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| | FOREIGN DIRECT INVESTMENT IN

CANADIAN MANUFACTURING: TECHNOLOGICAL

other statistical complexities relatively littl% attention
h‘as been diredl\ted towards stuéying{/many import:}’;t‘nt questions
re}l\at\gd to the relative efficiency of foreign ‘and
domestically co\ntrolled.firms.

he objective of this thesis is to compare technological

perfomances of Canadian and foreign controlled firms in

Canadian manufacturing, In particular,l the yelative

H

per formance of these groups of firms is assessed with respect
/ .

to such important technological characteristics as factor //6

‘intl‘ensities, el§sticities of substitution, scale elasticity

and cost efficiency. : . ¥ -

In the past varioug studies have found that foreign and

domestic firms indeed differ. However, the explanat#ons
‘ )

offered for these differences are i'ncomplet‘e. The major
d b
problem in modeling appears to be the unavailability.of

\

appropriate data. On the other hand, studies that have tried
|

¢ ! . \
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to identify the technological characteristics of Canadian »

manufacturing industries using cost or production models,

\

have ignored the possible difference between 'foreiign and
domestic firms. ' I . - .
. \ .

The model employed in this study assumes _rhat each. firm

‘. is cost efficient in that it -minimizes the cost of producing

-

its output level. The implications of this cost minimization . .

assumption are exploited in the econometric analysis. Data

. ¢

has been collected for foreign and domestic firms in ) ) \

Canadian manufacturing at the four-digit ISIC level.
Information recently made available by Statistics Canada has

. 4
N "

been used to construct previously unavailable capital stgck

a4

. series.

, '
AN "

Sufficient information was available to study in detail -
éight industries in Canadian manufacturing. For each lcgt)these \

industries a cost function was estimated for foreign and

.

‘. domestic groups of firms. Technological characteristics have

been evaluated and computed and compared on the basis of the

.
o

estimated model. - : v .

The results of this thesis suggest ‘that even though
.

there are significant differences between foreign and

domestic firms in the industries'studied, these differences

are not systematic across indusfries. General summary
]

comparisons are, for the mogt part, ruled out. One result
> .

that does arise frequentlv however is that foreign firms
. . . ({ -
employ more capital intensive production techniques,

Interestingly,' the explanation of this resulit does not
s . : L}

-

13




appear to rest in differences in technical structure but
rather in differences in relative factoe prices paid and’
he scale of production. < |
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¢ , . * CHAPTER I’

i
' Poreign Direct Investment (FDI) can be defined as the

investment undertaken by companies in foreign ventures in

which they have a comtrolling and managing interest.1 This

'managing' feature effectively disiinguishés FDI from porto-

folio investment which is uéually defined as the aé%uisition

. ] .
of securities by individuals ar institutien¥, without any

necessary control ovex, or participation in their management.

It could appear then that sométhing other than money capital

might be,iﬁvolved in FDIb "This could be managerial or

technical gufidance, or it could involve the dissemination of

1

valuable knowledge in the form of research and development,
production technology, marketihg skills or managerial
*expertise, none of which ?ypically accompanies portofolio

igvéstment. .

As an economlq&phenomenon FDI is of recent origin. 1In

~

1914 nlnety percent of all Pnternational capital movement

took the form of portofollo investment. Gradually, however,

Iy
2

the composxtlon has been shlftlng. The collapse of the

world monetarykgystem in 1930 caused a profound change in

‘ .
both Attitudes gnd anroaches towards international invest-
me;:t By 1939, most of today's leading Multinational
Corpd!atioﬂ; (MC) had established foreign branches or
subsidiaries._ Foreign. direct investmen£ became the main.
form of international investment. 1In recent days, despite

o

the recovery of the interndtional bond market, portofolio .
. \ ‘

INTRODUCTION | :

\ . v
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investﬁent accounts for. lesé tban one fifth of all
.international investment. } ¢ ’ ) \\
L
The majority of studies déalihg with FDI can be

s

separated into two broad 'groups. &he first group. contains
studies of the determinants of foréién di;ect investment,
Differept rates/of retufn to caéit#;: mohopoly positions,.
tariff levels as well as other factgrs have been used to

ce o
explain FDI.> The second group of studies examines the

effects that FDI has on the'economy of the host country.
The effects on growth, balaﬁce of payments and bn technology

are the main areas around which most of the literature has

|
S

beén developed.

Despite the*ﬁact that three;Quarters of total foreign
direcé/investmentais directed to\developed economies, a
majority of the reséarch into the effects of FDI| has
examined the developing country case. As well, tge
tradipionai focus of attention for‘studi@s in developed
gcoqomies has been the performance of foreign affiliates,
\esﬁgéially those of/}arge MC's. 1In particular; balance of
Lpayment'ﬁs effects,égfofitability, and other financial effects "
have been stddied. The effects of FDI on technology have

Y

.
not been adequately examined. However, it is apparent that -
, .

4

the nature of technglogy actually employed by foreign firms
is‘one of the mos; important and controversial issues of all
foreign iﬁvestmeg% debater.

It is the goal of this thesis to examinfe the natﬁre gﬁd

effects of technology transferred through foreign investment
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to a developed economy, Canada.
The main objective of this study is to compare the . *

performance of Canadian and foreign controlled manufacturing

firms in Canada with respect to technology. Since the major

part of foreign direct investment originates in the United

States, it is useful.to separate the foreign firms-into U.S. ;
' P . I

owned andhotherw The different groups of firms will be

combared with respect to such important fechnologﬁ&gltm,

characteristics as factor ﬂntensities, elgsticities of A \

Al

substitution and technological efficiency. o ‘
A comparison of the different groups of firms with ' \
respect to efficiency will help to explain whether foreign-
investment partially offse£s other cosgg’by saving domestic
resources and/or increasing the average productig}ty,of
manufacturing. With rgspéct to factor intensities, the main
questibon is whether foreign firms introduce a more capital
intensive technology and so doing‘they increase caéitai-

ization in the .economy. Other\potential costs of FDI "and

increased capitalizatioh have been identified as aggrevation

o

of employment problems, worsening of income inegualities,

f

nej:tivé'influences on ‘technology used by other industrial

s, inhibition of domestic research and development and

introduction of biases into education and science policy.4

i

The potential importance of FDI problems for Canada is
underlined by the fact that the degree of foreign ownership

and control is substantially higher in Canada than ip any

*
other industrialized country. More than fifty percent of

i -




[

2

s ’ ‘ : .o
manufacturing in Canada is foreign controllec}.5
“ » “ »
The literature contains many studies which have examined

¢

However, the explanations offered for these q fferences are

‘incomplete. T?F major prdblem in modeling av Lars to be

.that insufficient data were available to constjruct and R
,analysewgemple£e models. 1In all studies, the Qjuestion of

efficiencyﬂwa% addressed indirectly through the ,effect of

- . |
foreign investment upén competition. On the other hand,

N stu&@esG that tried to identify the technological character-

Q‘t
istics of Canadian manufacturing industries using some model,
X ‘

especially production or cost functions, have ignored the -
possible differences between foreign and domestic firms.
Even though firms may have been grouped according to their

o

size or provincial origin, no account ‘has been taken of the g

~

At
R important cont%ol/égaracteristics. 21 )

The availability of a Jéw body~of éata72now brovides‘
the opportunity to construct complete miéroecodomié and
gconometric models whicﬁ.can be used to analysé Ehe
%echnologyh%ssues raised above. Thisq}s th? princiéal aim

of this study. h " ' ‘ .
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CHAPTER II

P

o -
FOREIGN INVESTMENT AND FOREIGN CONTROL .
IN CANADIAN MANUFACTURING

-~ 1

» It was said at the beginning that ons'of the objectives
N

.2 &« L3 * . ' [
of this study was to compare foreign and domestic firms in

Canadian;manufdcturing with respect to technology. Formalily '

this study deals with the resultg of foreign direct invest-
Wad . ~ 2

ment and.not with direct investment itself. Howebei, it is
useful to brlefly study this latter issue in order to,

broaden the context of the study underta‘%n here and £

~

provide valuable baekérohﬁd information., s

. IN this chapter we first present a brief history of
A .

\

foreign investment in Canada with more-emphasis jn foreign
.\ Foreign

direct investment and its role in the recent yea

4

control in the Canadian economy is a consequence of this

investment. TheAimportanoe of this control in Canadian

'

) - 3 ‘n ' .
-manufacturing as well as some differences between foreign

and domeszic establishments is the subject of the rest of

-

this chapter. The whole analysis in this-chapter is based

. \
on the new body of data mentioned earlier.8 '

1. Growth of Forelgn Investment 1n Canada v

/

Forelgn 1nvestment has been 1mportant in Canada for
\ /

'many years. On tﬁe one hand it helped the Canadian economy
, at its early stages of devélopment. ‘ Alternatively, it has

- increased the dependence %; the Canadian economy upon

foreign capital so that the possibility of the 'loss of

Canadian political sovereignty from foreign investment is .

)
7/

N
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1974 (Table 1). This change in source was accompanied by a

4 ’6 .
b' it ’
‘ \
¢ s . -
argued to be a major issue.
During the nineteenth century much of the observed .

capital fibwﬁérose from the sale of Canadian bonds in

England. The borrowed capital was used: to build railways,
roads aﬁé/other public utilities, to exploit mineral )
resources,ﬁto)help establ%sh certain manufacturing industrigs
and to supplement tax“revénues.9

Direct investment, although not then,as largé as
pprtofolio investment, was used fér manufactu;ﬁng and
resource de&elopment, particularly in‘lumbef. Tﬁis
investment increésed in the last quarter of the 19th century

X .
when high tariffs were imposed on imported mapufabtured

" goods' in order to protect young domestic industries.

Total foreign investment gradually increased in Canada
during the first half of the 20th centufy. However, the

rate of investment rose sharply in the 1950's dnd has stayed

high ever since.

During. the nineteenth and early twentieth centuries, ¥:

: /
Britain was Canada's main source of foreign capital.

!

' However, World War I brought a change in this, traditional
v . B

flow of funds. The major supplier of investﬁent funds
became the United States. 1In 1920 the sharé of U.S. fqreign
investment was about 44% and became almost 80% by Fgé end of
shift from p;:%ofolio to direct investment (Table 2). At
the time of the Great Depression,. direct investment >

accounted for about one third of the‘tatal investment and

13
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P Table 1
|
" DISTRIBUTION OB FOREIGN INVESTMENT.IN.CANADA
BY COUNTRY OF ORIGIN. SELECTED YEARS
YEAR us " UK OTHER *TOTAL VALUE
Y Y % (000, 000)
1900 13.6 85.3 1.1 1232
1910 19.3 77. 4 3.3 2529
1920 43.7 52.9 3.4 4870
1930 61.2 36.3 2.5 - 7614
1939 60.0 35.8 4.2 6913
1950 75.6 20.2 4.2 8664
.1960. 75.3 15.1 9.6 22214
1970 79.3 9.1 11.6 44037
1974 77.5 8.9 13.6 60189
.
] .
DISTRIBUTION SOF FOREIGN INVESTMEN';? IN CANADA
BY TYPE OF INVESTMENT. SELECTED YEARS
DIRECT PORTOFOLIO s :
INVESTMENT INVESTMENT OTHER TOTAL
YEAR Myoman| . | TomAaL| . | TomL| VALUE |
VALUE VALUE VALUE (000,000)
1926 1782 | .29 3691 | .66 260 | .05 6003
1930 2427 | .32 4892 | .64 | 295 | .04 7614
1939 2296 | .33 4332 | .63 285 | .04 6913 -
1950 3975 | .46 4369 | .50 320 | .04 8664
1955 7728 | .57 5158 | .38 641 | .05 13527
11960 | 12872 | .58 7914 | .36 1428 | .06 22214
1965 | 17365 | .59 | 10076 | .34 2171 | .07 29612
1970 | 26358 | .60 | 14790 | .33 2889 | .07 44037
1974 | 36237 | .60 | 20505 | .34 3447 | .06, 60189

J
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rose to sixty percent by the

With regard t6 thé FDI ¢

bqsiness firms had been seﬁt'

-

end of 1974.

omponents, United States ___
: s/

ng up and taking over

manufacturing and miniﬁg plants in Canada well before

f”
World wWar I.

period and

. |
increased rapidly (Table 3)¢

the main

xplanation given in

"Prevented by tarif

American producexns
with capital in

P

he importaan of U.S. direct investment in

special}y after Wofld War II, this flow

The Canadian tariff policy is

the literaturé.

fs from exporting goods
leaped the tariff wal%

and instead of goods“.l

|

/

DISTRIBUTION OF FOREIGN DIRECT INVESTMENT

</ IN _CANADA BY COUNTRY |OF ORIGIN. SELECTED YEARS'

N

0.5 o U

.K OTHER

Z&EAR VALUE 3 | VALUE T | VALUE | % 322%;
1926 |' 1403 | 78.7 | [336 |18.8 43 | 2.4 1782
1930 | 1993 |s82.1 | 392 |16.2 42 | 1.7 2427
1939 | 1881 | 81.0 366 | 16.0 49 | 2.1 2296
1950 | 3426 | 86.2 468 | 11.8 81 | 2.0 3975
1955 /é§L3 84.2 890 | 11.5 325 | 4.3 | 7728
1960 | 10549 | 82,0 |.1535 |11.0 788 | 6.1 | 12872
1965 | 14049 | 0.9 | 2033 |11.7 | 1264 | 7.4 | 17356
1970 | 21403 |82 | 2504 | 9.5 | 2452 | 9.3 | 26358
1974 ”2899§ 80.0 | 3525 | 9.7 | 3716 |10.3 |36237

i

\

2. Foreign Direct Investment

\

As mentionéd'above the value of foreign direct invest- .

¥

-

. ment grew very rapidly especially during the period
VT ’ @ . -

U




st

i

following the Second World}War.: The book value of foreign *
. . ! : N 2
direct investment doubled between 1950 and 1955 and grew by /

another two thirds to 1960. From 1960 to 1974 the mean,

annual growth rate was about 7.7%. At the same time thée
,‘:"" e N W ’ WL Y 4
shaég of the U.S87 has stayed almept constant (around 80%?,f

-

__This decrease was ;

while the share of thé U.K.has decreased.

compénsated by an increase in the share of all other AR &
. » . (

countries. S \ .'{ g b - ?
With respect to the sector;l distribution ofuféreigq

direct investment: Té;le 4 indicates that the mo§F important

sector is manufacturing which absorbs half of tgewtﬁéal

3

N~ 5

amount invested. However, there has beeq a gﬁall degline in
the role of manufacturing in recent yeé;s. From 52.9% in
1926 the share of ménﬁfacturing ﬁroppeg.to 39.5% in‘i974.

The second most ihpoftant sector receiving FDI is .
Petroleum and Natural Gas, accounting for one fourth of the '
total. The remaining one-fourth is divided among the reséqof
the sectors where the dedfeasiqg role of utilities may -be
noted. :

Since U.S direct investment represents 80%hg£\the total
it is reasonable to suppose that the above sectora% ¢
distribution is mostly due to the structurequ/ars}foreign .

direct investment. In 1974 43% of U.s dire investment was

absorbed by the manufacturing sector while £§§\was absorbed

by the Petroleum and Natural Gas sectors. We also Roticed

the decreasing role of utilities as well as the_smadl decliner

in the share of manufacturing, from 58% in 1926 90 43% in

P

L4 -\ . N ) A}
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Table 4 X
FOREIGN DIRECT INVESTMENT IN CANADA CLASSIFIED
BY INDUSTRY GROUP. SELECTED YEARS .
(SHARES OF INDUSTRIES) T P
1926 [1930 [1939 ]1950 ]1955] 1960 ] 19651 1970 ] 1974
Manufactufing 52.9144.9(49.7|58.6 |44.4 | 41.4 | 41.8| 40.8| 39.5
|petroleum and | -- | 5.8| -- | -- [22.7]| 25.7| 26.5| 24.9| 24.5
Natural Gas ) :
Oother Mining -| 9.5|°8.9] 9.9 119 |10.5( 11.1| 11.6] 12.2] 11.1 |-
and Shelting . 3 v
Utilities  [15.4|18.6[18.0{10.0) 4.1 | 2.2 . 1.6 1.4
Merchandising | 7.6| 6.6 7.3 7.9| 6.9 5.8 . 6.4 6.5
Financial 11.7{12.6 {12.4) 9.2} 9.1} 11.3 .71 10.8{ 11.8.
Other 2.9)2.6|2.7|2.4) 2.3 2.5/ 2.6| '3.3| 6.2
Total Value 1782 [2427 {2296 (3975 |7728 {12872 [17356 |26348 {36237 |.
'|(8000,000) N ~ ' .
‘ ‘ Table 5 ) .
f*f*——— . o .
U.S DIRECT INVESTMENT IN CANADA CLASSIFIED e
BY INDUSTRY GROUP. SELECTED YEARS
. (SHARES OF INDUSTRIES) .

‘ 1526 1930|1939 (1950 1955 1968111965 1970 1974
Manufacturing | 58.3[46.7(52.3[59.0[43.5] 41.%} 43.8] 43.1| 42.8
Petroleum and | --':{"7.0} -- | -- [25.1 27.3| 26.0] 24.7| 2.6
Natural Gas ) . )
Other Mining |10.0[ 9.6410.5[13.2[12.0| 12.8| 13.3y 13.3] 11.7] .
and Smelting ' ~ : . ’
Utilities 17.7121.3{21.2[11.0{ 4.1 . 2.0 1.7 .6
Merchandising| 6.3} 5.5}| 6.3] 6.4 . . 4.9 5.9 .4
Financial 4.2 6.8 6.7] 7.8] 7. . 7. . .2
Other 3.5 3.1 3.0 2.6 2. X 2.6 3.1| 3.
?gggélgg%?e 1403 11993 1881 (3426 [6513 [10549 | 14059 21403 [28996
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1974 *(Table®5). “ | =

Another important aspect is the method by which this =~ =-

-

foreign jinvestment has been financed. Table 6 shows the

increasing importance of retained earnings. The proportion

of the net increase in undistributed earnings in the net O
» increase in the book value of foreign-direct investment has’
increased from one'third or less in 1960 to 90% in 1974,
3 ' : / : R ’

‘ . Table 6 \ AN 1

. " ! s

. RELP:TIVE IMPORTANCE OF CAPITAL
. INFLOW AND RETAINED EARNINGS IN FDI
N\
YEAR 1950 1955 1960 1962 ‘l96§\\l970\ 1972 1973 19744

~

C/RE |, 1.5 1.3 ‘2.4 1.5 .7 ~ .9 .4 .3 .1

»

C = Capital Inflow ’
RE = Retained earnings

£

Finally, itvis important to note the sectoral
distribution of foreign di;gét investment witbin Manu- -
facturing. ‘The two- most important sectors are "Wood and
Paper Prééucts" and "Iron Produétsz, which together have
received more than 50% of total fo;eign direct investment
‘difected to manufacturing. The role of these two sectors
haé changed during the last fh%rty years. They still
\represén; 50% of thehfotal but their shareg in 1974 ére
almost theippposite of those in 1926 (Tayié 7). The role
of the other sectors has remained aimosé uﬁéhangeé’except

" in the case of Chemical products where there 'is a small but

» %

H w

B T T - .-

i
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FOREIGN DIRECT INVESTMENT

Table :

7

o

12

IN CANADIAN MANUEACTURING

(SHARES OF INDUSTRIES)
- — o

. 1926] 1930| 1939| 1950{ 1955 1960{1965| 1970| 1974
Vegetable Products [13.1}15.1]13.7|11.5/11.6(11.9]10.9 10.5 11.8
Animal Products 2.2| 3.8| 4.4] 2.7| 2.6| 2.3[,2.6| 2.4 2.5
Textiles 3.0/ 3.0| 3.4{ 3.4} 2.8} 2,2{ 1.9] 2.0 2.6
Wood and Paper 31.2|34.7]28.0{23.0{22.8(19.3{19.8] 18.8| 18.7
Iron and Products 19.5{18.8]|16.9/18%9|23.4(26.9|27.9| 30.0] 31.8
Non-Ferrous ‘Metals.| 9.0/10.6|11.9/13.8/18.2{18.4{15.5| 15.0 10.5|
Non-Metalic Miner N.8] 1.8/10.0{14:0f 3.5]| 4.5 3.6 3.8 4.5
Chemicals - //1.3 9.3} 9.7| 9.9{13.2{12.5|16.2] 14.9| 15.5
Miscellaneous 2.9] 2.8] 2.0] 2.8} 1.9] 2.0] 2.5] 271} 2.1
Total Value 1944|1090 1142{2331 3434|5342| 7255 10767/ 14796

(000, 000) \l 1,

. \. ' .
steady increase offset by \}:he ~decrease in the

)

share of non-

metallic minerals. Again t%e\§ectoral distribution of .
v .

by the structure of the U.S direct investment which

" foreign direct investment within manufacturing is dominated --

represents about 80% of the total. In Table 8 we.can see

“that more than 50% of U.S foreign direct investment goes to

"Wood and Paéer;P‘roducts" and "Iron Productg" industries.

E]

éteady growth.

v

~

A

3. Determinants of Foreign Direct Investment

The next most important secgjor is Chemicals which also shows

/

A brief review of the different explanations of FDI

deﬁermiqants provided in the literature might 'help in~

understanding the performance of foreign firms.

. [
\ <
. ¥"

v
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Table 8

U.S DIRECT INVESTMENT IN CANADIAN MANUFACTURING
' (SHARES OF INDUSTRIES)

1926]1930]1939[/1950{1955/1960}1965{1970] 1974
Vegetable Products 8.4/10.0| 9.8| 9.5{10.6/11.2(10.2|10.0] 11.2
Animal Products 2:2| 4.0| 4.8 2.8{ 2.9{ 2.5| 2.8] 2.5| 2.6
Textiles . 2.2| 2.1 2.0] 2.0 1.9 1.7 1.6| £.7] 2.3
Wood and Paper ° | 31.3/35.8|24.5/22.0123.2/20.4{19.9|17.8]| 16.6
Iron and Products [ 22.0(21.3(19.1]20.7 24.9127.5|28.6(32.8 35.5
Non-Ferrous Metals | 10.1]12.1 lj.g'15.4 20.6)20.4)16.6(16.3| 11.0{
Non-Metallic Miner. | 13.3| 1.8|11.4{15.2{ 2.8 3.1| 2.6} 2.7{ 2.8
Chemicals. 7.3 9.2| 8.9 9.6|11.1|11.0{15.4]13.8] 15.3
Misgellaneous - 3.0{ 3.7| 2.3} 2.8| 2.0 2.2| 2.3| 2.4| 2.7
Total Value 818| 932| 984|2024|2835]4348|6167]9231|12432
(000,000) :
L A
/

"As it is mentioned in a study done by the Government of

<@

(Canadall, foreign investment flows ‘can be linked with trade

flows. What usually makes Qne country an exporter (1nvestor)
and the aéher country an importer (recelver) is the
possession of some distinctive feature such as technglegical
supegiority or the poesessien of a resource or skill which
is in limited supply. |

RN ,

The importahce of these points is revealed, in part, by

the industrial distribution~of imports and foreign investment

‘-1n Canada, high 1n//;d tries. such as automoblles,

€
machinery, scientific 1ns‘ruments, and electrical products.

