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RESUME 

La croissance globale de la productivité du travail au 

Canada a diminué en passant d'un taux annuel de 3,05 % pour 

1957-1966 et 3,07 % pour 1967-1973 à -0,16 % pour la période de 

1974-1975. Cette piètre performance a suscité un regain 

d'intérêt à l'égard de la mesure et de l'analyse de la 

productivité du travail. 

Dans mon document antérieur (1978), au moyen des 

données de la production nette, j'ai évalué les équations de 

productivité de 35 secteurs industriels dans le but d'analyser 

les causes du ralentissement récent de la productivité au Canada. 

Dans le présent document, au moyen des équations sur la 

productivité des données de production brutes fondées sur les 

intrants du capital, de la main-d'oeuvre, de l'énergie et du 

matériel, les fonctions de production sont évaluées dans le cas 

des 35 mêmes secteurs. Cela devrait nous permettre d'obtenir une 

évaluation précise de la croissance de la productivité de tous 

les facteurs (progrès technique) et, par la suite, de bien 

dégager les sources de la croissance de la productivité du 

travail. 



Voici les conclusions les plus importantes qui se 

dégagent de cette étude: 

1. Conformément aux prévisions, dans chaque industrie 

(à l'exception des services),l'évaluation de la productivité 

brute des facteurs est plus faible que la productivité de la 

valeur ajoutée fournie dans Rao (1978) et l'écart est 

considérable dans le cas des industries à forte concentration de 

matériel. 

• 

2. C'est seulement dans le cas de l'agriculture, de la 

forêt, des quatre industries minières et de l'équipement de 

transport non automobile que le modèle du progrès technique 

augmentant l'apport des facteurs fournit des résultats 

supérieurs. Dans. le cas de toutes les autres industries, nous 

choisissons le modèle de progrès technique neutre de Hick. 

3. Les résidus estimatifs des équations de 

productivité se sont révélés passablement aléatoires pour les 

années 70; nous n'avons eu besoin d'un modèle fictif de 

productivité pour aucune des équations. Nous rejetons, par 

conséquent, l'hypothèse d'une rupture de productivité qui se 

serait produite durant les années 70. Cette conclusion est 

conforme à celles de Rao (1978) et de Mayet Denny (1978b). 

f 
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4 . Pour l'ensemble du secteur de la fabrication, nos 

résultats indiquent une croissance générale des facteurs de 

quelque I % par année. 

• 

5. En général, nos résultats appuient l'hypothèse des 

rendements constants à l'échelle dans le cas du secteur de la 

fabrication. 

6. L'effet global des changements démographiques sur 

la productivité du travail, dans le secteur de la fabrication, 

est probablement négatif, mais il est plutôt faible. 

7. Dans tout le secteur de la fabrication (à 

l'exception du matériel de transport non automobile), environ 

50 % de la croissance de la productivité du travail s'explique 

par la croissance du ratio matériel~main-d'oeuvre. Le rôle de ce 

facteur varie considérablement, toutefois, selon les industries. 

La croissance du ratio capital----main-d'oeuvre expl~que environ 

10 % de la croissance de la productivité. Pour tout le secteur 

de la fabrication, environ 35 % de la croissance de la 

productivité du travail est attribuable au gain de productivité 

de l'ensemble des facteurs. 

8. Pour la sous-période de 1974 à 1976, la croissance 

de la productivité du travail du secteur de la fabrication a 



4. 
baissé, de 4,0 % qu'elle était pour 1967-1973 à 2,66 % par année 

et presque toute cette baisse a été le fait des industries 

fabriquant des biens non durables; la productivité du travail de 

ces industries a augmenté de 1,94 % par année seulement, 

comparativement à 3,80 % pour la période de 1967 à 1973. La plus 

grande partie de cette baisse de productivité s'explique par des 

taux de croissance moindres du matériel et par des niveaux plus • 

faibles d'utilisation de la capacité. 

9. A l'exception des secteurs de la finance, de 

l'assurance et de l'immobilier, toutes les industries non 

manufacturières ont connu des ralentissements considérables de 

leur productivité au cours de la sous-période de 1974 à 1976. 

Pour l'ensemble de ces industries, pourtant, l'évaluation du mode 

de croissance de la productivité est assez semblable à la 

croissance effective de la productivité, ce qui suppose qu'il n'y 

a pas eu de rupture de productivité durant les années 70. Des 

taux plus faibles d'accumulation à la fois du capital et des 

intrants matériels, de même que des taux plus faibles 

d'utilisation de la capacité, expliquent la plus grande partie de 

ce ralentissement. Ce résultat est conforme aux constatations de 

Clark (1978), de Norsworthy et Harper (1979) et de Rao (1978) 

dans le cas du Canada. 
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10. Au Canada, environ 50 % de la croissance globale 

de la productivité du travail est le fait du secteur de la 

fabrication. 

Il. Au cours de la période de 1974 à 1976, la 

croissance globale de la productivité du travail a baissé, de 

3,05 % pour 1957-1966 et 3,06 % pour 1967-1973, à -0,16 % par 

année. Cependant, la plus grande partie de cette baisse est le 

fait des industries non manufacturières suivantes 

construction, forêt et mines. 

agriculture, 

Les déplacements sectoriels de la production et de 

l'emploi ont réduit la croissance globale de productivité de la 

main-d'oeuvre de 0,49 % par année au cours de cette période. 

La baisse des taux d'accumulation du capital et des 

intrants matériels a réduit de quelque 1,9 % par année la 

croissance globale de la productivité. Des niveaux plus faibles 

d'utilisation des intrants factoriels et d'autres facteurs 

résiduels expliquent le pourcentage restant (0,9 %) de la baisse 

de la productivité globale. 



ABSTRACT • 
Aggregate labour productivity growth in Canada 

has declined from an annual rate of 3.05% for 1957-66 

and 3.07% for 1967-73 to -0.16% for the period 1974-75. This 

disastrous performance of labour productivity has created an 

upsurge of interest both in the measurement and analysis 

of labour productivity. 

In my earlier paper (1978), uSlng the net 

output data, I have estimated productivity equations for 35 

industrial sectors in an effort to analyze the causes of recent 

productivity slowdown In Canada. 

In the present paper, uSlng the gross output data 

productivity equations based on KLEM (capital, labour, energy, 

and material inputs) production functions are estimated for 

the same 35 sectors. This would enable us to get a preClse 

estimate for the total factor productivity growth. (technical 

progress), which in turn would enable us to provide a proper 

accounting of the sources of labour productivity growth. 

The following are some of the important findings 

of the present study: 

1. As expected, In every industry (with the 

exception of services) the estimate of gross factor productivity 

is smaller than the value-added productivity given in RAO (1978), 

and this bias is serious in the mdustries with large material content. 

( 
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2. Only for agriculture, forestry, all four mlnlng 

industries and nonauto transportation equipment did the factor 

augmenting technical progress model give superior results. For 

all the other industries, Hick-neutral technical progress model 

lS selected. ~ 

3. Estimated residuals of productivity equations 

• 
were fairly random in the 70's -- In none of the equations was 

the productivity dummy needed. Thus, we reject the hypothesis 

of productivity break in the 70's. This conclusion is consistent 

wtih the findings of RAO (1978) and May and Denny (1978b). 

4. For the manufacturing industry as a whole, our 

results imply total factor productivity growth of about one 

percent per annum. 

5. Our results In general support the constant 

returns to scale assumption for the manufacturing industries. 

6. The impact of demographic changes on the 

labour productivity of manufacturing industries is probably 

negative but it is quite small. 

7. In all the manufacturing industries, (with the 

exception of nonauto transportation equipment) about 50% of the 

labour productivity growth has come from the growth of material 

labour ratio. However its share varies considerably across 

industries. Capital-labour ratio growth has contributed about 

10% of the productivity growth. For the manufacturing industry 



• 
as a whole about 35% of the labour productivity growth 

has come from the total factor productivity growth. 

8. For the subperiod 1974-76, manufacturing 

industry's labour productivity growth has declined from 4.0% 

for 1967-73 to 2.66% per annum and almost all of this 

decline has come from the nondurable manufacturing industries 

labour productivity of these industries has only increased 

at an annual rate of 1.94% compared to 3.80% for the period 

1967-73. Most of this slowdown in productivity is explained 

In terms of lower growth rates of materials and lower levels 

of capacity utilization. 

9 With the exception of finance, insurance 

and real estate, all the nonmanufacturing industries experienced 

considerable productivity slowdown during the subperiod 1974-76. 

However, for all these industries the estimate of productivity 

growth pattern over time is quite similar to the actual 

productivity growth, implying no productivity breakdown In the 70's. 

Lower rates of accumulation of both capital and material inputs and 

lower levels of capacity utilization explains most of this 

productivity slowdown. This result is consistent with the findings 

of Clark (1978), Norsworthy and Harper (1979), and RàO (1978) 

for Canada. 

10. In Canada, approximately 50% of the aggregate 

labour productivity growth comes from the manufacturing industry. 



Il. During this period 1974-76 aggregate labour 

productivity growth has declined from 3.05% for 1957-66 and 3.06% 

for 1967-73 to -0.16% per annum. However, most of this 

decline has come from the following nonmanufacturing industries: 

agriculture, construction, forestry, and mining. 

Sectoral shifts in output and employment have 

reduced the aggregate labour productivity growth by 0.49% 

per annum during this period. 

Lower rates of accumulation of capital and material 

inputs have reduced the aggregate productivity growth by about 

1.9% per annum. Lower levels of utilization of factor inputs 

and other residual factors account for the remaining 0.9% 

drop in the aggregate productivity growth. 

• 

• 
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• I INTRODUCTION 

Productivity lS a key and yet a complex indicator 

of a nation's economic well being. The change in productivity 

lS both a cause and an effect of several dynamic forces operating 

In the economy - technical progress, accumulation and 

improvement In the qualit~T both human and physical capital, 

• 
enterprise, intensity of work effort, government regulation, 

capacity utilization, et cetera. Productivity analysis, 

through its implications for unit costs and prices,is a 

potentially rich source of insight into the underlying causes 

of the general economic conditions facing the Canadian economy 

today. 

Aggregate labour productivity growth in Canada has declined 

from an annual rate of 3.05% for the period 1957-66 and 3.07% for 

the period 1967-73 to -0.16% for the subperiod 1974-75. This disastrous 

slowdown in labour productivity has created an upsurge of interest 

in the measurement and explanation of productivity in the last 

couple of years. 

The following were some of the important objectives 

of my earlier paper [RAO(1978)]. 

1. Identification and cla~sification of industries falling 
into high, medium, and low productivity groups. 

Analysis of the productivity growth and its impact on 
productivity relatives over time, by industry. 

2. 

3. Comparison of industry productivity relatives with the 
wage relatives. 

4. Estimation of the techniçal progress parameter for each 
of the 35 industries (22 manufacturing, 4 mining industries, 
and 9 nonmanufacturing and nonmining industries). 
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5. Decomposition of each industry's productivity growth into 
secular and cyclical components for the three periods: 
1957-74, 1966-74, 1971-74. 

6. Testing of the structural break hypothesis for the 1970's. 

7. Identification of the causes of productivity slowdown in 
the 1970's. 

8. Estimation of the contribution of output and employment 
shifts among industries towards the aggregate labour 
productivity growth, for all three periodso 

The objective of the present paper is to do an in- 

depth analysis of these lssues with the following refinements 

to the model: 

a. Measurement of productivity in terms of gross output to 
enable comparison of gross versus net output estimates 
of labour productivity by industry. 

b. Estimation of KLEM (capital, labour, energy and materials) 
production function for each of the 35 industries to permit 
the quantification of the impact of higher energy prices 
on productivity growth especially in the 1970's and to establish 
the roboutness of the technical progress parameter estimate 
forthe use of output measure. 

c. To check for the sensitivity of production function parameter 
estimates to the assumption about returns to scale, we will 
estimate all the production functions both with and without 
constant returns to scale assumption. We will relax the 
assumption of Hicks-Neutrality. 

d. In addition to the aggregate unemployment rate (standardised 
for age-sex ccmposd t ion of labour force), we augment. 
industry productivity equation with specific capacity 
utilization measures (especially for the 22 manufacturing 
industries). This enables us to isolate the impact 
of cyclical forces on an industry's productivity growth 
more effectively. For the nonmanufacturing industries, 
capacity utilization series are not readily available. For 
these industries, making use of the data on average weekly 
hours, we construct normal average weekly hours 
series (as some distributed lag of the actual hours). The 
ratio of actual to normal weekly hours serves as a 
reasonable proxy for industry specific utilization measure. 
Even for the 12 major industries data on job vacancies is 
not available prior to 1971. 

I • 
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- 3 - • eo In an effort to isolate the impact of changes in the 
composition of LF on productivity, we introduce 
the ratio of fema~.~nd teenage male labour force to total 
labour force as an additional explanatory variable in 
the industry productivity equations. 

f. Making use of time series data on the average economic 
life of structures and machinery and equipment, w~ 
construct the aggregate capital stock series for each 
inrtustry. This enables us to check for the sensitivity 
of our estimates to the measurement of capital stock. 

g. Extension of the sample period up to 1976 enables us 
to test more rigorously the structural shift hypothesis. 

The plan of the paper is as follows: 

Section II glves an overview of productivity growth 

by industry for each of three periods: 1~si~75,1957~66, 1967~73 

an d 19 7 If - 7 5 . 

In Section III, we specify and estimate a productivity 

equation for each one of our industries. The empircal results 

are also discussed In this section. 

Section IV is devoted tothe discussion of results on 

decomposition of productivity growth by industry for all the 

three periods. 

Section V glves an analysis of aggregate productivity 

growth in each of the three periodso Finally, the important 

findings of this study are summarized in the last section . 

* For all the manufacturing industries, the sample period lS extended 
by one more year: 1957-76,1957-66,1967-73 and 1974-76. 
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II AN OVERVIEW OF PRODUCTIVITY TRENDS IN CANADA 

1957-75 ,1957-66,19.67-6.3 , and 19_74-75*~': , ~ . 

In this section, an overVlew of trends in labour 

productivity for 35 industrial sectors is presented making 

extensive use of graphical and tabular analysis. Initially 

t J f ] l · . t . dis cusses le O O\lln:; expos i a.on the interindustry 

variations In the levels of labour productivity, then it 

proceeds to develop a system of ranking these industries into 

categories of high, medium and low productivity. The focus 

then turns to a discussion of the intertemporal variations 

in labour productivity. The graphical and tabular approach 

to this analysis of labour productivity growth is 

supplemented by the examination of productivity relatives. 

Variations in the levels of labour productivity 

across the 35 industries presented In Table 1 and Figures 1,2, 

3, and 4 hav3 been very large over the sample period. Refer 

ence to Table 1 shews labour ur-odu c t i, vi tv to be as low as $ 3.33 

(1971$) for agriculture, and as high as $47.49 (1971$) for 

petroleum and coal products industries for the sample period 1957-75. M:ining, 

manufacturing, construction, finance, insurance and real estate and 

utilities all exhibit above average levels of labour 

productivity throughout the sample period. The remaining 

industries) agriculture, forestry, trade, transportation and 

communication, services and public administration display a 

level of labour productivity consistently below the aggregate 

(see Figure 1 and Table 1). Despite some d6wnward trend in 

~'n" Throughout this paper labour productivity has been defined 
as the gross output per manhour. 
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• TABLE. 1 

OUTPUT PER MAN-HOUR 
(GROSS OUTPUT MEASURE) 

(IN 1971$) 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

AGRICULTURE 3.332 2.461 4.194 4.669 

CONSTRUCTION Il. 434 10.328 12.682 12.595 

COMMUNICATIONS 
& TRSP. 7.641 6.0967 9.029 10.508 

FINANCE, INS. , 
& REAL ESTATE 14.084 13.457 14.534 15.646 

FORESTRY 6.703 4.764 8.538 9.973 

MANUFACTURING 
(TOTAL) 14.101 Il. 407 16.095 18.431 

DURABLES 13.882 10.952 16.038 18.619 

WOOD 11. 817 10.397 12.983 13.831 

FURNITURE 
& FIXTURES 9.051 7.615 10.221 11.110 

IRON & STEEL 13.080 10.979 14.829 16.000 

NONFERROUS METAL 17.224 14.932 19.329 19.949 

METAL 
FABRICATING 12.638 10.182 14.033 15.234 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) Il. 737 9.308 13.159 16.513 

NONAUTO TRSP. 
EQUIPMENT 10.082 8.214 11.495 13.016 

MOTOR VEHICLE 
(EX .PARTS & 
ACCESSORIES) 35.660 22.496 45.361 56.903 

(cont'd) 
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Tl\BLE 1 
(cont.t d) . • 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. 14.280 10.697 17 . .355 19.051 

ELECTRICAL 
PRODUCTS 10.979 8.871 12.583 14.260 

NONMETALLIC 
MINERAL PROD. 13.536 Il. 679 14.818 16.735 

NONDURABLES 14.290 Il. 801 16.149 18.246 

FOOD & BEVERAGES 19.857 17.073 22.016 24.098 

TOBACCO PROD. 23.425 18.439 26.802 32.163 

RUBBER & 
PLASTIC 10.738 7.706 12.878 15.848 

LEATHER 6.765 5.978 7.372 7.974 

TEXTILE 8.216 5.799 9.899 12.344 

KNITTING & 
CLOTHING 7.118 5.763 8.083 9.385 

PAPER & 
ALLIED INDUST. 13.987 Il. 819 15.813 16.955 

PRINTING, 
PUBLISHING & 

10.320 9.071 Il. 197 12.436 ALLIED INDUST. 

PETROLEUM & 
COAL PROD. 47.489 36.871 55.812 63.467 

CHEMICAL & 16.900 13.000 19.934 22.822 
CHEMICAL PROD. 

J 

MISC. MFG. 11.450 10.013 12.390 14.049 

(cont'd) 
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• TABLE 1 
(corrt t d) 

INDUSTRY 1957-76* 1957-66 1957-73 1974-76* 

. MINING 
(TOTAL) 19.506 17.186 21.663 23.553 

COAL MINING 8.249 5.971 9.548 15.094 

CRUDE PETROLEUM, 
NATURAL GAS, & 
SERVo INCIDENTAL 
TO MINING 25.159 22.491 27.711 29.568 

METAL MINING 20.906 19.079 22.984 22.771 

NONMETAL MINING 
(EXCEPT COAL) 12.778 10.706 13.451 20.788 

SERVICES 4.096 3.780 4.401 4.613 

WHOLESALES & 
RETAIL TRADE 4.895 4.202 5.514 6.187 

UTILITY 13.381 10.253 16.090 19.537 

PUBLIC 
ADMINISTRATION 6.844 7.056 6.616 6.581 

AGGREGATE 8.433 7.201 9.610 10.471 

SOURCE: BASED ON DATA FROM STATISTICS CANADA 

*For the nonmanufacturing industries the sample period 
~ extends only to 1975. 
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• agriculture, forestry,construction,mining and finance, insurance 

and real estate industries, the average annual level of labour 

productivity for these industries for the 1971-75 period is 

slightly higher than in the earlier two subperiods (1957-66 

and 1967-73) as illustrated in Table 1. 

