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R&sumé

Le principal objectif de la présente étude consistait 3
trouver, pour des industries particuliéres des secteurs
manufacturier, minier et des transports, les causes des
changements, sur une période de temps donnée, dans les
proportions de chaque facteur de production qui y sont utilisés.
R cette fin, nous avons estimé& quatre &quations des parts
relatives des facteurs (le capital, le travail, 1l'énergie et les
matidres industrielles) selon l'approche de la fonction frontiére
de prix "translog" introduite par Christensen, Jorgensen et Lau.
Pour chaque industrie, nous avons évalué les diverses &quations

des parts relatives des facteurs en supposant la présence, et

1'absence, d'homothétie.

Voici quelques-uns des résultats les plus importants de

1'&tude :

L Pour chacune des 36 industries &tudiées, la supposition
d'homothétie a été rejetée, ce qui donne a penser que
les proportions des facteurs sont influencés par le

niveau de production, indépendamment des prix.

(.}




Dans la plupart des industries, une augmentation de la
croissance de la production réduit la proportion des
facteurs de production primaires (notamment celle du
travail) et accroit la proportion de facteurs
intermédiaires. Le contraire est vrai lorsque la

croissance de la production est au ralenti.

Dans la plupart des industries, les élasticité@s des
prix de chaque facteur sont inférieures & l'unité, sauf
dans le cas du capital. En outre, les &lasticités des

prix de l'énergie et des matiéres industrielles sont

assez peu &levées.

Pour les cing industries agrégées (l'ensemble de
l'industrie manufacturidre, la fabrication de biens
durables, le secteur des biens non durablés,
l'industrie miniére et les transports), nos résultats
laissent supposer que l'énergie et le capital sont des
substituts. Méme dans le cas des industries
manufacturiéres 3 coefficient &levé d'énergie,
1'élasticité de substitution entre l'énergie et le
capital n'est négative et significative

(complémentarité&) que dans 1l'industrie chimique.

Pour l'ensemble de l'industrie manufacturidre, la

croissance de la productivité du travail est tombée de

(11)



4 % pour la période de 1967-1973, a 1,35 % pour les
années 1974-1976. Selon notre simulation, 60 % de ce
fléchissement serait imputable aux changements dans les
prix relatifs des facteurs, et 40 % aux modifications

dans la croissance de la production.

{ Lad)




ABSTRACT

The primary objective of this study is to analyze
the causes of variation in factor intensities over time,
for individual manufacturing, mining, and transportation
industries. For this purpose, we have estimated the four
factor share equations (capital, labour, energy, and
materials) based on translog price possibility frontier
approach introduced by Christensen, Jorgensen, and Lau. For
each industry, we have estimated the.factor share equations

with and without the assumption of homotheticity.

The following are some of the important findings

of the present study:

l. For all the 36 industries studied, the assumption of
homotheticity is rejected. This implies that factor
proportions are affected by output level, independent of

factor prices.

2. In most of the industries, an increase in output growth
reduces the share of primary inputs (mainly labour) and
increases the share of intermediate inputs, and the opposite

is true in the case of reduced output growth.

(iv)




3. In most of the cases, with the exception of capital, all
the own-price elasticities are below unity. Moreover, the

energy and material price elasticities are quite small.

4, For all the five aggregate industries (total
manufacturing, durables and nondurables manufacturing, mining,
and transportation industries) our results imply that energy
and capital are substitutes. Even in the case of energy
intensive manufacturing industries, only for the chemicals
and chemical products industry, the substitution elasticity
between energy and capital is negative and significant

(complementarity) .

5. For the total manufacturing industry, labour produc-
tivity growth has declined from 4 per cent for 1967-73 to
1.35 per cent for 1974-76. Our simulation results suggest
that changes in relative factor prices and output growth
account for 60 per cent and 40 per cent of this decline

respectively.

(v)
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I Introduction

Productivity performance is perhaps the best
single indicator of an economy's vitality. Productivity
analysis, through its implications for unit costs, prices,
and standard of living, is a potentially rich source of
insight into the underlying causes of the economic
conditions facing the industrial world today. In the
post-1973 period, the productivity growth of all industrial
nations has reduced dramatically. This in turn has created
a considerable degree of anxiety about the causes of

productivity slowdown in the post-1973 period.

In Canada, the aggregate labour productivity
growth has declined from an annual rate of 3.10 per cent for
the period 1957-73 to a mere 0.40% for the post-oil embargo
period 1974-78. 1In 1979, labour productivity has actually
declined by 1% and the prospects of 1980 are even grimmer.
This disastrous performance of labour productivity has
created an upsurge of interest in the measurement and
analysis of labour productivity in the last couple of

years.l

In Discussion Paper No. 134, Rao (1979) has analysed
the sources of labour productivity growth by industrial sector

for the subperiods 1957-66,1967-73, and 1974-76. Using




gross output data, productivity equations based on KLEM
production functions were estimated for 35 industrial
sectors (22 manufacturing, 4 mining, and 9 nonmanufacturing
industries). Using the parameters of these productivity
equations, the causes of post-1973 productivity slowdown in
each industrial sector were analysed. The following were

some of the important findings of Rao (1979)'s study:

l. In every industry (with the exception of
commercial and personal services) the estimate of total
factor productivity growth (based on gross output) is
smaller than the value added productivity given in Rao
(1978) and this bias is serious in industries with large

material content.