On the other hand, there are a number of other factors which

affect the decision whether to invest or export. In the

oy
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-competitors. The Canadian tariff and.the relative: cosg of -

[y ' T rd
case of Canada, cost factors and tariff barriers appear to

have been very im;:ortant. As well, factors related to

market position (a foreign investor\may locate in Canada to
foreclose the possible development of a Canadian firm wlzich
could become a competitor), home environment (for eiamp;e,
the efficiency of the New York capital markets have probébly
been a considerable factor in fostering United States direct
investment abroad), and host envirsonment (Canadian govern-
ments have tried to attract fpreign capital to meet the
growth §spirations for the country) all affect the FDI

v

decision.
. . , M LY
There have been also a number of empirical tests of the .

determinants .of FDI. Horsf12 has shown 'that, for U.S firms, i
exports and subsidiary sales represent alternative means of N

1

utilizing their technological superiority over Canadian

inputs seem to be the main factors that determine whether
the- U.S advantage will be exploited through exports or

subsidiary sales. These results were also confirmed by'

*

Bauman. :.1'3

Another hypothesis that has been tested is the in-

. tangible capital hypothesis. Accoi:ding to this thegry,

domestic producers have-some advantage over foreigners,

mainly '@ stodk of knowledge about the local legal and

institutionallenyjronment. The key to the explanation of

I3

the existence of foreign firms lies in the firms possession
~ y \ «

£

- of iritang'ible assets- that can more than offset the above
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disadvantage. This theory tofg—etihe‘r with other al‘ternativé
hypotheses was’/,‘ fiested by Cavesl4 for Canadian and U.K
manufacturing inﬁus:trigs. His resuylts showed that the ’
intangible asset variables, mainly the industry's advertising
and research int?nsity, were significant in both countries.
Also the I;Iu'ltiplant economies hypothesis worked well in both
countries. Caves found that ‘Canadian éariffs do not suppo:.:t
_the hypothesis that tariffs degexmine tfxe choice between

o E) *
exports and direct investment. A measure of relative factor

k4
cost showed also some significance. .o '

Bauman15 attempted to explain ’inter-industry variations
in .the pattern of U.S direct ;-investment in Canadian .
manufacturing imzustries. He showed that the theories of
mergers and takeovers origihally developed in. the context of

a closed economy, can be nsefully applied to the problems of

foreign direct investment.

16

Finally Pattison tested the role of financial markets

as a factor- affecting fore:".gn direct investment. His ;

. ' %
conclusion was that although financial factors have. played a
role in encouraging foreign investment, they are not as

important as they used to be.
“ .

4. Foreign Control in Canadian Manufacturing’

Since direct investment in’vol}'es the purchase of an
amount of the capital stock of a firm and hence some control,-
it is important to examine the control in Canadian
manufacturing industries including the distribution of this

control among different geographical areas and among



different sectors within manufacturing.

-

- +
At this point we clarify the notion of,tountry of

kcont:rol. As noted above, the relevant unit of account is

h Ehe est-:’ablishmé’nt. .The cla;sificatiop of establishments by
'controi reflects the control classification of the .

corpofations to which they belong. 1In this study a

: corporation is considered foreign cor:trolled if 50% or more

of 'its \rotiﬁg rights are known to b;\peld outside Canada or

are held by one or more Canadian ‘corporations that are

themselves foreign controlled. 17

by
Magnitude of Foreign Control

As it is shown in Table 9, 53% of Canadign manufacturing
X is foreign controlled. Foreign control in this case is
measured in terms of gross output, however, étI}er measures
g\,\ gi\ve similar results (‘for'example, megs’ured in terms/of
shipments foreign control is 53.4% and measured by vlalue
added it is 51%). Even in the more detailed breakdown in

the twenty major industries the same picture unfolds. Half 4

of these industries are foreign controlled and half of them

domestic controlléd. The sam% is true for the top ten 3
industries which acoount for the 81.2% of total gross 'ouwtput.

B : Another point to notice from Table 9 is that domestic

we look only at the manufacturing

control increases i

ey .

activity of thengstablishments. This is true not only on

- the average but algo for ?}ery major industry. This means

that foreign controlled establishments and especially those:

controlled by U.S companies, tend to engage more in non-




Table 9

. SHARES OF FOREIGN AND DOMESTIC CONTROL 3 .
IN CANADIAN MANUFACTURING INDUSTRIES -7

(Measured .by Gross Output, 1974),

' , MANUFACTURING . TOTAL
> ACTIVITY . ACTIVITY b
i . CANADA | U.S [OTHER [CANADA] U.S | OTHER
| 1. Food and Beverage 63.0 | 27.0| 10.0 | 62.5 | 26.9 10.6
1 2. Tobacco ’ Q\\ 4 | 39.5{60.1| .4 | 40.0 59.6 :
' 3. Rubber and Plastics|..33,7 | 58.6| .7 | 28.7 | 65.0] 6.3
‘ 4. 'Leather 1 77.9 | 17.2 4.9 | 75.6 | 19.9| 4.5
M | 5. Textile 48.8 | 42.8| 8.4 | 47.7 | 42.8] 9.5
) " | 6. Knitting Mills 78.3 | 16.7| 5.0 | 77.6 | 17.5| 4.9
7. Clothing 87.3 | 12.1|. .6 | 86.1 | 13.4] .5
8. Wood ‘ '74.1. | 20.0{ 5.9 | 74.7 | 19.7|. 5.6
9. Furniture and 82.5 | 14.6| 2.9 | 81.5 | 15.6 .9
@ Fixtures . . -
10. Paper 53.8 | 31.7| 14! 54.4 | 31.6] 14.0
11. Printing & 88.3 8.4 3.3 | 86.8 9.6] 3.6
; Publishing \
; 12. Primary Metal 76.4. | 15.8| 7.8 | 77.6 | 14.4]' 8.0
ﬁ | 13. Metal Fabricating 61.6 | 32.2| 6.2 | 61.1 | 347 6.2
P . 14. Machinery 37.3 | 53.5) 9,2 | 33,5 | 57.1] 9.4
b 15. Transportation 15.1 |82.1| 2.8 | 11.4 | 86.5| 2.1|
! Equipment -
§ 16. Electrical Products| 38.5 |52.5| 9.1 35.0 56.2| 8.8
E 17. Non-Metallic 44.3 | 24.5]31.2 | 44.4 | 26.0| 29.6
: Mineralg , ‘ x
: 18. Petroleun and Coal 5.1 |63.8]|3121 | 5.1 | 64.0| 30.9
i 19. Chemical Products | 19.3 |60.4|20.3 | 18.0 | 61.4| -20.6
! ‘ 20. Miscellaneous ' 46.1 |[48.1] 5.8 | 43.7 | 50.7| 5.6
. ‘ >
r Total 48.7 |40.4]10.9 | 46.3 | 43.2| 10.5

o

4




manufacturing activity.

Finally, except in the cases of Tobacco and Non-Metallic
Mineral industries, U.S establishments are the major
compor('nent of foreign contr:ol.

At this point it is useful to examine some of the 'major
differences and similar('ﬁ:ies of domestic and foreign
establishments which can be derived from an initial analysis
of the data. These comparisons are also useful in explaininb

some results presented later in this thesis.

Size of Establishments

Canadian controlled establishments are significantly

v ¢

smaller' than foreign controlled estabiicghments. Measured by
the. number of establishments domestic control is 87.4% while
_ measured by gross output it is only 46.3%. Also U.S
establishments are bigger ‘than other foreign establishments.
The magnitude of these differences b§ industry is given in
Table 10. The difference if)etwee.r.a foreign and domestic
establishments becomes smaller if we take into account only

s

[ -
the manufacturing activity of establishments. Thus, once
: %
* more it becomes evident that foreign controlled Fstablish—

-

ments have a proportionally larger non-manufacturing sector.

Concentration of Foreign and Domestic Firms

This section is based on 1972 data since some of the

!

statistics presented are available for 1970 and 1972 only.:L8
The first three columns in Table 11 show the relative =
importance of each manufacturing industry by country of

control.. In the case of Canadian firms the five most

. { L

| =
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SIZE OF ESTABLISHMENTS AND QUTPUT PER ESTABLISHMENT

Q.

Table 10

~

IN CANADIAN MANUFAC TURING INDUST”RIES.J974

19

ESTABLISHMENTS GROSS OUTPUT PER
No. |.CANADA] U.S | OTHER ESTABLISHMENT
' ‘ % % | % |CANADA| U.S | OTHER
1. Food & 5010 |, 88.74 8.1 | 3.1 | 2372 |11120 | 11547
Beverage \
2. Tobacco 24 | 25.0[33.3 {41.6 | 468 |37121 | 44282
3. Rubber.& 783 | 79.0 [17.7 | 3.0 | 1095 [11082 | 6223
. Plastics , .
4. Leather 432 | 90.7 1.6 | 1221 | 3825 | 4071
5. Textile" 936 | 87.0 | 9. 3. 1595 (13722 | 7156
6. Knitting. 320 | 90.1 . 2. 1688 | 4371 | 4401
Mills '
7. Clothing 2172 | 96.8 . 914 | 4448 | 2870
8. Wood 3111 | 94.8 7 4. 1.2 ] 1078 | 6700 | 6438
9. Furniture & 2233 97.5| 2. 536 | 4843 | 4575
Fixtures , '
10. Paper 650 | 70.1 |21.3 | 8.6-] 9865 18722 | 20567
11. Printing & 3812 | 97.9 | 1.4 .7 | 6237|5059 | 3285
Publishing i \ :
12. Primary Metal ’//;97 77.1 (15.8 | 7.1 |19454 (17550 |- 21975
13, Metal 4021 | 89.1.) B.8 | 2.1 | 1130 | 6125 | 4982
Fabricating )
14. Machinery 1074 | 73.0 [22.9 . 1699 | 9181 | 8640
15. Transportation | 1003 | 79.4./18.3 . 2037 {67146 | 13042
\ Equipment S
16. Electrical 784 | 60.0 |33.6 | 6.4 | 4181 [11926 | °9810
Products ) .
17. Non Metallic | 1206 | 79.5.[12.5 | 7.7 | 1196 | 7200 | 4933 ]
Minerals
| 18. Petroleum & 105 | 33.4 [40.9-|25.7 | 8098 [83058 | 63867
Coal ’ )
19. Chemical 1068 | 48.1 [37.9 [14.0 | 2028 | 8798 | 7958
Products ' ,
20. Miscellaneous | 2394 | 89.8 | 8. 452 | 5418 | 3391
Total 31535 | 87.4 | 9. .1.| 1629 {14035 | 10552

, :
/
v
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Table 11 .
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a

CONTROL_IN CANADIAN MANUFACTURING INDUSTRIES, 1972

-

0

20

INDUSTRIAL FOREIGN CONTROL IN THE J
\ CONCENTRATION TOP 8 ENTERPRISES
CANADA] U.S | OTHER| (1) (2) (3) | (4)
T, Food & 23.5 [ 10.8[17.5 | 36.1] 61.7] 48.5] 20.4|r
Beverage .
2. Tobacco 0.0 .7 4. 78.8 | 99.9| 78.9| 2.2
3. Rubber & 1.5 3.6 | 1. 72.2 | 51,7 - | - | .
Plastics ’ ) »
4. Leather . 03] .3 | 20.3] 50.2] 34.0| 14.4
5. Textile ) 2.8 2.5 | 51.3| 74.5| 56.4] 29.0 |
6. Knitting 1. .6 .3 | 19.2 39.3] 23.4/ 18.5 ;
‘Mills ~ ) . :
7. Clothing 4. .7 10.7 [ 21.7) 26.4| 5.7 ﬁ
8. Wood ' 7. 2.0 2.3 | 30.2| -- | 40.7] 24.4 j
9. Furniture and . .5 .4 15.7 | 28.7 27.0| 9.9 :
. 1xtures’ . . ;
10. fpaper 10.0 | 6.2|11.2 | 49.5( 55.3| 39.2{ 59.4 |
11. YPrinting & 5.1 .6 11.9 ) 43.5 - - %
: ublishing "
12. P iﬂifZ/MEtal 13.2 2, 23.9 89.9‘ - -
13. Metal . 9.0 | 5. . 40.7 | 42.2] 51.5| 32.1
Fabricatinq .
14. Machinery 2.9, | 5.4 71.0| 40.9{-89.6| 59.7 1
15. Transportation 3.6 | 29.0 .9 |.87.1| 86.0| 90.9] 65.3
" Equipment ‘
16. Electrical 4.3 7.5| 4.8 | 64.8] 75.6| 67.8] 55.2 i
Products -
17. Non Metallic 2.5 1.6 | 7.8 | 55.1| 77.0| 68.0] 23.3
" Minerals¥( - -
18- Chemigal .6 8.5|16.8 | 98.0| 94.4]| 99.6( 71.8 N
Products
19. Chemical . 2.3 | 8.5}11.6 | 81.8| 64.7|90.9] 67.8
Products : 1 - ) - .
20. Miscellaneols. 2.1 2.7 ) 1.2 | 53.9] 63.7| 61.8| 40.5
Note: .(1) Foreign Control of Industry Shipments
(2) Top 8 Firms Indust¥ial Concentration
(3) Foreign Control in the Top 8 Firms

(4)

Foreign Control in the Remaining Firms
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related to the labour use of domestic and foreign fiims. It

21 -
important industries are Food and Bev; age, Wood, Paper,
Primary Metal and Metal Fa dustries which all
together count for 62.7% of . In the case of U.S 3

firms the five most™~important industriesy are Food and

Beverage, Transportation equipment, Electrical Products, ’

Petroleum and Coal and Chemical industries which count for

4

the 64.3% of the total. Finally, in the case of other

foreign firmsl9 the five most important industries are Food

n
and Beverage, Paper, Non-Metallic Minerals, Petroleum and f O

i

. Cbal, and Chemical industries which count for 64.9%. Thus,

even though the areas of concentration are similar among -
foreign firms, the areas of concentratiém are different |
between-domestic and foreign firms.
Afiother measure of concentration is given in the last
four columns of Table 11. Looking at the top eight enter-
prises as one group and the remaining as /anothe:c; we notice *
that the deéree of foreign control is much higher in the
first group than in the second.
Labour butput Ratiéns
Ta

In Table 12 we present .a variety of characterist!cs
A

is ciear from this table that domestic firms are more labour

intensive and this is not true only on the total average but

also for almost every major industry. Another dif ference L

© -

that can be derived frém the same table is that foreign
firms pay a higher wage: rate which is also true for most

major industries, however, foreign firms do not pay high’ler
i

L . .
. !
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‘_:[.,5. Growth of Forelgn Contro‘ld in Canadian Manufacturlng

\ Due to the fact that the data on th.ch this chapter 1s

based are available only for the §ears 1969, 1970, 1972 and
i x ’ Iy

/1974 we present the growth of féreign control over the last

four years.  The-year 1969 is excluded because of the change

in industrial classification that took place in that year
and which therefore made compariso'n of industries very

difficult.

By most measures, Canadian control of the manufacturing

/*industries increased from 1970-1974. The share of manu-

facturing shipments rose from 48.0% to 48.9%, while the
share of manufacturing value added increased from 48.1% to
50.7%. The/proportion of the total number of émﬁioyees
working for Canadian contfolled establis ts rose from
'55.h6% to 56.9% even though it remaiped con:§t in the last

two years. Total wages and salaries paid by Canddian

\ ‘ . “
- controlled establishments rose from 50.9% to 53.9%. On the

other hand, the proportion of establishments controlled in

Canada declined, from 88.1% to 87.5% and the proportion of

total shlpments which they generated remalned almost constant

at about 46.4%.

-

Within the foreign controlled sector, the United States
. & * .
control decreased while that of other countries increased. >

Manufacturing shipments of United States controlled

establishments declined from 43.2% to 40.2%, while the share

of other foreign countries rose from 9.8% to 10.9%.
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> Although the changes are small the gener'ai trend,over -
. :

" the period 1970 to 1974 seems to have been a decline in the

share of manufacturing activity attributable to gnanuféctur{‘ng
establishments controlled in the United States, with thé
di.ffet\ence beirg split approii‘mately e\{eply between
establ%ishments controlled in Canada and those controlled in.
other Soreign countries. ’

I caﬁ be expected that the relative sizes of thé
various| industries will not have remained constant, some

|

growing; more and some less than the average. Therefore it is

‘possibl that changes in Canadian and foreign control will be

partly [due to changes in the size distribution of ‘industri‘y&és.
20

To cheék this possibility Rosenbluth decomposed changes in_

the pe/centage of Canadlan control into two parts. The

flrst &neasures the “1ndu;try mix" effect, that 1s, the part
of the total change due to changes in relative sizes of
industries between different years, assu.ming constant levels
of Canadlan control (Value-added is used as measure of
indUStry size). The second component is the "within 1ndustr§

change" effect. That is, the part of total change resulting

from changes in Canadian control at the:levelof individual

. Y

industries, assuming that relative sizes remain constant.
Canadian control was me\asured using manufacturing\ shipme\nts.
j The mef:hod described above yielded the following
‘results.Zl From 1970 to 1972 there was a 1.6% net increase

j{n Canadian control. If the size distribution of industries’

lriad.not changed over the period there would have been a 2.0%

uo
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increase. The hegat%ve industﬂry mix effect \indi‘catﬁés that
.ipdustries in which the level of Canadian control rose
t;andéd to have lower shares of a/ll indt.lsi:ry manufacturing
valxie-adde“d in 1972 than; in 1970. The s'aﬁme is true for the
years 1972 to }974 wherne the percentages were 1.6 and 21
respectively. . “ B b

Looking now in the more detailed breakdown in the
oo twenty major industries (Table 13) we not;e that during the
years 1970-1974 in ten out of 'tt'fJenty industries, the share

of the Canadian controlled fifms increased. The reraining -

eight industries decreased (for two industries we do not

hdve figures). The most dramatic change was in Primary
E © Metals industry, The Caﬁadian share was increased by 22.4%.
\ . -

This-was caused by the re-classification from the United

. Statesito the Canadian control of ALCAN and INCO, which
“ taken together, hdve a significant proportion of the

manufacturing activity ‘ig this industry.
1 . 6. Conclusion

v

- ; épmmarizing the foregoing analysis, we conclude that

of Capadian manufacturing. This foreign control is

FE T i AW s

‘Products. 'Foreiglf firms are usually large firms with a non-

2 manufacturing sector proportionally larger than domestic

-

firms. Foreign firms use less labour-intensive techniques

ign control constitutes a very high anc“{ stable proportion




26
. AY
»Table 13 ‘ X
| =
£ 4
N GROWTH_OF DOMESTIC AND FOREIGN CONTROL
IN CANADIAN MANUFACTURI
\ 1974 1970 CHANGE CHANGE
MANUFACTURING MANUFACTURING IN IN
SHIPMENTS SHIPMENTS CANADIAN U.S
CAN. | FOR.| U.S. | CAN. | FOR. | U.S. | CONTROL |CONTROL
1. Food & 63.0 37.0) 27.0 | 66.8 ] 33.2| 24.3 ] - 3.8 2.8
Beverage ° .
. Tobacco . .51 99.5] 39.1| -- -= - -- -
. Rubber '& 34.0} 65.9| 58.5 [27.3)72.7] 67.9 6.7 |- 9.4
Plastics
4. Leather 78.171 21.9|17.1|79.8|20.2{17.4}| - 1.7 |-
5. Textiles 48.91 51.11 42.9 {53.2 | 46.8] 37.3 | - 4. .
6. Knitting _| 78.8| 21.2| 16.2 |83}.6 | 18.4| 17.6 | - 2.8 |- ’
Mills . . ) ,
7. Clothing 87.6| 12.4| 11.9 [90.2 | 9.8( -- - 2.6 -~
8. Wood 73.8( 26.2| 20.5 |'74.9 | 25.1| 20.8 | - 1.1 |- 7.
9. Furniture & | 82.6 | 17.4} 14.5(83.3)16.7]%5.5 | - .7 |- 1.0
" Fixtures : « ‘ .
10. Paper 53.8} 46.2| 31.7 | 50.7 | 49.3] 35.0 3.1 - 3.3
1l1. Printing & | 88.5|11.5] 8.2 |88.1)11.9 8.2 .4 0.0
Publishing ) :
E . . 0
12. Primary 76.5] 23.4}1 15.9 {54.1 | 45.9| 37.7 22.4 |-21.8
K M?tal " . Pl
13. Metal 62.21 37.8]1 31.7 6@(1 39.9} 34.2 :g\ 2.1 - j5
Fabricating Y - '
14. Machinery 37.5|62.5| 53.3 [ 28.4 | 71/6-| 65.3 .1 -12.0
15. ‘Trans- 15.4)! 84.6| 82.0 {13.2 | 86.8| 82.3 |~ .2 - .3
" portation - ’ . ,
Equipment ‘ . 4
l6. Electrical | 38.5| 61.5] 52.1 |35.4 | 64.6] 52.8 3.1 |- .7
Products
17. Non Metallicl 44.2} 55.8| 24.5 | 48.4 | 51.6| 25.5'] - 4.2 |- 1.0
Minerals 1
18. Petroleum & 5.1)94.9) 63.4 2.1}197.97 70.5 3.0 |- 7.5
~ Coal ‘ T ﬁ _
19. Chemical 19.2}1 80.8] 60.5 }18.7 | 81.3| 60.2. .5 .3
Products . -
20. Miscella- |46.4]53.6| 47.9 | -- - - - --
neous ’
Total 48.9 1 51.1| 40.2 | 48.0 | 52.0{ 42.2 .9 - 2.2
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and pay a hi&her average wage rate ;han domestic firms.
Finally, even though there has been a degline,in the fofe%gg//
control‘in recent years, the changes have bee; very §méIll -

Looking only at thf‘sige of fo;eign’firms wé';;te that
major decisions such as those dealing wipﬁ employment,
‘balance of‘payments and eﬁérgy usé,:which are presently of

' ingreasing policy importarce, are very much affected by the
_decisions'takén-by foreign firms. 1In order for policy to be
effective we must know whether foreign and dﬁﬁé;tic firms

>

behave diffefently and why. That is, whaé will be the N
résponse of each group to‘any propo;eé policy alternative.
It is not enough to know tgat there are differences or
° - similarities betweeﬁ fo}eign and domestic firms in}a specific'
industry, we must be able to explain the reasons for these 0
differences.
A key issue which lies in the center of this problem
-~ and;has received very little attention isWthe issue of
technology - Qhether foreign aq@ domestic firms use the same .
-technology. The importance of thi§”ptoblem lies in the fact
that other questions: such as emg;o%mé;t are strongly related
td the ques?ion of technology.° h
- As it was mentioned above, foreign firms actually employ ‘
more capital-intensive fechniques. It ié-very impértant to
0 know ceteris paribus whether this is the résult of thexnoted
- "higher wages, éifferences in the séple of production or,
finally, differences in the production process employed by

fp;éigp firms&

f
¢
~




substitutes one factor of production with another and Zius

4

A more capital intensive technology used bf foreign
firms might imply that foreign firms introduce a more
advanced technology and increase the efficiency of the

3

economy. However, the same event may arise from the fact

" that the know-how was developed outside Canada énd hence the

;oie of Canadians in the creation of technology is ‘diminished.
Also a more capitaljintens}ve~technology used by foreign

firms likely impliés that higher toreign control will bring
relatively higher unemploymengjgnd hféher energy intensity

ih the economy. ‘

Arother question that is also related to technology

. | . .
issue is how each group (foreign and domestic) responds to

input price changes. This is related to.how each group
how it will change its input use after a change in factbr
prices. The problem of unemployment, which is very important
in our days is related wiéh issue. B

From the’abovg we realiée that the technology issue}ﬂé"
very important. ‘Result; that will show that‘there are
differences between‘foreigﬂ and domestic firms .in a given
industry imply that a given policy'méasﬁfe may not be

effective if it ignores those di?ferences.

