1.23711. .84322 .11210  1.13861
. 1966 . 1.19877 .88516 .13651 1.08147
« 1967 1.24886 - 1.03861 .13215 1.08452
1968 1 1.12508

1 1

f 1

1

— d ek eh A

.00000 . 1.000600 1.00000
.94838 .03584  .923%7
.90286 .00344 .97730

1.
1
1
1
1
1
.00834 1.06722
1
1
1
1
1
1

.80896 01416 .98288

. 88301 .95385 1.01288

1 01988 .97447 1.04188
PETROLEUM - -

'.'Tgé%i L 5 :‘ NR ‘?

1962 1.52746 1.47968  .82791  .93949
1963, 1.31455 5 08064  .79080  .92258 .
19649 1.25075 1.04206  .88005  .91541 wy
1965% 1.16322 1.00571 .85581  .91688
1966 1.22852  .95782  .85498  .917136
1967 1.24785 .98115  .87300 .9##65 ]
1968 1.16011  .95439  ,98122  .92659 >
1969 - 1.11800  .86587 1.04152  .96599
1970 - 1.09053 1.03196 -
1

102078  .97089 .
100000 1.00000 1.00000 1.00000 \\‘T\\\:
1972  .91669  .99776 1.02064 1.00987 -

1973  .80874 93078 - .96870 .95501 ; T
1974 . .56195  .65602° .67494, 63025 '

1975 . .54587  .69822  .73101  .61862

1976  .54543  .77892  .78343. .6321
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19. CHEMICALS
YEAR L K E' R NR
1961 1.56471 1. 07348~ _1.34794 1.15226 .99497
1962 1.45300 1.03142 71.22635 1.21481 1.01436
1863 1.40175 .99700 1.21137 1.20961 1.01538
1964 1.31504 " .94260 1.11052 1,11118 1.00363
1965 1.30738 .93643 1.07877 1.04930 1.00402
1966 1.17097 .94576 1.10946 .88028 1.04041
1967 1.16483 1.00776 1.11237 } 0589 1.01259
1868 1.13246 1.01862 1.08547 .10363 1.08041
»1969 1.06811 .98460 1.Q9306 1.01351 1.11883
1870 1.06679 1.01652 1.04599 .98555 1.02189
1971¢,1.00000 1.00000 1.00000 1.00000 1.00000
1872 .91758 .97108 .91320 1.04600 1.09723
1973 .84019 .88281 .92092 .85050 1.07137
1874  .85027 .92935 .96254 .84791- 1.09113
1975 .94324 1.15437 .93397 .83727 1.17286
1976 .90791 1.27948 1.Q7342 '.86348 1.03325

20. MISCELLANEOUS ‘ '
VEAR L K E R | _NR .
1961 1.26769 .73816 1.21105 .72830  .83569
1862 1.22529 73771 .96957 .69148 .88921
1863 1.21529 76654 1.02292 .73202 .92779
1864 1.16111 ,.74527 .97248 .67015 .85061
1965 1.11560 .74186 1.00225 .67192 .84084
1966 1.06378 .75434 1.06458 .51785 .79384
1967 1.00120 .79465 1.17021 .79847 .87010
1968 .91494- 78947 1.19003 .64632 .80605
1969  .87722 . .76817 1.20878 °.63860 .76689
1970 1.05499 1.03129 1.61485 1.05702 .96695
1971 1.00000 r.00000 1.00000 1.00000 1.00000
1872 .95827 .95674 1.04852 = .66318 . 94651
1973 1.05778 1.02819 1.16202 .58188 1.10181
1974 1.21447. 1.15878 1216078 .71133° 1.20660
1875 1.27500 1.23067 1.34050 .91228 1.10762
1876 1.21340 1.14411 1.07608 .56889 1.04108

21. TOTAL MANUFACTURING SECTOR

. YEAR . L ¥ : R 'NR
- 1961 T.40060 71.04063 1.18583 1.24442 .97241 -

1962 1.35020 .98942 1.13186 1.18969 .96379
1963 1.31126 .96573 1.09721 1.17853 .99813
1964 1.26280 .91936 1.08359 1.16101 1.00557
1965 1.22372 .89826 1.05659 1.07692 1.01365
1966 1.20485 .91279 1.04613 1.05827 1.00161
1967 1.18186 .95813 1.04569 1.06495 .98523
1968 1.11773 .95490 1.03818 1.02868 1.00630
1969 1.08267 .94296 1.03424 1.00239 .99800
1870 1.05887  .99903 1.03047 1.02427 1.01708
19714 1.00000- 1.00000 1.00000 1.00000 1.00000
1972 .95884 . 95997 . 96270 .97012°  .98443
1973 .90298 .89994 . 90712 .89085 .98482
1974 .86170 .88540 ,90658 .86538 ,..96363
1875 .89553 . .99%6+ " .87807 .BB%17 .86423
1876 .87894 1.01641 .89610 .94188 .93050
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Table 2: Aggregate Input Requirements, 1961-76
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o 2 O O e b b e o e