2. Estimated residuals of productivity equations
were fairly random in the 1970's-- in none of the equations
was the productivity dummy used. Thus, the results implied
no structural break in total factor productivity in the

post- 1973 period.

3. In all manufacturing industries (with the

exception of nonauto transportation equipment) at least 50%

of the labour productivity growth is due to material
deepening (growth of material-labour ratio). However, its

share varies considerably across industries. Capital-labour




ratio growth has contributed about 10% of the labour
productivity growth. About 35% of labour productivity
growth for the manufacturing industry as a whole has come

from total factor productivity growth.

4. For the subperiod 1974-76, manufacturing
industry's labour productivity has declined from 4.0% for
1966-73 to a mere 1.35% for the period 1974-76. Most of
this productivity slowdown is explained in terms of lower
growth rates of material-labour ratio and lower levels of

capacity utilization.

5. With the exception of finance, insurance and real
estate, all of the nonmanufacturing industries have
experienced considerable productivity slowdown during the
post-1973 period. However, for all the industries, the
estimated productivity growth pattern is quite similar to
the actual productivity growth, implying no productivity
break down in the 1970's. Lower rates of accumulation of
both capital and material inputs in relation to labour input
and lower levels of capacity utilization explain most of the

productivity slowdown.

In summary, the results of Discussion Paper
No. 134 imply no structural break in total factor

productivity (with the exception of cyclical factors), and



most of the productivity slowdown is caused by reductions in

the rate of growth of materials and capital inputs in

relation to labour input and lower levels of capacity

utilization. The next interesting question to answer is .
what are the causes of slowdown in the rate of growth of
materials-labour ratio and capital-labour ratio. Alter-

natively, what are the factors behind the substitution of

labour for capital, materials and energy?

The objective of the present paper is to analyse
the causes of variations in factor intensities over time for
the 22 manufacturing, 4 mining and 5 transportation
industries. For this purpose, we estimate the four factor
proportions (in current dollars) equations based on the
translog price possibility frontier approach of Hudson and
Jorgenson (1974), Berndt and Christensen (1973), Morney and
Toevs (1977) and others. For each industry, we estimate the
factor share equations both with and without the assumption
of homothecity. Homothecity ensures that output level per
se would not affect the relative shares in the long-run. 1In
contrast, in the nonhomothetic case, the relative shares
depend on both factor prices and output. In this instance, E
pure scale changes would alter relative marginal products
and thus affect factor proportions and relative shares

independent of factor prices.




This approach would enable us to investigate the
role of relative factor prices and output growth in the
slowdown of material-labour and capital-labour ratio growth
in each industry for the post-1973 period. This would also
enable us to investigate the substitutability or comple-
mentarity relation among the four factors of production
(capital, labour, energy and materials) in each industry.
We could test for the significance of substitution and
complementarity relations among the factors of production.
If there is no substitution between intermediate inputs
(materials and energy) and the primary inputs (capital and
labour), factor proportions based on gross output cannot be
explained by variations in relative prices. This
information about the substitution of elasticities between
intermediate inputs and the primary inputs would shed light
on the appropriate output measure to be used in the
productivity analysis in each industry. Finally, the
results of this study would enable us to make predictions
about the long-run prospects for productivity performance
for each industrial sector under alternative assumptions

about relative factor prices and output growth.

The plan of the paper is as follows:

Section II gives a nontechnical overview of

relative factor prices, output growth and productivity



growth in Canada by industry for the subperiod 1957-66,

1967-73 and 1974-76.

In Section III, we will discuss in detail the
theoretical basis of the factor share equations based on
translog price possibility frontier approach. For each
industry, we derive the factor share equations with and

without the assumption of homotheticity.

Section 1V is devoted to the discussion of
empirical results of two models (homotheticity and

hetrotheticity) by industry.

In Section V the important findings of the study
are summarized. We will also discuss the implications of

our results for the labour productivity growth in the

1980 s,




II International Comparisons and an Overview of Factor
Prices, Output and Labour Productivity Growth and Energy
Intensity

In this section we will present an overview of
developments in factor prices, output and labour
productivity growth over the last two decades for the
22 manufacturing, 4 mining and 5 transportation industries
making extensive use of graphical and tabular analysis. We
will discuss the energy consumption and energy intensities
for these industries. This nontechnical overview will
provide insights into the interrelationships between output
growth, factor prices and labour productivity growth and
offer some nontechnical explanations for the post-1973
productivity slowdown. The information about total energy
consumption and energy intensity will give a good idea about
the industries which we have to concentrate on in analysing
the important energy related questions -- energy
conservation and the relations between energy and other

inputs in production process.