S
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‘make the  industry less competitive by introducing greater
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CHAPTER III

' s

THE . IMPACT OF FOREIGN DIRECT INVESTMENT
ON TECHNOLOGY AND EFFICIENCY

1. Existing Evidence of the Canadian Experience

‘Ex ante, the technical relationship of foreign to
wy
domestic firms is ambiguous. Foreign firms may use a

}

technology similar to that of doftestic firms in order to
exploit differences in the factor costs. On the other hand,

it may be argugﬁ that foreign firms make little effort to

change their technologies because it is~in thé basis of the

advantages of possessing these technologi

t they have
been able to invest abroad.

With respect to efficiency it can be argued that the
entry of new foreign firms pbpulates the industry and
incre;ses’éfficienéy through a higher leqel of competition.
This miéht be true only if no firm or small group of firms
can dominate the industry. In the opposite cade and
particul&rly in cases where foreign entry is achieved
through the takeover of a domestic-firm or where the
dominance of a foreign firm aiready in the industry is
increased by such an acquisitign, foreign investment can

concentration.

These are only some‘of the ways that foreign investment

can affect the technology and efficiency of a given’

industry. The same variety of results can be found also in

the literature concerning foreign direct investment in

i

Mo L 5 st
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where foreign firms have somewhat higher pfofits.

" parents. Also, most of these firms are producing something

Canadian manufacturing.

:
’

aSafarianzz using data /‘from 1961 Canedian'survey fouhd
that if one concentrates on only the largesf size category

of fifm§23 and makes comparisons, between the foreign and

domestic firms, on the average, the second group would appear
to have smallersfirms, in terms of employees and ,shipments,
with a lower capltal 1ntensxty and paying lower éagee and’
salarles per employee. However, the size--distribution of

the firms within each group would explain m;¥e the situation
]
since the presence of very large firms affect the averages. '

' .
He found futher (using a dlfferent source of data .
reported under CALURA) that there did not appear to be a
significant oveEEII differenc® in profitability of foreign d
owned firms compared with domestic in ehe commodity producing
industries. The exception may be in seéond;ry manufacturing
When he compared subsidiaries with parent companles he
found that inthe group of large firms only 18% had unit
cost in 'eéxcess of the parent. In the smaller size group 60%
had highef unit cost. The major reason given‘for lower unit
cost was lower wege rates. The reasons given from those
reported higher unit. costs were shorter production runms,
hiéher wages, import\duties and higher costs of raw materials.
Finally, the great majority of féreign firms are

]

producing items in Canada very similar to those of their

close to full product range of the parent company. \




. 31

\ e ®
/

Concentrating more on the British-owned subsidiaries in
Canadian manufacturing, Dunning24, using a syrvey of 185 U.K

\

subsidiaries, fouﬁd that about half of them produced products
sufficiently similér to those produced by their U.K /
associates, though\in only 10%. of the cases the products
were absolutely identical. About 43% of the firms'said/that,
in %he case of comparable“products, thedmanufacturing method
was the same, while 53% said that the methods were basically
the same but that marginal adiustménts to factor mix or

scale 6f production were necessary.

_The evidence also shows that differences in labour
proﬁuctivity (measured as physical outpu% ber man year) were
little more than marginal, in the majofi{y of the cases,
while production costs in Canada are at [east\S% Or more

than those in U.K in three quarters of the sample. Some of

the explanations given for these differénces were the small
e .

N « ol N .
share of the market, factor prices, 1Qferences in technical
- 1 3

knowledge and management efficiency nd efficiency of
individual factor inputs. '

Expressed as a proportién of their net worth, the !
average profits earned by Brftisp owned firms for.éhe period
1555—1960 was found to be 6.8% whiigﬁatrthe same time the”
Canadian firms earnea 9.6%.

25

In the Gray Report®>, the impact of foreign investment

£

on efficiency and on different technological chdracteristics
of an industry was examined through its effect on competition.

The level of compe%ition is very much related to the
Y .
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degree of concentration. For the case of Canadian

manufacturing there are three 'points relevant to that.
i
First, foreign firms are typically lafber than Canadian

firms. 1In addition to being larger, foreign firms are more /

0
capital intensive. Second, there is a significant relation-

ship between foreign ownership and the degree of market
competition. Industries which are more than half foreign
controlled are .dominated by a small number of firms.

.

Canadian controlled iﬁdustries tend to have much more ~\
competitive market strﬁctures. VA further aspect of reduced
competition is the degree of product differentiation. There
of a close correlation between product
differentiation axd foreign control. Third, there is a close
correlation between concentratign in Canadian industries‘and
concentration in United States. ) !

The same study concludes: that foreign investment in
Cénadian manufacturing may simply introduce concentration or
aréi{iciar product differentiation with little or no off- n
setting benefits.

The main common characteristic of the above studies is
the ;gy they approach the problem. All of them rely merely
on cémfa;iné differegt input~-input or input-output ratios or
profit ratios. Even if these averaées do repreéent the

existing Situation they do not say any thing about the

' factors that determine these ratios. We do not know whether

a difference in factor raiios is the result of differe?t
' ~
technology or the result of different input price ratios.

-

s
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*  removal of distortions by the subsidiary's competitive
. I .

A 33

Also the question of efficiency (measured always by the unit

cost) is examined by comparing subsidiaries'yith parent

companies leaving aside the guestion of how efficient foreign

firms are as compared to domestic firkg: Apart from that, Sx/
cértain kinds of déta, like profits, can noﬁ be considered

as reliable. ' '

A second small group of studies have tried to evaluate

[PPSPIIPEEN

empirically the performances of foreign and domestic firms
with respect to efficiency and technology. - ‘ 3

According to Caves27

the benefit for the host country
is not the entry of a more efficient foreign firm in the

industry and the introduction bf a more productive knowledge, }i\

but rather the gains depend on ill-overs of productivity

ghat occur when the multinational corporation can not capture

"
b N 2

YA o , s
1fs quasi-rents due to productive activities or to the
.t "

press;;E)\ Thus foreign investment increase competition and -
.

s0 creates ;Iﬁher technical efficiency. N
As. a way of testing for these benefits, the impact of
. the presence of foréign ownérshig on the average profits of
domestic firms wés evaluated. If foreign investment
increases coﬁpet%tion then the profit rates of domestic firms
should be inversely related to competitive péessure.sﬁpplied
by foreign firms. According to the resulté, the profits of : .
the Canadian firms do sgow a weak inverse relationship with

the foreign share in the industry.

These results can be questioned for one main reason.

# S

R e —
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Even if profits in Canadian firms do decrease under the

bressure of foreign ownership, we can not say anything about

the level of competition in the industry, unless we know
. . . ’

something about the nature of foreign investment28 and the

average pfofits of the industry as a whole.
The same result was also reported by Goreckizg, though

using a different approach. To test how sensitive Canadian

e Y

“and foreign firms are to entry barriers he regressed foreign.

and domestic entry against some measures of barriers to
<

. entry (capital requirements, research and development

intensity, risk, etc.). He found that foreign enterprises

~are very insensitive both to overall level of entry barriers

and to several of the entry barriers taken separately. Thus
foreigﬂ enterprises may provide a valuable stimulus to

competition because of that sensitivity. These results
- 30

[

suffer from the same shortcomings as Caves.

The existence of indirect economic benefits was also

31 To evaluate the significance

t

of these benefits he specified a labour productivity equation

investigated by Globerman.

for domestically owned manufacturing firms including some

measure of potential spillover benefits as a=wariable. The

value added per employee was used as a medsure of labour
productivity and different measures of foreign ownership as

independent variables, together with some other variables

- that affect labour.productivity. According to his results,

e

’ ¢
differences in labor productivity among Canadian owned

plantshcan be attributed’in part to spillover benefits




e e i

hr e AT Mo = P A o

2. The Experience of Other Developed?ountries "

associated with foreign direct investmen;. ‘ ¢
One of thé main advantagessof the secona group of

studies is that they go one step further so tﬁat they do

not only describe the existing situation but also try to

investigate the factors that determine it. However, the

methods, used are very ad hoc. In all cases some key variable

. was regressed against a number of independent variables each

one measured in two oy three different ways hoping that one -

of them will be significant.

/ﬂ
United Kingdom ’

In a survey conducted by Dﬁnning32, out, of 140 U.S
affiliates thag reported on their costs of production
relative to those of ;he parent, onlf 21 said that the costs
were gigher than in U.S. The majority of these firms were

producing, using very capital intensive techniques. From

the rest of the firms 36 said that the cost was about the

‘same and 83 reported lower costs. In the last group the

majority of the firms were using labour. intensive techniques.
Also 75% of the total sample said that their product range s
was narrower in the U.K than in tRe u.s.

33 the same author found that out of

In a different study
50 U.S owned firms only 11 had higher output per worker than
the parent. The most common reason given fof‘that was the
smaller scale of production. However, the unit4cost was

lower in all but six cases. Thg productivity of a selection

of U:S firms was 18% above the British competitors. He
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“their resources more efficiently than 'their domestic

36

- ’ L4 M T

Y
suggested that this ‘difference reflects superior efficiency

.rather than industrial compdsition of the two groups. As he

concluded in another study34, among foréién companies in the
U.K only those of U.S origin would seem to record higher

rates of return than their U.K competitors. U.S firms do. use
, "

competitors, however, there is little doubt about the
- /

. ¥,
benefits of potential productive knowledge they introduce. .
France
For France, foreign investment has affected both .,

financial and technological aspects of the economy, as well

-

as the competiveness of industries. This is the main

35

observation of Bertin. The effective impact of foreign 4 4

direct investment has been very important despite the fact ,
that -its contribution to domestic savings and investment has

been minor. This is due to coneentration of foreign invest-~

n

ment in industries where there was afple scop industrial \\
hd

' Na
R

B . & .
innovation. . - ' . . .
- -

The technological contribution which accompanied foreign
s

investment has increased the level of research and ™ ,

-~ ""

development activity and imprbxed the productivity 6fk§}egqh
industry. On the other hand the deficit due to research ;Sa:
development fees paid to U.S increased from $29.4 milIio? in " o
1958 to $64.8 million in 1966. Iﬁe industrial produgtivify “

was also helped by the increasing competition introduced Sy .

foreign corporations.
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Australia

- According to Brash3i, the most important single reason

given“for investing in Australia was a desire to take

-advantage of the expected growth of the Australiaq&ﬁarket.

Tariff barriers was the most important reason that led firms
to invest instead of exporting.

Comparing the physical output per man year of U.S firms

"with their parents, he found that productivity was lower in

Australia than in United States, the main reason being the
small volume of production. Out of 82 firms:é3 showed lower
unit costs than the parents, 42 almost the same and 47
highefg The low volume of product was the main reason given
for the higher costs. For the cases of lowe} costs the main
reason given was lower céét of 'labour. Production per person
for the sample of U.S firms was 36% higher than in Australian
industry generally. He suggested that the differences

between U.S and Australian fgrms may reflect in pgﬁs, a

difference in the size of the firms and, in part, the use of

modern techniques of management and production in U.S firms,
) ]

so/ that labour productivity would be higher even if capital

ldbour ratios were the same..

The 1mpact of forelgn 1nvestment on the efficiency of

tJe Australlan firms was investigated in a study by Caves37

through its effect on competition. He found that higher
shares of foreign firms coincide with higher productivity
levels in competing firms. The limitations of this study

’
were mentioned in the previous section.

-
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‘ ‘CHAPTER IV

W

USED -~
— F r -

DATA AND VARIABLES
1. Originai'Vériables : !

recent series of statistical publications38

)

’“foreign control of manufagturing establishments in Canada.

s ry % A r—— oy s 4

~

:J " Most of the data used in this study are drawn from.a

1

on domestic and

/

The data that appear in these publications have been derived

from the

/

ual Census of Manufactures by introducing th

. L3 L3 \..‘v ! J ’
country of control characteristie. Thus, every figure that

appears in the Annual Ceﬁgas of yanuféckures

down into a part that comes from“establiéhm?nts with Canadian -

. V.o
origin, another part that comes from es

ks

has been broken

[y

lishments with U.S

origin and a third part from establishments with foreigp

N

oiigﬂ&\fther than U.S.

The main difference between this body of data and others’

that relate to foreign control is {hat’it is based on returns

\ of establishments39

40

i relating to companies and enterprfsesu In

ot " . )
the returns must be_-‘classified to particular
complete entities and cannot beﬂdividbd into

different indust;ial activitiAS«in wh#ch phe
.
K |

) i
Although the figures are éabulat?d Qrpm

)

be involved in.

establishments,” whether the establishment is

Canada or another country must be detﬁrmined

;

and the others are based on returns

the second\éase

industriesias

°

the various
companies may
]

returns for
L 3

qontrolled in

at ‘the level of

-the owning enterprise. The,nationalagy of an enterprise
» o @y ’ ;

#
. bl 1




&)

. depends on the origin of those that own 50% or mé:evof the

shares. This, nationality of control then appliésbto all

establishments in the enterprise.41
, \ —— '
Below we present all the available data in this series

\

of publications. .
4 7 o
. Labor Inputs o ‘
- 1 v ' - . %
PW Production and related workérs (manufacturing ~
42

W ‘ activity).

¢ Thére are also separate figures for male and female
4 . - N
production workers. T ,
MH Man hours paid (manufacturing activity). :
I . <« ¢

]
\ These are related to the above emmployees classified

“

2

ks

e as production and related workers.
f AE Administrativg, office and qthef non-manufacturing ~ 1\
' - employee%f(non—manufactgring§$ctivity). {
In this group we include ai%’the employees that are
a -not included in the manufébéﬁringiactivity, such as ,
employees in cafeterias or ;estaurants operated by
- S thé establishment, employeeé in heééﬁ administrative,
P h
% sales or service offices. There are a;so separate
figures for males and females in this group. ’ .
' i wo ﬁorking owneré and partners. 4
/ ’ "A very small group which also beloﬁgé to non-
" i . manufacturing ac}ivity. :
\ WG Waées 5manufacturing activity).
They refer to gr;ss earnings of production workers
" . before deductions of any kind. f ” '
/ ‘ k \

N
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SL Salaries (non-manufacturing activity).

u N 1 ( »
i h

v §
&

“a b
They refer to gross earnings of non-production

workers before deductions of any kind.

Commodity Inputs

RM

- Y

" FE

Qutputs

sp

< . : ® .
©f any machinery by own labour force for own use,

Cost of materials and supplies (manufacturing

\

activity). ;! :
. 2 o

‘Ft refers to consumptipﬁ of purchased items only
at laid-down costs including fransportation and .

handling charges, duties etc. Includes transfers

v

between units of the same company and work done on
’

contract by others. _. @

Cost of materials and supplies and godds for ;es§le
(taéal activity). .- :" )

This includes the cost of materials andlsuppliés‘ )\\
'mentioned above and in addition to that includes \

goods purchased for resale as well as materials and

‘'supplies gpat are not included in RM, such as \
. Y

purchased materials and,§up§lies used for production

office supplies etc.

Cost of fue} and electricity (total activity).

These figures reféryto amouhts‘actually'usedf“not

to purchases. Any fuel and electricity p;oducéé///f“
by establishments for their own consumption isjnot

\
included.

Shipmgnts (mapufacturing activity). .
» | A ) . | >
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{ Shipments are the net selling value 6f goods |

e
—

produced by reporting establishment, or for its /
own ;ccount, from its own materials. Excluded

are discount returns, allowaqges, salesy;ax, excisi
taxes and duties, returnable contéiners, common or
contract carriers' charges for outward trans-
portation (but not own carriers"éelivéry expenses) .
Included are repair andfcustom fevenue, transfers
to reporting uniés of same firm, all exports, book
value of own products shipped the first time on af

rghtal basis. As well consignment shipménts to '

other countries, but domestic consignment shipments
) . ' J

-

are included in inventory{ until sold.

Value addéd (manufacturing activity).'

Value added refers to the value of shipments of

ggods of own/ manufacture (SP) plus net change in
«

inventory of goods in process and finished, less

cost of mater%als and supplies dﬁed‘(CM) as well

as fuel and.electricity (FE). '

ShiﬁmentS'and other revenues (total activity).

Thif headiﬁg, besides SP, inclﬁdes selected outputs

6f the establishment resulﬁing from anyinon—

manufacturing activity,.such as purchase’ and

resale of goods, book Qalue of construction of |

buildings and elfuipment for own use by own 1;boun ‘

force, operation of cafetefias, laboratories etc.

= [ 3
Non-operating revenues such as interest or dividends.
" ’ -

“r

,
\
/
;




‘was mentioned above, price }nformation is not available by

or sales of used fixed assets are excluded.
TV Total value added (total act;vity).
‘\ Total value added consists of value added in’ .
¢ manufac?uring activity. The latter is calculated
! by subtracting relevant commodity inputs from non
manufacturing révenue or outputs. These commodity
inputs are net of the cHange in inventoriés of goods
purchased for resale. Non-manufacturing revenues
include depreciable fixed éssets produced by own
Qork force for own use, révenue from product
rentals, etc., but exclude noﬁ—operating revenue
such as real property rentals, dividends, interest.

All the above data are available for each type of
ownership'h§thin each four-digit SIC43 industry for the
years 1963, 1970, 1972 and 1974.. The above fepresent the
only data presently available.by coﬁntry'of coqtrol.‘

Data on’'capital input isinot available by country of
control. Due to the importance of the problem of creating
a capital-inpdt series we present it in a separate chapter.

The last group of data déa%s with prices for the

various inputs and outputs and data necessary to create

series in cases where they are not directly available.. As .

L
\ .
9
country of control. Thus, with the exception of labour, we

must assume that all groups of firms fhace the same”input and

S

output prices. . ' o
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Energy Data ] \\\

L]

QN1 Quantity of purchased coal and coke

€Tl Cost of purchased coal and cok&

QN2 Quantity of purchased gasoline

CT2 Cost of purchased gasoline R ®
QN3 Quantity of purchased fuel oil
CT3 Cost of purchased fuel oil ' CT .

ON4 'Quantiﬁy of purchaséé liquid petroleum gases
CT4 Cost of purchased liquid petroleum gases

QN5 Quantity of purchased natural gas -

CTS Cost of purchased natural gas T "
QN6 Quantity of purchased electricity ‘ ’
CT6 Cost of purchased electricity >

All these data come from the same éccrce44 and tﬂey are

€

available only at the UNo;digit level for the years 1962-1976.

Other Prices

PQ Price index of gross output

PM  Price index of raw materials;o o e

PV Pric; index for valuwe added

Those three iqdices are available mainly at the two-

digit level and. for a number of'selected four and three-~ ;

digit industries. They all come fdéé/the same sodrce.45

2:¢ -Derivation of the Main Variables

Outgut.(o) \

Traditionally, economists have expreésed a functional
rélationship between the output and thg factor inputs(in the

form of V = £(L,K), where‘V is the real value added, K is

a
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-specification was also rejected by Berndt and Wood.

w | / 44

|

/

the quantity of capitél services and L the quantity of

[}
labour services.

Ui d . ,
"In Canada, a?@in many other’ countries, the method used
0.

to calculate value added is the double deflation procedure.
Gross output and material inputs are deflated by their
respective price indices and the difference in the deflated
values is cahléd real value1$dded: The procedﬁre is ~
justified, however, only under very strong separability
conditions. If the production technology is addi&iyeiy
separable; tpat is, if Q = V + M then double deflation.is

f .
justified. 1In this special instance materials (M) and real

value added (V) are perfect subsqitutes".46 Thus the use of

real value added or the real value ofhpf;duCtion in place of
{ ' -

output in auproduction function depends on whether the above

!
mentioned conditions are met. ’

Denny and May47 have tested the hypothesis that real
value a@ded is an acceptable measure of output in Canadian K
total manufacturing industgies. This hypothesis was Sougﬁly
rejeéted in this study. Denny and May48 rejected the same
hypothesis at the two and threéfdigit level in Canadian

manufacturing. Finally the validity of.the value added
N 49

From the above it becomes evident that the real yalué [}

of production is likely the more appropriate measure of
output. In our case it is measured as the current value of
production divided by the industry selling price index (PQ).