Productivity variations among the manufacturi~g· 

industries 1 are also very large for all three periods; the 

lowest being $6.77 (1971$) for leather and the highest $47.49 

(1971$) for petroleum and coal products for the sample period 

1957-76. The average annual pr?ductivity of durable manufacturing 

industries is slightly below the average manufacturing 

productivity in the sample period, but slightly above the non- 

durable manufacturing industries productivity in the subperiod 

1974-76. Moreover, as shown in Figure 2, the productivity of 

non-durable industries is consistently above the average manufacturing 

productivity only until about 1967. After 1967 the productivity 

levels of both durable and non-durable industries are almost 

identical, implying a higher average annual productivity growth 

for durable industries than for the non-durable industries (see 

Table 2). Among the durable manufacturing industries, furniture 

and fixtures industries have the lowest productivity level, while 

transportation equipment has the highest productivity level. 

Productivity of transportation equipment and primary metal 

industries is consistently above the average productivity of 

aurable manufacturing industries (see Figure 3). In the other durable industries, 

productivity is consistently below the average durable industry productivity level 

1 The .i.ndus'frv breakdown ft used9 7lS" 0 this paper is s imi Lar to the breakdoW1, used 
In my earlJ_êr paper U:<Au,l ). 
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T~BL~ 2 • AVERAGE ANNUAL PERCENTAGE 
RATE OF GROWTH OF PRODUCTIVITY 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

AGRICULTURE 5.404 7.463 4.462 -.888 

CONSTRUCTION 1. 744 1. 661 2.532 -.600 

COMMUNICATIONS 
4.251 3.780 2.799 & TRSP. 3.924 

FINANCE, INS. , 
.807 -.108 2.072 .957 

& REAL ESTATE 

FORESTRY 6.736 8.629 5.540 1. 458 

MANUFACTURING 
(TOTAL) 3.229 2.863 3.996 2.663 

DURABLES 3.887 3.791 4.221 3.395 

WOOD 2.439 2.406 1. 901 3.796 

FURNITURE 
& FIXTURES 2.697 2.626 2.847 2.562 

IRON & STEEL 3.275 4.224 3.190 .625 

NONFERROUS METAL 2.798 4.769 1. 524 -.145 

METAL 
FABRICATING 2.350 2.863 2.366 .775 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) 4.227 4.320 3.627 5.351 

NONAUTO TRSP. 
EQUIPMENT 2.896 3.425 3.515 -.134 

MOTOR VEHICLE 

" (EX.PARTS & 
ACCESSORIES) 5.908 3.806 7.666 8.115 

(cont'd) 
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TA,BLE 2 
(cont.I d l, • 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. 5.097 4.284 6.567 4.107 

ELECTRICAL 
PRODUCTS 3.968 5.188 3.850 .584 

NONMETALLIC 
MINERAL PROD. 2.549 2.142 3.437 1. 699 

NONDURABLES 3.239 3.234 3.803 1. 939 

FOOD & BEVERAGES 2.554 2.410 2.722 2.592 

TOBACCO PROD. 4.448 5.033 4.275 3.096 

RUBBER & 
PLASTIC 5.894 7.202 5.688 2.453 

LEATHER 1. 974 1. 697 2.393 1. 828 

TEXTILE 6.037 5.915 6.567 5.167 

KNITTING & 
CLOTHING 3.485 3.016 4.474 2.586 

PAPER & 
ALLIED INDUST. 3.105 3.347 3.474 1. 519 

PRINTING, 
PUBLISHING & 

2.063 1. 588 2.848 1. 658 ALLIED INDUST. 

PETROLEUM & 
COAL PROD~ 4.401 6.132 5.406 -3.135 

GHEM! CAL .~ & 
CHEMICAL PROD. 4.325 5.076 5.649 -1. 015 4 

MISC .. MFG. 1. 716 .957 2.580 1. 973 

(cont'd) 
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TABLE 2 
Ccont'd) 

INDUSTRY 1957-76* 1957-66 1957-73 1974-76* 

MINING 
(TOTAL) 5.640 7.231 7.041 -7.224 

COAL MINING 8.078 3.806 17.134 -4.389 

CRUDE PETROLEUM, 
NATURAL GAS, & 
SERVo INCIDENTAL 
TO MINING 5.713 8.775 7.493 -14.298 

METAL MINING 4.043 5.446 6.157 -9.672 

NONMETAL MINING 
(EXCEPT COAL) 8.811 7.213 5.192 28.670 

SERVICES 1.137 .847 1. 891 -.049 

WHOLESALES & 
RETAIL TRADE 2.583 2.567 3.049 .1028 

UTILITY 5.314 6.297 5.549 .427 

PUBLIC 
ADMINISTRATION -.924 -.882 -.002 .166 

AGGREGATE 2.737 3.045 3.068 -0.160 

SOURCE: BASED ON DATA FROM STATISTICS CANADA 

*For the nonmanufacturing industries, the sample period 
extends only to 1975. 



-6- • throughout the sample period. Among the non-durable industries 

productivity of petroleum and coal products, food and beverages and 

chemical products industries is above the productivity level of 

aggregate non-durable manufacturing throughout the sample period 

(see Figure 4). The remaining non-durable industries demonstrate 

productivity levels below their respective aggregate. 

Examination of Table 1 and Figure 5 reveal similar 

substantial interindustry variations in labour productivity within 

the mining industry. Coal mining displays a low of $8.25 (1971$) 

while crude, petroleum and natural gas, and services incidental to 

mining display a high of $25.16 (1971$) in the sample period. Productivity 

levels of coal and nonmetal mining industries are lower than the mlnlng 

aggregate, while the metal mining and crude petroleum and natural gas 

display above average growth. 

This inter-industry comparison of labour productivity enables 

us to classify each industry into one of three groups: low,medium, and 

high productivity industries. These groups have been defined as follows: 

high productivity industries are those whose productivity exceeds aggregate 

productivity by at least $5.00(1971$); the low productivity group consists 

of those industries whose productivity falls short of aggregate 

productivity by more than $5.00(1971$); the medium productivity,industries 

include those industries in which productivity is within plus or minus $5.00(1971$) 

of aggregate productivity. With these definitions, we obtain the fOllowing:2 

2 Of course, these definitions are arbitrary and subjective and the 
results on grouping will be sensitive to these definitions. However, 
these definitions will enable us to get some ides of the inter 

industry productivity structure. 
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High Productivity Industries 

Finance, insurance and real estate, motor vehicles (ex 

cluding parts and accessories), food and beverages, 

tobacco products, petroleum and coal products, crude 

petroleum and natural'gas and metal mining. 

Medium Productivity Industries 

Construction, wood, iron and steel, nonferrous metals, 

metal fabricating machinery, non-auto transportation 

equipment, motor vehicles parts and accessories, electrical 

products, non-metallic mineral products, rubber and 

plastics, paper and allied industries, printing and 

publishing, chemical products, miscellaneous manufacturing 

products, non-metal mining, and utilities. 

Low Productivity Industries 

Agriculture, communications and transportation, forestry, 

furniture and fixtures, leather, textiles, knitting and 

clothing, coal mining, services, trade and public admin 

istration. 

Except for construction and finance, all the non-manufac- 

turing indu$tries fall into low productivity industries group. 

Most of the manufacturing industries fall into the medium 

productivity group. This productivity structure is similar (but 

not identical) to the productivity structure given in Rao (1978). 

LABOUR PRODUCTIVITY GROWTH 

From Table 2, we see that the productivity growth 

variations are large across both industries and time. The 

• 
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stable over time. Over the sample period, 1957-75, aggregate productivity 

productivity growth structure both across industries and time lS 

almost identical to the productivity growth structure given in Rao (1978), 

implying that the ratio of intermediate inputs to gross output is fairly 

subperiods, 1957-66 and 1967-73, all the four mining industries 

increased by about 2.74% per annum. The coal mining industry experienced 

the highest average annual labour productivity growth rate of 8.10% 

while the finance and insurance and real estate industries' productivity 

increased a mere 0.81% per year. For the same period, the productivity 

3 in public administration declined by about 0.92% per annum. The aggregate 

productivity of mining and manufacturing industries has increased at 

a rate of 5.G4% and 3.23% per annum respectively. For the first two 

enjoyed productivity growth rates well above the average productivity 

growth. However, in the subperiod 1974-75, all the four mining 

industries have experienced negative productivitity growth - mining 

industry' productivity has declined at an average rate of 7.2% per annum. 

The average annual productivity growth of agriculture, forestry, 

communications and transportation, trade and utilities is greater than the 

aggregate productivity growth. As eNpected the service industry 

4 
recorded a very low productiviVY growth. 

3 Since the output of government sector is measured by 
labour input, productivity growth is zero by definition. 
However, due to the compositional changes in the 
government employment the measured productivity growth 
could be different from zero. 

4 The service industry includes the output of both commercial 
and noncommercial services. The noncommercial s e r-v i.ce s 
are: primary and secondary education, universitic , ho~plLd10. 
and other noncommercial services. Like public clmini.str L'on, 
the output of noncommercial services ~ mostly measured by 
labour output. Moreover, the share of noncommercial services 
is at least 50%. In view of these features, we would expect 
the service industry productivity growth to be very small. 
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The productivity growth variation in the manufacturing 

industries is also quite large, the lowest being 1.72% for miscellaneous 

manufacturing industries and the highest 6.04% for textiles industry. 

As inferred from the productivity levels,the average annual productivity 

growth rate of durables manufacturing industry (as a group) In all the 

three subperiods. The following manufacturing industries have productivity 

growth rates lower than the aggregate productivity growth rate: wood, 

furniture and fixtures, metal fabricating, non-metallic mineral products, 

food and beverages, leather, printing and publishing and miscellaneous 

manufacturing. All other manufacturing industries enjoyedah above 

average productivity growth in the sample period. 

Over the sub period 1957-66, aggregate labour productivity 

has increased at an annual rate of 3.05% compared to 2.74% for the entire 

period, 1957-75. Oven this period, the following industries have 

experienced a sharp increase in their average productivity growth compared 

to their average productivity growth for sample period lS57-75: 

agriculture, forestry, iron and steel, nonferrous metal, rubber and 

plastic products, petroleum and coal products, crude petroleum and 

natural gas and metal mining. Construction,finance and insurance, motor 

vehicles (excluding parts and accessories),leather, textiles, printing 

and publishing, miscellaneous manufacturing,coal mining, nonmetal 

mining, and commercial and business services have registered reduced 

productivity growth. 

Aggregate labour productivity growth has remained unchanged 

during the subperiod 1967-73 - labour productivity has increased at 

an average rate of 3.06% per annum. However, during this period 

manufacturing industry's productivity has increased from 2.86% per annum 
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In 1957-66 to 4.0% in 1967-73. Opposed to this, agriculture, 

forestry and communications and transportation industries have experienced 

substantial reductions in their productivity growth. Within the 

manufacturing industries, lron and steel, nonferrous metals and electrical 

products have registered lower productivity growth, compared to the 

• subperiod 1957-66. However, in opposition to these declines, motor 

vehicles (excluding parts and accessories), motor vehicle parts and 

accessories, nonmetallic mineral products, leather products, printing 

and publishing, and miscellaneous manufacturing industries 'have made 

substantial gains in their productivity growth, resulting in a 1% increase 

in the manufac-turing industry's productivity growth· During this period, 

productivity growth of coal mining industry has more than quadrupuled - 

productivity growth has increased from 3.8% for the period 1957-66 to 

17.1% for the period 1967-73. Metal mining industry's productivity 

growth increased from 5.5% for the period 1957-66 to 6.2% for the period 

1967-73. However due to reductions in the productivity growth of 

other two mining industries, total mining industry's productivity growth 

has declined slightly -it has declined from 7.23% for 1957-66 to 7004% 

for the period 1967-73. Productivity growth of commercial and business 

services has more than doubled during this period - it has increased 

from 0.85% per annum for 1957-66 to 1.89% per annum for the period 

1967 -73. 

During the subperiod 1974-75, aggregate labour productivity 

has declined at an annual rate of 0.16% compared to 3% growth during the 

first two subperiods: 1957-66 and 1967-73. With the exception of a few 

manufacturing industries, productivity growth has declined in all most 

every industry during this period. However, the productivity growth 
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decline is mild for the manufacturing and communications and transportation 

industries. Moreover, the average productivity of agriculture, 

construction, nonauto transportation equipment, non-ferrous metals, 

petroleum and coal products, chemical products, mining and services 

has actually declined during this period. Manufacturing industry's 

productivity growth has declined from 4.0% for 1967-73 to 2.67% during 

this period. Most of this decline has come from the nondurable 

manufacturing industries - nondurable industries productivity growth 

has declined from 3.80% for the period 1967-73 to 1.94% during the period 

1974-76~ With the exception of nonmetal mining, all the other three 

mining industries have experienced negative productivity growth in 

rates resulting In a huge reduction in the productivity of aggregate 

mlnlng industry mining industry's productivity has declined at an 

annual rate of 7% during the period 1974-74. 

The time path of productivity growth for the sample 

period is presented in Figures 6 to 14. As seen in Figure 6 the 

peaks and troughs of the productivity cycles in both durables and 

nondurable industries is almost identical in phase. The cycle within 

the components of durable and nondurable industries, while exhibiting 

considerable variation amplitude generally display great similarity in 

phase (see Figure 7 and Figure 8). With the exception of trade all 

the industries show considerable ups and downs in their productivity 

growth, which suggests a definite positive association between 

business cycles and productivity cycles. 
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Table 3 glves the productivity relatives of each 

5 
industry for the three periods: 1957-74, 1966-74, 1971-74. 

As expected, the productivity relatives of all the non- 

manufacturing and non·mining iridustries (with the exception ~/ 

of construction, finance and lnsurance industries and utilities) 

are below one in all three periods. If one ranks all the 

industries on the basis of productivity relatives, the produc- 

tivity structure in all three periods will be almost 

identical. This implies that the productivity growth variations 

are not large enough to make a significant impact on their 

productivity relatives over time. However, the productivity 

relative of forestry, wood, furniture and fixtures, iron and 

steel amd non-ferrous metals, metal fabricating, metal mining, 

servlces and public administration show a declining trend, 

implying a relative decline in productivity growth over time. 

In contrast to this, the productivity relative of agriculture, 

machinery, non-auto transportation equipment, motor vehicles, 

motor vehicle parts, electrical products, textiles, knitting 

and clothing, petroleum and coal products, chemical products 

coal mining, and utilities show an upward trend. 

6 
Table 4 sh~ws wage relatives by industry for all 

three periods. Like the productivity relatives wage relatives 

also show little or no variation over time. This implies that the 

5 The table shows labour productivity in a given industry 
relative to the aggregate labour productivity. 

6 This table gives wage rate in a given industry relative to 
the aggregate wage rate. 



• 
INDUSTRY 

Agriculture 

Construction 

Communications 
~ Trsp. 

Finance, Ins., 
~ Real Estate 

Forestry 

Manufacturing 
(Total) 

DURABLES 

Wood 

Furniture 
~ fixtures 

Iron ~ Steel 

Nonferrous 
metal 

Metal 
fabricating 

Machinery 
(ex. electrical 
machinery) 

Nonauto trsp 
equipment 

Motor vehicle 
(ex. parts ~ 
accessories) 

- lla - 

TABLE 3 
PRODUCTIVITY RELATIVES 
(GROSS OUTPUT MEASURE) 

1957-74 1966-74 1971-74 

.391 .436 .451 

1. 37 1. 30 1. 27 

.898 .944 .966 

2.68 2.34 2.23 

.782 .885 .923 

1. 63 1067 1. 70 

1. 60 l.66 1. 70 

1. 39 1. 34 1. 29 

1. 06 1. 04 1.06 

1. 56 1. 55 1. 54 

2.04 2.01 1. 95 

1. 49 1. 47 1. 45 

1. 34 1. 39 1. 44 

1.17 1. 20 1. 23 

3.95 4.60 4.82 

(cont'd) 



INDUSTRY 

Motor vehicle 
parts & access. 

Electrical 
products 

Nonmetallic 
mineral prod. 

NONDURABLES 

Food & Beverage 

Tobacco 
products 

Rubber & 
plastic 

Leather 

Textile 

Knitting 
& clothing 

Paper & 
allied indust. 

Printing, 
publishing & 
allied indust. 

Petroleum & 
coal prod. 

Chemical & 
chemical prod. 

Misc. mfg. 

Mining 
(Total) 

- llb - 

TABLE 3. 
(cont'd) 

1957-74 

1. 65 

1. 27 

1. 58 

1.66 

2.32 

2.69 

1. 23 

.796 

.927 

.823 

1. 64 

1. 21 

5.51 

1. 96 

1. 34 

2 • 3 3 

1966-74 1971-74 

1. 77 1. 82 

1. 31 1. 35 

1. 54 1. 57 

1. 68 1. 70 

2.28 2.26 

2.79 2.85 

1. 35 1. 42 

.765 .750 

10 02 1.10 

.838 .865 

1. 64 1. 65 

1.16 1.19 

5.84 6.12 

2.08 2.21 

1. 30 1. 29 

2.23 2.31 

(cont'd) 

• 



- llc - • TABLE 3 
(cont'd) 

INDUSTRY 1957-74 1966-74 1971-74 

Coal mining .951 1. 02 1.32 

Crude petroleum, 
natural gas, ~ 
servo incidental 
to mining 

3.02 2.89 3.10 

Metal mining 2.51 2.35 2.34 

Nonmetal mining 
(except coal) 1. 45 1.41 1. 44 

Services .489 .458 .443 

Wholesale ~ 
retail trade .579 .576 .582 

Public ad 
administration .825 .690 .639 

Utility 1.58 1.70 1. 87 

Aggregate 8.32 9.58 10.29 

Source: Computed from manhour and gross output data. 



I 

L 

- lId - • TABLE 4 
WAGE RELATIVES BY INDUSTRY 

1958-1975 

INDUSTRY 1958-75 1966-75 1971-75 

AGRICULTURE " .11 .11 .12 

CONSTRUCTION 1. 23 1. 26 1. 30 

COMMUNICATIONS 
& TRSP. 1.19 1.17 1.15 

FINANCE, INS. , 
& REAL ESTATE 1. 24 1. 20 1.19 

FORESTRY 1.16 1. 20 1. 25 

MANUFACTURING 
(TOTAL) 1.14 1. 09 1. 06 

DURABLES (TOTAL) 1. 21 1.15 1.13 

WOOD 1. 04 1. 02 1. 03 

FURNITURE 
& FIXTURES .90 ' • 86 .84 

IRON & STEEL 1. 38 1.31 1. 30 

NONFERROUS METAL 1. 32 1.25 1. 22 

METAL 
FABRICATING 1.17 1.11 1.09 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) 1. 25 1. 20 1.16 

NONAUTO TRSP. 
EQUIPHENT 1024 1.18 1.14 

MOTOR VEHICLE 
(EX. PARTS & 1. 32 
ACCESSORIES) 1. 40 1. 35 



- lle - • TABLE 4 
(cont'd) 

INDUSTRY 1958-75 1966-75 1971-75 

MOTOR VEHICLE 
PARTS & ACCESS 1. 30 1.23 1. 22 

ELECTRICAL 
PRODUCTS 1.15 1. 08 1. 05 

NONMETALLIC 
MINERAL PROD. 1.17 1.13 1.12 

NONDURABLES 
(TOTAL) 1. 06 1. 01 1. 00 

FOOD & BEVERAGE 1. 02 .98 · 97 

TOBACCO PRODUCTS 1. 21 1. 20 1. 21 

RUBBER & 
PLASTIC 1. 06 1. 00 .96 

LEATHER .76 • 72 .71 

TEXTILE .91 .88 • 86 

KNITTING & 
CLOTHING .74 .71 · 70 

PAPER & 
ALLIED INDUST. 1. 30 1. 24 1. 21 

PRINTING, 
PUBLISHING & 
ALLIED INDUST. 1. 22 1.15 1.12 

PETROLEUM & 
COAL PROD. 1. 61 1. 53 1. 49 

CHEMICAL & 
CHEMICAL PROD. 1. 26 1.19 1.15 

MISC. MFG. .99 .95 .93 
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TABLE 4 • (cont'd) 

INDUSTRY 1958-75 1966-75 1971-75 

MINING 1. 67 1.57 1. 61 
(TOTAL) 

COAL MINING loll loll 1.19 

CRUDE PETROLEUM, 
NATURAL GAS, s 
SERVo INCIDENTAL 
TO MINING 1.54 1. 48 1. 46 

METAL MINING 1. 35 1.31 1.32 

NONMETAL MINING 
(EXCEPT COAL) 1.16 1.13 loll 

SERVICES .93 .94 .95 

WHOLESALE & 
RETAIL TRADE .81 .80 .79 

UTILITY 1. 48 1.42 1.35 

PUBLIC 
ADMINSTRATION 1.69 1.62 1. 59 

AGGREGATE 1.00 1.QQ 1. OQ 

Source: CANDIDE 2.0 data bank. 
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inter-industry wage structure is quite stable over time. As the 

neo-classical theory predicts the wage productivity relatives 

are closely related in all the industries (with the exception 

of public administration). Public administration is close to 

the bottom on the productivity scale, where as on the wage scale) 

it is on the top. This implies that the public sector is enjoying 

a higher relative wage, compared to other industries, which canDot 

be justified on efficiency grounds. However, the wage relative 

of public administration is declillins over time. As expected, 

the wage relative of furniture and fixtures, leather, textiles 

and knitting and clothing is less than one in all three periods. 