Manufacturing Industries

Table 1 and Charts 1 to 3 provide the developments
in factor prices for the period 1957-76, for manufacturing

industries. As seen from Table 1 for both durable and



Table 1

Average Annual Percent Change in Factor Prices - 1957-76

i 1957-66 | 1967-73 f 1974-76
1 == i Wenlt
Industry ' ® ] 1
E P, Px Py Pp i P P P P E PL Px Pu P
] i i
1 i ]
: : |
i 1 1
: ] ]
Manufacturing | : :
- Total : B KB e 0 =l ST : 2 'Se2l 3kS 3k 14.2 18.4 12.7 23.2
i | |
Huradilas | 3.8 4.6 1.2 -1.6 | 8.0 4.9 3.5 2.6 i 12.4 19.1 11.0 22.8
! i
]
Nondurables | 4.0 4.7 0.9 =1.9 | 7.8 5.4 3.6 3.3 | 14.5 17.8 14.3 23.5
| s |
Mining ! 5.7 3.6 1.6 0.2 111.2 7.0 4.8 5.0 | 15.6 15.0 30.5 19.5
; | =
Transportation] 4.8 4.5 1.6 0.2 | 7.4 7.8 4.3 4.5 E 16.4 17,3321 30.5
| i |
1 ] f
1 1. 4

* Price of energy and material inputs for mining and

is only for the period 1961-66.

transportation industries
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nondurable manufacturing industries the acceleration price
of capital energy, and material inputs in relation to labour
input has increased dramatically in the post-oil embargo
period. During the period 1957-66, nominal wage rate has
increased at an annual rate of 4% for both durable and
nondurable manufacturing industries. In the same period,
price of capital (user cost of capital) has increased at an
annual rate of 5%. However, the increases in the price of

material and energy inputs are very small.

As a matter of fact, energy input prices have
declined by about 2% per annum. As pointed out in
Discussion Paper No. 134, the share of material inputs for
the manufacturing industry is around 65%. As seen from
Table 1, material prices for the period 1957-66 have
increased by a mere 1% per annum. In summary, all things
remaining constant, we expect that these increases in
relative prices will induce enterpreneurs to substitute

intermediate inputs (materials and energy) for the primary

inputs (labour and capital).

The relative increases in factor prices for the
period 1967-73 are quite similar to the experience of

1957-66 ~-- the relative increase in the price of labour is
much bigger than the increase in the price of other inputs.
Labour input price has increased at an annual rate of 8%.

In contrast, material and energy input prices have increased
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only by 3% per annum, and the capital price has increased by
about 5% per annum. In this period too, there is an
incentive for the producers to substitute intermediate

inputs (materials and energy) and capital for the labour

input.

The experience of 1974-76 is dramatically
different from the relative price developments of the
earlier periods. In this period, all four input prices have
increased considerably, and the increases in price of labour
are smaller than the increases in the other input prices.
During this period, price of labour has increased at an
annual rate of 14%. In the same period the price of
capital, materials, and energy inputs have increased by
18%,13% and 23% respectively. Contrary to the experience of
earlier periods, in the post-1973 period labour has become a
cheap factor of production relative to other inputs. This
8 tugn would induce entrepreneurs to substitute labour for
other inputs in production process, resulting in lowered

labour productivity growth.

Tables 2 and 3 summarize the developments in
output and labour productivity growth for the 22
manufacturing industries cover the last two decades. With
the exception of a few manufacturing industries, both the

output and labour productivity growth rates have declined




- 14 -

Table 2

Average Annual Percent Growth in Gross Output
(Manufacturing Industry)

Industry 1957-86 1967-73 1974-76
Total Mfg 4,82 5.59 1.48
Durables 5.32 6.32 Ul 15t
Wood 3.97 DX’ S
Furniture & Fixtures 4,58 5.20 -]1.51
Iron & Steel 4.64 4.86 -0.81
Nonferrous Metals Do I 3.08 -2.48
Metal Fabricating 4.21 3.18 1997
Machinery (ex

elec. mach) 6.80 5.84 4.05
Nonauto Trsp Bquip 1.47 1.00 -2.47
Motor Vehicle Ind. '
(ex. Parts & Acc.) 9.88 14.44 5.46
Motor Vehicle Parts

& Acc. 8.45 11.94 -0.15
Electrical Prod. Siaig! SiH21. -0.37
Nonmetallic Mineral

Prod. 4,02 3.99 0.38
Nondurables 4.40 4.90 1.45
Food & Beverages 3.68 Tl 2.28
Tobacco Products 3.78 2.59 4.69
Rubber & Plastic 8.99 10.40 1.63
Leather LS5 0.63 2,34
Textiles 6.22 8.96 -1.65
Knitting & Clothing 4,29 5.19 ' 1.42
Paper & Allied Prod. 3.97 4.41 0.68
Printing & Publishing 3.84 4,47 3.22
Petroleum & Coal Prod. 5.00 6.56 0.27
Chemicals & Chem. Prod. 6.04 4 6.43 1.31
Misc. Mfgqg. 4,87 5.07 3.22