The current wvalue of preduction is calculated as the sum of

P

PR PICRIC A,
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-

value added in total activity (TV), the cost of mate:iais
and supplies in the total activity (CM), and the cost of

fuel and electricity (FE). " .

N Y
Labour (L)
S
This variable is defined as total man hours in

\ .
production worker equivalents. It is measured by man hours

paid to productio’n workers (MH), plus Ehe, contribuj:ioxf"of‘

i

administration and other office employees converted to -

production workers equivalent. The convertion is done by"

dividing the salaries of non;pfoduction emplcgyées (SL) b§

the wage rate!of production workers. The wage rate of

-

|}
production workers is given by the wage bill of production

y

workers (WG) divided by the number of man hours paid to

production workers (MH). Thus ~
: SL Q. SL

This procedure assumes that the differences in wages.> i ‘
. 7 % .
between prléduction and non-production workers\gre due to '

differences in skill. If this assumption is true the use of

this variable corrects for \quality variations du

different mix of production h-production workers.
Raw Materi&is (M)

The use of materials in the production function is
N \\\“\\\\.ML~ - —
related to the choice between' value of output and value

added. 'If value added is used, raw materials are not in the

t .

3
li?f inputs. This procedure has received a varigty-bf“

: T e
ju tificationsso: (a), it-facilitates the compariSon™ of\\ .
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. L
8 ) results' for different industries with different material
use intensities, (b) it fac}litates ,wﬁ'é¢aqgregation of
output measures across industries through' the reduction of
double counting, (c) it reduces the problems of estimation
and interpretation by the elimination of one variable, (d)
often the use of materials is very closely related with the
level of gross output and hence their inclusion as an
inaependent; variable in & regression analysis Vfrould obscure
thé relationships of interest, (e) any short run fluctuations
° in demand can be satisfied by a similar fluctuation in the
use of materials only. . In ;:his sense, M is 'more endogen‘ous
than L and K and its use as an independent variable is more
likely to lead to simultaneity problems.*_
As we nwill see later, most of the above reasons do not

play ar}w"mpoftant role in this study. On the other hand

there érg valid reasons which support the use of raw

materials, which implies the use of the value of production
in the place of value added. The most ix;lportant reason is

' the one given before, that is that the use of value added
assumes at the very least that materials are h;eoakly separalble

i ’ | from labour and capital in the production process and the

-existing evidence supports the opposite.

M -

The raw materials variable used in this study is-
defined as the cost of materiais and‘supplies and goods for
resale plus the cost of fuel and electricity,\both at

o constant prices.

i “
| L.
l\ 1
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. Price of Capital Services (r)

The price of capital services has three main components.
One is the amount of physical capital that is used up during
the period, the second is the opportunity cost of the

financial capital tied up in capital goods, apd the 'third is

the capital gains. The 1;3gic behind the price of capital

services defined in this_ way, which sometimes referred to

as the "user cost of capital" and sometimes as the "implicit
rental price of capital services", is that the rent on a
unit of capital must be such that it just covers the

opportunity cost of lending the funds used to buy it (i)

plis the economic depreciation per unit (§) less the expected

9

rate of capital gains per period due to a rise in the unit
price )of capital goods (q/q). Thus the basic formula for

w
the user cost of capital (r) is given by

r=qli +6 -~ (4/q))

¥

There has been a number of different versions of this
formula which range from the simple one r =’q(i + &) to very
complicated ones which include several econér:;ic variables
s;uch as tax rates, tax credits, depreciation deductions etc.

In this-study the series for the user cost of capital
(one for each two-digit industry and fo%he years 1969,
1970, 1972 and 1974) have been taken from CANDIDE Model 2.0.
The derivation of these serlesﬁ)haé been based on a measure
derived mainly b& Jorgensonsr, Hall and Jar;;ensonS,2 and

others. . Assuming that the component based®n expected
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capital gains is zero, this measure is defined as

rj = qj (1+6j) (l—iujzj) ('1-kj) (l/(%—uj) . /

where gq- = Investment deflator
. i = Discount rate
§ = Economic depreciation rate

; u = Effective corporate tax rate
!

TN

z = Discounted capital cost allowances

. ' J k = Effective tax credit rate

-

j = The specific two-digit industry

, Price fndex for Energy (PE)

As noted previously the energy input variable available

N /
is the consumption of fuel and electricity (FE),:which is an
. J
aggregate input consisting from six different types of
. |
energy (which were p;esenfed before p. 43). Thu§, the price : &

index of energy should be also an aggregéte pricé index

T -

consisting from the price indices of the six different types
; ‘g \‘
of energy. r \\\

One can imagine the aggregation process as a production.
!. « 1

’ A

process where the inputs are the various energy input prices

-

NN s
P

and the output is the 7ggregéte input price 'fpf energy.

» 53 : . .
Diewert hag shown that various common indices gorrespond

PR ¥ Ay S g @ o A WY 3 = 2

+to specific functional forms. That is the phéice of a

specific index implicitly assumes a given jproduction

. !
function. - ; ‘

i

In this study the construction of the aggregate price - -
P

index of energy is done by using the Divisia'Index. The ~ RE
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use of the Divisia Index implies that the production of the

aggregate input, 'using the six different types of energy,
3y

follows a translog form.54 .The advantages of this form are

JIJ PR 9
presented later when this form is.used for the cost function.

/

- Other Prices ’

w Hourly wage rate of production workers which is
defined as the wagde bill divided by ‘the total
number of hours paid te production workers.. - :
w = WG/MH .

v Price index of raw materials

It is defined as (CM + FB)/ M

-~

s s et
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CHAPTER V

CAPITAL SEivx‘bEs

J
*  The measurement of capital services involves more
problems than any other variable. If no firm owned its

<

capital then each machine, building etc. would have to be

rented. In that case the problem of constructing an index

for capital would be the same as it is for labour. Since
firms tend to own their'own capital the;s,e values should be

imputed This is a very difficult process because we have \
to take into account the effects of many other varlables L

s

& such as the original costs, the’capltal loss, the rate of
'\depreciation, and the rate of interest. In general, the
value of ca;lbital services is derived from the amount of“
capital\ stock by multiplying the latter with the user cost
of capital. The construction of the user éost of capital
was discussed in the previous chapter. - In this chapter we
present the.construction of the ca{:ital stock fiqures.
The main‘ciiffi‘culty with disaggregated data is with
the info;:mation on cépital stocks. Capital stock figures
arelnot gvailable‘ at the four-digit level; furthermore, they
are not available for foreign and- doméstic groups of firms
‘within. ez;xch industry. However, capital stock figures are
available by Sta’tistics Canada55 for three-digit Ca.nadian ’
manufacturing industries for the years 1947-1978. The
method of construction of thesé figures is preserit;ad in
Appendix A. Thus,wwe need a method that will be used to

distribute the capital stock figures at the three-digit

K-

g A b s e
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level amongst four-digit level industries. Once tt;e capital

stock, figures have been created. at the four-digit level. they

can be further broken down into for‘eign(and domestic groups of

firms using the same method. The ‘consequences of this

method on the estimation procedure will be studied in the

estimation part of this study.

that if capital is related to gome variable which is

available at the four-digit level and also for foreign and

Regarding the method that should be used we can argue

4
>

:

domestic groups of firms, then this variable can be used to

break down the capital stock figures. More specifically,

within a three-digit industry the shares of this variable

]

can be used to create capital stock figures at the four-digit

level. The same method can also bé used to create capital

_stock figures for foreign and domestic groups of firms at
It

any industrial level,

In our case the variable chosen for this purpose is

. the energy consumption. Energy consumption is av,ailafnle at

the four-digit level for foreign and domestic grouos of

"firms. The method by which capital figures were broken down

is given by

. Ei "
K, = —&3K:  or  Ki =-a, Ei
37 -
xx;
where a; = J—i-
TEL
7 » j ]
K. is the capital stock of the jth four-digit

d

e

t
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industry that belongs to the ith

E. is the energy consumption of the same industry

J
; is the total capital stock of the ith industry

i
K.
E; is the total energy consumption'of the ith industry

?

et et

This method involves a number of assumptions which

"should be mentioned before we procede. First, it assumes

»
¥

that there is an exact relationqbeuwgsn energy and capital
of a‘specifig f0fm Kj niaj-Ej. This is a hypothesis that
will be tested later on. Second, fér a given threé—digit
industry the conversion factor from cgpital to energy (aj)

is constant. This factor is constant not only for every

four-digit industry but also for eVery group of firms

—

within a given three-digit industry. It is allowed to vary
only from one three-digit industry to the other. The |
me@niﬂg of this is that capital stock and, furthermore, !
capital services f?om different vintages of capital equip-
ment keep the same’ relation to energy consumption for every
group of firms within a three-digit industry, thus énergy—
saving technicgl progress rate is not’allowed to vary
within a three;digit industry. At the firm level this will
imply that if one firm uses capital intensive technlques

which at the same time are eggrgy-saving the amount of

capital stock of that firm will be underestimated. As long
8

as this is true this measure of capital is subject to error.

In- this study we deal with groups of firms and not with

+

" . : ,
individual firms.: This will decrease this type of error up
egSe

R \~‘ ®
. @ ’ ) \\\

three-digit industry.

R




to a point. 1If, however, a whole grodp of firms is

A characterized by capital-intensive‘éhergy—saving téﬂhniques
’ - ' L] 3

tiris error becomes again important. Besides this error ‘we
lose the possibility of examining whether a group of firms

thaf?is characterized as capital-intensive is at the same °

f— -~

time energy saving.
- " Apart from these shortcomings the energy consumption
has the advantage 8% havind a very strong relation with

"capital. 1In order to describe this relationship data for

capital for the years 1962-1976 we were initially plotted

against energy consumption.data for each two-digit industry. °
. From the graphs it was found that the relation between ,
'™ 7 these two variables was very close to linear. The two

% :
different types of relations estimated were Kj = a + bEj and

Kj - bEj. The results are shown in Table 14. From this

' ' \‘table it does not become clear which type of relation is the

v / most’ appropriate. 1In some cases the constrained model (a=0)
o e . ‘

is significantly different from the unconstrained; in some .

others it is not and there are a few cases on the border.

>~ ' . . | )
' However, since the second ‘one leads to considerable .t

¥ o

- analytical convenieﬁce it was adopted. Besides this

ev1den¢é for the relation between energy consumpthp and

ceg;ual there is also more evidence in the relevant e
4 | L4

iterature.x56 Most of these studies have examined the

' relation between these two var;ables in the productlon

N
process and the majorlty of them agrees that Capltal and -

WSS g
L]
o

( energy are strong. complenents. In a recent paper py

e
] e . - ’ . A
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Table 14 |
AY
CAPITAL-ENERGY RELATIONS*
D R
" ) fa b R DY  LLF 0
l. Food and E_1 -283.0  32.89 .966 .545 -106.1 ‘
Beverage 9 (-1.341) (19.46) -
E 2 30.77  .962 .383 -106.5
E (50.69) o R
E 3 4220.7 21.05 .993 - 87.8 .963
(3.04) (8.34) .
E_4 14.81  .993 - 87.1 1.105
: (4.42) K
2: Wood E 1 =-172.8  28.50 .979 2.13 =~ 91.0
9 (-2.87) (24.5) '
E_2 L 25,53 .965 1.105 - 94.1
E (26.34)
3. Paper E 1 652.1 15.60 .945 1.459 -114.5 .
4 (2.2 (14.99) . o
E 2 “17.70 .924 1.438 -116.4
‘ d (33.5) :
4. Primary E_1  247.7  20.52 .995 2.681 - 93.8
Metal 9 (3.16) (51.48) : t
E2 21.67 .991'.1.745 - 97.5
9 (101.7) o
5. Metal = E 1 -155.3  38.3  .975 1.510 - 90.0
. Fabri- 1 (-2.26) (22.8) , f
cating g , 34.77 .966 .884 < 91.9
(49.71) : . ‘
. -
34.3¢  ,97% _ - 83.4
(29.57) w 7
6. Trans- E_1  174.3  42.69 .981 1}656 - 95.8
portation (2.11) (26.0) .
Equipment p 45.78 974 1.427 - 97.5 .
E . (55.44) . .
7. Elec- E.1 -158.0 50.73 .986 1.280 - 80.1
trical 9 (-4.28) (31.3)
Products p 44.24 .968 .389 - 86.1 ¢
/ 4 (51.55) )
' Eg3 1093.0 33.4  .990 - 72.6 .969
(1.83) - (5.04) — B
E 4 44.03 .988 - 73.1 -.759

(27.97)

w
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8. Chemicals E_1

[

400.9

7]

1.449 -105.2

1.247 -108.4

(

55
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*E
q
Eq2 is the equation K = bE
E
9

E
q

1

3
')
4

[

) 20,45  .970
9 (2.90)  (20.64)
E 2 ’ 22.93  .951
: T, (37.02)
- \ ‘ 3
is the equation K = a + bE .
. a
~

is the qu,correctéd for autocorrelation

is the Eq2 corrected for autpocorrelation

¥
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57, whete th& most important

B.{. Field and C. Grebenstein
studies on capital-energy relation are summarized, it was
found that the substitutability or complementar;ty between
eneigy and capital depends on the measurement of the cost of
capital. 1If the servicg price approach iS‘used then energy
and capital will show complementarity. In the service price
appreach the:- capital cost is computed’as the quantity of
physical capital multiplied by the service price. This is
exactly the mészéd we follow in this étudy. i

In the sam - study there is also another method of
measuring the'ca?italnstbck which has been also followedvin

58

a number of other §tudies. This is the value-added

approach."According to this_method the capital cost is

%
obtained by subtrac;ing the cost’of labour f;‘ ‘the value-
added. The cost of capital measured in this :iy includzs
not only the cost of physical capital bu£ also ghe cost of
working cabital. The main problem of this approgchﬁis that it
deals zith two different types of capital that behave in
quite different ways. This difference is' shown also in
their relatioh to enérg& consumptionf» If capital‘cost is
measured using the valhé>added approach it shows

substitutability with energ??x\

Although the value-added meEhod was not used as a
i

- method of creating the cost of capital in this study it was

used as another way to break down the capital figures at

the three-digit leyelg Valuye added and labour cost are

.available at the four—digiﬁ'levelvand for foreign and

N

o

e

I
lan
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Mmngreatéd with the value-added approach. ‘ ° .

37

domestic groups of firms. Thus, we have two wayé to break

down capitdl figures; first, using the shares of |energy

consumption-and second, g%ing the shares of capital cost

—_ b . i
Since there is no reason to choose one of -them on
N »
+ theoretical grounds, we tested the ability of both to predict

-capital-on a higper level of aggregation where th% capital

stock figures are known. We took the capital stock figures
at the £wo—digit level and we broke them down to %hreeedigit
using both.ways. The error of prediction (Table ﬂS) in the

i ~
case of energy consufiption was in the range of-15%-30% in

e

the majority of the cases while in the case of 'value-added

. cost of capital was the range of 45%-65%. Although we can’

not argue that these percentag?s will necessarily\al§o apply

to lower 'levels of aggregation, they give us one more reason

.

to prefer energy consumption. ] ;

< , ) 4.
\ .

.1'\ o Table 15

-

THE AVERAGE ERRO; OF PREDFCTION
USING THE ENERGY SHARES AND
THE VALUE-ADDED APPROACHES

(In absolute values)

) INDUSTRY ER(ES) | ER(VA)] '
1. Food and Beverage 23.4 11.
2. Wood 22,4 60.2
3. Paper 31.2 |- 80.4 | o
4. Primary Metal 21.6 50.2 b
5. Metal Fabricating 17.3 | 14.7 |
6. Transportation Equipment 19.8 '50.6 Lo
7. Electrical Products .. 45.2 49.8 \
8. Chemicals 29.2 90.2 |

Note: ER(ES) % Average Error of Prediction |
Using the Energy Shares Approach

ER(VA) = Average Error of Prediction ..
' Using the Value Added Approach

wl
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CHAPTER VI,

THE MODEL

1: Theoretical BQLkground

'Tﬂe main qheéiipn_in £his section concerns wPether
foreign firms effectively employ the same technology as
domestic firms. The technological charact@ristics which can
be used to examine this gquestion are: the faééor .
intensiEies, especially the capital intensity, the
elasticities of substitution and the scale elasticity.

The factor intensities, under certain conditions, can
tell us something about differences in tech;ology among the
different groups”oflfirms. A difference in factor
intensities is not ﬁecessarily the result of different
technologies if/Qhe g&ffe;gnt-groups of firms face different

input prices and/or there are differences in the scale of

production. To be able to see-this in more detail we assume

. for the moment only two groups of firms and two factors of

production, capital and labour. W¢ further assume that each
firm 'is a cost minimizer subjegf to a production;function.

The_case where a difference in the factor intensities

is due’to a difference in technologies is drawn in diagram A.
' X / -

e e

,In this case both firms (or groups of firms) face the same .

factor prices and produce the same level of output, however,

they have different factor intensities because they use

4 -

different technologies. o
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o

diagram A

-

-The cases where the difference in factor intensities is

due to differences in factor prices is given in diagram B.
; VL
In this case although both firms (or groups of firms) have

the same technology and produce the same level of output
they have different insensities due to différent factor

prices that they face.

K o

- x7r

-




F nally/ the -case where the difference in factor
intengities is due to differﬁnces in the scale of productiétn

is gi/ven in diagram C, whqﬁb factor prices and technology
are fthe same and the onlxﬁdifference is the scale of

i

production. (

Py

" diagram C o0

These are three clear cases; other caseg gan also be
derived as combinat%ons of them, thus,‘to'be able to infer
something/about technoloéy from the factor intensitieg ;e
‘have to isolate the effects of differences in input prices

and scale of production.

Besides facto; intensities there are other technolégical~

characteristics that wilf#help us decide about the nature of
. ‘
technology. Such characteristics are the elasticities of

substitution between the different factors of production

+ which will tell us how. easy it is for different groups of

flrms to respond in changes in factor prices and scale

E

elast1c1ty.

-~ All the above characteristics will be derived %brough a

ey
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cost function which will be estimated, wherever possible, \

for every grou? of firms  (foreign and domestic) within a

given indu§try.
. -We assume tﬁat each f;;m is a cost minimizer subject to
" a production function: This assumption is introduced for
the main reason that, .as opposed to other assumptions (for
example, profit maximiziné). it is much weaker. For every

« gnougjof firms within a given industry the exact form of the

- cost minimization problem is given by:

. minimize C « WL + ¥K 4 VM . (1)
| subject to F(Q°,L,K,M) = 0 ' (2)
where C = Cost of production
L '= Labour input

. K = Capital services -

=
L]

Raw materials ) .

E
n

?fice of labour

v
H
]

Price of capital : ‘ ¢
,\y = Price of raw materials
F\; The production function )

Q°=\A parametric value of output

L]

P \ ’
3 The fir§g\order conditions for a true minimum point are .
given by: \\\ v
' IF ‘
: W om s—i .
) aF
I{ = -a-ﬁ- »,, . (3) .
V = 'a—F" n b ' C)/ )
o ,
F(Q",L,M,K) = 0

s ’ ' ’ ‘
Ma
/ ' -




One way to study the technological characteristics of

°©

a given firm or group of firms is through the production

fhnctiqp. That is, by estimating the production fungtion (2)

or the whole system (3) which consists of the first order

conditions for a true minimum cost. The estimation of the

entire system has been suggested to be appropriate because
it takes into account the relations between factors of

production and their prices. The main problem with‘this

method is that the above' system usually consists of highly

nonlinear eguations and the estimation becomes very

/

.

difficult.
Another way to study the technological characteristics

of a given firm or group of firms is through a cost function.
" .

This is based on the duality that exists bétwegg the cost

59

and the production function. It has been proved™~ that, for

well behaved functions, the existence of ‘a production

func£;on implies the existence of a Lnique coét funétion and
vice versa. Thus, all the properties of a production

technology can be derived f;om the properties of the cost
function of the fimm orlgroup of firms. The main advantage

of this approach, as we will see later, is that it allows

the estimation of a system of linear equations.
2. Cost Function and It$ Properties®®

/
{ H
Consider a set of production possibilitiig which yield

an output (Q) from inputs of labour services kL), éapital

services 7K) and raw materials (M). If these possibilities

‘can be r?bresented by a production function F(Q,L, K M) =0

»

o ——.
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v

‘which is increasing and quasi;concave in inputs, then we

can define a cost funcgion of the form C = g(w,r,v,Qo) which
represents the minimum cost of producing Qo, with given
input prices. ’ |

*\

This cost function possess a number of important
properties. It is weakly concave, non decreasing, homo-
geneous of degree one and at least on%e differentiable in!
factor prices. It is gontinuous and increasing in output,

and its derivatives with respect to factor prices equal the

~

unique cost minimizing demands for the respective inputs.

1

/\ (3 » . Ed
Once we have estimated the cost function we can derive

several production characteristics.

*

The elasticity of the input demand with respect to

input prices is given by:

. dqln X, ’
1

'3 I
: - EBiy = 3m P, ' (4)

where Xi =-L,K,M
Y

Pj = W,r,Vv . v

]

From thé rdlation . ’ '

e e a h

v E.. = S. o0, >

where Eij = the demand elasticity of input i with respect
/ . ' 7
’ to price of input j

-

4 ' . Sj = the cost share of input j

% — oi5 = the elasticity of substitution between the i

th
and the jth factor

L)

we can derive the elasticity of substitutidn

:f, + e

S
-
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oij (6)

[
U)LM
Wy (T

4

The scale elaslticity is given by:

AC

? Bse " MG ' (7)
3C . |

! where MC = 30 (Marginal Cost) . (8)
i \ AC = % (Average Cost) | (9)
K. ’ i

o

§
i
g".
g
¥
|

3. The Form of thé Cost Function

We now turn,ﬁo ;he form of the cost function. In
general, the choice of the functional form depends on the
application, more specifically on the objectives of the
study. The#e is no single best functio; for all Qurboses.
;n our case'the main objective is the comparison of

-

techﬁolggical characteristics of foreign and domestic firms.