Similarly, the wage relatives of all the four mining industries 

are well above one in all three periods. 
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III PRODUCTIVITY ESTI_MATES BY INDUSTRY • 
Estimates of total factor productivity growth 

can be obtained either by directly estimating the 

technical progress parameter of a well-defined production function7 

or derived residually using distribution theory, where the 

production function is implicit.8 

If we assume a four factor, twice differentiable 

homogeneous production function f, with disembodied 

technical progress A: 

Q A f(K, L, E, M) (1.1 ) 

where K, L, E, M are capital, labour, energy and material 

inputs, respectively and Q is the gross output in constant 

dollars. 

Differentiating (1.1) with respect to time and 

dividing it through by Q and rearranging the terms, gives us: 

dA dQ - FK K dK - FL L dL 
A Q Q K Q L 

- FE E dE - FM M dM 
Q E QM (1. 2) 

7 S910w (1957), Brown (1966), Ferg~son (1965), Jorgenson (19C5), 
Mltchell (1968)1 Nordhaus (1972), Gallop and Jorgenson (1977), 
Denny and May ( 978a, 1978b, and 1979), Clark (1978), 
Brown and Medoff (1978). 

8 Kendrick (1961), Denison (1962), Griliches (1968), Jorgenson 
and Griliches (1967), Kendrick (1970), Starr (1974), and 
Nishimizu and Hulten (1978). 
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where dA 
A 

lS the measure of factor productivity and FK' FL' 

FE' and FM are the partial derivatives of output with respect 

to capital, labour, energy, and material inputs respectively. 

It is clear from (1.2) that both the magnitude and 

the stability of the technical progress parameter (dA/A) depends 

on;a) the appropriate measurement of output and inputs, b) the 

functional form of f and c) the importance of omitted variables 

from the production process (such as entrepreneural ability, 

capacity utilization, government regulation, et cetera). 

The productivity estimates given in RAO (1978) were 

based on the value-added rather than the gross output data. 

The use of value-added data in productivity analysis can be 

justified only if there is no substitution between intermediate 

inputs and other inputs capital and labour. In spite 

of this restrictive assumption, the use of value-added will 

always overestimate the total factor productivity (except 

those industries in which the material content lS zero), and 

this bias will be serious In industries where the material 

9 content lS large. 

In this section, uSlng the KLEM Production approach, 

we will obtain estimates of factor productivity for each 

industry. The estimated parameters of the productivity 

equations will enable us to analyze the sources of productivity 

9 The relationship between the two estimates of productivity 
can be represented as: . 

A 
A 

o 

A* 
A* (1.3) 

where Â/A and A~A* are estimates of factor productivity 
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growth In each industry in all three periods. . Hopefully, 

this would help US to identify the causes of the productivity 

slowdown experienced in the 1970's. 

We begin with the Cobb-Douglas Production function 

with Hicks-Neutral technical change and constant returns to 

scale: 

À t 
A 1 

a 
K 1 
it 

6 
E 1 
it 

Y 
M_l 
it 

1 - (a.+B.+y.) 
111 

e L 
it 01 

(1.4) 

where Qit is the gross output (constant 1971$) in the ith 

industry in time t. Kit,Lit,Eit,Mit' are respectively 

capital, labour, energy and raw materials inputs of the ith 

industry in time t. t is the time trend and À. is the 
1 

technical progress parameter of the ith industry. Dividing 

both sides of (1.4) by Lit gives the labour productivity equation 

for the ith industry. 

À. t ait 6. y. 
1 1 1 

A e (Kit) (Eit) (Mit) 
01 

Lit Lit Lit 

(1. 5 ) 

9 based on gross and net outputs respectively and a is the 
share of capital and labour in gross output. Equation (1.3) 
says that the true factor productivity growth will be some 
fraction of value-added factor productivity. Since for most 
of the manufacturing industries, the value of a is 
approximately 005, use of value-added data will result in 
substantial over estimates of factor productivity growth in 
these industries. For details, see Star (1974), pp.127-28. 
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/...t 
1 

Œ. 
1 

B. 
l 

y. 
l 

q. 
It 

= A e 
Ol 

k e m 
it it it 

Cl.5a) 

where qi lS the output per manhour and kit' eit, and mit are 

capital, energy and materials per unit of labour respectively~ 

Relaxation of the constant returns to scale 

.. . h f 10 assumptlon lS stralg t orward. 

A 
/...t 
l 

a. 
k l 
it 

s· l e 
it 

Yi 
m 
it 

8.-1 
l 

e L 
it Ol 

Cl. 6 ) 

where 

a. + B. + y. l l l + O. 
1 

and o. lS the exponent of labour input in (1.4). If the 
l 

exponent of Lit in Cl.6) is positive and statistically significant, 

increasing returns to scale are implied; decreasing returns to 

scale are implied if the coefficient is significantly negative 

and a coefficient not significantly different from zero implies 

constant returns to scale. 

In order to get unbiased estimates of the parameters 

of the production function, we have to make corrections for the 

cyclical movements of productivity. Clear evidence exists that 

short-run increasing returns arise from the short-run movements 

in output. 
. . . Il Whlle In aggregate studles , cyclical adjustments 

10 See Griliches and R~ngstand (1971), and Brown and Medoff (1978)u 

Il Okun (1962), Solow (1957), Nordhaus (1972), Coen ann H'i o kma n (ISl7h), 
and Rao (1978). 
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are usually made by uSlng the aggregate unemployment rate • 
(standardised for age-sex composition of labour force) as a proxy 

for the utilization of inputs, this variable above will not be able 

to satisfactorily purge the cyclical elements from trend 

productivity at the industry level. We could overcome this 

problem by introducing a measure of industry-specific capacity 

utilization in addition to the aggregate unemployment rate in 

the productivity equation (1.6): 

À.t a. y. 
l l l 

q = A e k m 
it Ol it it it 

'IT. ( § . URATEt + Il. CUit) l l l 
L e 
it ( 1 • 7 ) 

where 

'IT. = 8. - 1 
l l 

URATE = aggregate unemployment rate standarised for 

for age-sex composition of labour force and 

CUit = capacity utilization measure for the ith 

industry in time t. 



- 18 - • Labour input should reflect changes in skill, age, 

sex, and education over time. Most of the aggregate studies on 

productivity made some effort to quantity the impact of these 

d h · h 1 bd" 12 emograp lC c anges on a our pro UCtlVlty. 

Since time series data on industry specific employment 

by age, sex, education, et cetera lS not available, it lS not 

possible to standardise the labour input of each industry for these 

demographic changes. However, we 'can introduce the ratio 
" 

of female and teenage male labour force to the total labour 

force as a rough proxy for the labour quality variable in the 

industry specific productivity equation (1.7). This variable 

might help US to identify the industries which are most affected 

by the dramatic changes in the composition of labour force in 

recent years. The productivity equation with correction for 

labour quality lS written as: 

À .t Ct.. S· y. TI. 
l' 1 1 1 L 1 

q. A e k e m 
lt 01 it it it it 

( § . URATEt + n.. CUit + E. LQt) 
1 1 1 

e ( 1 • 8 ) 

12 See Denison (1962), Perry (1971), Nordhaus (1972), Clark (1978), 
McCarthy (1978), and Nishmizu and Hulten (1978). 
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where LQt is the ratio of female and teenage male labour 

force to total labour force. 

The logarithmic form of (1.8) lS written as 

ln q = ln A + 
it Ol 

À t + Cl ln k 
l it it 

+ S. ln eit + y. ln mit l l 

+ TI. ln Lit + § . URATEt + l'l. CUit l l l 

+ E: • LQ + U. 
l t It 

where 

Dit the disturbance term. 

Hicks-Neutral technical progress assumption can be 

ea~ily relaxed by slightly modifying the productivity equation 

(1.8).13 

In q 
it 

In A + À.t + a.ln k + S.ln e oi l l it l ik 

+ y. In m + TI In L + §i URATE l ik l it t 

+ ].1 • cu . k + t. 1.0 t + Bk' In(l_jt)t .1 l· ~ 1 

+ 8 In (Mit)t + 8 .In (Eit)t + Uit ml el 

13 See Berndt and Word (1975), Denny and May (1978a, 1978b). 

• 

(1. 9) 
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If the coefficients of the three interaction terms 

GklO, Go, Go, turn out to be statistically insignificant,: ml el 

equation (1.9) implies Hick-Neutral technical progress and 

the factor shares will be constant. However, in the case of 

factor augmenting technical progress,factor shares will vary 

o 14 
over tlme. 

Klein and Preston (1967), Bodkin and Klein (1967), 

Preston (1967), Hickman and Coen (1976) have argued against 

the direct estimation of the parameters of the production 

function. In the case of trans log functions, production 

function and factor share equations have to be estimated as 

a system of equations subject to the relevant constraints. 

Moreover, due to the expected multicollinearity among factor 

inputs and time trend, we will not be able to get precise 

. estimates of the paramaters of the production function. 

We could overcome these problems by using a constrained 

estimation on equation (1.9) From the observed factor shares 

data, we get estimates of ao, 80' yo, and 00 as : 
111 1 

,.. 
00 
1 

T 

L (WB$ot/Q$Ot) 
't =1 1 1 

1 
T 

for 1 (l.10) l, 000' 3 5 

14 It can be easily shown that the implied production function 
in (1.9) is a specific form of the popular translog 
production frontier. [Berndt and Jorgenson (1975), Hudson 
and Jorgenson (1972) and Denny and May (1978b)]. Equation 
(l. 9) assumes that all coefficients of the factor 
inputs in the share equations are zero. 
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.... T 
8. 1 L: (E$'t/Q$'t) l - t=l l l T 

for l :::: l, • • 0 , 35 (1.11 ) 

T 

y. = 1 L: (M$'t/Q$'t) 
l if t=l l l 

for l = l, . . . , 35 (1.12) 

and 

ct. = 
l 

.... 
1 - 6· - 8· - y. l l l 

for i = l, ••• , 35 (1.13) 

where WB$it' E$it' M$it and Q$it are respectively wage bill, 

energy, materials and gross output (all in current dollars)for 

the ith industry in the time t. 

Then the constrained productivity equation is 

written as: 

+ 

+ 

(1.14 ) 

• 



- 22 - • To check for the roboustness of technical progress 

parameter with the inclusion or exclusion of certain variables, 

we have estimated several variants of equation (1.14). For 

comparison purposes, we have also estimated productivity equations 

for each industry without imposing any constraints on 

a., B., and y .• 
l l l 



- 23 - • EMPIRICAL RESULTS 

Here we will discuss the empirical estimates of 

the parameters of the productivity equation (1.14), for each 

industry. As mentioned earlier to study the sensitivity 
15 

of estimates with theinclusion or exclusion of some variables, 

we have estimated several variants of (1.14). These 

results are recorded by industry in Tables Al through A35. 

After a thorough reVlew of these ~quations, for each 

industry we have chosen a representative productivity 

equation. In selecting the representative equation, 

the following criterion are used: a) goodness of fit of 

the equation, b) standard error of estimate c) Durbin- 

Watson statistic and d) signs, Slzes and rouboustness 

of coefficients. In selecting these equations we have 

paid special attention to the description of technical 

change. These selected productivity equations for the 

manufacturing and non-manufacturing industries are glven In 

Tables 5 and 6 respectively. Each row contains the estimated 

coefficient of the variable with the t-ratio in the 

parenthesis.16 A blank space in any row indicates that this 

15 The sample period used in this paper is the same as 
in RAO (1978). Recently, we have obtained consistent 
data on gross output and material inputs (both current 
and constant dollars) for the years 1975 and 1976 for· 
all the 22 manufacturing industries. For the nonmanufacturing 
industries, we could update this data only for 1975. Due 
to its late arrival, we could not make use of this data 
for estimation purposes. However, we make use of the 
estimated parameters of the productivity equation and 
productivity performance of the Canadian industries for 
the period 1971-1976 is analyzed. 

16 Since all the selected equations are constrained type (1.14), 
t-ratios are not available for the coefficients on all the 
three factor intensity variables. 



- 23a - • Ul 
r..1 
H ~ 
0 
Ul 
Ul 

r..1 r..1 
...:lU 
UU 

~ 

H -e 
:x: 
r..1 <li N <JO ~ 0- M :> 0 M '" ~ (I) M M 

Ul 0- 0'\ M ~ (I) 0 M U'l U'l I'- s:: ~ 8 ~ N 0 M M '" 0- N U'l ~ 0 ~ 0 CO 0 0 0 0 (I) 0 N 8 .:t: • M • M r..1 0 il< 0 0 0 0 0 0 0 N ...:I ::t III 

~I 
I 

:> 
8 
Z 
r..1 Z 
0 0 I ~I H 

8 
.:t: 

[il 8 El Cl ~ 
0 0 I'- CO 0- U'l 0 (I) 0- M~ U'l 

'<l' 8 il< ::t '" (I) \0 '" N M I'- U'lN U'l M I'- :J Ul il< ~ (I) 0- (I) M '<l' ~ I'- N '" '<l' U'l~ '" N '" 0 N 0- .:t: Z H U'l '" 0 M I'- 0 ~ U'l 0- 0 I'- N ri 0 '" '<l' N ri Z .:t: :J 0 li') 0 ri 0 0 0 0 '<l' 0 0- 0 \0 I O~ ri N N ·0 'ri .(1) 
I'- Z8r..1 0 0 0 0 0 0 0 0 0 0 0 N U'l I I 
0- 
ri 

...:I 
I( 

\Il U J r..1 H 
H ~ ~ 8 
8 ><U >< 
Ul ~r..1 ~ 
:::> [il ....:I [il 0- .,. N N N 0 '" 0 U'l 0 Zr..1 Z 0- 0 M CO '<l' o~ M~ o~ I'- Z H H N 0 I'- U'l 0 N '" (I)'" qoU'l "'I'- N U'l ri r..1 H :x: • :x: '" ri 0 M M 0 (I) 01'- 0U'l Ori 0- 0 \0 ,..:t U >: U 0 '" 0 0 0 . 0 O. 0 0- 0 CO III " .:t: r..1 .:t: • M • N 'N ·0 ·0 .:t: Z ::t~::t 0 0 0 0 O~ M~ O~ O~ 0 0 N {,< H ~ 
:J 
8 
U 
.:t: 

""' :J " Z Z 
.:t: H 
::t 8 

.:t: 0- 0 0- '" N 
U '" '" N U'l ri (I) 

M M~ 8 ...:I H '" U'l 0 0- (I) ri (I) MO '<l' .,. U'l :J .:t: ~ N 0- ri 0 qo 0 (I) Ol{\ 0- 0 0 il< 8 >Il ri l{\ 0 0 0 . 0 . 0- 0 '" 8 [il .:t: • M .1'- · 0 :J ::t 
""' 

0 0 0 o~ 0 0 0 0 ri 0 I 

Ul 
Ul 
0 ~ 
S! 

Ul 
Z o 
0 Z 
H Ul H 
8 :J Z 

~I 
0 H ~ ::t "" 0 0 M I'- 0- M ~ CO N '" N (I) N~ r-- '" r..1 ...:I ri N '<l' \0 '" CO \0 1'-1'- N 0 M U') I'- d .... .:t: 0- U') 0 0 ri CO I'- riCO M U') -o 0 0- Z 8 0 '" 0 0 CO . 0 . N 0- 0 ...... 0 [il · '" • ri 'CO C;M 

H Z ::t 0 0 0 0 O~ O~ O~ 0 0 N :> I I 
H 
8 -, U 
:J >< <, 0 ...:I 8 
0 .:t: H '<l' ~ Z ::t ...:I U') 0 
il< 0 0 ~ .:t: · ~ Z H 0 :J l{\ 8 
0 [il r..1 ><8 Z a N :::> 8 r..1 ...:I ~ 8< <, [il III 8 ... 8 8 >Il ...:I ...:I ...:I 8 H N ...:I ~ 8H ... ... 
U .:t: <, <, <, U H .:t:Ul :::> <~ 
[il H <S s ~ [il < ...:I :J~ 0 ~8 ...:I <S ?:. ~ ...:I ~ ::t il< H 8:::> III :JUl " r..1 ~ [il .:t: t:: t:: c H .:t:8 UO < ::E:H< t:: t:: t:: c 'i'~ r..1 Ul :> ri ri ri 8 U:J .:t::x: ...:I 00...:1 ...... ri ...... ...... Ul 0 



23b - • 
..:I ~I ri! 