Source: Based on the data from Statistics Canadda (Industry Product Division)
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Table 3

Average Annual Percentage Rate of Growth of Labour Productivity -
Manufacturing Industries

1957-66 1967-73 1974-76

Total Manufacturing 2,863 3.996 14352

Total Durables n 791 4.221 1,818
Wood 2.406 o 3.032
Furniture & Fixtures 2.626 2.847 422
Iron & Steel 4,224 3.190 =l. 623
Nonferrous Metal 4.769 1.524 -,983
Metal Fabricating 2.863 2.366 1.370
Machinery (except electrical

machinery) 4.320 3.627 3.698
Nonauto Transportation Equipment 3.425 2515 s 37
Motor Vehicles (except Parts &

(Accessories) 3.806 7.666 3.962
Motor Vehicles Parts & Access. 4.284 6.567 <] «430
Electrical Products =188 3.850 olk 16
Nonmetallic Mineral Products 2+142 3.437 .682

Total Nondurables 3.234 3.803 .893
Food & Beverages 2.410 4128 1.603
Tobacco Products 84033 4.275 5.202
Rubber & Plastic 7.202 5.688 2.914
Leather 1,697 2,393 4.292
Textiles 5.915 6.567 2,789
Knitting & Clothing 3.016 4.474 2.444
Paper & Allied Industries 3:347 3.474 -2,679
Printing, Publishing 1.588 2.848 1.005
Petroleum & Coal Products 6.132 5.406 -3.111
Chemicals & Chemical Products 5.076 5.649 -1.944
Miscellaneous Manufacturing .957 2,580 2.570

Source Based on data from Statistics Canada.
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considerably in all the manufacturing industries during the
post-1973 period. Total output growth of the manufacturing
industry has declined from an annual rate of 4% for the
1967-73 period to 1.41% per annum. An industry by industry
analysis of output and labour productivity growth for the
period 1966-73 and 1974 strongly suggests a positive
relationship between output growth and labour productivity
growth -- industries that have experienced considerable
decline in productivity growth have also experienced
dramatic reductions in output growth, i.e., iron and steel,
nonferrous metals, electrical products, paper and allied
products, petroleum and coal products, et cetera.
Similarly, the industries for which the output growth has
remained constant or increased did not experience any
productivity slowdown, i.e., wood industries, machinery and

equipment, tobacco products and leather products.

In summary, the developments in output and labour
productivity growth for the last two decades strongly
suggest that the lower output growth rates might have been
partly responsible for the productivity slowdown in the
post-1973 period. The results of Discussion Paper No. 134
did not reject the hypothesis of constant returns to scale
for the manufacturing industries. This result in turn
suggests that the output growth might affect labour

productivity growth by changing the factor proportions. As
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pointed out earlier, nonhomotheticity will imply that output
level per se would change factor proportions independent of
factor prices. In Section III, we specify the factor share
equations both with and without the assumption of
homotheticity. The empirical results presented in Section
IV strongly support the hypotheses of nonhomotheticity for

all the manufacturing industries.

In Table 4, energy consumption in current dollars
and energy intensity are recorded for all the 22
manufacturing industries for the year 1976. As seen from
the table, nondurable manufacturing industries account for

60% of the total energy consumption in the manufacturing

industry.

Energy intensity? varies considerably across
the manufacturing industries -- from as low as 0.3% for
motor vehicle industries to as high as 6.8% for the non-
metallic mineral products. The following six manufacturing
industries account for about 75% of total energy consumption
of the manufacturing industry -- iron and steel, nonferrous
metals, nonmetallic mineral products, food and beverages,
paper and allied products and chemical and chemical
products. Moreover, paper and allied industries alone
account for 25% of manufacturing industries' energy

consumption. This uneven distribution of energy consumption




Table 4

Energy Consumption by Two=-Digit Manufacturing
Industries - 1976

Total Energy

Energy Consumption Percent of Intensity
Industry ($ millions) Total (per cent )
Total Mfg 2265.6 100.0 2.0
Durables - Total 920.8 40.6 15877
Wood Industries 105.1 4.6 2.0
Furniture & Fixtures 14.0 0.1 0.9
Iron & Steel 197.4 8.7 43
Nonferrgus Metal 178.6 7.9 5.3
Industries
Metal Fabricating
Industries /7] ML 3.4 1.0
Machinery
(ex.elec mach) 34.6 1.5 0.7
Motor Vehicle
Industries
{ex. parts & Acc) 35.8 1.6 0.3
Motor Vehicle
parts & acc 318: 8 157 15ex2
Nonauto
transportation
equipment 24.9 Tsl L&l
Electrical Equip.
Products 41.5 1.8 0.7
Nonmetallic
mineral Products 214.4 9.4 6.8

(cont'd)