Thus the first requirement is that we will be able to derive

all the technological characteristics specified in the

. previous section. This implies that the cost function

13

should be twice differentiable. This requirement is

satisfied by most of the known forms. A second requirement

&
is that the cost function should be sufficiently flexible®!

to be considered as a second order approximation to any
arbitrary cost function, and will impose a minimum of-

constraints on the technological characteristics to be

‘estimated. A variety of functional forms satisfy this

requirement, including the generalized Leontief, the

generalized Cobb-Douglas, the translog cost functions angd .

>

o
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others. 1In this study we choose the translog form. The
main reason for this choice is that we can more easily Eést
the different hypotheses as constraints on the parameters

using the translog form.

For our three input model the cost function takes the -
: form®?:
? InC = C, + cwlnw + crlér + cvlnvl+ coan - (10)

o

2 2. 2 ’ 2
+_§cww(lnw) + icrrjlnr) + }cvv(lnv) + i?oofITQ’

. [ ! ¢
+ cwrlnw inr + cwvlnw lnv + cwolnw 1nQ :

N ‘r!'\[

+ crvlnr Inv + c_,1lnr 1nQ + Cy lnv 1nQ - o S 3

rQ Q

Using Shephard's lemma - ’ «
3C : .
' L s — K= — M:W

we can derive the cost share equations

e R e
o«

wL w 3G 31lnC =
L"C = Caw "~ 31w - (11) y

v cwﬁlnw + cwrlnr + cwvlnv + chInQ

£ TV (g s P < e e KL e
N
0

31nC
- STne o (12)

“w“-mm
=
0
QiR
o
518

- v
c_ + crrlnr + cwrlnw + crvln + ¢ _.InQ.

rQ

3C  31nC

. e

av - 3lnv

%
g

7
]
t
"
o<

(13)

o - ' \
cv + cvvlnv + cwvlnw + crvlnr + chInQ 3 )

4 +

g From the definition of cost C = WL + rK + vM we -

Q";’?
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derive the condition SL + SK + Sy = 1 which imposes the
following donstraints on the parameters. .
% . ) } .
Cy + S+, = 1 ‘ (14)
Cow * Swr +chv = 0
3 ’.»:f"
Cyr * Cpox + Cpy = 0 . . . :
Cuy ¥ Cpy + Cyy = 0 ' '
- 3
ch + ch + ch 0
These constraints imply that one of the share equations A
L -is redundant, That is, the coefficients of one of the share 3
’ N
equations can be derived from knowledge of the others. We
I v ¥
1 arbitrarily, and without loss of generality, choose to delete
the materials equation. The constraints and the system of
‘ equations then take the formj
: c, = l-g¢g, - c, o (15)
Cwv T Sw T Sur ' g
2 c -c c )
; i rv wx rx 5 n
. - Cov = T Cuv,” Cpy = TUC T Gy T (e - cr;fh\\\\J '
: s . ' ;
‘ | Cow T ctr%+ . )
| o0 * ~ S = Srg ’ )
é — - - ° R - - .
: 1nC cg + cwlnw + cr{nr + (1 c, cr)lnv +‘cQInQ
v .
' + ic (1nw) 2 + ic (inr)? + ic (an)2 © (1)
"WW rr TR : ’

\

L e
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,-~:’ . N + (= chr - Qg.:o)lnv 1nQ \\ ' \ -
. o T , - g

(<))
~J

, . . 2
X | + i (c..,+cCc _ + zcwr).("lm’)" +.

W rr 1_rlnw‘ “lnr

“w

?

ww w

by

.. . 4 \
S + (- c ., = G, inw 1nv ¢ c ¢1n .anO
. Lo . =
+ (¢ . - crrl'lnr 1nv 1- crolnr Q -

1" | |

o
£

S

. © ©

¥ » B f K N i
S, = + c_ . Inw + 1nr + c - c + c InQ- (17
'L S T S Cur 1 ( wwW wr)lnv wQ Q- (17
. oo S0 ' '
S, =c_+c¢ lnw+c_Inr+ (-lc_-c_)inv + c_-1n B
K ¥y o owr rr ( wr rr) xrQ @ ‘(l )
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, . CHAPTER VII

4 ]

-% \ , ESTIMATION OF THE MODEL . 7
A . , - i

1. The Estimation Procedure

For the empirical imgsementation the mode}l should be

r
-

R ’ placed in a stochastic framework. Written ;g a more general

. form tﬁe system of equations (16), (i7), and (18) becomes *

C = g(w,r?v.Qo) + £ (19)

, | 0 ,_
\r SL = LSL(WI?'IVIQ ) + 5‘2 b (20)
~ . . 0 e
Do ' SK.-‘SK(wjr,V.Q ) + e3 (21)

. -*It was assumed at the outset that each firm was a cost

minimizer subject to a production.functiom: Thus, we would

expect that each firm (group of firms in o\b\case) will
1 , - /

. L
» >

represent a point on the cost fuhction. Hpwever, when we:

; ) . - | . . ° ¢ \ N
come to the estimation part we accept that this is only an

o ’ ! ) i T

§ approximation. There are many reasons why a glven flrm is

_not on the estlmated cosgfgunctlon and thus the cost at which

. , the firm operates may not be, the "minimum” cost.' For example
Y- , ]

the functional form may not be agproprlate.or the parameters
mey differ slightly from. one firm to the~o£her. In addltlon

, ' .our data- may, be in error elther because they were recorded
o R .

wrongly or because they dd.not,measure‘correctly what we

i , o ﬁougd like ,to measure."“In-most of 'the cases even -though we

~ “ e . ’

Y 1 realize that all or some of the elements of error is possible
A / ¥ ’ ' ( )

F v wéy. More. specifically we asgume that each of the ¢'s is a

oo !

Y
ES
P

i

Yo

', to-exist we assume that the¢ disturbances behave in a certain

e
oot

:
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estimated from time series caq\be partially overcome. .

69

random variable distriBuEed‘normally with mean zero and
variance 03(1-1,2,3). We further assume that ei is not ' 0

correlated with any of the regressors and™hat E(eiJ eij+s)

= 0 for s £ 0and i = 1,2,3.

o

It is clear from equations (16), (17), and (18) that all

the parameters of the model can be obtained by‘just estimating

’ \

4
equations (17) and (18) to supplement the estimation forvtwo

§Q§ cost function (l6). We introduce the cost ‘share

. . . \ ]
main reasons. First, given the accuracy of our assumpti#n,

the inclusion of these equations will increase the efficiency’

N

. . . C Pa e
of the estimation because more information has been added
to the estimation process. Second, the multicollinearity

which is usually. present in a translog cost function
b

/

Firfally, we have arbitfarily’ excluded the materials share

equation because a system that includes all the share
g %

equations is constrained to have the sum of the dependent
variables SL' SK’ sM equal Ep,unity by defihition. « This

implies the constraints (13) and the additional constraint

1

that the sum of share equations disturbancbs is zero at each ~

observation. This implies the disturbance variance co- SR

variance matrix of this system of eq atéops"is«sindﬁlar.
Usually the higher the level of diséggregation the more

- .

reasonable it becomes to assume that factor prices are

ic becomes almost true at the firm

7

€ we are working atwa level somewhat more

B !
an the four-digit level. Since there is no . .~
t : ' .

e

A
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theory to tell us the level of disaggregation below wjich
prices are considered exogenous we assume that the 1evé1 of
disaggregation at which we work allQWS‘u;'tO assume that
prices are exogenous. This assumption, which involves the.

possibility of an ‘error (if b;ices are endogenous),}\

facilitates much of the estimation procedure.‘ \

What we hate so far is a system of three equations each
one having common ¥arameters with the others and a distyrbance
term with the usual assumptions. However, a more detailed
examination of these equations shows that it is possible

that it is not only theé common parameters. that relates these

equations, there is one more factor. All three équations '
refer to the behavior of the same firm, also the share

equations are derivatives of the cost equation, which means

that if there is some variable which was not included in the
cost equation it was also omitted from the other two. equations.

All these imply that a shock in ong of the equations it is
¢ . .

possible to be transmitted to 'other equations .as well, which

o )
means that the errors acros$ equations are correlated

(éontemporaneousl& correlated). 1In this case the variancé
‘ ‘ A '

’

covariance matrix of e = (51152,83) is :
-3

— « gr——

v ' ' Ve —-‘_'
E(eyeg) Eflejep) Elejegd oIy o3pTq o13%n) -
0 = |E(eyeg) Bleyey) Eleyeg)l ='fooyI, 00T, oo3l T - &
) . . ‘ - o
' ‘ ' . ' ) I . I( o
| Blegey) Elegep) Eleges) 0317y 9327+ 933%n) s
where I is the identity matrix ofﬁbrdgr n and n is the . )

-

i3 . . " .y
¢ + . .

ey



number of observations.

. . .
( Thus what we need is an estimaticn method that will take
'(into account not only the parameter restric%ions across
equations but also the contemporaned&h\correlation of the
disturbances. Such a method is rﬁe Zellner‘s iterative
- . minimum distance method. According to<thib'method de start
by estimating the system.of equations using“stacked least
squares method. This method will take into account only the
parameter cbnetraints across equations. Using the residuals

- from this first step we obtain an estimate of the variance

covariance matrix 0. Using 0'we obtain a second set of

! parameters using GLS. Ig we now use the residuals we can
. B ,
obtain a second estimator of 0. This method continues until

convergence is achieved. The procedure is declared converged

.

when both of- the followxng are true- the parameter changes

-4

t are less than some pre-specified value (usually .31) and the
¥

- product of the 1nv§rse of the covarlaqcermatrlx from the"

RLY

;//// previous jiteration and the covariance matrix from the current .

iteration is close to the unity.63

"2. Effects of the Use of a Proxy for Capital

" The estimation procedure described in the prlgiOUS
%Ze true.

- sedtion is valid as long as all the assumptions’

Howkver, as it is also said at the beginning of this study,

’l

Eagftal is not available at the level of dlssaggregatlon at -

’ -
~which we work\\§hat is at the four- dlglt level. Instead it
is awailable at the three-digit 1evel and we, use energy

shdres to break. it down to the four-digit level and further to

3

e ey 0
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' \‘—‘/ foreign and domestic groups of firms. 1In this part we g
© ' exam.me the effect of tlus method on the estlmatlon
procedure. S )
"1'\ At this pomt we must make the. dlstznctlorr between actual
R and true variables. We asslme that the onl1 variahle
that is measured with error is capital, that is K # KA,
f’ ' L = LA and ¥ = MA where I(pf, LA, and’MA are the actual
* variables. Given that K ¥ K" then C # C® and also S_ # Sp
N A o
v and SK # SK \ |
. We assume that kK* = K + e’ _ . (22)
. A . ‘ @ ' // ~
. where .e is the error of prediction which has a normal
! - 1
distribut}'/on with zero mean and Varianci/oi/rhis assurTnptiom
; ' is als%upported b’ the results in Table 14. S
: /,";I‘hus, the model in terms o/f/étuel variables has -
! the form: j o o / ,
¢ T ’ ’
in c? = g(w,r,v,'QO) ey ‘ ’ L {23)
i ) .
£ - .
: S s s (wir,v,0%) + oy ) ERTTI
P : = 5 , ~
} A * \
F . s Sy = Sk‘(w,r,v,Qo) t ey (25)
. - f 3 .o
4 . ‘e . ] s ' .
¥ where g is the translog cost function with all the properties
mentionedzih thg previous chapter.
) ; .’ K .
C\”iw”l‘fn‘+ri{‘!\+vMA . (26)
= o+ ‘ . !
. wL«-r(Ke)+v§d9 o .. ~

= WL+rK+VvM+ re

= C 4+ re "«

co A wh L I T oan
ok A G " 2

Jy o




A rk rk+re _ . -
K A C+re - (28)

[

If we now express our model in terms of the obsgrvable

Va
/ variables we obtain
“ L
/- 0
: - ) g(wper:Q ) + Cl / (29)
: "o . | .
; w,r,v,Q7) + 52 (30)
4 ? ‘
i K+re » - 40 ’
r -
. o : +
f Tire SK(w,r,v, ) €3 ‘ (31)
Thﬁs, alihough the assu ptions about the error terms
K were ‘sufficient in order for this model to procduce unbias=zd

- \Y
‘estimators, the error of measurement,iﬁ the caese of capital

'hestroys this property as we will see below.

‘To be able to examine the effect-of the érror of

prediction on the error terms of the regression-equations

~ , - ~

we approximate each of the left-hand sides of the equations

~

(29), (30) and (31) with a polynomial of degree n around the

~

point €=0.

SRR et

The left-hand side férm,of the equation (29) becomes p

- ' - I - L& Liry e’ |
ln¥c+re) slnc+}c)e 2(c) + 3(C) C e e - (32)
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The left-hand side term in equation (30) becomes .
L ;iL r, . r‘ 242 r 3e3 ‘
W
- = - e + 8, (= - S (= + ..
C+re C ,SL(c)‘e SL(C) L(c) (33)
n r. B P ’
‘ -+\ (-1) SL(E) |
L ] c,
|
The same term in equation (31) becores
]
K rK r r 2?
rK+re ! B » S - r
———————C+re = -C— + (1 SK) (C)e (1 SK) (C)
. . (34)
33 n+l nn

r, e
(1-8,) (F) ©

. i _ r,e  _ -
~ G - B )
Substituting in equations (29), (30) and (31)
and transfering to the right-hand side all the terms that

4

contain the error of prediﬁtion we obtain

L x 3e3
“(l—SK) (-c-? |

13

. sy (%) e
verenem FD RIS @

n+l,

, \ 2 2 33
' - 0 S (5 e Line” _1 r”e
, * (35)
' . -(;n) n+l 1'-(-E) Pe®
J\ R ' s . & e n c
- ~ 2 2
= “.0 ' ry € _ o (L e . ‘
SL SL(w,r,v,Q ) + €, + SL(E) , SL‘(E) + (36)
% 3.3 . n_n .
bay e n r e
,, 5@ ¢ - -LThs )
S, = 8§ (w. £,v.0%) + e, = (1-5)(5) © 4+ (1-S )Tef-\ze (37)
K gWekeve 3 kK 'C K 'C
- -
nn
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For unbiased estimators we requireJ
: : 3 2 33 1,1, e
_ ¢(L,e rye _ 1rzr-’e oyl =(x) -
E {e; - () +£(3) 3(C)" + .00 =(-1) n'c } |
. . i . /
E(e;) =0 (38)
. L4
L. e 2 2 33

' n n
r, e r, e ng, r, e ’y_ ' »
E {ez + SL ("é") - SL (E) + SL('C‘) T e e 4-(—1) SL(E) }"

* . '
E(sz) =0 (39)

s

e 2 2 T
E {ey - (1-8)(® S+ =50 @ € - (1-5)(5) € *oor--
| | ,. ’ * .. v‘
n+l B b = Eley) = 0 (40)
=(=1) 77 (1-8,) (3)
3 v B :

a

Noting that E(ei) = 0 for i=vl',2,3. and that E(ek)' = 0
for every k that is an odd number, under normality of errors

we obtain

X

l,x,x,2 l,r 4 .\1 r q-E(eq)‘ | (41)
?'(E)E(e ) + () Ele )‘+.., - E(E) . |
| x ‘ - ”

;‘ where g=n if n is an even rumber’ -

°

\ . ' a'n\c,l g=n-1 if rl{ is an ocié’number

: , o , | nember
%\.F(‘E;’ - - SL‘%’? JE Sil"cr-"4 Eteh) - .- 5y (:é')qE(eq) (42)

. ) ) ) ‘.r 4 N |
l\E(E§3\= (i—Sg) (é.) ZE"(e2) + (l_—sx) (_(I:'_) 452(6.4) e ? o ? .
I \ ‘ . /
\ Co o | , + (1=sp) (ﬂ-g-)qE(e‘&);‘;’ (43)
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These expressions can not be computed at the four
dlglt level since we do not know the error of pred:.ctlon ' )
and the true wariables (C, S L’ SK). To qu;mtify the Eotenti;l
values’ of these expregffions we use the following method.
At the three - dlgli;/ level, where we know,the amount -of
capital stock for every’ 1ndustry at the total industry lev 1
we create capital flg\n/es using energy shares. Thus for
every industry we have the actual and the prédicted capital
stock. The error of predi;:tion can be then calculated as .=
well as its variance (02) . Knowing the prediction error and
its variance we can compute the expressions (41, (42), and '
'(43). Using the average cost as an approxz.%tlon for the krue
cost, the average price of qapital and the average shares
as an approximation for: the t;ruqlshares we compute the values
of t‘he_ three first terms of eaéh?expression for each two- |
digit industry?4 The results aré{(‘shown in Table 16.

From the results in Table 1"6' we""c;’ﬁn noticé that the

]
. o

expected values of the error terms in our equations are not

any more zero, however, they differ f;oin zero by a véry small

‘§
S

number .- Qur hope is that this will ‘Q:'gieaté a very small bias
in the estimated coefficients. .

. X -~ - “ U
3. " Description of the Sample

.

Although our intention at the outsetywas to examine
every major. industry in Canadian manufacturing, for different

reasons such as unavai lability of data and confidentiality,

a

™




i

T e e s o b L

B AP ¥ PP r- SV

P S Py v

5 il

-
113 mnoac 01 nac~¢ 4 ~ncH| £6 wncﬁ 8 v|o~ 21 2-01 TL 143 y-01-ZE ~|cﬁnﬂw sTeoTwayd °g
B ’ - T s3jonpoxg
TzT , 01-|8E"  OT-|0T" , 0T-fOL" o OT|2T° . OT|ve" c_oOTlov" 0T° ¢ OI-[8S° ¢ _0T-| Teor33dera ‘¢t
_ N .
. Juawdinby
. ' uotjejaod
0t oanwﬁu zet , _oT-|¥8°  _OT-]8T SOLLY CLANPIULY LA QEIUILTE ) P 09° o 0I-[¥¥" , ol- -suexs g f
. Butjeorx
tze  ot-|rer ,_o1-les _ _o1-|96 : : ) My
- - - . . Nere - .
8- 9- ¢- 96 muo~ (4% ¢|o~ 81 m|o~ 0§ 114 muo~ 62 niod ; Te30H ‘g
: . — i ‘Baraysnpur -
. . . . ) - i . TeIon
€€ 4 _01-{TZ° __OT-{€Z° . 01-{86° , OT|S9 muw~ LN g (.12 697 . _01-|ST" , 0T~ ,>umeHua %2 .
_ . 8a7138NpuUY
. - b . - . . . - g - MuU‘MM.n<
9z* , OT-16€° . 01-i86° _ OT-{18° _ oOTjZT" . oOf e" o oties: ., _ ET° . 0T-{99° _ _OI-| pue 1adeq ‘¢
€8 pq0T-fL2° g OT-[BZ°  OT-leT" . _oT|€8° . _oT|s8° o o1fo8" .. _ 9L" o _0T-]ST™ _ 01— , . Poom -z
‘ . { -ebexsasd”
- - - - - - . . . c* . - . - .
gzt 0T=1py”  OT-TT 2-01-| 8¢ g-0T{sL" o OT{6T" . OTIS 1" 01-€9° o o1 u:m.voom 1
£eua zeug Teud £zua zzus 1zua €183 zrYa . T1ua c. . ’
_ SNOISSdHdXd (¥3)d HEHI 40 HOVE JO SWAAL HA¥HL LSAIX AWL “ s
- : = ’ ’ > .u‘%b
91 @a1qeyl . -
) -
. . i . a
« ) - ) -
- - & -

4

S

i




Bk e T T .

R v p—

fa Vhak o ditn

-

* The first three terms of the expfession (41) were

calcula.ted as
2

Sa)

ERIl = - %(

N ==

4
1
ER12 -4-(

Qi

6

ER13 = - %—(g) E(eb) - -

) E(el) - -

2 lr2«2
c) E(e”) '}jf(g)’_'ae
T
o~

4

QR ”

(

b [ 4=

6
(

O~
(¥ ia]

)‘3ae

o

4

6
) lSae

The first three terms of the expression (42) were

calculated as

r 2 2
ER2] = SL(E) E(e”)

r 4 ) 4
ER22 = SL(E) E(e’)

6 -
) E(e-6)

ER23 = SL(

(o} lat

The first three terms

calculated -as

(1= r 2" 2, . g r,2
ER31 (1 Sk)( ) )E(f ) = (1 Sk),(c) o
ER32 (1 Sk) (:_) E(e )‘ (1 Sk) (c) 30

- (] £6’ 5~--.’ (L, 6
ER33 = - (1 SK)(C E{e”) / (‘1 Sk)(c) l?oe

'of the expression (43) were

>

H

°
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2

4
e

6




R BT S G

v e w el sy s e

e ATy JOE

Table 17

|-
SOME CHARACTERISTICS OF THE SAMPLE

79

- {E-
. whole industry as one group.

v
Column (6) gives the“foreign control by industry.

Coluimn (7) gives the share of each industry in the

[y

total manufacturing.

wla |l o 6 |m
1. Food and beverage 53{31 | 24| 53] 69| 36.1 |17.4
2. Wood 27116 | 10|27} 46| 31.2 | 4.4
3. Paper and allied 16 {12 | 12| 16} 23| 48.5 | 8.5
‘industries
4. Primary metal - | 28| 7| 7|28 28! 23:9 7.9,
5. Metal fabricatiﬁg 39|28 | 25(39f 39{40.7 |'6.8
. 6. Transéortaf:ion.equipment 231} 8 4124} 37| 87.1 1\4
7. Electrical products 29 |16 9§ 30| 33164.8 | 5.6
8. Chemical 34|25 25|34 40|81.9 | 5.8
IiéE?." Column (1) gives thé numbe; of obsérvations in the
group of Canadian firms. ) ‘
Column (2) shows the number «;f observations in the
U.S group - of 'firms. . |
Coi-umn (3) shows the nimber of Vo‘bservat’i?ons in the
group'of all other foreign ‘firmsy ei:cept' U.S firms.
Column (4) shows tpe numbet of observatioﬂ§ of the
foreign fixrms as a‘groué. . (\\ \ )
Colump i(S) shovs the number of observations of t.he/

pouaasiaiy
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@

we end up with only eight out gf the twenty majob o

' manufacturmg 1ndustr1es. Some 1nforma5mn of tﬁese

F

J.ndustrleAs are given in Table 17. Despite the fact that we
lost twelve industries our'samﬁple~still \regresen’té a large
share of the value of manufacturing (71.1'%3\. Iis well. it

contains a varie:;:y of industries from the point of view of

+

size and from the point of view of the size of foreign control.

o

5

h-d'*“’}

There are two reasons why the numbers do not add up in most =
of the industries. Flrst, observations may not exist: For
example, there are cases where in some industry we do not

have foreign firms.. Second, and most 1mportantly,” thereuare

missing observations dué to confidentiality.