~ 

ri! 
8 
Ul 

LI') ~ 0\ CD '" LI') 

'" LI') CD 0\ 10 N LI')~ 0 10 ~ N CD CD O\o-i O\o-i N 10 0 Z N ~ '" 0 10 o-io-i 00 0 o-i N 0 o-i LI') 0 0 CD 0 0 0 0\ 0 CD ri! P:: o~ 0 N oN 
..:I H 0 0 0 0 "'~ O~ 0 0 o-i ill I 
I« 
H 
P:: 
I« 
:> 

51 Ul 
ri!r.1 

a P::P:: 
Z 00 10 0 LI') '" ~CD o-i 
r.1 88 LI') 10 ~ 0\ o-iCD 0\ 0 a.. H >< ~ ~ 0\ I' O\N o-i N CD 10 CD I' r.1 Z H '" I' 0 0 , 0 I' 0 I' I' 0 0\ a P:: '" o-i LI') 0 0 CDO , 0 0 0\ 0 LI') 

0 o-i ~ , 0 ~ '" '" 0 0 0 0 .... 0 o~ 0 0 o-i I' 
0\ 
o-i 
I 
I' 
LI') 

0\ 
o-i o-i N CD LI') 10 I' o-i 

o-i LI') 0\ N N .... 10 LI') .... N 10 LI') .... o-i .... .... I' .... 1' I' LI') '" a CD LI') o-i 0 '" O\o-i o-i '" N~ .... 0 LI') 0 0 10 0 0 0 0 o-i o-i 0 0\ 0 CD ~~I 0 s , .... 0 .... • 10 o N 
0 0 0 0 o-i~ o· 0 0 0 o-i 'OH I I 

- P:: 
+.18 
I::Ul 
00 ua 
~Z 

H 
LI') o 
ri!Z o 
..:IH Z 
illP:: H 
I« 01 P:: 
88 0 

U E-tUl 
I« Ur.1 '" 0\ 0 LI') 10 .... o-i 10 

~I 1«..:1 N 10 1"'1 0\ ~ .... o-i N o-i 0\ ",ill 10 .... \I) 10 o-io-i N \I) LI') 0 0\ 0\0 1"'1 .... .... 01« 0\ 1"'1 o-i o-i Ll')0 10 0 '" o-i '" "'I' 0\ 0 0 ZP:: 0 10 0 0 o 0 , 0 0 , o-i 0 0\ 0 N 

;1 
1«0 o LI') 0 N , o-i '1"'1 o o-i ~a 0 0 0 0 ~o o~ o~ o~ 0 0 N 

I I I 

~I 
0 
0 

Ul 
Ul 
0 e 
P:: Z 
~ ..... 

P:: 

~ 

0 
8 
U 
I« 

'" 0 
Z 
I« ~ 1"'1 CD o-i CD \I) CD I' o-i ri! N .... N o-i ~O ~ N~ r--~ I' ..:I CD \I) CD 1"'1 Mo-i '" .... CD Ll')r-- ",LI') .... 1"'1 CD >< I« 0 ~ o-i o-i 100 N 0 N OCD CDN 0\ 0 I' 8 8 o-i \I) 0 0 o 0 0 0 0 , 0 , 0\ 0 .... H 0 o LI') , N '::::! ' N o o-i :> 8 0 0 0 o~o 0 O~ O~ 0 0 N ..... I I I 

il >< ..:I 8 
I« H .... a P:: Z ~ ..:I LI') r.1 a.. a 0 P:: I« 8 

Z H 0 0 LI') ~ Cl ri! r.1 ~ 8 Z 01 N 
ri! ~ ~ P:: I« <, r.1H 8 8 8 E-t ..:I ..:I 8 H t'l ..:I P:: 8P:: ... ... to U I« <, <, <, UH I«Ul 0 I«~ 
ri!1 H ~ s ~ ri! I« ..:I OP:: 0 P::Ul~ cl ~ s ~ 
~I 

P:: ~ a.. H 80 ill OHt!> ri! 3: I« I:: I:: I:: H I« 8 UO I« ~ Cl I« I:: I:: I:: I:: j<p:: r.1 :> o-i o-i o-i 8 UO I«:I: ..:I Cl ~..:I o-i o-i o-i o-i Ul Cl 



23c - 

• w 
(.!) 
~ 
P: 
W 
:> 
~ 

~ 
0'1 10 10 M '<I' eo 0'1 N ~ I' 0'1 10 111 N eo 111~ O~ I' 
M '<I' ..-i 0'1 I' 0 ..-i 100 '<1'0 Cl'IN I' N 10 Cl ..-i M ..-i 0 '<I' 0 M oeo 00 '<I'M eo 0 ..-i I':: 0 ..-i I' 0 0 · 0 0 . 0 0 0'1 0 0'1 ..-i 0 .111 '..-i • N .111 '..-i r.. 0 0 0 O~ 0 0 0 O~ 0 0 ..-i 

I I I 
W ~ 
to ~ 
H 
P: ~ 
:> o 
8 Z CIl 
Z H W 
W P: ~ 
Cl e to 

;1 
8 ~ 
U P: CO 10 ..-i 10 0 10 ..-i 111 ~ ::> 10 10 0 0 CO 0 IO~ IO~ 10 r.. Cl N I' eo ..-i 10 0 M '<I' I' ..-iM 111M 10 N '<I' 
D I N 111 ..-i ri ri 0 10 0 111 0"" 10111 0'1 0 0'1 Z Z ..-i 10 0 0 · 0 0 0 0 0'1 0 ..., 

'<I' ~ 0 .10 . ~ .~ · ~ .~ 
I' ::!: Z 0 0 0 O~ 0 O~ O~ O~ 0 0 N 
0'1 I I I ~ 
I 
I' 
111 

~I 
,;;1 
w u Cl 
H H 0 
P: ~ P: 
8 ~ 0. 

'0 s ~ 
8 ~ 0 N 10 111 I' 111 

.j..) Cl Iïl « N 0'1 ..., N 0'1 ..... .....~ 0'1 C Z ::!: P: 0 I' 10 œ ..-i '<I' '<I' N..., N N 0'1 0 H I W eo 0 111 0 · 0 111 ~~ ..., ..... N U Z Z ..-i lfl 0 ON 0 . 0 . 0'1 0 '<I' (.!) 0 H . ~ '<I' · ..., Z z 
::!:I 

0 0 0 o~ 0 O~ 0 0 N lfl H 
Ct: 

W P ~ 

~I to ~ 
8 

::> 
Z ~ ~ 

CIlI 
::!: « 

U 
H gl ..., lfl '<I' '<I' ..., lfl I' eo 

8 P: ..., ..., 111 ...,~ eo '<I' ..-i ~~ 111 
::> 8 0 0'1 10 Nlfl '<I' '<I' CO '<I' I' 0 '<1'0'1 lfl I' 0'1 

§I o 

~I 

0'1 0 0 ...,..., 0 10 ~ 111 N I' ON CO 0 ..., 
w 0 10 0 0 · 0 0'1 . 0 . ~ . 0'1 0 ..-i ~ • 10 .!!} • N .~ • ..-i 
W 0 0 0 O~ 0 ~~ 0 o~ 0 0 N 

I I 
CIl 

1 CIl 
0 

~I 
P: g 

CIl Ii) ~I z w CIl 
0 ~ Iïl 
H U U 
8 H U ~ :<: ~ 
D W 

:> ~ CO 0'1 ..., o~ '<I' N 
W '<I' lfl 0 I' lfl ~~ œ ..-i 

P: CIl lfl lfl N ..... ~ 10'<1' ..., ..., 10 0 0 
>< 0 8 0'1 CO ~ ..-i · IOro N I' I' ..... œ 
8 Eo< P: 0 111 0 0 '<I' 0 . 0 . 0'1 0 10 
H 0 « ..... .~ · ..., :> ::!: 0. 0 0 0 0 ..-i 0 0 0 N 
H I 
8 
U X 
D ~ >< Cl ~ 8 
0 ~ H '<I' 
P: Z ::!: ~ lfl Cl 
0. Cl 0 P: ~ • w ~I z H 0 ::> lfl Eo< 

W W >< 8 Z 01 ND 
Il] :3 Ct: 8 ~ <, wtO 8 8 8 ~I ~ ~ 8 H N ~ P: 8H .. .. .. ~ <, <, <, U H ~CIl D ~P: 
H ~ s ~ w ~ ~ ::>P: 0 P:Eo< t! M s ~ Ct: ::!: 0. H 8::> to ::>CIl(.!) w 3: 

~I ~ c c C H ~ Eo< UO ~ ::!: H ~ C I':: C c 
l"Ct: 

w 
:> ri ..... ri Eo< U D ~:<: H OOH ..... ..... ri ..-i CIl Cl 



<Il 
<Il o 
p:; 

~I 
~I 
~ 
~I 
H 
E 
U 
P 
Cl o 
p:; 
Po. 

Cl 
ILl ~I 
~I 
<Il 

e 
li!: 

(!) H 
Z :Il 
H E 
E- 0 
E- ...:l 
H U 
Z 
:.: ta 

U 
H 
E 
<Il 
<l: 
...:l 
Il< 

<Il 
E 
u 
o 
Cl o 
Il: 
o, 

o 
U 
U 
;il 
o 
E- 

o 

I'- 
1'1 
I"l 
CO 
o 

o 

o 

o 

., 
LI'I 
I"l 
o 
10 

o 

o 
10 
01 
o 
10 

o 

10 
01 ., 
1'1 
10 

o 

roi 
LI'I 
CO 
CO 
LI'I 

o 

o 

co 
I"l ., ., 
o 
o 

10 
1'1 
10 
roi 
o 
o 

01 
1'1 
I' 
o 
o 
o 

LI'I 
li'> 
10 
roi 
o 
o 

., ., 
I"l 
o 
o 
o 

., 
o 
1'11'1 
MIO 
o 
• M O~ 

co 
I' 
Ol"l 
MI' 
o • 
• I"l O~ 

., 
CO 
011'- 
001 
o • 
• I"l o 

CO 
OI~ 
0., 
01' 
o • 
'0 O~ 
I 

., 
N~ 
MOI 
0., 
o • 
• I"l 

O~ 

co 
lI"l~ 
1"") ..... 
0 ..... 
O· ." 
o 

I"l 
li'> 
MIO 
OM 
o • . ., 
O~ 

- 23d - 

., 
I' 
.,LI'I 
MlI'> 
O. 
.1'1 

O~ 
I 

CO 
I"l~ 
"M 
OLl'l 
o • 
'M 

O~ 
I 

01 
CO~ 
COCO 
OCO 
o • 
.0 

O~ 

10 
N~ 
lOCO 
Oll'> o • 
• M 

O~ 
I 

o 
I'-~ 
l'lM 
OLl'l 
o • 
• M 

O~ 
I 

I"l 
I' 
.,I"l 0., 
o • 
• M 
o 
I 

1'1 
I"l~ 
010 
ON 
o • 
.0 

O~ 

CO~ 
COCO 
01' 
M • 
.1'1 
o 
I 

1'1 
CO 
01 

o 

LI'I 
01 
01 

o 

CO 
CO 
01 

o 

I' 
li'> 
01 

o 

10 
10 
o 
o 
o 

10 
LI'I 
o 
o 
o 

M ., 
o 
o 
o 

o 
01 
M 
o 
I o 

I' 
I"l 
o 
o 
o 

• 

1'1 

01 
li'> 
LI'I 

1'1 

Cl 



- 23e - • ~I III 
0 Z 
0 H 
r.l I>: 
Z 0 
< ~ 
..:l U r- U') a. <"'I 0 <"'I 
..:l 

!I 
<"'I 10 ....; N~ <"'I~ 00 0 r.l ....; a. a. r-IO U')r- "";N 0 0 <"'I 

~I 
u 00 U') 0 oU') U') ... 010 ....; ....; r-- 
U) ....; U') 0 0 · 10 . 0 a. 0 U') H • a. . ....; 

• 0 X 0 0 0 O~ O~ O~ 0 0 ....; 
I 

C 
....; 

r.l 
..:l 

I tIl 
< 
H .1 I>: 
< ~ gl :> 

..:lI>: ~ <Ilo 0 0 U') ... 0 U') U') 
Z ~ .1 0 ....; <"'I N U')~ <"'I~ a.~ 00 r.l U') <"'I N ,., ,., or- ... 10 "'N ....; 10 N C 

X XI ... N ,., N U') ON ....; ... Or- a. 0 ....; Z r.lr.l ....; 10 0 0 · 0 . 0 . 0 · a. 0 ... 
~I 

:c:c U') . ....; • N · ....; UU 0 0 0 0 O~ O~ O~ 0 0 N 
1 I 

... 
r-- 
a. 
....; 

~I ..:l 
< 
0 
U 

U) 
r.l ~ 
H 
I>: :E 

~~I 0 U) 
r.l ~ a ... ....; ....; ~ r- a r- 

.... 01 ..:l U ,., .... ... IDa. a a.~ 0 r- 

~ ~I a 0 ,., a. 00 If) If) ID œ ....; ,., ,., ~ N ,., a 
I>:C r- N a a · ,., ,., 0 ... a. ,., r- a ....; 

uH ~O a 00 a a a 00 . a . ....; . a. a 10 

r.l 1>:1 
':j • N . ....; ·S :~I iloilo a a a a O~ O~ Q a a ....; 

I I, 

r.ll>: 
..:l 01 
CX)~ 
<u 
~< <li ~ r.. 

0 z z o H 
< Z :c N ... N o~ a. a 
:E H U) ID '" ID r-r- ... ~ O~ N ~ H a ... ID "'0 r-a. ID'" U') a r- Z ..:l '" U') a a · ...... 0'" ... ....; ... ~ H tIl ....; ... a ON N . a · '" a a 0 I>: 0 . ....; . ....; . ....; 
Ilo Ilo Ilo 0 a a 0- ....;~ O~ a a N ~ 
0 
0 

U) 

!I C 
r.l 

~I H 
..:l 
..:l 
-e 

H U) ~ <li ~ U') 00 ....; ....;~ ... ,., 
4: U ,., a ....; r-N oo~ <Xl~ ... 0 I>: 01 ID a ,., r-oo 000 ....;N ....; r-- ... r.lC ,., ID U') a · ON 0'" r-- a U') r.l IloO ....; If) a 0'" a . a · '" a ID <I>: . ....; . ....; • a >< 

Ilo "l a a a O~ O~ O~ 0 0 ....; ~ 
H 
:> I HI 
~I 

II >< 
..:l ~ 
< H ... 

Z X ..:l U') C 
C 0 I>: < • r.l Z H a 0 U') ~ 

C r.l r.l ><~ Z 01 N 0 
r.l ..:l 3 3 3 I>: ~4: <, r.l tIl ~ ~ ~ ~ tIl ~ HN ..:l I>: ~ H .. .. .. 
U 4: <, <, <, UH ~gJ 0 <I>: r.l H ~ ~ ~ r.l <..:l al I>: ~ :j ~ s ~ 3: 
..:l I>: X IloH ~o OU) r.l 
~I < c c C H <~ ua < XH C C C C 'i"1>: 

r.l :> ....; ....; ....; E-< uo <:z: ..:l 00 ....; ....; ....; ....; U) C 



- 23f - • x' 01 

~I ~I 
e- 
rzl 

C il< r-- 10 III III M al 0 ..-i al III r--_~_ 1'1 M _ \0_ III rzl III 10 ..,. 0 010 MIO MNOr-- 10 M 0 01 M III III O..-i l'iN 0..,. ..-illl 0 1'1 0 ..-i 10 0 .0 · 0 · 0 • 0 • 01 0 10 
rzl ~ '0 • 0 • M • 0 .1Il al 
..:I U 0 0 0- 0 0- 0-0- 0 0 ..-i al I I I < 
H ~ 
< 
:> e e- z z H 
rzl Z 
0 H 
Z X 01 1'1 <D 0 0 1'1 M 
r.:I al 01 ..,.~ al IO~ 0\ _,...._ 01 il< ..:I al ..-i 010 ..-i M lOal '" 10 lOr-- r-- 0 r.:I < 10 III Nal 010 l'llO o III 010 0 1'1 10 0 e- N III O. 0 · 0 0 • O. al 0 III rzl '0 .0 . ..,. . '" .'" ..,. X 0 0 O~ O~ 0- 0-0- 0 0 1'1 r-- I I I 01 
..-i 
I 
r-- 
III 
01 o 
..-i Z 

H 
Z 

til H ..-i 0 1'1 0 ..,. 0 
rzl X III 10 al~ OI~ ..,.~O~O ~..-i 10 
H 0 ..,. ..-ir-- Olll Or--NalO CD III '" ..-i al ~ ..:I III CD ..-illl O..-i IOOON~ Nlilal 01 III al .0..,. e- < ..-i '" 0 · 0 · o .0 .0 Cl 0 • al 0 1'1 til a '..-i • 0 • ~ eN , oS: 0 o 0 0 0- O~ O-O~ 0 0 0 1'1 0 I I I 

~I 
10 ~I ..:I 

< e- 
E .. a 

rzlu e- ..:1< t.n t.n '" ..,. r-- 01 alt>. (!) ..,. ..,. "'~ 0 f"_M_ CD <0 z 01 ..-i t.n0l r- 1'1 lI'I CD ..-i"" t.n CD e-z H '" 1'1 Or-- 1'1 CD o r- "'CD 1'1 ..-i 01 < Z '" ..,. 0 · '" . 0 • 1'1 . al 0 ..,. 
X ~I '..-i • 0 .0 .'" 
~I 0 0 0- 0- 0-0- 0 0 1'1 

I 

îl >< ~ ..,. .al 01 M CD III r-- 
E-< E-< 01 ID CD~ 0 r-- N~ CD~ 10 0 til CD t.n 011'1 ..-ir-- ..,. ..,. MIO "'..,. r-- ..,. r-- a ~I CD r-- ..-i0l OlD 1'1 01 ..-i..-i 0'" CD 1'1 ..-i 0 '" ..-i · 0 · 0 · 0 . o • 01 0 1'1 til ''''' • 0 • 1'1 . ..,. • ..-i 
tn 

t>.1 
0 0 o~ o~ 0- I o~ 0- 0 0 1'1 a I I I ~ 

~ 
til 
Z r.:I a ~ 
H 0 
E-< E-< • < ..:I '" 10 1'1 ..-i t.n 01 ..-i 0 0 ..,. ..,. r- ~OI ..-i~ ..,.~ t.n~ CD U 1'1 0 1'1 CD..-i ..,. alr-- ..,.r-- ..-ir-- 01 0 1'1 r.:I H 01 '" ..,. r--o 0 N..-i l'iN ..-i"" 10 '" r-- ~ ..,. ..,. ..-i ·0 · 0 . 0 . 0 . III 0 CD >< o , ..-i ':j '1'1 , '" • 1'1 e- < 0 0 0 ~O 0- O~ O~ 0 :.0 ..-i H I I :> 
H 
E-< 
U 0 >< 0 ..:I E-< 
0 < H ~ Z X ..:I 
P- o 0 ~ < Z H a 0 
0 r.:I r.:I ><e- z 01 til ..:I :3' ~ E-« <, rzl e- E-< £0< e- al ..:I ..:I E-< HN ..:I ~ e- • • • u < <, <, <, UH ~lQ 0 < ~ g til H g s ~ rzl <..:I ~ ~ cl g ~ , 
..:I 

~I 
X il<H e-o 0 rzl 3: 

~I 
c c C H <e- ua < x e c e C 1'1 til ..-i ..-i ..-i E-< UO <:c ..:I 0 ..-i ..-i ..-i ..-i I~ til 0 



- 23g - • CI) 
r.1 

Lfl H 01 "" '<t CO '<t Lfl 
E-< .., CO ""_N_ "" _M_r--- N 
H "" 01 '<tCO""N N O.-lLflIO "" 10 01 N 
...:I .-I CO N.-IOOI .-I Lfl.-ll'-Lfl CO 01 0 .., 

~I H Lfl .-I 0 .0 . 0 .0 . "" 01 0 CO 
...:I E-< .'<t • .-I .-I . "" . ~ <, :;) 0 0 0-0- 0 ~O~O 0 0 .-I 

I 

C 
.-I N 0 0I~'<t 10 01 I'- 

"" Lfl COO'<t N IO~CO 10 
r.1 01 0 OI'<tN Lfl CO I'- 100I'<t CO Lfl I'- N 
Cl .., N .-I .0 Lfl .-I CO OLflN I'- 01 0 10 

r.1 .c N "" 000 . .-I 0 ."" 01 0 01 
...:I 0:: • .-1 ·N • Lfl 'N . !::!. III E-< 0 0 O~O~ N~ O~O 0 0 .-I 