Table 4
(cont'd)
Total ) Energy-_
Energy Consumption Per cent of Intensity
Industry ($ millions) Total (per cent)
Nondurables - total 1344.8 59.4 258
Food & Beverage
Industries 2815 4 1082 o
Tobacco Products 4,2 0.0 085
Rubber & Plastic
Products 45.0 2.0 il 7/
Leather Industries ) 0.0 (0
Textile Industries S5 ) 2.6 2.0
Knitting &
Clothing 16.4 O 2 ()35
Paper & Allied
Eroduths Ci7iale, U 215152 6.4
Printing & 19.3 0.1 0.6
Publishing
Petroleum and coal (G595 ) Lo [0
Products
Chemical and Chemical 325.5 14.4 4.8
Products
Miscellaneous plgcli S ()81 O 7

Mfg Industries
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strongly suggests that the substitution or complementarity
relationships between energy and other factors of
production, found by earlier researchers for the total
manufacturing industry, are subject to serious aggregation
bias and might lead to misleading conclusions.3 For
example, the question of complementarity between energy and

capital inputs should be tested mainly in the above energy

intensive industries.

Mining Industries

As seen from Table 1 and Chart 4, the relative
changes in factor prices for the mining industries are quite
similar to the developments in manufacturing industry-- in
the first two subperiods the increases in the price of
labour are much bigger than the increases in the other input
prices and this pattern is reversed in the post-1973 period.
In the period 1967-73, price of labour, capital materials
and energy have increased at an annual rate of 11.2%, 7%,
4.8%, and 5% respectively. As in the manufacturing industry
all the four factor prices for the mining industry have
increased dramatically during the post-1973 period and the
increases in the price of labour are lower than the
increases in other input prices -- labour, capital,
materials and energy input prices have increased at an

annual rate of 16%, 15%, 31%, and 20% respectively.
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In summary, in the first two subperiods, all
things being equal, one would expect the entrepreneurs to
substitute material, energy and capital for labour in the
production process. In contrast, in the post-1973 period,
the rate of growth of materials, capital and energy inputs
in relation to labour inputs is expected to slowdown

resulting in lower labour productivity growth.

Tables 5 and 6 summarise the developments in
output and labour productivity growth for the four mining
industries for the period 1962-76. Like the manufacturing
industries, both output and labour productivity growth rates
have declined dramatically in the post-1973 period. As a
matter of fact, both output and labour productivity have
declined in three out of four mining industries -- mining
industry's output has declined at an annual rate of 3.5%
compared to a 7.6% increase for the 1966-73. Similarly the
labour productivity has declined at an annual rate of 5.6%.
In summation, output and labour productivity developments of
the mining industries also strongly suggest that the
post-1973 productivity slowdown is partly caused by low

output growth.

Energy consumption and energy intensities for the
mining industries are given in Table 7. As expected the

energy intensity varies considerably across the mining




Table 5

sors B3

Average Annual Percent Growth in Gross Output

(mining industry)

Industry 1962~ 1966 1967-73 1974-1976
Total Mining

Industry 5.3 T35 ~3.41
Coal 7.44 11.78 7.85
Crude petroleum,

natural gas &

service incidental

to mining 7.34 1162 -6.34
Metal Mining 4.14 5476 -2.87
Nonmetal Mining 5.64 O 39 0.71

Source: Based on the data from Statistics Canada

(Input=-Output Division)
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Table 6

Average Annual Percentage Rate of Growth of labour Productivity
Mining Industries

Industry 1957-66 1967-73 1974-76
Total Mining % o SIL 7.041 -5.64
Coal Mining 3.810 17.134 -0.108
Crude Petroleum

natural gas &

services incidental

to mining B 778 7.493 -8.725
Metal Mining 5.446 6.157 -3.705
Bosmpetal mining 7.213 5.192 -1.437

(except coal)




Table 7

Energy Consumption for the Mining Industries - 1976

Energy

Energy Consumption Percent of Intensity
Industry ($ millions) Total (per cent)
Total Mining 440.2 100.0 3% O
Coal Mining 1S/15: 31’5 2519
Crude Petroleum,
Natural gas &
Services incidental 90.5 20.5 1.2
to mining * . s
Metal Mining 2131558 52757 5.6
NoSmacel 102.4 3.3 4.5

Mining
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industries -- as low as 1.2% for crude petroleum products
industries to as high as 5.6% for the metal mining industry.
Metal mining industry accounts for about 53% of total energy
consumption of the mining industry. However, the energy
consumption share is more or less equal to the output share.
This, in turn suggests, compared to the manufacturing
industry, that the aggregate relationship between energy and
other factors of production for the mining industry will not

be seriously affected by the aggregation bias.
Transportation Industries

As seen from Table 1 and Chart 5, the relative
changes in factor prices for the transportation industry are
quite similar to the price developments in manufacturing and
mining industries -- in the first two subperiods, the
increases in the price of labour are bigger than the
increases in other input prices and the reverse is true in
the post-1973 period. These results also strongly suggest
that the post-1973 productivity slowdown might have been
partly caused by changes in relative prices of factor

inputs.