(429




oo g
_ _ . CHARTER VIIT R

. oo 8 \ AN ' 0 T ! R
\‘ , B THE MAIN RESULTS BY JNDUS\Q'RY Yo ’ ' .

.o : \
1 \ 1. Introduction S A
[ .\. . ) v
A Beforepstarting the preseptation of’ the main results by

\ : _ . <. . :x )
v indlustry it is necessary to explain what kind of results we
I ° \‘ €

° »

1 'present in this section as well as the way they have been.'
. S N .

‘ 1
deriid. ' , - ’

As was noted in-Chapth IV, the-unit of account is the
. .,

four-digit indh%try. At»each four-digit industry(we‘have

one observafion for the domestic groups of firms, one for

'3

& oup of firms. These are our three maiH'groups. Using/

- it
these thr?e groups w§ can dexive four poFe grg&ﬁs. Fi?é;,

we can combine all the three of them and make the industry
group (in this case the sample size will be the sum of the
iy L - : X ‘
, . three sample sizes). . Second, we can combine the U.S and
; ) the other foreign groups of firmq and create the foreign
. . s L
i . group. Third, wé can sum the observations for .the three
) Y
main groups-and create ‘the total industry group. Finally,
we can create the tot /‘foreign group as the sum of U.S_and

9
el .
’ L4
- » the déher foreign group of firms. It -should be clear that
- Ve .

the difference between industry and total industry is that

v

{ in the first case the three main.groups of firms ame &
- - & + L . . . s ! B - ! \\
g v rec8gnized as separate: sources of information while in the
) ' - J - Pl - - .
~ second case they’don't. The same difference is true
= , p ,
?% - between foreign and total fareign groups. , . ’

»

- In general for every two-digit industry we have seven

/ X ' - @ A
v
L

Y

‘thelU.S éroup of firms and one for the group of other foreign.

4
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groups. Thus; for each two-digit .industry wd/ must, estimate

~

seven cost functlohs. This is the maﬁlmum number of groups

-

begﬁuse ghere will be cases where the small sample 51zes will

not allowsus to estimate the cost function. - In cases tike -

. N L
this we present only the sample size. - .

For each two- dlglt industry we present eight different
~5 =
tables. - In Table’ (a) fo eachrlndustry, we present the W

results of the trans g cost function. . By construction the
translog is a very g nerET’;::‘ It is therefore necessary
to test for the most 51mple form which is acceptable. For

each group of firms, starting from the translog form, we

©  test several hypbtheses, using the likelihood ratio testGS¢
. / . ‘

until we reach the most simple form. The results of tha

4

ftnal form are presented in the Table (b) for each industry.

Once we hav® found the form of the.cost function we can
derive the technological and other characteristics that will
{

allow,us to compare the different groups of firms. 1In

general these characteristics are different from one data
point to the other. To avoid long tables which will also be
difficult to compare and interpret we compute all these

characterlstlcs at the average value of the exogenous .

4
s

variablées (w, x,v, Q). The results are presented in Table (c).

? Despite the fact that all the groups ylthlg a two- dlglt
industry have ,the same prfces of materials and caprtal . (ﬁ
services we might observe differences'in the averages. This
is due to, the fact that scpetimes e} data on fopr-digit

industries are missing due to confidentiality. For example,

1
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we might have an observation’for domesti¢ firms fﬁla‘four; h

digit ipddstry but we might not have separate observations

for U.S and other\foreign firms due to confidentiality but.

ye have observat1;%s for all foreign together. 1In Table (4)

wd show re§!’§s whlchc;ge based on common averages for v and Tk

-«

r. "

.

All the above characteristics and especially-the factor °
intensities, under certain conditiops, can tﬁll'us whether
there are some EiffgrenceS<among the different groups of
firms. We éxpect that if two groups of firms employﬁthe f(
same technology undeg the same inplit ratios and produce thé.'
same level of oytput they will produce it with the same input
ratios. In Ta5ie }e) we assumé that all Eirms produce the
same' level .of output (the average output of the total
industry group)- at the same input prices (tge average input;
prices of the total industry gfgﬁp). Tﬁé results based on

these assumptions can be used to derive conclusions about

differences amongst the different groups o‘sfirms. ’

In Tables (c), (d), and \(e) we also pr®sent results on input .-

-

ratios that all seem different in all the cefSes. However,

, &
we can not tell whether two input ratios are .significantly

N

différent unless we know also the confidence intervals for

éhe true input ratios. In Tables (f), (g), and.(h) we

présent 95% confidence intervals for the input ratios

corresponding to \tables (cj, (d), and (e). '-‘7%
The various technological characteriétics fhat are

E
derived and presented in the tables g?low are:

A N\



g R K g e 3 D

hY

o ey
(;]/j

e i -
o 5 r
i I 84
- SLF The share:of labour 3&5\ the total cost . ,
~ SKF THe share of capital in the total\ cjg‘ét .
" SMF The share of materials in tﬁe totaf cost .
‘ K/L The capital,’-,labbur-‘ratio \
) K/M The caéittaljmaterials rati}or o ’ )
. ) ' L/M_ The labo‘\:;r—nhterials ratio .
ELW The elastic:(ity of dema;nd‘for labour ’
- EKR ‘The elasticity of demand for c‘apital 'services
* EMV The elasticity of demand for materials
/ ELR The crﬂss—elasticirty of the' demand for labour with
. respect to the;price of caf)ifal services'
. ELV The crosé—elésticity of the demand for" labour with
o resp:act, to the ‘p.rice of materials
. EKV The cross-elasticity of the demand for capital
b . . _ ser /i\{es with re'spect to the prficewjf rlnaterials
‘ ® ScL The scale elasticity
- QGLK fTK‘e’ partial el,as@ticity of substitution. between
o capitabl and labour "
| . oy ‘The partial elastmlty of substltu‘&lon between
| labour and materials: ’ .
qgy The partial elasti?ity of sub’stétution l?etween /
capital and materials
¢ ‘ C The cost of production

-

All the: above variables are comi)uted as fitted variables
using the results from the cost function. The method of

computation for these variables is presented in Appendix B.
G

Ve

’ / ~

e



e L

3

I

2. )'Food and Beverage Indhstry e T

-

homogeneous. Domestic firms have linear homogeneous

With respect to size, this is the most importa‘nt

industry in Cdnadian manufact'uri’ng. It reprefents 17.8% of

total industry shipments. ];t is comprised of more than 5000

establishments, 89.5% of which are Canadian controlled.

-~

Measured however, in terms of,total shlpments, Canadian

s

control amounts to 64.0% which makes this industry thlrtenth
4

among the twenty major manufacturing industries when .

classified according to the size of foreign control.

Finally, 61.7% of this industry's shipments come from the top

eight firms in the industry. Among these firms the foreign
67 3

-~

control is 48.5%.

TRe results reported in Table 18b suggest that both

groups, foreign and domestic, employ technologies that are

0

P

production structures whereas foreign firms do not. Another

s o

"characteristic of the form of the cost function of these

.
o ——— g et ey =

two groups is thgt in the case of foreign firms it is no
significantly different from a simple Cobb-Douglas whileiﬂ'\e
case of domestic firms is somewhat more complicated. An .
additional vimporta;xt result rélétes th:o the similarity of the
two foreign groups. Both the U.S and the other foreig
groups of firms have not only the same functional form ut
also their coefj}ficients are very similar. ThlS similar ty
of these two groups is also evident ih the results of t

group of foreign flrms, where the coefflclents and the

functional form is very smllar to the two 1nd1v1dua1 forelgn

&

. i -
r e st 2 < oo s o ot ettt oo S-SR | N

85
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groups. In the case of total foreign group the results -are

-

different. It seems that by adding the observations of the
two foreign groups some of the characteristics are destroyed.
.The same is true for the case of total industry where the

-

function is also not well-behaved. Finally, the results of

. the industry group prove once more that there are differences

in the form of the cost function among foreign and domestic

<

groups of firms.
Now we examine the technological characteristics that’
are derived from the cost functions. In Tables 18¢ 'and 18&,
where all these characteristics are computed at the average
value of the exogenous variables, we notice that there are no

' - ] ¢ — . N
major differences between foreign and domestic groups of

A

- - .
firms. Both groups show inelastic demands for factors of

productio‘n' and substi.tutab"ility among any two of them. The
' 9
only exception is the demand, for 1labour in the domestic

.

group of firms which is elastic. The major difference
between these groups is the‘scale elasticity. The foreign
group shows increasing returns to scale while the domestic

\group shows constant returns. Another difference is the )

elasticity of substitution between labour and materials, which

is higher in the case of domestic firms. The various iﬁput—
input ratios do not show any major differences as this is

also confirmed in Tables 18f and 18g.
In Tables 18e and 18h we isolate the effects of -
. { ‘
differences in@factor prices and in the scale of production"

and we compute aéai the technological characteristics.-_ The

PO

< ' ; @

Fed
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+ domestic firms. The existing evidence confirms this _

- . . 87

“
¢

s : b

most important result is the difference in the capital labour
ratios which are ,significantly different in 'the two groups.

'Domestic firms are more capital intensive and among the
\
foreign firms there is no significant differénce. .

s

Opposite relation to.capital intensity shows the cost of

“ )

production which shows that foreign groups are more efficient

and among foreign groups the other foreign group is more
efficient. zAll the other characteristics remain thé same as ‘ ’
in the other tables.

Thus, as a brief conclusion we can say that domestic
firm; dre more capital intensive, héve a higher elastic’:ity

of demand for labour and a higher substitutability between

labour and materials. On the other hand foreign firms, which :

S

are all the same regardless of origin, show higher returns to

- .
scale.

@

The implication of the above characteristics is that 3

B

there is a strong-.pos_silbility for increased foreign control

in this industry. - This rgsults from the fact that foreign' ’ /7
"firms exhibit in%reasing returns to scale while domestic
firms exhibit constant returns to scale.- Thus the incentive .

3 -

for growth is much greater in the foreign firms than in the !>

. - o .
theoretical ‘possibility. In Table 13 we note that from 1970
to 197tch,e foreign control increased by 3.8% in this’

industry. *
’ ' ]

Despite the fact that foreign firms employ a more labour-

intensive technology the actual capital-labour ratio used is

o »

#
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" not 31gnf1cant1y dlffergnt EFrom that of the domestit ﬁrms.

This is dpe to hlgher wages that foreign flrxﬁs pay, as thlS‘

D
. . , , *®
1s evident in Table 12. From that we can inffer that the.
‘3 R A
ef'fect of the expansion of foreign control on, employment

¢

is not dlfferent from what it wox{ld have been in the -case

of an expan51on of the domestic control. However, if we

take into account the elasticitieg of the demand for 1labour.

4

the results change. Domestic fix%s have an elastic demand

&
whfle foreign £irms have inelastib demand. This together

with the doivnward rigidity of #he wages suggests‘that it ise

-

more pOSSlble that the expa?51on foreign cox{}:rol will

N

brlng a hlgher level of employmex<

=t

than the equnsxon of

domestic control. However, there will be a differénce iﬁ

efficiency ,as expressed in terms of cost of Droductlon.

\[ncreased foreign control vﬁ.ll brmg more ef{lcuency in the

lndustr&. ‘ ,

3. Woed Industries

This industry ranks nineth in the clagsification

L4

»

according to size; it-represents 5.0% of total manufactu'ring

shlgments, . consists of more than 3000 estabhshments,

947.5% of wHich ar

anadian controlled. Measured, (however,’

in terms of total shipments the Ganadian control is 69.8%.

-

This industry is c}.Lassified fburt\enth if we classify the
1

-
manufacturing industries according to the size of foreign

\

control. Due to confidentiality we do not have figures for ‘

industrial concentration as this is neasured by the share of

~

the top eight firms in the industry; however, we know

3

% g ' - 1

v
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’
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. (Table 11) that the lsforeign control in the top ‘eight firms
is 40.7s. , ~

This- is one more industry where the form of the cost

:

L)

function is .clif'fe}‘ent between domestic and foreign' gro,ggs of

firms. In the case of fore:i::_;n firms the Cobb-Douglas with

const;mt returns to scale form is a hypothesis that can not‘

be re.j‘ected.‘ In the case o'f domestic firms the form of the

cést function is‘more complicated as it is shown ln Table

188. Even though we were not able to egtimate a cost

fun;:ti’on for the gr;Dup ?f other fo;geign firms, due to small

size of the samg;le, the results of the U.S5 group on 'the one | M
hand and the results of the ) foreiygn group of firms as wél; as N
the results of the total foreign group onuth"e‘ other, suggests

“that U.S and other )foreign firms a?e similar. In the case of
foreign firms where -we have the comBi_;;ation of U.S and ofher v

foreign firms, the results do not di ffer from U.S firms above.

The same is true in the case of total foreign group where we

V4 ~ .
have the sum of the observat'ions of. the U.S and other foreign

groups. The results in the industry group are also similar
to foreign groups, something that indicates that probably
there is more variation in the foreign sample than in the

N

The results in Table 19c¢, 19d'and 19e as well as the

domestic. '

A
~

results in ;I‘ables 19f and 19g and 19h suggest that there are
' J
not major differences among foreign and domestic firms in

this industry. The difference that exists in the functional
/

form has very minor effects on the technological character-

)
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»

istics. -Both major groups (foreign and domestic) émgloy
technologie¥ that are characterized by inelastid demands” fors

"factors of producﬁion and substitutgbility among all.of the@i

Morei spec1f1cally, the partlal elastlclty of substltutlon

“

among any two factors of productlon 1s not signlflcantly

different from one. Even thoug there 1s some dlfference in

“he. capital~labour ratio dn Table 19e, this is not 31gn1f1cant

as shown in Table 19h The only difference exists in the

-

scale elast1c1ty and in the cost of production. Forelgn 4
firms and espec1ally U. S_ilrms},whlch repnesent about 80% of*"

the foreign control, exhlblt hlgher returnsﬁtovscale and

>

lower cost of production than domestic firms.. .

-

For this industry we can conclude that foreign and .
e

domestic firms emplcy the same technology which is character-
- I'd

ized by inelastic demand for factors of production and ) .

2

_ substitutability with elasticity one between any two inputs.

However, foreign firms exhibit increasing returns to scale

and have a lower cq@st of production than domestic firms.

The differenc%,in scale elasticity between foreign and
domestic firms suggests that foreign firms will tend to grow
faster than domestic firms and increase their share in this

industry. The existing evidence (Table 13) shows that from

1970 to 1974 the foreign control increased by 1.1%. The

L]
similarities in the input ratios and in the elasticities of

" demand for inputs suggest ‘that ‘the expansion of fafeign_

- . [

control will have the same effect in the input use as the' & |

a

I3 3 oot .
expansion of domestic control{ However, 'the éxpansion of- °
N . ”n

14
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. foreign control will increase the efficiency of the industry. g
Since both groups use similar techrologies but foreign firms '

pay a higher wage we would expect that the actual capital- ™

. N - . .
labour ratio would be hiigher in the case of the foreign firms {\\

N

.
-

given also that all the partial elasticitigs are equal to one.
This tendency is obvious in Table 1Bf, however, the difference

in the price of labour is not strong enough to produce

~> significant differences in the input ratios. g - I
,3 4. Paper aga Alliedffﬁa;stries . : - #
<:>?%\ ’ /
b ¥ z/mﬁv Yith respect to pize this 1ndustry is one of the most 3
4 !
rm/értant in the Canadian manuﬁpcturlng It ranks thlrd 3
A
it represents 7‘38% of total manufacturlng shipments. re
) are about 650 establiéhmgﬂts in this industry, 70% ofewhich 4

are Canadian controlled. If we measure control in terms of
: ; '
total shipments then Canadian control is 50.5% which makes

. : LN o
this industry eleventh in the classificafiqn according to IR

the size of foreign control. With respect to industrial

" concentration,”/55.3% of the industry shipments. are produced

apErn ot e e e 4 b o oo S0 A
-

by.the top eight firms. The foreign control in Ehesg top
eight firms is 39.2%. A . L
PR '\‘

"With respect to the form of the cost function, in

5 . - L4

Table 20b we noticé” that in the case of domestic firms it

oser to the full translog. The di{;zfg;;;\}\sifin

the price of capital terms.: In the case of-foreigg_ﬁd??ﬁ

Ve
¢ the cost function i8 more simple and closer to the’Coblg

\ Douglas form Within the foreign group of flrms we also

notice the difference between U.S and other forelqglgroups

e
A Y *©

R

] Y RN e



8 a 98

| - ,

® .
of firms.  The cost function of the/ﬁthe foreign group of

firms is very similar to the foreign\ the cost

. m11~#hld "function of the U.S group is close to t anslog form.
.The similarify of other ;o%eign and fqréign groups suggests
that there maybe more variat%&n invthe other foreign sampie

; than in the U.S sample. The results in the total foreign

,group have characteristics from both foreign groups. Most <
~ H

1

of the coefficients are similar to the other foreién groﬁp,
. . g v
however, the coefficient of the output is the same as in the

+U.S group. Finally the industry group has a cost function;

e

. which is not well-bthaved while the total industTy shows

bl

A

oﬂfe %gain what happgns when we égy to combine groups that

N «

&

are not similar with respect to the form of théir cost

functions. P v .

y
Even though foreign dnd domestic groups. have different

forms of the cost'function, they‘ao not” show major differences

- in the technological characteristics derived from thes;ﬁ).
Afﬁﬁétiégs. fﬁey both have inélastxﬁ demands for inputs and
_they show subst{tutability'anbng all the factors of
production. More speéificélly, the elasticity of

- substitution’between any two inputs is one except betweeﬁ

capital and materials in the case of domestic firms where

is Tess tHan one. Another similarity is that théy both show
Pl

e e G

decre®sing returns to scale.

If we now examine.in more detail the foreign group of

L
~

3 firms we notice that there are some differences among U.S

and other foreign groups. This %f shown in Tables 20c and

ik i -

! \ . o

Y
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e
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e

was decreased by 3

-~ .
20d. The results of the Othe{‘ foreign groups are very

similar to those of this foreign group while the U.S group

shows an elastic demand for 1abour; a lower scale
~ ° v

elasticity and elasticities of substltutlon different from

one. The input-input ratios are a little different in the °

’

¢ ! N
various groups but the dffféfggggﬂis not significantly

different from zero as shown' in Table 20h. Finally, the

difference in the cost of production (Table 20e) is not

N

v 1mportant.

As a conclusion for this industry we can say that
domestic and Eore}gn firms employ s1m11ar technologles
character}ze by decreasing returns to scaLe, 1nelastlc
demands for inputs and substitutability among any twovlnputs
with elasticity of one in most of the casés. Within the
foreign group there are some differ nce§ which have ,to do
more‘with the shape of the isogyénts than with, their

o 4
positions.

The implication of the above characteristics is that
both domestiéiand foreign figmé will tend to grow together.

They both exhibit decreasin? returns to ;scale. However,)U.S

firms have the’lowest retufg§ to scale. This suggests /that
domestic and other foreign firms will increase their sha
in this$ industry. [n Table 13 we note that the U.Shcontrok

33% from 1970 to 1974 while the domestic

control and the other foreign control were increased during

the same period by 3.1% and 0.2% respectively. ’

d Looking at the dlfferences that exist in the input

-
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obvious in the foreign group as a whole because the other’

) éroups (Table 21b) we notice that’there are some differences.
-

-

ratios and at the elasticities of the demands for inputs we
conclude that tnere will not be any difference between an
.expansion in the foreign control and an\expansion in the
domestic control However, if we look at the more detailed
results we note that U.S flrms have an elastic demand for
labour. ThlS -implies that an expansion in the domestlc . \\

control will bring a hlgher level of employment than\an

expansion in the foreign control. This e¥fects is not 4 Y

foreign group dominates the resultsg.

5. Primary Metal Industries ] ‘ -
From the size point of view this industry is fourth in
Canadian manufacturing; it represents 7.31% of manufacturing -

shiphents. It constets of about 400 establisnmentsf 76% of .

which arelCanadian controlled. ' Measured in terms of total

Vi ar Aateen ao s 4

shipments Canadian congrol is 77.1%. With respect to this i .

me;sure of foreign control it ranks fifteenth. Ithis also
one of the most concentrated 1ndgstr1es, 89. 9% of its o
shlpments are produced by the top eight firms in the . -
indus try. Due to confidentiality we do not have figures for

size of foreign control in these top eight firms.

Looking at the cost functions of foreign and domestic

The cost fung%}on of the domestic group of firms is more
close to thé Cobb-Douglas form while the form in the case of )
foreign firms is very clffse to the full translog. ?

Unfortunately, the small simple size in both U.S and other .
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foreign groups of firms does not allow us to go into more

EAS

detail in the foreign group. ‘ . : .

Even though therg\Q{e differences 'in the cost functions

between the foreign and deomestic groups of firms, the

rgsults in Table 2lc and 21d show that the only significant
difference is ¥n the scale elasticity and some minor
differences in the elasticites of substitution. Both grdupg.

-

have iﬁélastic'demands for ihputs and shoY substitutability ’
among any two of them. The elasticity of substitution is one

in tpe case of domestic firms and lower than one in the case

of fofeign. Also the differences in the inputfiint ratios

do not seem very important in Tables 2lc and 21d. However,

as we move to Tables 2le and 21h we notice the big changes’ in
the input ratios. The difference.in the capital-labour ratio
bétween domestic and.foreign firms is not significantly '
different'fro; zero. In the casé of capital-materials ratio

there is some common region in the confidence intervals but

it is very small. Finally, the cost of production, as a

. ]
measure of efficiency, shows a big difference in favor of

-

foreign firms.

In summary, fpreign and domestic firms employ
technologies with common characteristics regarding the
inelasticity of input demands and the 'substitutability among
any two inputs. On the other hand foreign firms employ more
capital intensive techniques with a higher scale elasticity.

It is greater than one in the case of foreign firms''and very

close but not higher than one in the case of domestic firms. .