~I I I 

I :> .., 
E-< 

CI) z I Z 
r.1 ZO 
Cl OH· 
Z HE-< 
r.1 E-<.c 
il< .cE-< 
r.1 ~~I Cl 10 10 .... - N "" Zil< 10 0 NI'- 01,_ I'- "" '<t :;)CI) 10 .-I 1010 0101 01"" 01 Lfl 01 
I'- 

2: Z I N N N . ""0 OLfl CO .-I .., 
01 ::E:.c N "" 0.., 0 · 0 01 0 Lfl 
.-I 00:: '.-1 '·0 .N 
I UE-< 0 0 O~ O~ O~ 0 0 .-I 
I'- I 
Lfl 
01 
.-I 

CI) .., 
r.1 
H r.1 
0:: U 
E-< Z 

~CI) .c 
'0:;) 0:: 
• Cl :;) 
.._.Z Ulr.1 
CH ZE-< 

2" 
H.c 
-E-< 

~Z I'lUl I'- 0 0 0 0 N "" H UI'l CO .-I Lfl_OI_ ""- OI~ 10 "" 10 0:: Z 01 .-I ..,NON co.., OIN '<I' .-I CO Lfl "" o .c .cl. "" CO NOIOOI .... 10 010 .-I 0 .-I .-I CO 
r.1E-< z.c "" "" 0 ·0 . 01 · 0 . "" 01 0 I'- 
...:lU Hr.1 • .-I ·0 ..... '0 • .-1 
Ill.c r..'" 0 0 o~o~ N~ o~ 0 0 0 N 
.cr.. I I I 
E-<:;) 

Z 
.c 
::E: 
I Z 
Z 0 
0 H 
Z E-< 

U 
:;) "" Lfl 10 "" 01 10 10 

E-< 0:: I'- '<I' 10_.-1 ""- I'- "" "" :;) E-< 01 CO .-I .... "" "" Lfll'- .-I CO 0 Lfl CO I'- I'- 
Il< CI) '<I' '<I' .-1100 10 ""N 0.-1 "" CO 10 0 01 
E-< Z Lfl .-I 0 ·0 '<I' · 0 N 01 0 N 
:;) 0 • .-I .'<1' • .-1 .0 • N 
0 U 0 0 o~o o~ o~ 0 0 0 N 

I I 
CI) 

!I " z H 
Z 

CI) H 
Z ::E: 
0 
H ...:I 
E-< .c 
.c E-< I'- Lfl .... N 10 01 N 
:;) I'l "" CO CO_r-I_ CO lO_ lO_ 0 

::E: .-I I'- 01.-1 0"" '<l'CO .... co 01 .... I'- .-I .... 
r.1 I '<I' 0 NIO 0"" '<l''''' 0"" 0 N 0 "" CO 

Z '<I' "" 0 . 0 . 0 . o • 0 . CO 0 N 

El 0 ·0 0 .N .N • N 
Z 0 0 o~ 0 o~ o~ 0 0 0 N 

I I I 
:> 
H 
E-< 
U 
:;) >< 
Cl ...:I E-< 
0 .c H 
0:: Z ::E: ...:I 

il Cl 0 0:: < 
Z H 0 :;) 

I'l I'l ><E-< z QI 
!il :3 :3 0:: E-<.c <, r.1 E-< E-< E-< 

...:I E-< H t'l ...:I 0:: E-< .. .. .. 

~I .. .c <, <, <, U H .cUl :;) .c 
H l5 s !:! r.1 .c ...:I DO:: fil 0:: t! l5 s !:! 0:: ::E: Il< H E-<:;) :;) r.1 3: 
.c C C C H .cE-< uo .c :E C C C C 'j'40:: I'l 
:> .-I .-I .-I E-< U:;) .c:I: ...:I Cl .-I .-I .-I .-I CI) Cl 



• - 24 - 

particular variable lS not included In the equation. 

The last three rows give: 1) R2, the coefficient of 

determination adjusted for degrees of freedom, 2) S.E.E., 

standard error of estimate and 3) D.W., the Durbin-Watson 

statistic. 

The results are encouraglng In several respects. 

First, with the exception of agriculture, fishing, and 

trapping, mining (aggregate) and metal mining, more than 90% 

of variation in labour productivity lS explained. Secondly, 

this assures that all the estimates are free from 

problems of autocorrelation. Third, with few exceptions, 

both the signs and sizes of all the coefficients are In 

accordance with prior expectations •. Fourth, due to the 

multicollinearity problem among factor inputs and time trend, 

for none of the industries did the unconstrained estimation 

give reasonable estimates of the factor shares and the factor 

productivity growth (see Tables Al through A3S). Fifth, 

as expected, In every industry the estimates of gross factor 

productivity are smaller than the value-added productivity 

given in RAO (1978). Sixth, only for agriculture, forestry, 

the four mining industries and nonauto transportation 

equipment industries did the factor augmenting technical 

progress model give superior results. For all the other 

industries, Hicks-Neutral technical progress is not rejected 

on the basis of the goodness of fit and the reasonableness of the 

signs and sizes of all of the coefficients.· Lastly, the 
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in the 1970's. If there is any productivity break, we would 

have either consistently over or under estimated the actual 

labour productivity in this period. This result is consistent 

with the findings of RAO (1978) and May and Denny (1978b), 

Clark (1978), and Norsworthy and Harper (1979)0 

MANUFACTURING INDUSTRIES 

For purposes of comparison of our results with 

the aggregate studies on productivity for Canada and the U.S., 

we have estimated the aggregate productivity equations for the 

total durable and nondurable manufacturing industries in 

addition to the 22 manufacturing industries studied in RAO (1978). 

These results are recorded in Table 5. 

a) For all the manufacturing industries, more than 

90% of variation in labour productivity is explained and the 

estimates are free from the problems of multicollinearity and 

autocorrelation. 

b) We notice considerable inter-industry variation 

In factor shares. 

c) In all the equations, the coefficient on time 

trend is positive and statistically significant. However, its 

magnitude varies considerably across industries. 

d) With the exception of non auto transportation 

equipment industry, for all the manufacturing industries, 

Hicks-Neutral technical progress model gives superior 
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e) The coefficient on industry specif~ capacity 

utilization18 variable is positive and statistically 

significant in most of the equations. This suggests that 

the manufacturing industries make significant productivity 

gains during the period of increased capacity utilization 

and experience productivity slowdown in periods of under 

utilization of factor inputs. 

f) For the manufacturing industry as a whole, our 

results imply total factor productivity growth of about 

one percent per annum. (See equation 1 of Table 5). This 

estimate is very similar in size to the estimate obtained by 

May and Denny (1978b) for the Canadian manufacturing industry. 

DURABLES 

Within the durable manufacturing industry group, there 

lS considerable variation in factor shares across industries -- 

materials share in gross output vary from 51% for the nonmetallic 

mineral products industry to as high as 83% for the motor vehicle 

parts and accessories industry. Similar variation is observed 

for the other factor shares. 

The estimate of technical progress parameter varles • 

17 Since for most of the manufacturing industries there is 
little variation in factor shares during the sample period, 
this result is not surprizing. 

18 For each industry, we have introduced two measures of capacity 
utilization variables : a) capacity utilization variable 
outlined from Statistics Canada and b) ratio of actual 
to normal weekly hours worked as a proxy for the utilization 
of labour and capital in that industry. The construction of 
normal hours series is explained in Appendix A. 
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from as low as 0.5% for the wood industry to as high as 3.0% 

for the electrical products industry. In the case of 

nonauto transportation equipment industries, the factor 

augmenting technical progress gives superior results 

(see Table Ag) -- technical progress is biased towards 

electricity. These results imply factor productivity 

growth of 1.5% per annum, for the durable industries as 

a whole. 

The coefficient on industry specific capacity 

utilization variable is always positive and is statistically 

significant. Only In the case of nonferrous metal products 

is the coefficient on a normal hours variable negative. 

However, it is not statistically significant. These results 

imply that durable manufacturing industries productivity 

is significantly influenced by the utilization factor inputs. 

With the exception of furniture and fixtures, the 

19 coefficient on prlmary unemployment rate lS either 

significant or close to significant, whenever it entered. This 

implies that the aggregate demand conditions have significant 

19 To allow for the differential impact of aggregate capacity 
utilization over time, we have estimated all the productivity 
equations with a distributed lag on the primary unemployment 
rate (usually three periods). However, due to space 
limitations in the tables, we have recorded only the long 
run coefficient. 
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case of wood, iron and steel, nonferrous metals, metal 

fabricating, motor vehicles (excluding parts and accessories), 

the coefficient on primary unemployment rate is negative 

implyin~ significant productivity gains originate in periods 

of strong economic growth and productivity slowdown occur during 

periods of sluggish growth. Contrary to this, primary 

unemployment rate has significant long-run impact on the labour 

productivity of these industries: nonauto transportation equipment, 

motor vehicle parts and accessories and nonmetallic mineral 

products. 

Ilowev e r , for these industries the short-run impact 

of the primary unemployment rate is negative and significant. 

This suggests that if aggregate demand conditions are 

consistently poor for more than a year or so, these industries 

might reduce labour input proportionally more than the normal 

adjustment resulting in productivity gains. 

Labour quality variable enters only In three durable 

industry equations: durables (aggregate), machinery and electrical 

products. Moreover, this coefficient is significant only for 

the electrical products industry. These results suggest that 

the impact of recent (particularly In the 1970's) demographic 

changes on the labour productivity of durable manufacturing 

industries is probably negative but is quite small. 

The coefficient on labour input [In(L)] is negative 

in the industries it entered (with the exception of machinery): 

• 
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durable industry (aggregate), wood and electrical products. 

However, only for the wood industries is the coefficient 

significantly different from zero. Moreover, in all three 

cases, the coefficient is very small. These results in general 

support the constant returns to scale assumption for the 

durable manufacturing. 

NONDURABLES 

a) Like durables, a very large percentage of 

variation In the nondurable manufacturing industries labour 

productivity is explained and all the estimates are free from 

the problems of multicollinearity and autocorrelation. 

b) There is considerable interindustry variation 

In the estimates of factor shares -- materials share 

vary from as low as 45% for printing and publishing 

to as high as 83% for petroleum and coal products. 

c) Similarily the estimate of technical progress 

parameter varies across these industries. It varies from 

0.56% for petroleum and coal products to 2.3% for chemical 

and chemical productso 

d) Labour productivity of these industries is 

significantly influenced both by the levels of. ut i.Li.z ata.on 

of their resources, and the state of the economy. 

e) For all the nondurable manufacturing industries, 

Hicks-Neutral technical progress gives better results. 

f) Our empirical results suggests that these industries' 

productivity is adversely affected by the recent changes in the 
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composition of Canadian labour force. However, these effects 

are quite small. 

g) The returns to scale parameter is negative 

and significant for these industries: tobacco products, 

leather and petroleum coal products. However, its magnitude 

is quite small. 

On the basis of trend productivity, (factor 

productivity growth) we can classify each manufacturing 

industry into one of the three categories -- low, 

medium, and high productivity growth industries. Low 

productivity industries are those whose trend productivity 

growth is less than one percent per annum; industries with one 

to 1.5% annual productivity growth are classified as medium 

productivity growth industries and industries with more than 

1.5% productivity growth are defined as high productivity 

growth industries. With these definitions we obtain the 

following results: 

Low Productivity Growth Industries 

Wood, furniture and fixtures, iron and steel, nonferrous 

metal, metal fabricating, nonmetallic mineral products, 

food and beverages, tobacco products, paper and allied 

products, printing and publishing, petroleum and coal 

products, and miscellaneous manufacturing. 

• 
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Medium Productivity Growth Iridustries 

Machinery (excluding electrical machinery), nonauto 

transportation equipment, motor vehicle parts and 

accessories, motor vehicles (excluding parts and 

accessories) ,leather and textiles. 

High Productivity Growth Industries 

Electrical products, rubber and plastics, knitting 

and clothing, and chemical and chemical products. 

This ranking of industries lS similar to the 

results given in RAO (1978). However as expected the ranking 

of those industries whose material content is radically 

different from the material content of the manufacturing 

industry (aggregate), the ranking is quite dissimilar. 

On the basis of value-added estimates, petroleum and coal 

products industry was classified as the high productivity 

growth industry [RAO (1978)].20 Whereas on the basis 

of gross output estimate, it ranks as a low productivity 

growth industry. 

GROSS VERSUS NET OUTPUT 

As explained earlier In this section, use of value-added 

data will always overestimate the true factor productivity 

growth, unless the intermediate inputs content is zero. In 

order to get an estimate of this bias, all the industry 

productivity equations given in RAO (1978) are re-estimated 

20 See pp. 32-33. 
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by replacing value-added productivity with gross output 

21 productivity These two estimates of sector productivity 

growth are given in Table 7. The last column gives the 

ratio of gross factor productivity to net factor productivity. 

This ratio varies dramatically across the industries 

as low as 15% for the petroleum and coal products to as high 

as 93% for crude petroleum and n~tural gas miningo22 

However, as hypothesized earlier, this ratio is inversely 

related to the share of intermediate inputs in gross output. 

(see Table 5 and Table 6) 

23 
NONMANUFACTURING INDUSTRIES 

Like manufacturing industries with the exception of 

agriculture, a very large percentage of variation in the 

nonmanufacturing industries prod~ctivity lS explained. Even 

in the case of agriculture, close to 60% of variation is 

explained. All the estimates are free from the problems 

of multicollinearity and autocorrelation. 

Factor shares vary considerably across the non- 

manufacturing industries. Capital share is as low as 1% for 

forestry and it is as high as 55% for construction, and 

intermediate inputs share varies from 19% for utilities to 

55% for metal mining industry. Factor share variation among 

the four mining industries is also large. 

21 With the exception of intermediate inputs, the explanatory 
variables included are the same as those used in RAO (1978). 

22 Since the intermediate input content of the service 
industry is zero, the two productivity estimates would be 
identical by definition. 

23 Since time series data on current dollar fuel and energy 
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TA BLE 7 

ESTIMATES OF TECHNICAL PROGRESS PARAMETER 
WI TH THE TWO MEAS URES OF OUTPUT: 

(I N PERCENT PER Y EAR) 

I NDUS TRY GROSS OUTPUT NET OUTPUT GOE AS PERCENT 
(DOU BLE DEFLATION) NOE 

CONS TRUCTI ON 0.751 1.534 49.0 

AGRICULTURE -0.155 -0.338 46.0 

TRANSPORTATION 
& COMMUNICATION 2.430 3.651 66.5 

FIRE -1.583 -3.003 52.8 

FORESTRY 3.805 4.793 79.4 

MANUFACTURING (DURABLES) 

WOOD 0.440 1. 233 36.0 

FURNITURE & 
FIXTURES 0.810 2.225 36.4 

IRON & STEEL 1.035 2.568 40. 3 

NONFERROUS 
METAL 0.708 1. 855 38.2 

METAL FABRICATING 0.877 2.421 31. 8 

MACHINERY 
(EX. ELECTRICAL 
MACHI NERY) 1.357 3.664 37.0 

(c o n t J d ) 



- 31c - • 
TABLE 7 
(cant I d) 

INDUS TRY GROSS OUTPUT NET OUTPUT GOE AS PERCENT 
(DOU BLE DEFLATION) NOE 

NONAUTO 
TRANSPORTATION 
EQ UI PMENT 2.500 2.688 93.0 

MOTOR VEHICLES 1.180 7.637 15.5 
(EX. PARTS s 
ACCESSORIES) 

MOTOR VEHI CLES 
(PARTS & 
ACCES S ORI ES) 1.449 3.261 44.4 

ELECTRICAL 
PRODUCTS 1. 759 2.763 63.7 

NONMETALLIC 
MINERAL 
PRODUCTS 0.834 2.047 40.7 

MANUFACTURING 
(NON-DURA BLES) 0.735 

FOOD & BEVERAGES 0.412 1.667 24. 7 

TOBACCO PRODUCTS 0.769 2.727 28.2 

RUBBER PRODUCTS 1.518 4.275 35.5 

LEATHER 0.649 1. 825 35.6 

TEXTILES 1. 928 5.046 38.2 

KNITTING & 
CLOTHING 0.892 2.710 32.9 

PAPER AND 
ALLIED PRODUCTS 0.770 1.793 42.9 

PRINTING & 
PUBLISHI NG 0.768 1.270 60.5 

PETROLEUM & 
COAL MI NI NG 0.500 3.346 14.9 

(cant'd) 
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TABLE 7· 

. (con t' d) 

INDUS TRY GROSS OUTPUT NET OUTPUT 
mOUBLE DEFLATION) 

GOE AS PERCENT 
NOE 

CHEMICAL & 
CHEMICAL 
PRODUCTS 1.313 3.755 35.0 

MI S CELLANEOUS 
MANUFACTURING 0.427 1.032 41.4 

MI NI NG 

COAL MINING 2.630 4.515 58.3 

METAL 
MINING -0.354 -1.023 34.6 

CRUDE PETROLEUM 
NATURAL GAS & 
SERVI CES 
INCIDENTAL TO 
MI NI NG 1. 232 1.328 92.8 

NONMETAL 
MI NING 

(EXCEPT COAL) 0.400 0.234 170.9 

WHOLESALE & 
RETAIL TRADE 1.708 2.490 68.6 

UTI LI TI ES 2.612 3.144 83.1 

SOURCE: Computed using the estimated productivity equations 
given in Table 5 and 6 and equations in Table 4 of RAO (1978). 
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real estate and the three mlnlng industries (metal mining, 

nonmetal mining, crude petroleum and natural gas mining) 

the coefficient on time trend lS positive In all the non- 

manufacturing industries. In the case of forestry, 

communications and transportation, trade and utilities 

the technical progress parameter is highly significant. 

For agriculture, mining (aggregate), cQal and construction 

industries, technical progress is positive and marginally 

significant. 

In the case of these three mlnlng industries 

(metal mining, nonmetal mining and crude petroleum and natural 

gas), the technical parameter is negative but it is not 

significantly different from zero. 

Finance, insurance and real estate is the only 

industry for which the technical progress parameter is consistently 

negative and significant (see Table A29). However, this 

industry is a residual category In the construction of 

industry accounts and moreover, it includes a very heavy 

share of the imputed income for owner occupants ,and financial .__ 

institutions. These odd features might have contributed to 

this perverse result. Other researchers obtained similar 

perverse results for this industry -- Nordhaus (1972) for U.S.A., 

Nishimizu and and Hulten (1978) for Japan, and Rao (1978) for 

Canada. 

23 consumption for these industries is not readily available 
we could not introduce raw materials and energy separately 
in the productivity equations. 
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For agriculture, forestry, the four m1n1ng 

industries, factor-augmenting technical progress model performs 

better than Hicks-Neutral case. In all six of these cases, 

technical progress in positively biased towards intermediate 

inputs. 

The coefficient on pr1mary unemployment rate is 

significant in all the equations it entered (with the exception 

of aggregate mining equations). This suggests that the 

nonmanufacturing industries productivity is also significantly 

influenced by the state of the economy. 

Industry specific capacity utilization variables 

have significant impact on the productivity of the construction, 

finance, trade, and utilities industries. 

For construction, finance, and utilities, the 

coefficient on labour quality variable 1S positive but it is 

not significantly different from zero. 