The output growth pattern of transportation
industries over the last two decades is quite similar to

that of mining and manufacturing industries (see Table 8).
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Table 8

Average Annual Percent Growth in Gross Output

(transportation industry)

Industry 1962-66 1967=73 1974-76
Total Transportation 5.69 6.39 0.88
Air Transportation 8.58 10,10 4.29
Rail Transportation 4,56 3.92 1.44
Trucking 6:17 7.83 -1.67
Pipeline Transportation 9.89 15:95% -4.22
Other Transportation 4.54 3.61 3.70

Source: Based on the data from Statistics Canada

(Input-Output Division)
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Output growth of all the five transportation industries has
declined considerably in the post-1973 period, and moreover

the output of trucking and pipeline industries has actually

declined during this period.

In Table 9 energy consumption and energy intensity
data for the transportation industry are recorded. As
expected, the energy intensity of transportation industries
is bigger than the other two industries -- manufacturing and
mining industries. Energy intensity varies from a low of
5.5% for rail transportation to a high of 10.4% for air
transportation. This uneven distribution of energy
consumption among the transportation industries might result
in serious aggregation bias of the aggregate relationships

between energy and other factors of production.

In summary, the development in factor prices,
output and labour productivity growth for mining,
manufacturing and transportation industries clearly suggest
that the recent productivity slowdown is mainly caused by
relative changés in factor prices and low output growth
caused by reductions in the growth rate of aggregate demand.
Data on the distribution of energy consumption for these
industries imply that the aggregate relationship between
energy and other inputs will seriously suffer from

aggregation bias.
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Table 9

Energy Consumption - Transportation Industries - 1976

Total Energy

e Sasigption e Incansdty
Air Transportation 226.6 21.9 10.4
Rail Transportation 172.7 16.7 5.5
Trucking 279.5 27.0 7.1
Pipeline 92,0 8.9 8.6
Other Transportation 264.7 25.6 6.6

Total Transportation 1035.4 100.0 72
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L @ Theoretical and Empirical Model

In the last section, we have analyzed the develop-
ments in factor prices and output and labour productivity
growth over the last two decades in the mining, manufac-
turing and transportation industries. The major qualitative
conclusion of our analysis is that the recent developments
in relative factor prices and output growth have signifi-
cantly contributed to the post-1973 labour productivity
slowdown by changing factor proportions. In this section,
we will present factor share equations, based on the
principles of duality developed by Samuelson (1947),
Shephard (1953), Uzawa (1962) and Diewert (1971). Our
objective is to estimate substitution elasticities among the
four factors of production from the cost minimizing factor
demand equations.4 For each industry we estimate factor
demand equations with and without the assumption of

homotheticity.

We assume that there exists a production function for

each industry, summarising the underlying technology.

(1.1)
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Qi = gross output of the ith industry
Ki = capital input of the ith industry
Li = labour input of the ith industry
and

My = material input of the ith industry

If factor prices and output levels are exogenously
determined the theory of duality between cost and production
implies that given cost-minimizing behaviour, the production
structure given in (l.1) can be uniquely represented by a

cost function of the form

G = 9iPyyePLis Peis Pyye0y) £Tad)
where
Cy = total cost of the ith industry

and PKi . PLi v Ppi and Py; are the prices of capital

labour,energy, and material inputs for the ith industry.

In order to estimate the substitution elasticities,
we must specify a parametric form of equation (1.2).11
For this purpose, a transcendental logarithmic (translog)
form proposed originally by Christensen, Jorgenson and Lau

(1970), seems quite useful for three reasons.? First,
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it may be regarded as a general second-order approximation
to any arbitrary cost function. Second, it enables direct
estimation of substitution elasticities and own and cross-
price elasticities, and permits tests of their statistical

significance. Finally, it requires no restrictions either

on their values or constancy.

A translog functional form of the equation (1.2) can

be written

lne = o+ aglng + 1720, Clna)]
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The underlying production structure in (1.3) is
homothetic and is Yg; = 0 ter a1l i.
It is linear homogeneous if Yo; = %gq = 0 and %y = k
As pointed out ealier, if the production function is
homothetic, factor proportions depend only on the factor-

price ratio (the slope of the isocost curve), and in

particular factor proportions are independent of the level
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of output. In contrast, if the production function is
nonhomothetic, pure scale changes would alter relative
marginai products and thus affect factor proportions and
relative shares independent of factor prices. Therefore,

the expansion path will not be a straight line.

Shephard's lemma [(Diewert(1971)] implies 3C/3P. ey
i

the cost-minimizing quantity demanded of the ith input

then,
*

SLnC/alnPi = Pixi/c 3 si, or

4
¥ ] + y.. Lna (1.4)
Si = ay + Xyi}nPj Yai

i=1
where

*
si is the ith input demand function in terms of cost

share.