L
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The difference?that exists in the scale elagticities
. \ ) .
between foreign and domestic firms suggests that foreign firms

will tend to grow faster than domestlc firms and thus
increase their share in thlS 1ndustry. It is difficult to . ™

r‘ .
gxamine whether this is confirmed by the existing evidence -

.
because of the reclassification of Alcan and\lggg,frém
foreign to Canadian in 1972 which caused a majorhdecrease in
the pgfcentage of foreign‘contrgl. In Table 13 the decfeaSe N
in foreign control from 1970 to 1974‘is 22.4%.

This is one of the few indusgries where the technologies
used by the two groups (foreign and domestic) imply

different capital-labour ratios. 'ﬁowever, tNe actual

éapltal 1abour ratios are not 51gn1flcantly different. Since
the 1nput prices are almost the same in-both groups,, the ‘ 3
only factor explaining this similarity is the différéncel
in the scale of production. This similarityA;n the actual .
input ratios together with the inelasticity of demand for

inputs in both groups'suggests fhat a\ po§sible expansioh in
forgign control will not bring diffe{gnt ;esplts'from an - .
expa;sion'in the éomestic control. ‘ f

6. Metal Fabricating Industries

This industry ranks fifth in the classification
accoxrding to size representing 65.2% of manufacturing - L E
shipments. It consists of about 4000 -establishments, 89%

of .which -are Canadia% controlled. Measured, ﬁowever, in-

[
~
.

_terms of total shipments .Canadian control is_59}3%.

: . ES

) According to the size of foreign control this industry jis

4

X

T TRAT e o < cation s Fhean A e

w@




109

e

‘ o
v

o classified twelfth. With respect to the ihdustrial !

I3

concentration 42.2% of industry's shipmertts is coming from

the top eight firms in the industry. The foreign control in

. “these top eight firms is 51.5%.
- * : ‘

The results in Table 22b shows that the cost functions

.of both foreign and domestic firms are close to the Cebb-

s

///5 . Douglas form - the difference being the role of output. The

role of output in the cost function is also the.difference
» bétween foreign and domestic. Within the forei;h‘group the
U.S group shows a great similarity with the foreign group
yhile the other foreign group has a more complicated form" !

more close to the full translog but-it is_ndt well—behaved;

¥

These results suggest that there is more variation in the
U.S group than in the other foreign group, something that
, does not change very much when We sum the observations, as

this i's evident in the total foreign.-group.

Tables 22c and 22d show fhat the two main groups of

“ .. -
firms, foreignvand domestic, have almost thg same

technological characteristics. They both have inelastic
demands for factors of ppdduction and they both show
~subs¥itutability with elasticity one between any two ;ﬁputs.

Furthermore, they both have iﬁcreasing returns to .scale and .

o

similar input ratios. P
. s R ca . N
: Even though most of these similarities remain, in

Table 22e and especially in Table 22h we see that there are
also some 'differences worth noting. In those tables we ’
P ' have, isolated the effects of scale and input price

: 3 .o .

; ' . : ( i ) ‘
R ’ "/ . ; \)
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differences. The similarity in the input-input ratios is
not maintained. Domestic firms use more capital and more

’

labour per unit of materials than eign firms. This shows

that éven though domestic firmg/use a capital-intensive
te?hnique this is not a labour-saving at the same t%me. This
is ?lso reflected in the cost of production in Tablé 22e.
Finally, within the foreign group of firms we notice the
similarity between U.S and féreign groups, something that'we'
expected from the similarity in the cost functions.

Thus, the only importan;_diffe;ence between foreign aﬁd
domestic firms ;ies in the level of efficiency.“Foreigﬂ
firﬁs and espeqiallf U.S firms use a more efficient
technology. Also there is a small difference in the scale
elastitity between domestic and U.S firms; domestic firms

. !
have higher returns«to scale.

.

The small difference that -exists-between domestic-and-:

U.S firms in the scale elasticity suggests that there is a
: ! : : |

possibility for domeséic firms to increase their share
agginst the U.S firwj/which‘:épresenﬁ more than 80% of
foreign control in this industry.- The existing evidence
cgnfirms:fhis possibility; In Table 13 we note that from
1970 to ;974 the domestic control rose by 2.1;'whi1e the
U.S control decreased by 2.5%.

From the similarity ofvinput ratios and the input
demand'elasticitiesﬂin the two éroups we can infer that the

effects om the input use will bé/;im}%ar under the expansxpn

of foreign or domestic control, the only.difference will be

/ 5 , N ./"

%
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7. Transportation Equipment Industries .

-3 :

This is the second most impertant industry in Canadian
manufacturing. It represents 14.77% of total manufacturing
Shipments. This ihdustry consists of about 1000 establish-

ments, 80% oﬁ>which are Canadian controlled. If we measure

control in te€rms of total shipments Canadian control amounts

3 . ~

to 12.9%.

This indﬁstry is thus second in the classification
aécording to size of foreign cont¥ol. With respect to
industrial concentration, 86% of industry's shipments is
produced by the top eight firms. Among t@gse firms the
foreign cdontrol is 90.9%. .

In ﬁable 23b we notice that while the cost-function of
the %oreign group of firms is of the Cobb—DoGglas ty%e, the
cost function of the domestic group is not well-behaved.
This is due to positiVeaelastiéities of the demands for
labour and,materiéls. Since we do not have a cost fﬁnction
of .the domestic'grgup we can not comparé this with f%e
“~foreign group. From,the results in Table 23c we can

\

describe the foreign firms as firms that exhibit increa'ing
¢

returns to scale, inelastic demands for inputs and sho

substitutability among any two inputs with elasticity one.

Yoo,
8. Electrical Products Industries

This industry 1is seventh when classified according to
size. It represents 5.99% of manufacturing shipments. It

‘consists of about 800 éstablishments, 59% of which#are .

S

\
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Canadian contrdlled. Measured, however, in terms of total
shipments Canadian control represents 35.2%. In terms of the

size of foreign control this industry is classified seventh

among the twenty major manufacturing industries. It is also
one of the most concentrated industries, 75.6% of industry's
shipments is produced by the top eight firms. The foreign

control in these top eight firms is 67.8%.

Looking at the cost functions of foreign and domestic ’
firms (Table 24b) we notice that the foreign group of firmg

has a function which is characterized by linear homogeneity

1

while the domestic gfoup has a more complicated form which

is more close to the full translog. Within the foreign

.

group the U.$ firms have a function of the Cobb-Douglas form’
with constant returns to scale. Due to the small size of the
sample we do not have results for the other fc}reimgrl) group of
firms. However, the results for the foreign group compared
with those of the U.S group suggest that there might be some -
differences between U.S and other foreign g;roups. .

Even though there are di'fferences in the functional

'

form of the cost functions, there are no impor‘qant differences

R

in the technological characteristics as presented in Tables
24c, 244, 24e, 24f, 2449, and 24h. More specifically, both

A
groups of firms have inelastic demands for factors of

’

production; they both have very high substitutability between

labour and capital and low substitutability between labour

M

and materials. They differ in the elasticity of scale
' I
where domestic firms show increasing returns to scale while

V)

o o 2 YOS BT s, st




S e s e — - B G T
- - <
. - El ° Al |
. . (9°£1-) (9°21-) (9°L1) CH2Y (8 18) (v*iz)  (6-9¢-)
mu €€ #9-08T wBBE~_ »90°~ b90°'~  ¥90° 8z1" 1 ps9" syE” oSy~
0 4
~ (te 9} (1879-) (sz°€-) (SL 6-) (1T°6)  (95°2-) (19°S) (zv'e-)(ze'€) (z°12) o06°21) {10°9) (s8°2-)
oS 068 SEL°  S16° S10*~- 060°- TIE* - »2ST° 110°- zov* 190°- 651° 601" €g9° . ete Log--
- ($°6T-) ) *(8°ST-) (S°51) {L-xe) {(g"s1} (1°sy) {1°€2) {9-09)
0€ 9°S5T LE89° . 650"~ v 650°- €S0 €80" 611" ’ . 199° gee* 9p-g
) : :A.m-, (ve"e=) (ye'v) _Averp) (s:z€) (12°z-) (r°01) (L°T1-)
67 £°IfT fz8"* 124 & vZT'-  p2T° 6vz” . 1 §19° £L0°~  @sb” 019"~
, - - = - .- - - - - - e - - - = e, T -
) ) . ‘ {oree] {€°1D (B'61) (L'62-)
; 91 L°06 (SL ) 1 699" 660" we: | 24 A0
b : (ot-t) f(ot-L-) (Zve'-) (Z¥°9=)  (ZP™9) (LL°€-) (9T°E) (Z6°b-) (pb-2z) to-s1) (L €1)  (L1°b=)
! w 6Z L°L9T 008° 610° 610°~ - 20"~ LET -~ LEX" 801"~ oLt- POT "~ PIT _6ES” [e)-1 2 oT-"1-
. . N Ju—. Nz abo ouo >ho 030 >30 u:o nOu >>u uuw )30 Ou >u uu :u oo
* ! I'4 ¢ SNOILONGL LSOO - S1OoAUodd IVvOoIMiIOTI3d
. . . ’ © Qrz eraed
= Y R
) (191°=) (SL°T~) (ZT°1-) (vz6*) (69°Z-) (16°B) (0Z'T) (€5°Z) (9€°T-) (92°T) (2T1°2) (60°B) (Tée°'~) (zZ°1) (00°T}
e €Lt Tog” 00"~ 010"~ 6L0°~ €10° SLT - voty” 820" ‘psE” S80° - TI1" vZ9*© 560" 8607~ 0z " 98"
(Ls°T)  (61°S~) (0Z°T7) {IPT") (TP°S-) (LO"6) (09°Z-) (6S°P) -(09°T-) (SI°€) (¥°1Z) - (bL°9) (BY°T-) (89°€) (L0°E~)
. PSS  9°6BT 9fL” £10° »10°~ 150°- 100° LIE"~  96T° ., Z10°- @89¢C° $0T1°- 091" 60°1 e 180°~- oOT¢" L68"-
i ® {te€ =) (8L8°-) (Sz\t1-) (p98°) (6€°Z~) (Ze°¥) (p9°2) (6Z°Z) (2Z°T-) (6T°T) (6Sp°-} (9T°P) ({zE'T-) (T1°T) (1p°2)
! Of  Z'09y 989" (00"~ s00°- 668N~ 2T0° 162~  b9T* 860" 18¢° b0 -  LZ1° 60Z°~- 196" ¥e1°-  €6l° €L°9
\ (ze6°)  (69°T-) (€€717) =) (s5°€~) (s¥°S) (988°) (LE°€) (SL°T-) (05°T) (8p-¢) . (BE°B) (8L°T-) (98°U)  (Zvl")
. Sz ¥°BET I£R° . ¥IO° 900"~ €L0°- L0OO'- 9Ib°- @ST" 600" o6b " g0 -  LST° 188" LS8 851°- 00¢° 860°
Q - - - - - - - - - - - - - - - T - -
: (to*z-) (0z6") (p1€°-) (1Z°2Z) (OLE"-) (6S5°T) (0Z°T) (L6E") (BOL'=) (BIT°-) (9LT") (69°¥) (Z£°T-) (vzz'}l  (z2o°Z)
9T L°96 §ZB® 90"~ 500" 1€0°- 0€0° 090°'- 180" sLo° 160° 0s0°-  1zZ0°'- 20" E1°1 €Ly -, Led- 10°s
) (s0°1)  (o1s°-) (8ze°-) (1v8') (vo°e-) (B2 9) (8£°¢=) (9Z°2) (BZ'Z-) (6U°1) (9-°1Z) (pZ°S) {T19L°-=) (Lb°€) 109°C~}
62 r'69T y08° oO10° L10°~ 610°- 900" T~ oSt 910"~ zbZ" - O0E°T1-" TLO° €11 ovL". Lot~ zee £0°1-
" m um 0>u Ouua Az a)u am ! an, aao ang xx nm au e x L ou,
) SNOTLIONNS LSOD DOTSNVHL - SLONAOHd ‘I¥IIYLIITIR ’
wpz IRl N <
) The— - . >
J ’ LS kS .

RILSOONT TvI0L

IYLSNHANT

RDIFHO4 TVIOL

ROIRIOI

NOIFHOd WIILO
&

s°a

JIISIWOG

AHISNANI "TYIOL -

AYISNANI
NOIZNOI TVIOL

NOIIOJ

ROIZW0d ¥3IH1O

~
D i AP e SCUSPIC BPNIL-L TPV J R

.

-

Sy Y DA DA 41785

JEY




Sen D A e AR LT

W , ‘ )
L , S b :
. s
Y .
- . N - - .
,nv ) N } -
o - N i ..\\ - i
.f — iad A hd o c A
¢ ’ i ’ '
i 06€°- G29° ZL°% O00°T $92°- ¥Z¥" 2Z€° TE1'~ TE6°~ 9bL'- 62T EZV" LT°€ 6L9° 890" €SZ’ ZLOZBE 9T199TP OT'Y 19Z° LI'E  AYISNUNI TVIOL -n
. - - - . - - - - - - - - - - - - - - - - - . - AYLSNANT
svE - §99° Z9°F LV6" SEZT~ 9PP OOE" EpI°- SE6T- 9bL - SZTT TOV" IZ°E 289" /590" E£ST° SEAGSZ L6IBBZ OT1°1 19¢° (T'E NOTAHO4 TVLOL
, £9°T- 80E" 92°C 00'T 80°T- 00Z° 125" ¥EO' 8167~ ZZL°% TET' LOV" 2S°E 159" 240" LLZ° ST900C 2ZG9TZ O1'T 192* 95°¢ vormos
: - - - - - - -l - - - - - - - z - - - - - - ROTFYOI HAIKO
” 00°T O00°T O©O°T° 00?1 699° 699 6S0° OFfE"~ OP6°— BIL — BZT” ZTLE® 06°T OL9”™ 650° TLZT" TLIB9Z 6ITL6Z OT°T T9Z*® (b°€ s°N
e . > 081 tTT* ¥8°6 PO°1 TII® vn,ns. €8G° OLO'- OL"Z~ LEL"- avﬁ.ww_\ml./hr\ow.N 829" 6507 £9Z° TGPLET PEGIPY O1I°T 19Z° 10°¢t J1LSINOA
_— ) . o - v
m ., WO W' XI0 DS M3 AR ¥ AN NI MIE W/T WX 1M WS Sis J1s D L Lo
‘W! s (SADIAMAS TYIIAVD ANV HNogvwi Jo FOTHd ADVHAAV S, AYLSOONI TVIOL FHL DNISA) WUH.BMHNN.BE‘ZU .HaﬂUHUSOZIUﬂ.F - SIONACHd TYITRLIFATH
p ~ . o . P )
. - . 14 L .
w . : . . -
q ° . Z9€*~ ¥TIY° S9°F 00T ST~ €T¥P- ¥vIC® wn.n.l 0€6°~ LYL - 9ZT" SEP" GB°€ BLO® OLO" TST™ OLTSLE 9ST99TVY LO°T EGZ" LT°F KYLSNANI TVLOL
. §5°2- S9L°- OL°6 €0°T 69°T- BOS"- £Z9° ZLE*  SE6°- 6TT°~ LET" TI¥P™ TO'E ¥99° S90° TLZ® 166Z91 99b9LT 60°1 852° 92°C R4LSNANT
’ b2E - $59° 9GP LP6' TZZ'- GbB T0E' BT~ EC6°- LBL'~ TTT° OTF* VE'E 189" 990° €ST° LSZISZ L6IBBZ BO'T S52° £LZ°f  NOIFHOJ TVIOL N,
t9°1~ BOE* 92°¢L O00°T BO"I- 00Z"" 1TZS" PEO~° grE6 "~ TZL = TET™ L9P” Nam.ﬂ 1S9; TLO™ LLZT” ST900C ZTS9T% 0T T 19Z° 95°F NOIHOA
- - - - - - - = - - - -~ - - - - - = - - - NOIZH03 ¥ANLO
a . 00°T 00°T 00'T 00T 699° 699°° 650" OFEE"- Ob6'~ BZL'- 8CT'.FLE® T6°2°0L9° 6S0° TLZ' BLLBIT GIIL6T OT°T 092° Lb'E SN
91Z° TIT' 9b'6 VYO°T Ob1' OST° LBS' TLO°- 29°2- QEL’~ 6£1° 68C° 6L°Z°9L9° Z90*' Z9Z" IPEIEY pEGTPI BO'T S5Z° T0°E orLSaNOA
= W0 WI0  NIo  IOS ANF A1d WTA AWF Taxm MIx W/ WA T/ GWS  SAS S18° o o A a L
N - * - L 5 \k - ‘ N - v
- {ancao ROVA 40 ANALNO GNV SAOTHd JNANT dOVd3AV dHL ONISH) SOTSSTHALOVHVHD TVOINOIONHOAL ~ SIONGONd TYOIMIDI3
N . . opZ. STqPL )
> . . \ " . R - 4 i . .u

U . i i



.

. - 1 e e s Ty R KT K T TS o o " .
P - . % . -
. N 4
h : _ - ) - : E
N - Y » 1
. I d . ~
4 T - N N %
. ', P ’ = ) . .
Pl - e PR
= . . ) . : i i
- - . . r . "
oL ~ Noau\ OQmu - 80" 8S°Y ~ SG°C . PPTT - PIT° I8P - G9€° 89°C ~ 98°T TIPYT -~ ITI® S6P° - SLE €98°FC - Aonn XALSNANT n<kDF. ;
- - .- - - - .- 6b1° ~ PIT" L9%P° - LSE' GE°C - 89°Z RYLSNANI
O£t - 00T° 905" - POE° EZ°F - OF°C TPT" - 80T S9b° - 9EE" 09°C - 18°C BET" - 901" 9LP" = VVE" SL°C - €6°L NDITMOS TVIOL - '
€ST" ~ TF1° €VS" = T6E" 86°C ~ SO'C , €ST° - ITL® EPS° - Z6E° B6°F - GO'F £6T° - TTIT° €0G* ~ Z6E° @6°E - SO°C NOITMOL . -
- - - - o= - - - - ROITYOd UIHIO
< N
SP1° - SOT*, BSP° - (B €¥°€ - IS°C 8¥1° - LOT*. BSY" - LBZ® GE'€ - SP°C 601" - LOT" 09p° ~ BBZ" 9E°E - 9°Z s°n ’
LET" - (B1°. €9S° - BLE" 1PV -~ 12°t 8ST" - bZYI" BEY' - L6Z° (672 -~ I2°C 951" ~ 221" 19p° - BIE" LI°C - ZH°2 J1L53W0a
W/ w/ - 1/% W/ W/ 7 w/1 W/A T/
° - N
' {INaino anv (SDIAYAS IVLIAVD OGNV unods {dno¥D HOVA . . ;

SIONId NN IOVHIAY 5, AULSNANI TVIOL

~¥1 40 3ODid 39WHIAY S,AYISOANI TYIOL

HO4 LI4LNO ONY S3IDI¥d LNINI FOVHIAY

JHL SNISN) SOILVY INdNI MOJ STIVAHEINI

JHL ONISA) SOILVH LNANI 4O STVANILNI

. GHL ONISN} SOIJAR LNANI ¥0d4 SIVANIINT

&

4ONZATINOD 356 - S1INA0Nd TYOIMIOFI

89Z°~ 19"
8sZ°- Z99°
L9° 1~ goOct"

Q0°T 00°Y
S
[ ) ¢ A

| p1s] Wio

.

JONIAIINOD 356 ~ $100a0yd TYOIHLDOIII

FIHIATIANOD 356 - SLONAONd IVOINLOTII

"WpZ eTqREL Byz st1aes I 2TqeL

9€°y 00°T 0BT~ LIP° 6ZE° LET°- ¥Z6°- 9PL°~- SIT" PLY" LO P -ZL9° GLO‘ €GZ° 60PPOZ Z2ZG9TZ OT*Y I9Z" 9G°C XEISOGNT TYIOL - .

- -~ .- - - - - - - - - - - . - - -7 - - AMLSNANY

{

9€°Y 696" PLT'-~ TGP SOC* LPT"- OE6°~ 9VL°- STI* €Sk° 9L°C LL9° OLO' €SZ° LIOL6T ZZSOTIZ OT°1 19Z° 95°f NOIDIOJ TVIOL '
9Z°L 0077 80°T- 00Z° TZS® VPEO" B26°- ZZL'- ZET' LOP° ZS°€ 1S9° ZLO' LLZ° ST900Z ZZSOTZ O1°T 19Z°.95°¢ NOIFHOS

- - - - - 7 - - - - - - - - - - - - - . - NOITMOJd HIEHLO -
00°T 00°T 639" 639" 650" OEE°~ OV6 =~ BZL'~ GTT" €£E° L6°Z 699  650° TLZ° 6VPL96T TIS9TZ OT°T 19T 95°¢ s'n

L0°8 S0°T 612" 6EL" (65" 6L0°~ VE'Z~ LEL - ZZT® OLY" VB°C b99° PLO® 292 ZOLBOZ 2Z2SOTZ OT'L 19Z° 95°¢ o1183w0d

WID IO ANT AT WIZ- AWT W MT3 W/ W/ T/N dWS DiS 1S D ] O
TINA1H0 ONV SDTHd IOdNI GOVHAAV S, XALSNANI IVIOL aiil ONISH] SOTLSTHAIOVEVHD TVOIDOIONIDIL - 51on00dd TINioFia o

- 9pZ arqer .

T N T - o T e e

m



—

e e Y S BT QRS Sy el m s

+ -
foreign firms show constant-returns to scale. They élso
differ in the elasticity of substitution between capital
and materials where in the case of domestic firms is

b . .
positive and less than one while in the case of foreign firms

I

is negative,. ~ -

As it is evident in Tables 24e and 24h there are no

.

important differences, in the input ratiEs as well as in the

¢cost of production.

Thus, in.this industry the important differences between

o

foreign and domestic firms are the scale elasticity and the

elasticities of delmand for capital services and materials.

f r
The i%plicaﬁipn of the first difference is that

'gomestic firmg will)tend'to grow faster than foreign firms

and. thus increase their share. The evidence (Table/lB) §hows
that from 1970 10 1974 the domestic control increased by
3.18. ’ 7 ,

The implipation of ‘the second difference, especially in

\ A\
the elasticity of the demand for capital, is that an

., "expansion of domestic control will be accompanied by a higher
wt, N .