The returns to scale parameter is negative in 

all the equations it entered: mining (total), coal mining, 

construction, finance, trade and utilities. However in the 

case of finance, it is not significant. After allowing for 

cyclical adjustments to prOductivity, the above nonmanufacturing 

industries have exhibited slightly decreasing returns to scale. 

On the basis of trend productivity (Table 7), we 

can also classify the nonmanufacturing industries into low, 

medium, and high productivity growth industries. Low productivity 

growth industries are those whose trend productivity is less 

_. 



• - 34 - 

than 1% per annum; industries with 1 to 2% factor 

productivity growth are classified as medium productivity 

growth and industries with 2% or more productivity growth 

are defined as high productivity growth industries. With 

these definitions, we obtain the following results: 

High Productivity Growth Industries 

Transportation and communications, forestry, coal 

mining, and utilitieso 

Medium Productivity Growth Industries 

Crude petroleum, and natural gas mining, and trade. 

Low Productivity Growth Industries 

Agriculture, construction, finance, insurance and real 

estate, metal mlnlng, and nonmetal mlnlngo 

These results are quite similar to the results glven 

ln RAO (1978). 

As Jorgenson and Griliches (1967) have rightly 

pointed out, what matters is not the stock of capital itself, 

but the flow of services expected from it. A dollar invested 

In machinery and equipment is expected to give higher flow 

of services than the same dollar invested in structures. 

Otherwise, it is hard to justify high rates of wear and tear 

on equipment. 

We have constructed aggregate capital stock series 

to check for the sensitivity of our estimates to changes in 

the weight of structures and equipment capital stock, using 
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structures and equipment by industry as weights. 

+ 

+ 

l = l, ... n 

t l, .•• T (1.15) 

where ait and Sit are the economic depreciation rates of 

machinery and equipment and structures for the ith industry 

in time trend t. Usually, the two types of capital stock 

are glven equal weights. 

Using these constructed capital serles, we have 

re-estimated all the selected productivity equations glven 

in Tables 5 and 6. To our surprize, these estimates are 

almost identical to the results given in Tables 5 and 6. 

This must mean that for all the industries, the two capital 

stock series have been increasing during the sample period 

almost at the same rate. However, the failure of our econometric 

test to capture the mix effect of capital stock does not necessarily 

support the use of equal weights. 
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IV DECOMPOSITION OF PRODUCTIVITY GROWTH BY INDUSTRY 

1957-75,1957-66,1967-73,1974-75 

Making use of the estimated parameters of 

productivity equations in Table 5 and 6, here we will 

decompose the productivity growth of each industry by its 

source -- technical progress, contribution by inputs (materials, 

capital, energy and labour), capacity utilization (both aggregate 

and industry specific), labour quality and returns to scale, 

f . 24. . or all the three subperlods. Thls analysls would enable us 

to identify the causes of productivity slowdown in the post 

oil embargo period by industry. All the data used in these 

calculations are recorded in Tables A38 through A42, in the 

A . 25 
ppendlx. All the results of the decomposition exercise for 

both manufacturing and nonmanufacturing industries, for awl 

three periods, are presented in Tables 8 through 13. 

MANUFACTURING INDUSTRIES 

As seen in Tables 8,; 9, 10, manufacturing 

industry's labour productivity growth has declined from 

an average of 3.23% per annum,for the period 1957-76 to 2.66% 

24 Recently we have obtained consistent data on gross outputs 
and material inputs (current and constant dollars) for the 
year 1976, for all the manufacturing industries. Making 
use of this data, we will a~alyze the productivity performance 
of each manufacturing industry during the period 1974-76. 

25 The estimation procedure is explained in Appendix B. 
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per annum, during the period 1974-76. Most of this decline 

has come from the nondurable manufacturing industries. During 

this period, nondurable industries productivity growth has 

declined from 3.24% for 1957-76 to 1.94% for 1974-76. The 

following nondurablé manufacturing industries have experienced 

sharp declines in their productivity growth: tobacco, rubber and 

plastic, paper and allied products, petroleum and coal products, 

and chemical and chemical products. 

In all the manufacturing industries, (with the exception 

of nonauto transportation equipment) most of the productivity 

(about two-thirds) growth has come from the growth of materials- 

1 b 
. 26 

a our ratlo • However, its share varies considerably across 

these industries (see Table 8). Capital-labour ratio growth 

contributes about 10% of the productivity growth of manufacturing 

industries. For all three periods, energy contribution lS very 

small. For manufacturing industry as a whole about 35% of the 

• 

labour productivity growth has come from the factor productivity growth 

(technical progress). 

26 This result is consistent with the findings of Denny and May (1978a,1979). 
However, the role of mterial inputs in the production process is not fully 
explored '{et. Until recently, the role of intermediate inputs (including 
energy), In the study of production process and productivity is ignored. 
But, recently various authors have estimated KLEM translog production and 
cost function. These studies strongly suggest that the use of value-added 
data in productivity studies is quite inappropriate and it might result in 
misleading estiIIB.tes of the source of productivity growth of each sector 
resulting in wrong diagnosis of the current productivity probelm. 
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DURABLES 1957-76 

During this period, durable manufacturing industry's 

(aggregate) labour productivity has increased at annual rate of 

3.89%. Among the durable manufacturing industries,labour 

productivity growth varies from 2.35% for metal fabricating 

industries to 5.91% for motor vehicles (excluding parts and 

accessories) industry. With the exception of machinery, 

nonauto transportation equipment and motor vehicles, for all 

27 the durable manufacturing industries, the residual growth 

is very small. With the exception of nonauto transportation 

equipment, materials growth has contributed more than 50% 

of the labour productivity growth in these industries. In the 

case of nonauto transportation equipment, energy growth lS 

the main source of productivity growth. Capital-labour growth 

accounts for about 5% of the productivity growth of these 

industries. 

27 Residual growth is calculated as the difference between 
the actual and estimated labour productivity growth. 
Estimated productivity is obtained by summing the contribution 
of factor inputs, technical progress, labour quality and 
capacity utilization. 
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Factor productivity growth contribution varles 

considerably across the durable manufacturing industries 

from 0% for nonauto transportation equipment28 to about 

75% for the electrical products industry. 

In all the durable manufacturing industries, the 

impact of changes in capacity utilization (both industry 

specific and aggregate) on labour productivity growth is 

small during this period. 

Exept electrical products, the aggregate changes 

In labour force composition has little or no influence on the 

labour productivity of these industries. 

NONDURABLES 1957-74 

Nondurable manufacturing industry's labour 

productivity has increased at an average of 3.24% per annum 

during the sample period 1957-76. As in the case of durables, 

there is considerable variation in productivity growth among 

the nondurable manufacturing industries -- it varies from 

a low of 1.72% for miscellaneous manufacturing to 6004% for 

On average, materials contribute about 65% of the 

textiles. 

labour productivity growth of the nondurable manufacturing industries. 

28 We recall that for nonauto transportation equipment industry, 
factor augmenting technical progress mode is chosen (see Table 5). 
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In all the nondurable manufacturing industries 

almost all the productivity growth is explained -- residual 

growth lS close to zero. 

Factor productivity growth on the average accounts 

for about 30% of the labour productivity growth of these 

industries. 

MANUFACTURING INDUSTRIES : 1957-66 

For the period 1957-66, manufacturing industry's labour 

productivity growth IS lower than the average growth rate for the 

whole sample period it averages about 2.86% per annum. Except 

for a few cases, productivity growth structure of this period 

is almost identical to that of 1957-66. During this period, 

labour productivity growth structure of this period is almost 

identical to that of 1957-660 During this period, labour 

productivity growth of motor vehicles (excluding parts & accessories) 

and motor vehicles parts industries has gone up considerably. (Table 9) 

As In the case of 1957-76, residual productivity 

growth of most of the manufacturing industries is very small. 

During this subperiod too,materials and technical progress account 

for most of the growth in labour productivity. However, the residual 

for the total manufacturing industry (using the aggregate equation) 

lS negative and fairly big. Moreover, the actual productivity growth 

of total manufacturing is less than both durable and nonduarble 

industries growth rates. This implies that the inter industry 

shifts in both employment and output are deterimental to the aggregate 

manufacturing productivity growth during this period. 
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MANUFACTURING INDUSTRIES:1967-73 

As seen from Table 10, manufacturing industry's 

average productivity growth has increased considerably during 

the subperiod 1967-73; it has increased from 2.86% for 1957-66 

to 4.00% for the period 1967-73. Durable manufacturing industries 

average productivity growth has increased from 3.79% for the 

subperiod 1957-66 to 4.22% for the 1967-73. During this 

subperiod, the following durable manufacturing industries have 

experienced lower productivity growth rates compared to the 

period 1957-66: wood, iron and steel, nonferrous metals, metal 

fabricating, and electrical products. However, these reductions 

in growth rates are more than offset by increases in the 

productivity growth rates of other durable industries. It is 

interesting to note that during this subperiod, (excluding 

parts and accessories) and motor vehcile parts and accessories 

has increased substantially and most of this increase has come from the 

growth of materials-labour ratio, implying an increase in product 

specific economiccs possiblly due to the auto parts agreement between 

the U. S. A. and Canada. 

During this subperiod, nondurable manufacturing 

indùstriffiaverage productivity growth has increased from 3.23% for 

1957-66 to 3.80%. With the exception of tobacco, rubber and plastics, 

petroleum and coal products and miscellaneous manufacturing_industries, 

average productivity growth of all the nondurable industries has 

increased during this period. 
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~NUFACTURING INDUSTRIES:1974-76 

Average productivity growth of the manufacturing 

industry has dropped from 4.0% for the subperiod 1966-73 to 2.66% 

for the period 1974-76. This decline has come from both durable 

and nondurable industries. However, the contribution of durable 

industries towards this decline is small compared to the 

contribution of the nondurable industries. Durable manufacturing 

industries average productivity growth has declined from 4.22% 

for 1966-73 to 3.4% for 1974-76. With the exception of wood, 

furniture and fixture, nonelectrical machinery, and motor 

vehicles, average productivity growth dropped in all of the durable 

industries. Among these, iron and steel, nonferrous metals, metal 

fabricating nonaùao transportation equipment and electrical products 

industries have experienced the worst productivity performance 

during this period: labour productivity is either close to zero 

or negative in these industries (see Table 11). 

In general, most of the decline is caused by the 

lower growth of material - labour ratio, lower capacity utili- 

zation and deterioration of labour quality as measured by 

demographic shift variable. 

As seen from Table 11, nondurable manufacturing 

industries productivity growth has declined from 3.8% per annUlll 

for the period 1966-73 to 1.94% for the period 1974-76. Moreover, 

this decl ine has come from all of the nondurable industries. However, 

this decl.ine is mild for these industries: food and beverages, leather, 

textiles and miscellaneous manufacturing. During this subperiod, 

petroleum and coal products, and chemical industries have experienced 

negative productivity growth. As in the previous subperiods, our 

equations explain most of the variation in average productivity 

growth during this period in most of the manufacturing industries - 



~ I IJl .: 
O· ... Q) .-i 
+J .c:.-i .-i o Q) U 
:E :> ex> 

.-i 
.c: U1 
U M 
Ils 
:E U1 

C .-i U1 o Q) N 
~ ~ Q) \0 
H +J 

til 

I IJl U1 
Ils Q) a 
~.-i M 
::l..Q 
CI M 

.... o 
IJl 
Q) 
U ~ 
::l o 
til 

~----- ~- ----- 

o 
0\ 
r-- 
,...; 

N 
o 
\0 

M o 
.-i 

M 

U1 
.: 
o 
.ri 

M 
ex> 
ex> 
\0 

N 
U1 
\0 
M 

.-i o 

.-i 

M 
r 
M 

.-i 

ex> ex> 
\0 
N 

r 
.-i o 
,...; 

.: o 
\0 

.: 
\0 
U1 

o 

III 
+J 
::l 
fr 
H 

.... o 
§ .... 
+J 
_g 
...-1 ~ 
+J 
C o o 

\0 
ex> 
U1 

U1 
U1 
N 

U1 ex> N M 
\0 N .-i U1 
N 0 0 M 

.: 
U1 
N 

r-- N 
.-i M o ex> 

N 

.: U1 

.: ex> o r-- 
..; 

U1 ex> ex> N 
\0 .: M \0 
U1 .: r-- N 

r-4 N u1 
I + 

r-- M 
M U1 o U1 

M 

r-- 0 
N 0\ 
o N 

.: ex> .-i N 

.-i .-i 0 0 
N MOO 

M .: 
ex> N 
o .-i 

N .: o 

0\ 
ex> 
o 

.-i 

.-i o 

0\ ,... .: 
\0 ,... .: 
o 0 a- 
ci ci ,...; 

-42a- 

0\ 
N 
\0 
N 

U1 
N 
ex> 

.: 
M 
N 

M 

.-i 
M r- 
M 
I 

N 
ex> 
U1 

,...; 

\0 
U1 
0\ 

M 
N 
\0 

ex> 
\0 
ex> 

M a r- 

U1 
N 
U1 

U1 a 
\0 
,...; 

ex> 
.-i 
M 
...; 

ex> 
0\ 
.: 

.-i 
N 
o 

0\ o 
\0 
N 
I 

ex> 
N 
\0 
.-i 
I 

ex> 
.-i 
LO 

,...; 

N .: 
M 

ex> o 
.-i 

\0 
\0 o 

0\ 
ex> 
M 

\0 
U1 
\0 
N 
I 

'<t 
o 
0\ 
.-i 
I 

.: o 
0\ 

a 
'<t 
M 

0\ 
N 
00 

o 
I 

o 
I 

U1 

U1 o 
N 

.-i 

N 
N 
\0 

U1 
\0 
0\ 
..; 

ex> 
U1 
ex> 

r- 
ex> 
U1 

.: 

.: o 
ex> 
.: 

o 
M 
0\ 
.: 

M 
0\ 
ex> 

ex> 
.-i 
.-i 

N 
M 
.-i 

o 
.: o 
.-i 

U1 ex> 
0\ 

0\ 
U1 
o 
...; 

a 
\0 
N 

.-i 
M 
.-i 

o 
I 

• 



-42b- 

• 
ù '" 10 œ œ '" <I' '" 0 I" I" '" U") N N <I' '" en Cl'I <I' 0 .... I" N .... CI) • ,.,j 
:E .... .... .... 

<I' U") 10 CI) <I' 0 œ El .... U") N I" N N U") 0 CIl 0 CI) N Cl'I '" .... '" I" ..c N u .... .... .... 
I I 

.... <I' Cl'I .....,. U") N I" .... U") '" .... .... III '" .... U") I" N .... 10 <I' 0 '" 0 '" 0 .... 0 N 10 0 10 U") N I" <I' I-< U 
+J '" '" N N CIl I I I I p., 

œ '" U") N 10 0 U") CI) 0 +J .Q U") N N N I" I" Cl'I CI) '" I:: '" ;:l 10 10 0 0 U") Cl'I U") .... U") 
.,.,j p., 

N I-< .... 
p., 

I-< '0 Cl'I Cl'I .... .... I" .... CI) N '" CIl CIl .... Cl'I <I' N '" I" <I' N 0 0. • ,.,j U") 10 <I' <I' CI) I" .... '" œ 
III '" .... 
p., .... .... e-+ N 

!Cl; 

I:J"I U") 0 10 N N <I' 0 .... '" N I:: ..c CI) N en .... .... 10 U") Cl'I <I' <I' .,.,j +J U") œ 0 0 I" Cl'I .... N '" N +J '" 0 N . 
+J .... .... .... .... .... N .,.,j U I s 

I en I" 0 '" I" 0 <I' '" .... 10 Cl'I >< C1l '" '" œ ...., .,. 0 '" 0 U"l œ CIl .... .... '" I" .... 0 N '" 10 N .... E-< .,.,j 
+J U") '" '" .... U") 

I-< œ 0 '" œ .,. U") CI) œ .,. '" N C1l N <I' CI) 0 0 .,. I" œ 0 N 0 ..c œ U") 0 .... 0 '" 0 <I' <I' I" .... +J ....t ....t ....t III .... .... 
QI 
..:l 

I-< en '" Cl'I N <I' '" <I' 0 '" 0 
CIl U U") '" <I' CI) .... eo CI) 0 U") 
.Q .,.,j <I' 0 <I' 0 U") I" 0 Cl'I <I' .g +J N ....t ....t '" en N .... '" ~ III ..... 

p., 

0 '" 0 U") U") Cl'I .... <I' Cl'I CI) I" .... U Cl'I Cl'I I" U") 0 10 CI) 10 0 Cl'I 0 
U 0 <I' '" 0 0 .... Cl'I '" 0 0 0 III M .Q '" N N 
0 
E-< 

'0 N .... <I' N N I" '" I" CI) Cl'I I" 

8 > Cl'I 0 <I' CI) N .... U") '" .... Cl'I 0 
'" QI U") I" N 0 0 U") Cl'I U") N co '" (1, CI) 

N N N N 

I:: I en Cl'I '" Cl'I I" .... <I' 10 I" Cl'I I" I" 0 III QI ...., '" 0 N 0 .... 0 .... U") N CI) :z: ~ .... Cl'I 0 10 0 .... <I' .... '" N 10 10 .Q ....t N Cl .... .... N 

..c 
~ 
0 
I-< en o +J 

;:l I:: >. 0. 0 
+J I:: en .... 
.,.,j H en +J > CIl III 
.,.,j .... I-< N 
+J 0 I:J"I >. .,.,j 

;0 U 0 +J .... 
;:l I:: I-< .,.,j .,.,j ..., '8 0 p., .... +J 

.,.,j III ::> I:: I-< +J en .... ;:l .... 0 p., ;:l .... III 0< >. "' U") .... 2 ..Q .... "' U +J +J + ~- .... .,.,j III I-< ~ . ... .,.,j I-< .... 0 <I' 

~ I-< +J ;:l I-< .E ;:l U +J + '010 .... +J .... 
~ 

I-< CIl 

~ "' I 
...., 

.,.,j I .... ..., I:: 0. CIl +J U 0. .g + Ill"" 
~ 8 III I:: ~ CIl III N Q1~ 

QI U I'l E-< U til ~ .... 
..Q 
III 
f; .... N ...., <I' U") 10 I" 



-43- • 
residual growth 1S small. For the nonmanufacturing industries 

too most of the decline is explained in terms of decline in 

the rates of growth of material - labour ratio and capital 

labour ratio, lower capactiy utilization, and demographic shifts. 

NONMANUFACTURING INDUSTRIES 

Decomposition results for all the nonmanufacturing 

industries, for the sample period and as well as for the three 

subperiods are given in Table 12, 13, 14, and 15. 

During the sample period, mining industry's 

productivity has increased at an average of 6.5% (see Table 12) 

per annum. Most of this increase has come from the accumulation 

of factor inputs - rate of growth of capital-labour ratio, and 

material. Labour ratio accounts for 85% of the productivity 

growth (capital alone accounts for 46% of the productivity growth). 

Technical progress and capacity utilization account for the 

rema1n1ng 15% of the productivity growth (total factor 

productivity growth contribution is about 8%). 