In order that the system of demand equations in
(1.4) satisfy the adding up criterion (Is, = 1 ) and the
properties of a well-behaved production function the

following parameter restrictions are required.®

o~
<
]
o
~

and IR L S Y it j (1.5)
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Empirical Model

Due to variations in input prices, employment
and raw material contracts, capital in place, technical
innovation and entrepreneurial inertia, one might expect
factor proportions toward optimal combinations given in
(1.4). Thus the observed factor shares ( si ) will have a

disturbance term.

*
S, it b and

i (1.6)
)Z_ie:_i = 0

where

€5 is the disturbance from cost minimization. Substituting
equations (1.6) into (1.5), we can write the four stochastic

input demand functions as

i + Iln P
S, b, mp P Vgl VR YkL L
+ YKE Ln PE + YKM ln PM
+ ln + ¢ (1.6a)
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= +
S ag  * vge tn Py T, 0P
+ Yee ln PE + Yem tn PM
- tn P
SM Cy + Uk in PK # Cyy b B
tn P + a in P
f M
+ Gy E "
Sl i B % (1. 6d)




In equations (l.6a ) - (1.6d) relative shares depend on
factor prices and output. Changes in factor prices affect
relative shares directly, as well as indirectly by inducing
shifts in output mix. However, the factor share equations
will not be affected by an uniform increase in factor prices
(factor demand equations are homogeneous of degree zero in
all factor prices). The presence of output level in share
equations ensures nonhometheticity, unless Yor e YQM =0
In the case of nonhometheticity, pure scale change would
affect the factor proportions and relative shares'
independent of factor prices, by altering the relative
marginal products. Such changes could be either "factor
using or factor saving" of the ith input; hence there are no
a priori expectations concerning the signs of YoI+ however,

the restriction ZiYQi =0 spplies.

Linear homogenity in factor prices (Zai =1, ZuQi = 0)

and the symmetry restrictions Yj5 = Yi3 for, 41 ¥ 7,

ensures that the parameters of any three equations identify
exactly all the parameters of the system (over identifi-
cation problem). Consequently we have to disregard one of

the factor demand equations in estimating the parameters of

the system.

Since, the data on capital share is derived

residually, we choose to derive the parameters of capital
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share equation for each industry by making use of the
restrictions in (1.5). Using the time-series data on factor
prices, gross output in both current and constant dollars,
we have estimated the factor share equations for the
industries shown in Table 10.7 For each industry, we

have estimated the labour, materials and energy equations

subject to the following six restrictions:

= Q
“is EL
= O
% m ML
= Qo
% em ME
o + q 4 V- a9 = @
LL LK LE LM
a + o + Q + o] = 0
ML MK ME MM
. Y £ (1.7)
@ gt %k “ee EM

The last three restrictions in (l.7) ensures that

the remaining three symmetry conditions (aLK &

Cpr,’

Cyr = Oxm and Opg = aKE) are satisfied. As mentioned
above, the parameters of capital share equations are derived
residually using, the restrictions given in (1.5). In

summary, for only 18 of the 30 parameters, we can obtain

independent estimates.

In estimating the model, we ignore error~term

autocorrelation within equations, but account for error
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Listing of the Industries for Which Translog

Functions are Estimated

Number

WO IO & W -

Description

Total Manufacturing

Total Durable Manufacturing

Wood

Furniture & Fixtures

Iron and Steel

Nonferrous Metals

Metal Fabricating

Machinery (ex. electrical machinery)
Nonauto Transportation Equipment
Motor Vehicle (ex parts & accessories)
Motor Vehicle Parts & Accessories
Electrical Products

Nonmetallic Mineral Products
Total Nondurable Manufacturing
Food Beverage

Tobacco Products

Rubber and Plastic Products
Leather

Textiles

Knitting & Clothing

Paper and Allied

Printing and Publishing
Petroleum and Coal Products
Chemical and Chemical Products
Miscellaneous Manufacturing
Total Mining

Coal Mining

Metal Mining

Crude Petroleum, Natural Gas and
Services Incidental to Mining
Nonmetal Mining (except coal)
Total Transportation

Air Transportation

Rail Transportation

Trucking

Pipeline Transportation

Other Transportation
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correlation across equations. We use iterative Zellner's
estimation procedure, which (under assumptions of no
hetroscedensticity and autocorrelation within equations) is
equivalent to full information maximum - likelihood

estimation.