L %)
level of emgﬁoyment than an expansion of foreign coBﬁrol.
N . -

9. Chemical and Chemical Products Industries

$

M

co . ‘e R, .
This industry is classified sixth in terms of size. It

represents 5.63% of‘manufacturiﬁg shiphments. It consists of.
T LY - ‘

about 1200 establishments, 52% of which are Canadian ,;1

. ! ’ : .
controlled. Measured 'in terms of total shioments, Canadian

!

control is only 18.2%. This makes this industry third in

terms of the size of foreign coﬁtrél. With respect to

[ '
¢ [ '
i
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‘industrial 5oncentration, 64.7% of industry{s shipments are

| ]
oS

. ¢ . . N )
produced by the top éight firmsfl The foreign control in

b

these top eicht firms is '90.9%. . )

€ The cost functions of both foreign and domestic group
. " # N

of firms are characterized by homogeneity. However, the

< -
degree of homogeneity is higher than one in the case of

domestic firms and not different from one in the case of

N

foreign firms. Among their main differences ié\thg

it

%

coefficient of the price of capital which is negative in the

)

case of domestic firms but not different from zero in the
ase of foreign group. Similar to the function form of the

, )
foreign group is the form of<€;e other foreign cgroup while

a

the cost function of the U.S group is different.

Comparin§ now the technological characteristics derived
'S

‘f(pm the above fun&tionS‘(Tables 25¢, 25d and 25e) we notice

—

~—

-~

hat there are a few differences between the two groups of

firms. Even)though they both have inelastic demands for

)\materials this is not true for the case of the other two

inputs. Domestic firms have an elastic demiﬂd for caéital :g\
while foreigﬁ firms have an elastic demand for labour,.

Ariother difference is in the elasticities of subséiéution.
Despite the fact that both groups show high substituéaﬁility
between labour and materials while foreign firms show no
substitutability b;tween capital and materials. On the

other hand they both have decreasing reﬁurns to scale and

similar factor intensities. The similarity of the .factor

intensities as well as the efficiency of the two groups, as

.
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measured by the cost of production, are evident in Tables

‘f

25¢ and 25h.

Within the foreign group there are also some
&

- differences. The other foreign group is very similar to

this foreign group while the U.S. group shows increasing
returns to scale, substitutabili between capital and
materials, lower substitutabilify\petWeen labour and capital
and a lower cost of production.

Thus, while the difference between foreign and domestic

-
-

firms is in the shape of their isoguants the difference

between U.S and other foreign groups is also in the position

[ 4 . .
of the isoguants. '

'From the difference in the retu;ns to scale we expect
that the‘sharé of U.S control may increase. The existing
evidence (TabLle 13) shows that from 1970 to 1974 the U.S
control increased, however, by a small percentage of 0.3%.

%hé diFferences in the input demand elasticities
suggest that, given the downward rigidiﬁy of tn¢ ingaﬁ
prices, a possible expansion of the domestic control will
bring mor¢ employment than .an expansion in the foreign
control. However, the expansion of foreign control will
brigg a higher level of efficiency in the industry. ﬁhis is

true only for U.S firms.

-
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. CHAPTER IX
SUMMARY RESULTS AND CONCLUSION
. In this chapter we summarize the results of the previous
B
chapter and present the conclusions and policy implications
derived frog them. Also the results of this study -are
~ compared with%the results of other studies that have examined
the technological characteristics of Canadian manufacturing.
Concerning the form of the cost function, the idea of
obtaining more flexible forms as a characterization of
technology in Canadian manufacturing has been justified to a
great extent from our résults. Looking at the results of ,
domestic, U.S, other foreign and foreign groups of firms
(Table 26) we notice that even though the full transiog form
b .
THE FORM OF THE COST FUNCTION BY
RY AND BY COUNTRY QF CONTR L'
) e
. Industry Domestic U.s Other Foreign Foreign
"l. Food and Beverage - 6d] CDh CD
2. Wood* CD CD-CRTS
3. Paper Ih
4. Primary Metal CcD
‘1 5. Metal Fabricating cb ’
. | 6. Transportation
Equipment
7. Electrical Progducts| CD-CRTS 3
8. Chemicals ’

Note: CD = Cobb-Douglas
CRTS = Constant Returns to Scale '

z -
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has not been‘éccepted in any case, more flexible than the

s

usual popular forms qannot be rej;cted. I? twenty-six cost
fﬁ;;tidhs the Cobb-Douglas form cannot be fej@cted in nine
céses. The rest'of‘the seventeen show more flexibility.
With respect to technological characteristics, the
actual capital-labour ratio is higher in the foreign firms
in the majority of the induQZries. If, however, we isélaté
~ the effects of differences iA the input érices and in the
:scale of préduqtion, we notice that the cépital—lagor ratio
is signifiﬂi:tly different in only two industries (Food and
Beverages and in Primary Metals). Also, for the few cases
«&\Ehat we have results} U.S firms and other foreign firms show
similar input ratios in the majority of the cases.
The evidence that we have and which i§ presented in o
Chapter II that foreign firms, in general, pay higher
' wages and are much larger -than domestic firms, confirms our
conclusion that foreign firms actually employ more capital ’

intensive techniques, not because they have more capital

intensive technologies, but due to differences in input

.

¢

prices, more specifically in the price of labour and in the

scale of production. " \

v

" Concerning the demands for factors of production we
notice that in most of the cases we have inelastic input
demands. In the case of demaq@ for labour we notice (Table
27). that in two industries foreign groups show elasticities

‘higher than one and ih one case domestic firms show

eldsticity higher than.one. We also notice that in the

o -

s

B T s T N RV S

—

P




Thus4 in general the expansion of foreign

ﬁéribus bring a lower level of employment

expansion of domestic control.

labour demand, which is lower’ in the case

Also,

majority of the cases domestic firms have

the

- T — s 2
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lower elasticities.

control will ceteris

than a similar

inelagﬁicity of

of domestic groups,

" implies that larée changes in wage rates will be necessary to

induce increases in the quantity of labour demand sufficient

to reduce unemployment.

Since wages are flexible, perhaps

only in an upward direction, inelastic demands could help to

retain the existing level of unemployment.

ELASTICITIES OF DEMAND FOR LABQUR BY

Table 27

INDUSTRY AND BY COUNTRY OF CONTROL

Industry meestic U.Ss Other Foreign Foreign
1. Food and Beverage -2.23 - .824 - .810 - .819
2. Wood - .729 - .711 - - .8B46 .
3. Paper - .775 -1.19 - .760 - .871
4. Primary Metal - .790 - - T, = 156
5. Mgtal Fabricating - .660 - .698 s .727 - 711
6. Transportation . 305 - - - .650
Equipment
7. Electrical Products - 737 - .728 - - .722
Chemicals - .795 -1.18 -1.36 + -1.08

The partial elasticities of substitution show an

elasticity of one or ‘close to one in most of the cases (Table

28). In the remaining cases we have elasticities higher than

one and very few cases where the elasticity is less than or

equal to zero.

[
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'fhis substitutability among all inputs‘suggesté that the
fesulté are related mostlyvto the long run whicg'meanslthat -
the cross sectioh part of our data may have had a greater
effect o r results than the time-series part. This is
someéﬂ:;:—Z:::?:;rzkpected since the time-series part consists
of the years 1969, 1970, 1972 and 1974. Most of the variation
in our dat; comes from the croséisection changes.

Fiﬁally, concerning returns to scale, we nosice that in
five out of the eight industries foreign firms have higher
returns to scale (Table 29). 1In the same vein foreign firms
show a lower cost of production. Even though there are
cases with increasing returns to scale those are not very

H&Qh. Most of the cost elasticities are very close to one.

/
Industry- Domestic 'U.s Other Foreign Foreign
1. 'Food and Beverage 1.00 1.07  1.08 1.05
2. Wood .98 1.04 - 1.02
3. Paper .96 .89 .96 .96
4, Primary Metal .98"° - - 1.06
5. Metal Fabricating 1.01 1.03 1.08 1.03 b
6. |Transportation 1.08 - -, . 1.04
Equipment ’
7. Electrical Products 1.04  1.00 - 1.00
8. Chemicals .96 1.13 .95 .993

* . e .
Care must be taken in interpreting differences in the scale

.elasticities between foreign and domestic firms. Although there is

some systematic pattern, the differences are so small that policy
conclusions must be carefully drawn. \
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From all the above we can conclude ‘that even though
there are differé%ces between foreign and domestic firms,
arising in the industry by industry analysis, they are not
systematic so that they can be generalizgd for'thebwﬁole ’
manufacturind.‘ The only thing that i; clear from this study
is that foEe%qn firms actually émp]oy more capital intensive
techniques mostly due to higher price of lébour that they

) v

pay and to differences in the scale of production and much -
less due to diffefeqces in technology.

There have been several studies in the past that
attempted to estimate the technological characteristics in 7
Canadian manufacturing industfies, without, howeve;,

S

. S . . 6
separating foreign and domestic firms. Three of them 8 have
i

- t
attempted this estimation for every two-digit manufacturing.

- industry. The common characteristic of these ? ies is

that they estimated elqsticitfes of substitution betweéan
capital and’labour and scale elasticiti;syusing a CES
production function. However, they differ in the estim%tion
. '
proced&re and'in'the data base. Tsurumi and Corbo and
Peeters;én agree that there is strong evidence for increasing
returns to scale, especially in the high technology
industries. They differ in the elasticities of substftution.
Tsurumi found elasticities of sﬁbstitution lower than one ip
the majority of industries and inithat agrees with Kotowitz.
On the other hand Corbo aﬁd Peeterssen found that there are

industries with elasticities of substitution higher than one

and also hiéher than ‘two in a few cases.

-
»
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. e
Comparing these results with ours we thice that even
g

though we agree with findings that show elasticities of

L

substitution close to one or higher than one in some cases,

we disagree that there is strong evidence for strong
EY

increasing returns to scale.

There are also two studies where technological

aﬁ?‘v

characferistics have been estimated using more flexible than
the CES forms for the whole of manhfacturiné and not for
individual indust}ies. ? ¥
ioodland®® used a generalized Leontief cost function and
data for the period 1946-69, while Denny and May70 used a
translog cost function and data for the period 1950-70. They
both agree that there is an inelastic demand for labour.
However, they differ in the magnitude of the elasticity.
In the‘second study. the elasticity is higher. Our result in
that respect agrees mostly with the secénd study. ‘h.
Both of the above studies found'£hat there is .

substitutability between capital and labour y}th elaéticity
lower than one. This differs from oﬁr iesulté where in most
6§‘the cases we have elasticities very close to énd often
higher than one. This is something that one might expect

since cross section studies are usually more close to long

run results than time series. ¢
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. APPENDIX A
CAPITAL STOCK FIGURES AT &HE THREE-DIGIT )
LEVEL FOR THE MANUFACTURING SECTOR
In this section we present the technique that was used

by Statistics Canada71 to derive the capital stock figures at
the three-digit level for the manufacturing sector. This
procedure is presented at the bfginning of the éocumen£
which, as was said before, is an unpublished document ahd

the data are_experimental.

This measurement procedure underlying the capital stock
estimatés is.a modified version of theK%Perpetual Inventory"”
method. Briefly, this methqd'involves the derivat}on of a
firm estimate of an initial capital stock by industry within
each provfnce, and accumflation over the fallowing years of
investment expenditures whicﬁ'together with the initial
estimate give the capital stock in any given year.

The basic ingredients required are:

(a) 1Initial capital stock estimates by industry and province;

(b) Annual investment series in current doilérs by industry
and category of expenditure; ‘

(c) . Prige deflators relating to the investment series;

(d) Estimates of average economic lives of the assets used

‘ in the various industriés. k 3@

As an aid to understanding the mechanics of this method,
an illustration of the computiAZ procé;s is given. Assume

that the capital assets in a particular industry reqﬁin in

production 10 years befote the& are retired. We start with

~
5

] e
&

B ¥
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a firm capital stock estimate and add to it, adjusting for
prices, the annual investment expenditures pertaining to

the types .of assets considered in the estimation, while
discarding graduélly in equal annual amounts the initial iy
stock over the life of tk}e asset. For each year a measure of

the gross stock of this industry's capital asset -is obtained.

investment expenditures of the first year while the
o o

Durchases of capital .assets of the new year are added. We

-proceed in the same manner for all subseguent years.

In the "Gross Capital Stocks" capital assets are .

included at their full value during the entire time they

n

remain in the capital stock. In other words, the deductiogus
. l
from gross investment are due to the fact that the assets |

question have ceased to exist.  An alternative set af

measures of capital stocks is derived by adjusting the value

. , i )
of the assets in existence for the wear and tear and "
‘o

\
\

r

obsolescence they underéo during their service life. These
estj:mates are known as "Net Cadkital Stocks™. Calcu‘lations
of net capital stocks are mad‘e by‘applyihg a straight line
depreciation férmula.toﬁhe gros's stock estimates.

The technique for th.e estimation 'of the initial stock
was, to a certain extent, dictated by data constraints. No
provincial capital stocks by industry axe available in any
for;n. The approach, therefore., was to start with the
national level of industrial activities aﬁd assume a

production relationship of the Cobb-Douglas form between

'
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shipmén\ts {output) and factor inp'uts {labour, capital) within

each major manufacturing group. A set of regression

coefficients was derived using time series data by a major

group for the period 1946-69. Provincial data on employment‘ '!

?nd shipoment's by industry cla'%sified according to the 1948
Standard Industrial Classification (SIC) were reworked and
adjusted to conform to the 1970 SIC. Assuming that each
province has access to the same technology, capital stocks by
industry were derived by applying the regression coefficiehts

to the provincial data on employment and shipments and
\

solving for capital stocks.

N

Briefly, for each major manufacturing group at the total

Canada level a production relationship was estimated of the

form:
y=c1®k® | , . (1)
where ¥ = shipments
L = Labm;r input ’ \
K = Capital stock
¢ = A constant ‘ 4
a,b =

Coefficients of elasticity of shipments with respect

|

to labour’ and capital respectively.
An inverted version of equation (1) was used for each
industry at the three-digit level within each province'in

order to derive the capital stock. This version is as

fpllows:

'

K = (c-l y L—a)l/b .

-

i

i sl
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where K = Provincial capital stock by industry ! T
Y = Provincial shipments by industryJ
' L = Provincial employment data b$/ industry ‘ - S
¢ = The constant from equation (1)
a,b = The coefficients from equation (1) S i

v

Eguation (1) was estimated by means of a gener;aliized
least-squares technique. -In pursuing this approach n_t was
thought that it will be able to circumvent the dependence L o
bétween successive values of the stochastic term in each

ind\istr&. The twenty production functions, one for éach: TR

s
-

major group, were estimated simultaneously viewed formally . ;
. N v ’

as a single equation regression.
Gross provincial investment expenditurges w;re obtained
by" processing a considerable amount of historical détaé. _ The : i
data from the annual records of capital and repair
expenditures of the pri\./ate and public investment survey were
assempled reworked and rearranged on the basis of the{ 1970

SIC for the périod 1947-71. The categories of expenditure

used in the estimation are:. construction, and machinery and
equipment (.including capital items charcjed to operating '
expenses) .

' These expenditures were deflatéd by the respactive
deflators used in the national stocks sexies. For the
estimates of the average economi¢ lives the study relied on
the information u{sed in the national series.

t s

The derivation of the three-~digit national series in

the manufacturing sector was done by a simple aggregation

of the provincial data. ' <
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APPENDIX B

. Dérivation of the Cost Function

1 The cost minimization problem is given by
\ s

minimize C = wL + YK + WM

subject to £(L,K,M) = Q0
For the solution of this problem we form the Lagrangian
; function:

oe= . wL'+' rK + vM + 3 (Q0~ - f(L,K,M))

1

»

148

(1)
(2)

-

(3)

The first order conditions for an interior solution are

giveh by:

&

L}

e -

fM =\_a_,£_
< A J

where ft. =

5

The second order conditions require that the

matrix is positive definite.

r:i’::.z. [LK ,,[LM
‘ Jxkr fx  frw
:H ,.- fML IMK jMM
b be S

fL, -

. )

Jrs
fo
Ji

\:'
(4) :
5(5)( i
i
(6) "
(7) .
B
following 1
-fK
_fM s
0




The matrix H is positive definite if all the
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determinants of the -successive principal minors are negative,

that is
-if -f
©[Hy| = MM Mo -(f;) * which is always negative
1= fy 0 .
Mg “Apm Tk R I
i} g - _ L
R 0 £, Ty O
T TAfpg afgy oy frr frx fv
- -— - - ]
. Mg TAfgg “afgy fy Fix fxx fxm fx
5] - -rf -\ f af,,  ~f T e £ £ £
M KM MM M IM "KM MM M
.0
- £ - £ - £, 0 £, £ £, 0

Since A is the change in the value of the objective

function per unit change in the constraint, that is the
marginal cost, which is always positive, the second order

Al

condjf&%Qns can be written as .
frx fxw i o £ fix fLM ful
. }KQ. fMM. tu| > 0 ) fix fxx fxm Tk
N £x ﬁﬁ 0 fLM f;M fMM fM <0
S
which is equimalent\io the s{rict'gﬁasi—concavity of the
' ¢

Q
>

(25 <0
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production function. Thus for an interior solution the
production function has to be at least strictly quasi-concave.

\ The strict quasi-concavity of the production function
" )

- guarantees also that if we want to solve the system of

equations. (4), (5), (6) and (7) for L, K, M and ) this
solution exists. The requirement for the solution to exist
is [H| # 0. Solving those eqﬁafidns we obtain

| o

L «L*(w, r, v, QO) demand for labor services (8)

‘ K = K*¥(w, r, Q, Qo) demand for capital services M(Q)
- M=Mw, r, v, Qo) demand for raw materials " (10)

" Vk‘x = A*(w, x, v,oQO) marginal cost function (11)

b
Substituting L*, K*, M*.in the cost equation we obtain 4
the cost function C = g(w, r, v, Qo).

2. Properties of the Cost Function

Shep&ard's iemma
Vo 0 - 0 0
C = glw, r, v, Q) = wlh*(w, r, v, Q) + rR*(wr7/r, v, Q)

+ VM*(w, r, v, QO)

v o8C | &* ﬂ(.* amM*
~ L* +w 3271: rw t rr .
-~ S -
3G | e aL* 3R* ., AM*
, W L* + AfL w + AfK ™ + fo W ; -
3C > 5L oK aM* °
=« L* = £ <=
2 ™ + }(fL 3 * v Yo )
‘ .
0
g-_é_ - * a—.Q_ - ¢
. . 3w L¥ 42 W
7 . o A
since %%R.- 0 then — = L¥* N
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Y
This is true for‘every input price ; \\
| - . f
g% f ﬁ*iw, r, v, bo), %%::K*(w, r, v, QO), %% =M*(w, r, v, Qo);
The quasi-concavity of the prodﬁqtion function also implies
that the above demand curves are negatively sloped.
Homogeneity of the Cost Function with Respect to Factor
?rices ‘
Assume that each input price is multiplied by t, then
the cost minimization problem takes the form o | D
W§p
Minimize C = ﬁgw)L + (tr)K + (tv)M
Subjecp to f(L, K, M) = QO C
First order conditions:
] o ) )
tw = AfL . ’ ‘ , .
tr = fo 7
tv = fo

£(L, K, M) = Q

The first three conditions can also be written as’

tw w _ L

. v v .fK, v
kr _r 'k *
tv v fM

° .o ‘ : : c
Thus, there is no effect on the demand functions for inputs.

, .

The demand- functions are homogeneous-of degree zero in factor.

prices. The cost function then becomes )
»
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S f“f_,’/.
. C' o= (tw)L* + (Lr)R* {\(,‘tvm*

A\
( t(wL* + rK* + vM*) \

¥ 4
+ EC } ’ R '
) ) | | |
Thus, the cost function'is homogen4ous of degree one in factor
. ) \
prices. : ] 3

-

. Degree qk Homogeneity of the Production Function

If the production is hdmogéhéous of some degree k > 0, by

v

Euler's theorem

fLL+fn'K+fMM=kQ'
. “
or fo L+ fo K + AfM M= kQ ; ™,

g

At the optiﬁum point AfL = W AfK =r ., =V

M
and W L* + r K* + v M* = 3*k Q

C =%k Q

where

, c/Q_ _ AC ;
thus k = 3G/50 - MC

P )
Thus, the degree of homogepeity of the production function is

given by AC/MC.

-

Relations Between Elasticities of Substituﬁion andL;nDut

DemadH\Elasticities A // /'
3¢ : 0o, ~
From Shephard's. lemma Cw == . I*(w; r, v, Q)
. - '
N Sy |
al* | 2’ - C
X ©IW 3r wr o, *
- r. 4
et \
?—-E* £ - C £ " . '
ir L' “wr L .

Ty

PO

L

2
Ay
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L]
4"'
/ Q
g E. = r K C (¢ £,IK *
Lx wr L K C wr KL C
er Cc
E = 1 S
Lr Cr Cw K .
Uzawa72

L

has showed that er C/CW‘Cr = O where o1k is
the elasticity of substitution between labour and capital.

Thus, ELR“’ OLK SK
This result can also be generalized to other factors of

Bproduction.

¥

Well-Behavedness of th® Cost Function

One of the main condiqions that the cost function must

satisfy in order to be the dual of some real unique

k‘. . production func;ion,‘is the concavity ip factor prices. The

cost function is concave if the following Hessian matrix is

negative semidefinite at each data point.

.
CWW er CWV

H = er Cr; CI.‘V

where C = aC
Wwr 8w or

; , ¢
va Crv vah . 4

Concaviéy of the cost functiop requires that the
£61lowing conditions are satisfied: >

Y

< ¢ <
Cor 0 Crr 40 va 0

3
- N o
\M
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property of homogeneity of degree zero in facto

demand for inputs

we have

+ C v=20

wv

o

This implies that |H| = 0 and thus the cost function

\
l
\

cannot be strongly concave but only a weakly concave function®
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not as dependent on the functional form. Thus, {in a case
that some hypothesis is rejected, the possibility that
it is the functional form that should be rejected is
smaller. :
This form assumes symmetry.
B.H. Hall and R.E. Hall, "Time %eries Processor + Users

Manual (Version 3.4)", Adapted to C.D.C. by J.A.!| Breslaw,
Concordia University, (June 1980), p. 44.

. » N 3 «
The three first terms in each expression are enough to
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L(constrained)
® L{unconstrained) ) -

and - 2 asymptotically
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