Construction industry's productivity has increased 

at an annual rate of 1.65% during the sample period. Technincal 

progress has contributed about 70% of the productivity growth, 

and the remaining 30% growth comes from the growth of factor inputs, 

capacity utilization and labour quality. Scale effects have 

slightly depressed productivity growth of the construction industry 

(see Column 5 of Table 12). 
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• Among the industries studied, finance, insurance 

and real estate has the lowest average productivity growth (with 

the exception of public administration), during the sample period 

1957-75. As seen from Table 12, our productivity equation 

for this industry over estimates the average productivity 

growth during this period - residual productivity growth is 

-0.47%. Most of the productivity growth is contributed by 

the growth of factor inputs (including the scale effects). As 

pointed out earlier (while discussing the parameter estimates 

of productivity equations), finance, insurance and real estate 

is the only industry for which technical progress parameter is 

consistently negative and significant. However, the positive 

contributionsof labour quality and capacity utilization have 

almost offset the negative impact of factor productivity growth 

on the labour productivity of finance industry. 

Total factor productivity growth accounts for 

almost 75% of the labour productivity growth of wholesale 

and retail trade industry. Factor inputs have contributed 

the remalnlng 25% of the productivity growth, during the sample 

period. 

During the sample period, labour productivity of 

utilities has increased at an average rate of 6.3% per annum. 

Of this, about 50% has come from the' growth of f~otor inputs - 

capital alone accounts for 35% of the productivity growth. Labour 

quality and capacity utilization accounts for the remaining 12% 

of growth. For this industry too, scale effects have slightly 
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reduced the productivity growth. 

Labour productivity of transportation and communication 

industry has increased at an annual rate of 3.97% during the 

period 1957-75. Technical progress accounts for about two- 

thirds of the productivity growth. Capital and material inputs 

growth has increased the labour productivity by 1.81% per annum 

(or 33% of the productivity growth). 

As mentioned earlier, both for agriculture and 

forestry, factor augumenting model is preferred over the assumption 

of Hicks-neutrality. Hence, the contribution of capital, labour, 

and materials for these two industries is measured differently 

(see Appendix B). For all the other industries, contribution 

of labour input represents the scale effects, while for these 

two industries it measures the contribution of labour input 

to productivity. Similarly, contribution of capital and 

materials do not represent the contribution of capital-labour 

ratio, and material - labour ratio respectively instead they 

measure the contribution of these inputs in level form. Labour 

productivity of agriculture , fishing and trapping has increased 

at an annual rate of 5.5%, during this period. About 85% of the 

productivity growth comes from the accumulation of factor inputs, 

and technical progress.has contributed about 10% of the productivity 

growth. In sharp contrast to agriculture, technical progress 

accounts for about 80% of the productivity growth of foresty 

industry. 

L 
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productivity growth has declined from 3.06% for 1967-73 

to -0.16% for the period 1974-75. Most of the decline has 

come from the nonmanufacturing industries - all of the non 

manufacturing industries have experienced sharp reductions 

in their productivity growth and some of them even have 

negative growth rates (see Table 15). However, for all the 

three subperiod, the time pattern of estimated productivity 

growth is quite similar to the actual productivity growth, 

implying no major productivity breakdown in the post oil 

embargo period. Lower rates of accumulation of material and 

capital inputs in relation to labour, lower capacity utilization 

explain most of the productivity slowdown in the last 

subperiod. 
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As given in RAO (1978), here we w i.Ll. decompose 

aggregate productivity growth for all three periods into 

28 four components. 

1) Cycle corrected productivity growth with 
fixed industry weights 

2) Changes In the fixed weight term 

3) Changes in manhour series with fixed 
productivity relatives 

4) Changes in the productivity relatives 

This exercise will enable us to identify the 

causes of the slowdown in aggregate labour productivity In 

the post oil embargo period. This decline might be the resllIihts 'Of ala decline 
in the productivity growth in almost all industries caused 

either by: a:)àecline 'in cycle corrected productivity growth 

(contribution by factor inputs, technical progresa ,emd Labour- quality, et cetera) or 

lower levels of capacity utilization (cyclical factors) 

b) a sharp decline in the productivity growth of a few 

isolated sectors or changes in the composition of employment 

and output. 

Individual industry contributions to the aggregate 

productivity growth, for all the three periods are recorded 

in Tables l:6,17, and 18. 29 The sum of each of the four 

28 This procedure is explained in Appendix Band lS similar 
to Nordhaus (1972) and Rao (1978). 

29 In an effort to reduce the calculations as much possible, 
here we have given breakdown only for the Il major industries. 
For service industry, we have computed cycle-corrected 
productivity growth by using the service industry equation in 
RAO (1978) 
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-48- • components listed above for all the industries are glven In a 

separate Table (see Table19). 

The first term shows the predicted rate of growth 

of cycle-corrected productivity In the absence of changes 

In output and employment shares and changes in productivity 

relatives over time. 

The second term shows the impact of changes 

In industry output shares still ignoring productivity 

differences (levels) among them. Movement of output shares 

towards sectors with low productivity growth rates will depress 

the aggregate productivity growth and Vlce versa. 

The third term gives the effect of changing manhour 

shares among industries, if the productivity relatives remained 

constant over time. 

The last term represents the impact of changes in 

both productivity relatives and manhours shares over time. 

The predicted aggregate productivity growth for each 

period is calculated as the sum of these four components. As seen 

from Table r 9 the predicted producti vi ty growth pattern is very similar > 

to the actual productivity growth. Duing the period] 1974-75 aggregate labour 

productivity growth has declined from an annual rate of 3.05% for 1957-66 

and 3.07% for 1967-73 rt o -G.165.Similarly the estimated 

productivity growth has declined from 3.35% Eor 1957-66+,> and, 

3 ~l~O%~ fo,p 196-6-73 to o. 84% ::fi~T' 1974,-76+ •. 

For the period 1957-66, predicted cycle-corrected 

productivity growth. (first term)_ :::.is ',b .. :7--0(% per annum. 'About' 5-0% of this 

is contributed by the manufacturing industry (see Table ~L~) • 
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• Table 19 

Decomposition of Aggregate Labour Productivity Growth - 

Component 1957-66 1967-73 1974-75 
Predicted Rate Terms 

l. Fixed Weight (1965 weight) 2.7049 3.0887 1.3300 

2. Change in fixed weight terms -0.0237 0.0052 0.1881 

Level Terms 

3. Fixed Weight (1965 weight) 0.6000 0.0900 -0.5700 

4. Actual Weight 0.0761 -0.0863 -0.1109 

5. Predicted Productivity 
Growth Rate 3.3573 3.0976 0.8372 

6. Actual Productivity Growth 3.0500 3.0700 -0.1600 



-50- • During this period, inter industry shifts in output and 

manhours have increased the aggregate productivity at an 

annual rate of 0.65% and most of this lS contributed by 

the agriculture industry (see Table 16). During this 

period, the predicted productivity growth is greater than the 

actual productivity by 0.31% implying that the cyclical 

and other residual factors have increased the aggregate 

productivity growth. 

1967-73 

For the subperiod 1967-73, predicted cycle 

corrected aggregated labour productivity is 3.09% per annum - 

an increase of 0.31% per annum compared to the productivity 

growth of 2.70% for the period 1957-66. Again, manufacturing 

industry has contributed about 50% of the aggregate productivity 

growth. 

As seen from Table 17, construction and commercial 

services have contributed to this increase. 

During this period, the impact of changes in the 

composition of output and manhours and changes in productivity 

relatives are quite small - productivity growth has increased 

by about 0.01% per annum. Similarly, capacity utilization 

and other residual factors have negligible impact on the 

aggregate productivity growth. 

1974-75 

As mentioned before, a~gregate labour productivity 

growth ha~ declined from an annual rate of 3.07% for the 

period 1967-73 to -0.16% for the subperio9 1974-750 For this period 
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• 
the estimated productivity growth is only 33% per annum, 

compared to 3.09% for the period 1967-73. Similarly the 

estimated cycle-corrected productivity growth has declined 

from 3.09% for 1967-73 to 0.84% for 1974-74. As we see from 

Table 18, most of this decline in cycle-corrected productivity 

growth has come from every industry studied. However, the 

contribution of manufacturing industry has dropped mildly - 

it has declined from 1.51% for 1966-73 to 1.40%0 

Our results show also that changes in the 

composition of manhours has reduced aggregate productivity growth 

by 0.684% per annum and most of this decline has come from 

the manufacturing industry (see Table 18), implying a decline In 

the share of manufacturing manhours during this period. As a result 

of inter industry shifts in output and employment aggregate 

labour productivity growth has declined by almost 0.49% per annum. 

Lower levels of capacity utilization and o~her residual factors 

have lowered aggregate productivity growth during this period 

by almost 1% per annum. 

In summation, lower rates of accumulation of capital 

and material inputs (in relation to labour), lower levels of 

capacity utilization, and inter industry shifts in employment 

and output have contributed to the decline of aggregate 

productivity growth in the post oil embargo period. 
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The primary objective of this paper hns been to 

analyse the causes of productivity slowdownln the mid 1970's, 

disaggregated to 35 industries, uSlng gross output data. For 

this purpose, uSlng KLEM production function specification 

we have estimted productivity equations for each industry. 

The parameters of these estimated productivity equations in turn 

are used to decompose the labour productivity growth of each 

industry into various components -- technical progress, 

contribution by factor inputs, labour quality and capacity 

utilization for the periods 1957-75,1957-66,1967-73 and 1974-750 

Lastly, the estimates of cycle-corrected productivity growth 

are used to compute the aggregate labour productivity growth· 

·fo~ all the three subperiods~ The contribution of sectoral 

shifts In output and employment on aggregate labour productivity 

growth 1S also computed. The important findings are summarized 

in order of their appearance in the study. 

1. Both productivity and productivity growth rate 

variations among industries are quite large. Similarly 

productivity differences among the manufacturing and mlnlng 

industries are also quite large. This conclusion is invariant 

to the output measure used. 

2. "In all the periods, wage and productivity 

relatives are very closely related in all the industries (with 

the exception of public administration). Moreover, there is 

little or no variation either in productivity or wage structure 

over time. 
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3. Due to the multicollinearity problem among 

factor inputs and time trend, for none of the industries did 

the unconstrained estimation give reasonable estimates of the 

factor shares and the technical progress parameter. 

4. As expected, In every industry (with the exception 

of services) the estimate of gross factor productivity lS 

smaller than the value-added productivity glven in RAO (1978), 

and this bias is serious in the industries with large material 

content. 

5. Only for agriculture, forestry, all four mlnlng 

industries and nonauto transportation equipment did the factor 

augmenting technical progress model give superior results. 

For all the other industries, Hick~neutral technical progress 

model is selected. 

6. Estimated residuals of productivity equations were 

fairly random in the 70's -- in none of the equations was 

the productivity dummy needed. Thus, we reject the hypothesis 

of productivity break in the 70's. This conclusion is consistent 

with the findings of RAO (1978) and May and Denny (1978b). 

'l , Fm' the ma nu fac t ur ing industry as a whole, our 

results imply total factor productivity growth of about one 

percent per annum. 

8. On the basis of trend productivity (total factor 

productivity growth), we have classified each manufacturing 

industry into one of the three categories -- low, medium and 

high productivity growth industries. Low productivity growth 

industries are those whose trend productivity is less than 
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one percent per annum. These are wood, furniture and fixtures, 

iron and steel, nonferrous metals, metal fabricating, nonmetallic 

mineral products, food and beverages, tobacco products, paper 

and allied products, printing and publishing, petroleum and 

coal products, and miscellaneous manufacturing products. 

Industries with more than 1.5% trend productivity 

growth are defined as high productivity growth industries. 

These are electrical products, rubber and plastics, knitting 

and clothing, and chemical and chemical products. All the 

other manufacturing industries fall into medium productivity 

growth industries. 

This ranking of industries is similar to the results 

given In RAO (1978). However, as expected the two rankings 

are quite dissimilar for the industries with very large 

material content 

9. The coefficient on industry specific capacity 

utilization variable is positive and statistically significant 

for almost all of the manufacturing industries. This suggests 

that the manufacturing industries make significant productivity 

gains during periods of increased capacity utilization and 

experience productivity slowdown in periods of under utilization 

of factor inputs. 

The productivity of manufacturing industries is also 

influenced by the state of the economy (aggregate demand 

conditions). 
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10. Our results in general support the constant 

returns to scale assumption for the manufacturing industries. 

11. The impact of demographic changes on the 

labour productivity of manufacturing industries lS probably 

negative but it is quite small. 

12. The primary unemployment rate has a significant 

coefficient in all the nonmanufacturing industries it 

entered (with the exception of total mining industry equation). 

Industry specific capacity utilization variables 

have significant impact on the labour productivity of 

construction, finance,trade and utilities industries. 

After allowing for cyclical adjustments to productivity 

the following nonmanufacturing industries have exhibited slightly 

decreasing returns: mining (total), coal mining, construction, 

finance, trade and utilities. 

13. In all the manufacturing industries, (with the 

exception of nonauto transportation equipment) about 50% of the 

labour productivity growth has come from the growth of material 

labour ratio. However its share varies considerably across 

industries. Capital-labour ratio growth has contributed 

about 10% of the productivity growth. For manufacturing 

industry as a whole about 35% of the labour productivity growth 

has come from the total factor productivity growth. 

14. For the subperiod 1974-76, manufacturing 

industry's labour productivity growth has declined from 4.0% 

for 1967-73 to 2.66% per annum and almost all of thip declin~ 

has come from the nondurable manufacturing industries - Labotm productivity of 
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these industries has only increased at an annual rate of 1.94%. 

compared to 3.80% for the period 1967-73. Most of this 

slowdown In productivity is explained in terms of lower growth 

rates of materials and lower levels of capacity utilization. 

15. With the exception of finance, lnsurance, 

and real estate, all the nonmanufacturing industries experienced 

considerable productivity slowdown during the subperiod 

1974-76. However for all these industries the estimate of 

productivity growth pattern over time is quite similar to the 

actual productivity growth, implying no productivity 'breakdown 

~HGthe 70's. Lower rates of accumulation of both capital 

and material inputs and lower levels of capacity utilization 

explains most of this productivity slowdown. This result 

is consistent with the findings of Clark (1978), Norsworthy 

and Harper (1979), and RAO (1978) for Canada. 

16. In Canada, approximately 50% of the aggregate 

labour productivity growth comes from the manufacturing 

industry. 

• 
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17. During the period 1974-76, aggregate labour 

productivity growth has declined from 3.05% for 1957-66 

and 3.06% for 1967-73 to -0.16% per annum. However, 

most of this decline has come from the following nonmanufacturing 

industries: agriculture, construction,forestry, and mining. 

Sectoral shifts in output and employment have 

reduced the aggregate labour productivity growth by 0.49% per 

annum during this period. 

Lower rates of accumulation of capital and material 

inputs have reduced the aggregate productivity by about 1.9% 

per annum. Lower levels of utilization of factor inputs and other 

residual factors account for the remalnlng 0.9% drop in the 

aggregate productivity growtho 
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APPENDIX A 

DATA SOURCES 

Most of the data serles are drawn from the Candide Model 2~O 

data bank. However, we Fill explain briefly the pru.mar-y 

source for each variable used in the research reported 

In this paper. 

f .. 1 
Employment serles or the eleven maJor lndustrles 

are obtained from the Labour Force Survey Division, Statistics 

Canada. Since the LF Survey does not give the employment 

breakdown either for manufacturing or for mining, we had to 

construct the employment series for 22 manufacturing and 4 

mining industries. For this purpose, we ~acte use of the 

employment data from the Establishment Survey, obtained from 

the Labour Division, Statistics Canada. 

The employment data from these two sources lS not 

compatible primarily due to differences in coverage. Generally, 

the Establishment Survey covers companies having 20 or more 

employees. This drawback limits the usage of this data. The 

coverage varies from industry to industry. For example, in 1972, 

the coverage for ~ervice industry is only 20%. Far the same 

year, the coverage for the manufacturing industries is about 95%. 

Generally, the coverage for both the mining and the manufacturing 

industries is fa~rly good - between 90-95%. 

1 The eleven industries are: agriculture, fishing and trapping, 
construction, communications and transportation, financel 

insurance and real estate, forestry, manufacturing, trade,mining 
services, utilities and public administration. 
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Making use of the data from these two surveys, we 

constructed employment series for all mining and manufacturing 

industries. Let NML be the total employment for the manufacturing 

industry, obtained from the LF Survey. 

NMiE is the employment of the ith manufacturing industry 

glven by the Establishment Survey, and NME is the total employment 

of the total manufacturing industry from the ES Survey 22 

L: NM· E . 1 l l = 

is constructed as: 

then, the employment data for the ith manufacturing industry 

l 1,2, .•• ,22 (A.l) 

Equation (A.l) implicitly assumes that the coverage for each 

of the components is the same as the coverage of total manufacturing 

industry. This assumption is somewhat restrictive. However, 

in the absence of any information on individual industry coverage, 

this assumption may not be unreasonable. Moreover, without much 

effort the components add up to the LF total. A similar 

procedure is used for the construction of employment data for 

the components of the mining industry. 

For the eleven major industries, the data on average 

weekly hours worked is obtained from Mr. A. B. McCormick of the 

Productivity Section, Statistics Canada. To construct the average 

weekly hours series for each of the manufacturing and the mlnlng 

industries, the ES Survey data on average weekly hours of production 

wo r-ke r s , arid production and nonproduction worker employment is 



- 58 - • used. For each component industry the following four steps 

are involved In the construction of the average weekly hours 

serles. 

STEP 1 

Construction of the ES average weekly hours serles for 

each industry. For this purpose we have use~ the ES data on 

the production and nonproduction workers and the average 

weekly hours of production workers. Let HpMiE be the average 

weekly hours worked by the production workers of the ith 

manufacturing industry. NpMiE is the number of production 

workers in the ith manufacturing industry, and HMiE is the 

average weekly hours worked in the ith manufacturing industry. 

Then HMiE is calculated as 

HMiE = HpMiE * (NpMiE / NMiE) + 40.0 

* [1 - (NpMiE / NMiE)] 

1 = l, .2, ••• 22 (A. 2) 

Equation (A.2) assumes that the nonproduction workers work 

40 hours a week and it is invariant over time. 

STEP 2 

Making use of the employment, average weekly hours data 

l'OIll\lllhcl Ln ((\.7), Wt:'! con s t r-uo t a pseudo man-hour series for 

each component. 

1 = 1,2',: ••• 22 (A. 3) 
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4Ilhere MMi 1S the pseudo man-hours for the ith manufacturing 

industry. 

STEP 3 

Using employment data from the LF Survey and average 

hours data given by the productivity division, first we have 

constructerl the man-hours series for the eleven major industries. 

M = N· * H * 52 0 M ML MP • (A. 4) 

where NML is total manufacturing employment -- LF Survey, HMP 

is the average weekly hours of the manufacturing industry and MM 

is the total man-hours of the manufacturing industry. The 

corresponding pseudo man-hours is given by 

22 
l: MMi 

i=l 
CA. 5) 

Next, we construct the man-hours series for each individaul 

manufacturing industry as: 

CA. 6) 

1 = l, 2, ••• 22 

STEP 4 

Using the manhours series from CA.6) and the employment 

series from CA.l), the average weekly hours are computed. 

"'1, ~~, ••• , '1'2 C[\.'7) 



For the eleven major industries, wage bill data lS drawn 

from CANSIM data bank. Using the ES Survey data on average 

weekly earnings, we bave constructed the wage bill series 

for each of the manufacturing and the mining industries. 

.. 

- 60 - • Similarly the average weekly hours data is constructed for 

all four mining industries. 

For all the industries, both the current and constant dollar 

value added data are obtained from the Industry Product Division , 
Statistics Canada. 