Food ‘Totsegco Rubber Leather  Textiles Knitting
.12091 - 1.14271 2.08l109 1.34573 1.5934 1.87678
.09188 1.1817 - 1.80174 1.30679 1.84608
.12603 1.10645 1.75465 1.23796 1.74796
.10831 1.18088 1.68461 1.17157 1.61202
.07135 1.05819 1.61077 1.17331% 1.51385
.06092 1.01435 1.57959 *© 1.18053 . 1.38535
.04815 1.04256 - .5665 1.14286 1.29914 1.37869
.G3933 1.11462 1.68084 1.09447 1.16577  1.21322
.01508 1.03913 1.66009 1.07992 - 1.04573 1.16462
.01738 1.06918 1.04352 1.0463 1.08754 l.12421
1 1 1 1 1
97797 0.5416 0.9525 0.95934 0.8983 0.9218
.96752 - 0.92758 0.9137 0.99152 0.86765  0.89638
.02238 0.91955 0.93498 0.97574 0.89602 = D.92299 -
.03513 0.91852 0.99959 0.9688 0.91225 - 0.83441
.02509 0.90306 0.92793 0.90934 0.8785 0.81176
Clothing  Wood Furniture Paper Printing Prinik
1.3819 1.13117 1.29354 1.02266 1.46866 1.07757
1.32048 1.09652  '1.29936 1.02024 1.36816 1.05825
1.28205 1.06771 1.25825 1.00717 1.33946 1.04808
1.24581 1.03904 1.2339 0.99123 1.26861  1.04086
1.20669 1.02441 1.17138 0.99971 1.19446 1.04454
1.13425  1.01737 1.11569 1.00175 1.14387 '1.03849
1.13084 1.01144 1.09843 1.05303 1.11802. 1.07233
1.08403 0.98915 1.06797 1.04889 1.10565 1.03193
1.06561 1.00719 1.01761 0.99865 1.07476 1.03847 .
1.06476 1.00972 1.03188 1.00262 1.06638 1.03628
1 1 1 1 1 . 1.1
0.93522 1.01106 0.93336 0.96888 0.93218 0.98442
0.90385 1.00521 0.90413 0.89663 0.99369 , 0.96284
0.93821 1.01803 0.9987 ° 0.83951 1.01095 0.98251
0.91944 1.00609  1.01962 0.96549 0.91361 0.99378
0.87749 - 0.94569 0.99032 0.93436 0.8439 0.98827
tro. & Metal Machinery  Transport Elec. Non-Met.
al Prod. Fabric ‘ "~ Prod.
.0736 1.22605  1.21574 1.72368 1.40144 1.86605
.02603  1.17475  "1.16002 1.58558 1.31978 1.16095
.98213 1.16474  1.15737  1.45994 1.26178 f1.15514
96737 1.10567 1.07369 1.43619 1.22407 1.11306
.95631  1.06722 1.03959 - 1.44292 1.18585  .1.09168
.95607  1.04855 0.99592 1.29261 1.16017 1.0821
.96131 1.04853- 1.01172 1.15684 1.14753 1.15223
.9574 1.02966 1.0037 1.09378 1.07992 - 1.10488
.97098 . 1.01555 0.95802 1.03657. 1.03451 1.08565
.99302 1.02508 0.932. 1.15276 1.01458 1.10851
1 1 1 1 .
99744 0.98332 0.9962 0.94861 0.93148 0.95921
93464 0.93376 0.97268 0.88293 0.87822 0.92199
.62454 0.87145 0.90306 0.79759 0.88907 0.91989
.616C7 0.93533  0.97674 * 0.82929 0.90232~ 0.9458:
.€3581 0.93465 0.99799 0.79573 0.9505

~ 0.86514

~



- 0.87622

Chemicals Misc.

e
g

Total :
Vanufacturing

1.30776
1.23364
1.19772
1.12638
"1.11584
1.07122
1.09171
1.08389
1.04456  0.84799
1.04404 . 1.04609
1 1
0.5449.  .0,94882