In an effort to compare and contrast our results
on substitution elasticities with the findings of other
researchers both in Canada and in other countries, for
each industry we have estimated the factor share
equations with and without the assumption of homotheticity.
This would also provide an estimate of the bias in
substitution elasticities, if one arbitrarily imposes
the assumption of homotheticity on the production

structure.8

Two commonly used measures of price responsiveness
are the Allen-Uzawa partial elasticities of substitution
(oij) and the price elasticity of demand (eij). It can be
shown [Berndt and Wood (1975)] for translog function these

measures can be calculated as:

Oij = (aij/ SiSj) + 1 (1.8)
i, J = K,L,E,N; i # )
_ 7 S 2
oij = (aii + Si Si) / Si
v K L&, N CHa9)
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i i il (1.10)

]
(72}
Q

gjj j e 1.11)

These elasticities generally vary over time with the values
of relative input shares, as shown by equations in (1.8

- 1.11). Hence, the standard errors for their estimates
cannot be calculated exactly. However, if one treats the
mean values of the relative shares as constants, the
asymptotic variance of the estimated substitution and price

elasticities can be estimated as
2l vl -
;
(1/SiSJ) asym var (aij) r 1,

4 i) (Tt
(1/8.) asym var ( a..)
j i

asym var (0;.) K,L,E, M

]

asym var <Oi‘)

] ;s M e KL E 0 1,130

2

- /s, (1.14)

asym var ( Eij) asym var ( aiJ)/S1 1.14
2

asym var ( Eii) = asym var ( aii)/§i (1.15)

where Si and Sj are simple mean values of input shares.
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v Empirical Results

In this section, we will analyze the empirical
results of the model presented in Section 111, for each
industry are given in Table 10. For each industry, the
estimates of translog coefficients substitution
elasticities, own and cross-price elasticities, are recorded
for both Models I and I1.9 1In Model I, the assumption
of homotheticity is imposed on the production structure.
Consequently, factor proportions are determined solely by
factor prices. In contrast, in Model II, factor shares are

determined by both factor prices and output level

(nonhomotheticity).

The empirical results are interesting for several
reasons. First, in all the industries our results reject
the assumption of homotheticity decisively. Second, for
almost all the industries, own price elasticities of the
four factors of production are negative and statistically
significant. Third, as expected, with the exception of
capital, own-price elasticities in most of the industries
are below unity, and moreover the energy and material
elasticities are quite small. Finally, our results show
significant substitution among all the four factors of
production. This in turn suggests that the productivity

analysis should be carried out in terms of gross output at



the industry level and the use of net output will result in

biased estimates of total factor productivity. ‘
Manufacturing Industries .

First, we will discuss the empirical results
of total manufacturing industry. Here, we will compare and
contrast our estimates of substitution and price
elasticities with the findings of other researchers for
Canada and other industrial economies. Next, we will
discuss the empirical results for all the 22 manufacturing
industries, with a special emphasis on the energy intensive

industries.

The empirical results for the total manufacturing
industries are recorded in Table 11. As seen from the
estimates of translog coefficients of Model I and II, our
results strongly support the hypothesis of non-
homotheticity -~ the coefficients of output variables in
factor share equations are highly significant. Our results
strongly suggest that in period of strong output growth,
entrepreneurs of the manufacturing industry substitute ‘

materials and energy for the primary input and vice versa,

independent of factor prices.10




Table 11

Estimates of Translog coefficients, elasticity of substitution and
own and cross-price elasticities (1975 values) - Total Manufacturing

aiJ 0iJ €iJ
Variable Model I Model 11 Model I Model 11 Model I Model 77
KK -0.0431 -0.0391 -15.140 -15.238 -1.378 -1.386
KL 0.0474 0.0348 3.463 2.809 0.737 0.593
(2.68) (4.60) (3.76) (& 3L3)) (8.73) (16.57)
KE 0.0004 0.0038 1.246 3.416 0.021 0.0589
(0.21) (319 315) (1.06) (4.68) (0.20) (0.89)
KM -0.0051 0.0049 0.918 1.079 0.625 0.734
(1.04) (1.00) (11.62) (15.60) (86.92) (101.69)
LL -0.1083 0.0221 -6.161 -3.240 -1.302 -0.684
(5.86) (2.53) (14.88) (16.60) (14.88) (16.60)
LE -0.0056 -0.0131 -0.542 -2.609 -0.0093 -0.045
(2.89) (6.86) (1.01) (4.96) (0.08) (0.40)
LM 0.0666 -0.0437 1.463 0.696 0.996 0.474
(-1 2'5.36) (771820 (39.04) (16.31) (125.74) (51254518
EE 0.0119 0.0099 -16.848 -23.661 -0.290 ~0.408
(11.14) (9.51) (4.67) (6.75) (4.68) (6.75)
EM -0.0067 -0.0006 0.428 0.952 0.292 0.648
(4.45) (0.29) (3.34) (5.92) (F1R3EEST B R ($2)2 257 6)
MM ~-0.0548 0.0394 -0.588 -0.384 -0.400 =0l 32162
(%7:4.1°5) (6.69) (85.15) (30.28) (85.15) (30.29)
KQ = -0.0063
LQ - -0.0551
(16.10)
MQ = 0.0582
(20.89)
EQ = 0.0032
(4.03)
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Moreover the sum of the coefficients of output
variable in labour and material shares equations is almost
equal to zero. This in turn implies that part of the
post-1973 slowdown in material-labour ratio reported in ”
Discussion Paper 134 is caused by reductions in output
growth, caused by sl