(A. 8) 

where WMiE is the average weekly earnings of the ith marlufacturing 

industry from the ES Survey, and WBMi is the wage bill of the ith 

manufacturing industry. Si~ilarly the wage bill data for the 

individual mlnlng industries is computed. 

Making use of bench mark capital stock data time series 

on investment and an industry specific depreciation into 

capital stock series are constructed. All the r~w data are 

obt~ined from the Construction Division, Statistics Canada. 

For all the 35 industries, data on gross output and 

i.ter~ediAte inputs, both in current and constAnt dollars is 

obtained from the Industry Product Division, Statistics Canada. 

For ~ll the manufacturing industries, data on current 

dollar enerr,y consumption is directly taken from Statistics 

Canada Publication: General Review of the Manufacturing Industries 

of Canada, Catalogue No. 31-203. 

l_ 



- 61 - • To obtain constant dollar consumption of energy, we need 

times series on energy prlces by industryo Since this data is 

not readily available, we have constructed energy price indices 

making use of data or gross output prices of these industries: 

coal mining, crude petroleum and natural gas, petroleum and coal 

products and utilities. First, we have obtained the deliveries 

of these industries for each of our manufacturing industries from 

the 1971 input-output tables. The sum of these values 

is approximately equal to the energy and fuel consumption 

given in census of manufacturing industries. This information 

lS used to construct the weights and these In turn are used 

to construct a weighted energy price index by industry: 

1=1, ••• ,22 CA. 9) 

where, p. is the price index of energy for the ith industry 
Eit 

a .,a .,a ., and a . are the shares of coal 
Cll Cpl pCl Ul 

crude petroleum, and natural gas, petroleum and coal products, 

in the time t. 

and utilities in the energy input of the ith industry, respectively, 

and Pl' Pt' Pt' and Pt' are the gross output price c t cp pc u 

indices of coal, crude petroleum and natural gas mining, petroleum 

and coal products and utilities respectively. 



- 62 - • Quarterly time-series data on the capacity utilization is 

obtained from Statistics Canada Publication Catalogue No. 31-003. 

This data in turn is convereted to an annual basis. This data 

lS available only from 1961. Using regression techniques, 

we have obtained estimates of capacity utilization for the period 

1957-1960. For the non-manufacturing industries, capacity 

utilization data is obtained from the Research Department 

of the Bank of Canada. 

Data on normal average weekly hours by industry is constructed 

as a four year moving average of actual hours worked. 
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APPENDIX B 

A) DECOMPOSITION OF AN INDUSTRY'S LABOUR 
PRODUCTIVITY GROWTH 

If the productivity equation of the ith industry lS of 

the following form: 

al Si yi 'TT 
L 

qit A kit 
eit mit it 

Ol 

(B.l) 

where qit is labour productivity of the ith industry in time t. 

kit' eit and mit are capital, energy and material inputs 

per unit of labour (man-hour), of ith industry In time t, 

Lit is manhours of ith industry in time t. 

t is the time trend. 

DURATE is the unemployment rate of males aged 25-54. 

CUit is the capacity utilization of ith industry in time t 

and LQ is the labour quality. 

T'or t h« productivity r q uat ion In (B.l), we can write 

the corresponding productivity growth relation as the following: 

a \ ° + yoCkot/kot) + BoCeot/eot) it l l l l l l l 

C B. 2 ) 



- 64 - 

where , ait lS the rate of growth of labour productivity of ith 

industry in time t. Dotted variables are the time derivatives 

of the variables In (B.l) and Vit is the error term. 

For any time interval, the rate of growth of labour 

productivity (a.) can be decomposed as follows: 
l 

Actual labour productivity growth 

= technical progress 

+ capital contribution 

+ energy contribution 

+ materials contribution 

+ labour contribution (returns to scale) 

+ contribution of aggregate capacity utilization 

l 

• 

+ contribution of industry specific capacity utilization 

+ contribution of labour quality variable 
(B.3) 

If the estimated productivity equation contains the 

interaction terms as In (1.14), both the technical progress 

parameter and the factor shares will vary over time. 

= 

+ e .In E't 
el l 

l = l, ••. , n (B.4) 
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dIn Qit 

°kit = a, + 
dIn 

l 
K. ~t 

i = l, c •• , n (B. 5 ) 

dIn Q it = S, + ° 
,t ...-- l el dIn Eit 

i=l, ... , n (B.6) 

dln Q it (B. 7) y. + O . t l ml 

and 

dln Q it o. + O. 
l l (B. 8 ) 

where, ° ., Ok" and El . are the coefficients of the interaction 
ml l el 

terms in (1.14) and El. is the returns to scale parameter. 
l 

B) DECOMPOSTION OF AGGREGATE PRODUCTIVITY GROWTH 

The decomposition of aggregate productivity is discussed 

I n + h E' tex 1", par: o s 'I S to 'I 8 1,E~t Qi and Mi be the gross output 

and manhollrs of the ith ind\lstry~then the aggregate labour 

productivity q. can be written as follows: 
l 

n n 

2: (Q't/M't)(M·t) . 1 l l l 
l= ~ 

t 

where qt= aggregate labour productivity and mit ith industry's 
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The total differential of (B.9) lS: 

n n 

qt = z qOtmOt + r mitqit 
i=l 

_1 1 
i=l 

(B.IO) 

.. . 
where qt' qit' and mit are the time derivatives of qt,qit' and 

mit respectively. 

Dividing through (B.IO) by qt gives: 

n n. . . 
i ~l (qit/qit) qitmit + i~l (mit)(qit) 

(B.ll) 

Equation (B.l1) can be rewritten as: 

= 
n 
r aOt(qot/qtlmot. + 

° III 1 1= 
(B.12) 

n 
L Si(qo.t) 

° 1 . 1 1= 

qt 

where at = rate of growth of aggregate labour productivity, ait = 

rate of growth of ith industry's labour productivity, (qik/qt) - 

ith industry's productivity relative to aggregate productivity In 

t-th period, and so = time derivative of ith industry's manhour 
1 

share. 

Equation (8.12) can be broken down into five terms 

• 



- 67 - • Ppedicted fixed weight pate tepm 

n "- 

at L: ait(Qi/Q)1965 i=l 

Change in ppedicted tepm fixed weight 

n A 

+ L: aitT(Qi/Q)t - (Qi/Q)1965] 
i=l 

Fixed weight leve l: tepm 
n 

+ L: s.[(q.) - 1] 

i=l 
l l 

q1965 Actua l: weight level tepm 

n 
+ L: s.[(q.) - (q. ) 1 

i=l l l l 

q 

+ unexplained term. (B.13) 

where a. lS the cycle corrected productivity growth of the ith 
l 

industry, as calculated In (B.3). The first four terms constitute 

tne decomposition given In Table 9. 
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-105a- • TABLE. 38 

AVERAGE ANNUAL PERCENTAGE 
RATE OF GROWTH OF MATERIALS/LABOUR RATIO 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

AGRICULTURE 6.431 8.216 6.124 -1.420 

CONSTRUCTION 1. 758 1. 681 2.536 -.579 

COMMUNICATIONS 
& TRSP. 3.403 3.992 2.712 2.875 

FINANCE, INS. , 
& REAL ESTA'rE 14.401 -.049 2.101 129.70 

FORESTRY 6.719 8.631 5.540 1. 281 

MANUFACTURING 
(TOTAL) 3.724 3.572 4.226 3.008 

DURABLES 4.211 3.958 4.681 3.875 

WOOD 2.437 2.371 1. 838 4.029 

FURNITURE 
& FIXTURES 2.966 2.658 3.418 2.836 

IRON & STEEL 3.372 4.166 3.697 .228 

NONFERROUS METAL 2.781 4.721 1. 480 -.002803 

METAL 
FABRICATING 2.176 2.961 2.307 -.487 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) 4.452 4.771 3.452 5.825 

NONAUTO TRSP. 
EQUIPMENT 3.759 4.859 4.018 -.1452 

MOTOR VEHICLE 
(EX.PARTS & 
ACCESSORIES) 5.880 3.789 7.585 8.171 

(cont'd) 
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TA_BLE 38 
(cont t d}. • 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. 5.206 4.535 6.835 3.417 

ELECTRICAL 
PRODUCTS 3.918 4.929 4.050 .579 

NONMETALLIC 
MINERAL PROD. 2.383 1. 932 3.182 1. 869 

NONDURABLES 3.310 3.289 3.835 2.151 

FOOD & BEVERAGES 2.632 2.385 2.609 3.425 

TOBACCO PROD. 4.364 4.669 4.546 3.024 

RUBBER & 
PLASTIC 6.387 7.484 6.610 2.572 

LEATHER 2.090 1. 618 2.670 2.153 

TEXTILE 6.402 6.540 6.832 4.987 

KNITTING & 
CLOTHING 4.018 3.599 5.062 2.838 

PAPER & 
ALLIED INDUST. 3.248 3.598 3.547 1. 495 

PRINTING, 
PUBLISHING & 3.011 1. 267 
ALLIED INDUST. 2.222 1. 927 

PETROLEUM & 
COAL PROD. 4.446 6.242 5,395 -3.154 

CHEMICAL.& 
CHEMICAL PROD. 4.105 4.754 5.704 -1. 570 

MISC MFG. 1. 884 1.126 2.779 2.·07 D 

(cont'd) 
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(con t l d) 

INDUSTRY 1957-76* 1957-66 1957-73 1974-76* 

. MINING 
5.4151 7.448 6.039 -6.935 (TOTAL) 

COAL MINING 6.577 3.768 17.10 -17.615 

CRUDE PETROLEUM, 
NATURAL GAS, & 
SERVo INCIDENTAL 5.539 8.773 7.045 -14.285 TO MINING 

METAL MINING 4.2576 5.966 6.085 -9.825 

NONMETAL MINING 
(EXCEPT COAL) 9.136 7.836 5.097 29.124 

SERVICES 

WHOLESALES & 
RETAIL TRADE 2.461 2.514 2.969 .417 

UTILITY 5.543 6.558 5.707 -.102 

PUBLIC 
ADMINISTRATION 

AGGREGATE 

SOURCE: BASED ON DATA FROM STATISTICS CANADA 
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TABLE 39 

AVERAGE ANNUAL PERCENTAGE 
RATE OF GROWTH OF CAPITAL/LABOUR RATIO 

INDUSTRY 1957-76* 1957-66 

AGRICULTURE 6.058 6.793 

CONSTRUCTION 1. 091 -.518 

COMMUNICATIONS 
& TRSP. 3.316 \ 4.534 

FINANCE,INS., 
& REAL ESTATE 6.465 8.1760 

FORESTRY 7.805 9.037 

MANUFACTURING 
(TOTAL) . 2.935 2.148 

DURABLES 2.535 1. 5619 

WOOD 3.695 .875 

FURNITURE 
& FIXTURES 

2.089 -.148 

IRON & STEEL 3.659 3.872 

NONFERROUS METAL 2.661 1. 682 

METAL 
FABRICATING 1. 498 -.080 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) 2.802 1. 335 

NONAUTO TRSP. 
EQUIPMENT 4.708 4.292 

MOTOR VEHICLE 
(EX.PARTS & 
ACCESSORIES) -.707 -.525 

1967-73 

5.342 

3.563 

1. 607 

4.327 

4.306 

3.122 

2.708 

5.828 

2.621 

1.004 

4.060 

2.904 

3.011 

4.009 

-2.215 

• 
1974-76* 

4.883 

.485 

3.209 .. 

5.393 

13.896 

5.120 

5.053 

7.178 

7.557 

9.214 

2.333 

2.952 

6.717 

7.586 

2.265 

(cont'd) 
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TABLE 39 
(cont. 1 dL 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. 4.321 5.594 2.317 5.179 

ELECTRICAL 
PRODUCTS 2.342 .842 4.013 2.941 

NONMETALLIC 
MINERAL PROD. 1. 874 .752 2.725 3.251 

NONDURABLES 3.054 3.518 4.972 

FOOD & BEVERAGES 2.641 2.187 3.436 2.146 

TOBACCO PROD. 4.069 5.545 2.698 2.837 

RUBBER & 
PLASTIC 3.324 1. 877 5.130 3.454 

LEATHER 1. 750 -.133 4.097 1. 917 

TEXTILE 2.453 1. 252 1. 019 9.405 

KNITTING & 
CLOTHING .665 -1.396 3.208 .9134 

PAPER & 
ALLIED INDUST. 2.950 2.683 3.171 3.238 

PRINTING, 
PUBLISHING & 
ALLIED INDUST. 1. 575 1. 842 1. 849 .131 

PETROLEUM & 
COAL PROD. 3.922 1. 966 6.647 3.427 

CHEMICAL & • CHEMICAL PROD. 4.719 3.417 3.664 11.088 

MISC. MFG. .9702 1. 552 1. 764 -2.628 

(cont'dl 
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TABLE 39 
Ccont'd) 

INDUSTRY 1957-76* 1957-66 1957-73 1974-76* 

. MINING 
(TOTAL) 8.590 7.448 8.248 2.233 

COAL MINING 13.336 2.282 30.548 2.841 

CRUDE PETROLEUM, 
NATURAL GAS, & 
SERV. INCIDENTAL 
TO MINING 7.936 10.849 4.302 7.549 

METAL MINING 6.645 5.752 10.616 -3.231 

NONMETAL MINING 
6.791 (EXCEPT COAL) 7.625 6.247 5.003 

SERVICES 

WHOLESALES & 
RETAIL TRADE 1. 300 1. 936 .598 .578 

UTILITY 4.163 4.823 3.298 3.897 

PUBLIC 
ADMINISTRATION 

AGGREGATE 

SOURCE: BASED ON DATA FROM STATISTICS CANADA 

• 

• 
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• TAB.LE. 40 

AVERAGE ANNUAL PERCENTAGE 
RATE OF GROWTH OF ENERGY/LABOUR RATIO 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

AGRICULTURE 

CONSTRUCTION 

COMMUNICATIONS 
& TRSP. 

FINANCE, INS. , 
& REAL ESTATE 

FORESTRY 

MANUFACTURING 
(TOTAL) 3.900 4.278 3.270 4.238 

DURABLES 3.745 4.2815 3.593 2.490 

WOOD 5.683 7.965 4.919 .623 

FURNITURE 
& FIXTURES 2.651 2.561 1. 988 4.472 

IRON & STEEL 4.682 5.312 4.797 2.526 

NONFERROUS METAL 4.077 6.050 3.150 .320 

METAL 
FABRICATING 3.002 4.243 1. 547 2.675 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) 4.639 4.636 4.434 5.126 

NONAUTO TRSP. 
EQUIPMENT 3.817 .972 7.079 4.742 

• MOTOR VEHICLE 
(EX.PARTS & 
ACCESSORIES) 2.570 1. 905 2.953 3.669 

(cont'd) 
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TA,BLE 40 
(_çont 1 dL • 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. 6.074 7.669 4.569 4.799 

ELECTRICAL 
PRODUCTS 3.053 3.653 2.815 1. 809 

NONMETALLIC 
MINERAL PROD. 3.069 2.541 3.124 4.527 

NONDURABLES 4.114 3.135 5.585 

FOOD & BEVERAGES 2.654 4.008 1. 228 1. 918 

TOBACCO PROD. 7.113 10.781 4.281 2.714 

RUBBER & 
PLASTIC 2.667 2.898 1. 333 5.087 

LEATHER 2.436 2.763 2.799 .610 

TEXTILE 4.913 4.315 4.180 8.419 

KNITTING & 
CLOTHING 2.908 2.613 4.545 -.0264 

PAPER & 
ALLIED INDUST. 4.241 3.358 3.798 7.924 

PRINTING, 
PUBLISHING & 
ALLIED INDUST. 2.032 3.899 1. 945 -3.366 

PETROLEUM & 
COAL PROD .. 4.987 5.2437 5.667 2.630 

CHEMICAL & 
CHEMICAL PROD. 6.577 8.283 4.205 6.990 

MISC. MFG. 1. 977 6.217 -.849 - 4'~ 150 
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AVERAGE ANNUAL PERCENTAGE 
RATE OF GROWTH OF CAPACITY UTILIZATION 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

AGRICULTURE .083 1. 241 -.956 -1. 487 

CONSTRUCTION -.207 .663 -1.014 -1. 30 

COMMUNICATIONS ., & TRSP. -.503 1. 204 .143 -10.45 

FINANCE, INS. , 
& REAL ESTATE -.503 1. 204 .143 -10.45 

FORESTRY -.795 1.121 .628 -14.400 

MANUFACTURING 
(TOTAL) -.298 1. 204 .143 5.833 

DURABLES -.134 .595 .329 -3.400 

WOOD -.709 .537 -1.196 -3.308 

FURNITURE 
& FIXTURES -.741 1. 523 -1. 307 -6.208 

IRON & STEEL -.908 .922 -1.482 -5.058 

NONFERROUS METAL -.908 .922 -1.482 -5.058 

METAL 
FABRICATING -.0834 .904 -1.136 -.592 

MACHINERY 
(EX. ELECTRICAL 
MACHINERY) .0096 .395 .182 -1.550 

NONAUTO TRSP. 
EQUIPMENT .316 -1.349 3.386 -1.850 

MOTOR VEHICLE 
(EX.PARTS & 
ACCESSORIES) .316 -1.349 3.386 -1. 850 

(cont'd) 
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TABLE 41 
(corrt t d}. • 

INDUSTRY 1957-76* 1957-66 1967-73 1974-76* 

MOTOR VEHICLE 
PARTS & ACCESS. .316 -1.349 3.386 -1. 850 

ELECTRICAL 
PRODUCTS -.511 1.196 -.936 -4.642 

NONMETALLIC 
MINERAL PROD. -.152 1.184 -.750 -2.767 

i. 

NONDURABLES -.164 -.186 -2.433 

FOOD & BEVERAGES -.037 1. 073 -.864 -1. 433 

TOBACCO PROD. .622 .440 -.454 .1333 

RUBBER & 
PLASTIC -.510 1. 870 -2.943 -1. 975 

LEATHER -.655 .998 -2.036 -2.392 

TEXTILE .327 -.874 3.896 -4.400 

KNITTING & 
CLOTHING .317 -1. 570 3.385 -1.184 

PAPER & 
ALLIED INDUST. -.243 .996 -.814 -2.625 

PRINTING, 
PUBLISHING & 

-.295 .241 .0571 -2.725 ALLIED INDUST. 

PETROLEUM & 
COAL PROD.-- - - -.566 .339 .379 -5.483 

CHEMICAL' -& 
CHEMICAL PROD. -.143 .223 1. 039 -4.000 

MISC. MFG. .106 -.643 1. 368 -.592 



-108c- • TABLE 41 
(corrt l d) 

INDUSTRY 1957-76* 1957-66 1957-73 1974-76* 

MINING 
(TOTAL) -.377 .302 .900 -7.900 

COAL MINING -.377 .302 .900 -7.900 

CRUDE PETROLEUM, 
NATURAL GAS, & 
SERVe INCIDENTAL -.377 .302 .900 -7.900 
TO MINING 

METAL MINING -.377 .302 .900 -7.900 

NONMETAL MINING 
(EXCEPT COAL) -.377 .302 .900 -7.900 

SERVICES 

WHOLESALES & 
RETAIL TRADE -.503 1. 204 .143 -10.450 

UTILITY -.199 .334 .186 -3.95 

PUBLIC 
ADMINISTRATION 

AGGREGATE 

SOURCE: BASED ON DATA FROM STATISTICS CANADA 

" 
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