1.0979
1.10423

‘0.90199  1.18962
1.0153 * 1.21908
X.04697 1.14405

1.12027

1.04863
1.01705 ;-

£ 0.97189
.0.95758.
0.88285

1.04914

1.20183
~fl,15925

A
4

1.14518 N ¥ \‘ . .

1.11595
1.08346
- 1.07357
1.07228
1.04541
 1.02313
-i .03234
0.96818 . .
0.91647
0.88827
0.92116
0. 91836
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-1981

Food o 10;23

. Tobacco AL

.. Knitting ~ 27.72
Clothing .  24.05

I I R Y I R

jRubber 1842
Leather 120.70
. Textiles .20.33

SV B SR
Table’3 ~* R
NOMINAL AND EFFECTIVE RATES OF PROTECTION ,
,' g T v % o ) L
(Percentages) g
NOMINAL RATES » EFFECTIVE RATES
1966 - 1970 1951 19667+ 1970
K 9,20 7.9, “54 35 23.20  19.04
16 72, 14335 ‘ 26;66 24.67. ‘13 17
20 20% 19.73 34,09 - 35.66 "33, 78
18.55 - 1?%00 128.89 . 26.07 - 23.67
26.75.° 23108 ' 38.31 .38.95  33.73 ..
23.42. | 21346 - 28.29. '27.13 .25.90
6.06 4159 " laas . 12.54 9:36
. L I iy ) v :
19.33 15:59-\ 26.87  25.61 " 20.19
7. 06"; 6:09 16 29 < 10.69 9. 33'
7.83 ™ 689 "7 s, 39:'? 793 "8ll7
4.2 2.86 13 57 ©10.01  6.91
13.49 11 % 20 91  “18.80 15.57
6.95 ' 5.36 7. 57 © 6.7 4,29
3.74 3.06 9.08" | 2.42 . -2.22. .
15, 33" ¢ 12.43  19.54.  20.44 - 16.54
- 8.20 |, 6.24 719,53 12.59  9.47
7.70 7.90  27.61  4B.37  44.41
" ’l . . . . B .
9.43 ° 8.34  15.23  ¥5.52  10.43
11117~ 10.76 . 17.24.  15.27  14.50

‘Wood - . 6.44

Furniture -~ 20.47 |
10. Paper . 10.76 -
11. Printing - 6.91

12. Primary 6.36

" 13. Metal Fab. ' 14.76
-14. Machinery - 7.55
15. Transport = 8.07
lGé-Elécﬁiﬁcal I

~ Products - 15.19

17. Non-metallic - 12.49
18..Petroleum &

Coal Products 6.25
19.vChemicals - 10.27 .
20. Miscellaneous 12.72 -

».

Source B W. W11k1nson and K. Norrle,*"Effective Protectlon and the Return
' to Capital" Economlc Council df Canada, 1975

1
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"V ‘Table 4, Estzmatedﬁ Coe££1c1ents Assumxﬁg Factor

Augmentzng Technzcal Change, Total Manufacturzng "., ,
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APPENDIX 4 = = | .
iy L . 1I . s
Tqble-ﬂ o A e T
3

Estlmated Coefficients Assuming Factor Auonentlng Techinical Change
: ' Total Manufacturing '

s

AL .26219 DLQ . .01890
' -(1.086) CoL(.768)
AK 1.06935, DKQ ~.08978
~ ‘ (8.648) (-7.027)
R AE -.01771 - DEQ .0psgy
: | (.389) - - (.251)
SAR . 64055 DRQ. -.04674
% (3.596) -  (-2.583)
- AR _-.95309 DNRQ J11161
. o . {-4.890) - (5.696)
BLL. .16588 ELt ~.03252
v (7.498) : : (=4.456)
" BLK - - -.01668 EKt .03797 -
(=1.227 : (5.656)
BLE ~.0000079 EEt -.01401
(-.0016 . E (-1.331)
BLR -.06446 ERt -.00198
, 2. (~4.526) . . (-.268)
BLNR +.08473 . ENRL -.02049
) (-7.864) o (-2.763) -
BKK .09418 4
(9.204) %p 5.75529 -
BKE - =:01278 , (31.240)
(-3.855) Xq .00060
BKR ~-.02820" . (.026)
‘ (-3.202) BAQ 08633
BKNR ©-.03650 . : (53.881)
. {~5.962) - - R2(L) 1.9270
BEE .02620 - Dy 1.4407
_ : ~(10.625) - R2(K) .9893
BER \fffg?959 _ OW - '1.8827
L (=2.927) " R2(E) 9433
BENR - -.00385 DW . 2.6104
R (1.523) K2(R) = .B9%6
BRR - .13921 DW -+ 2.1188 -
‘ - (9.280) ~RZ(NR) .9846.
BRNR .03679 DW 1.5461
, ‘ (3.961) i
BNNR .16187

(17.531) .



