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PREFACE 

This study of Canadian mining is one of the 
studies undertaken to extend the Economic Council's 
research on the process of economic growth. It examines 
the growth of productivity in the mining sector as a 
whole and for individual subgroups of mining industries. 
This report of the results is presented with the non 
technical reader in mind and, for this reason, a certain 
amount of descriptive material is included. At the same 
time, the intention has been to explain sources of data, 
concepts and methodology in an adequate manner. 

The writer wishes to express his appreciation 
to Mr. S. Wong who assisted in a number of ways in the 
early stages of the work. An earlier draft of the Study 
was reviewed by Dr. O. E. Thür and several members of 
the Economic Council staff, and their comments assisted 
considerably in the clarification and refinement of the 
issues treated in the Study. Special thanks go to 
Dr. H. H. Postner and Mr. J. E. Gander for their many 
suggestions. At several stages of the work, the author 
benefited from discussions with members of the staff of 
the Mineral Resources Branch of the Department of Energy, 
Mines and Resources. The review of an earlier draft by 
Drs. R. B. Elver and D. Brooks was particularly helpful. 
Finally, the author thanks the many people in the mining 
industry who took the time to discuss in general terms 
some of the matters treated in the Study. 

In spite of this generous assistance, the Study 
is in many ways no more than a preliminary and explora 
tory excursion. For this, and for the many limitations 
of the analysis, the author accepts full responsibility. 

vii 



CHAPTER 1 

INTRODUCTION 

The objective of this Study is to analyse the 
postwar growth of the mining sector of the Canadian 
economy in relation to the resources required to achïeve 
this growth. The emphasis is, therefore, on production 
in contrast with demand and market aspects. Also, since 
our interest is in the general dimensions of growth in 
this sector of the economy, the focus is on aggregate 
trends rather than particular commodity developments. 
We do, however, examine separately various subgroups 
within the mining sector because of the substantial dif 
ferences that exist between them. 

The approach has been to draw together the 
data required to measure rates of increase in output, in 
relation to rates of change in labour and capital inputs, 
and to obtain the resultant trends in factor productivity. 
This quantitative analysis was supplemented by general 
interviews in the latter months of 1969 and early 1970 
with individual companies in the industry so as to gain 
a better understanding of the implications of the general 
tendencies observed and the significance of particular 
developments. The result is a relatively descriptive 
exploratory study in which a number of general issues 
and considerations are raised. The focus is on longer 
run trends rather than on recent changes and developments. 

The remainder of this chapter touches briefly 
on the growth of Canadian mining within an international 
setting. The sources of growth in the sector as a whole 
are examined in Chapter 2, and for the individual mining 
industries, in Chapter 3. In the final chapter some 
implications are drawn and some suggestions for additional 
fruitful areas of analysis are made. A brief note on 
concepts and methodology, and tables containing basic 
data are included as appendices. 

The rapid growth in output of Canada's mining 
industries over the postwar period has been accounted 
for by rapid increases in the production of many mineral 
products~ with the result that the number of products 
produced in large volume is now considerable. The range 
of increases in output over the 20-year period 1947-67 



Productivity Change in Canadian Mining 

is shown in Chart 1. By 1967, of the total value added 
in mining, about 45 per cent was accounted for in each of 
the major groups, metal mines and mineral fuels, and the 
remainder was accounted for by nonmetal mines (8 per cent) 
and structural materials (3 per cent).1 

CHART 1 

AVERAGE ANNUAL RATES OF INCREASE IN OUTPUT 
CANADIAN MINERAL INDUSTRIES, 1947-67 

NON-METAL MINES * 

COAL MINES 

GOLD MINES 

METAL MINES (ex. gold 
and iron) 

10 o + 10 
PER CENT 

20 

CRUDE PETROLEUM 
AND NATU RAL GAS 

IRON MINES 

*Includes asbestos, potash, etc.; excludes quarries and 
sand pits. 

Source: Based on data from Dominion Bureau of Statistics. 

1These are the value-added estimates from Dominion 
Bureau of Statistics, General Review of the Mineral 
Industries, which are cruder estimates than those 
used as weights for the output indexes in DBS, Indexes 
of Real Domestic Product by Industry (1961 base) , 
Cat. Nos. 26-201 and 61-506 respectively (Ottawa: 
Queen's Printer, annually). In the latter, the pro 
portion of output accounted for by metal mining is 
higher. 
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Introduction 

This 20-year period of broadly based rapid 
growth in Canada's mineral industries is the result of 
demand and supply conditions. Although we concentrate 
on the latter in this Study, it is important to note 
briefly certain underlying tendencies that have had a 
major influence on the demand for Canadian minerals. 
Since the Canadian mineral industry ships about 60 per 
cent of its output to foreign markets, it is essential 
to take account of general influences that affect export 
demand. 

First, even though the world economy has grown 
substantially, there have been certain factors which 
have slowed the long-term growth in world demand for 
many types of industrial materials (including metals) 
such as the shifts to skill-intensive activities, develop 
ment of synthetic materials, and materials-saving develop 
ments such as miniaturization. Mineral fuels, however, 
have not been affected by these forces. Energy demands 
have continued to grow rapidly. 

Second, the demand for the products of the Cana 
dian mining industry also reflects the fact that most other 
industrialized countries of the western world -- the larger 
Western European countries, Britain, the United States and 
Japan -- have all been experiencing declines or relatively 
slow rates of growth in mining, and have been turning to 
other less densely populated, resource-rich countries for 
their mineral product requirements. The decline in the 
relative position of the domestic mining industries is 
exemplified by the United States, where the total output 
of these industries as a proportion of the value of total 
production declined by half from 1949 to 1965 -- from 
2.6 per cent to 1.3 per cent. In Canada, this proportion 
has been sustained at close to 4 per cent over the postwar 
period. In the low-population-density, resource-rich 
countries and in the U.S.S.R. Ca country with a wide 
diversity of mineral resources and a rapidly expanding 
industrial plant), mineral production has been growing 
rapidly. These general tendencies are evident in the 
average annual rates of growth for the mining industries 
of a number of countries which are shown in Chart 2 for 
the period 1958 to 1967. Comparable information was not 
available for Australia, a country where there have al 
ready been some rapid increases in mineral production 
and where the potential future increases in production 
of a wide range of minerals are great. The result of the 
slow growth in mineral production in the United States, 
Britain and Japan is that increased imports have been 
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CHART 2 

Productivity Change in Canadian Mining 

required and these countries are the main markets for 
Canada's exports of mineral products. 

AVERAGE ANNUAL RATES OF INCREASE 
IN MINING OUTPUT,* 1958-68 

BRITAIN .. 

WEST I GERMANY 

FRANCE I 
JAPAN .. 
UNITED - STATES 

VENEZUELA - 
CHILE - SOUTH 
AFRICA 

ZAMBIA 

SWEDEN 

CANADA 

U.S.S.R. 

NORWAY 

BRAZIL 

IRELAND 

j 

5 15 - 0 + 5 
PER CENT 

*Includes crude petroleum and natural gas. 

Source: United Nations, Statistical Yearbook, 1969. 

10 
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CHAPTER 2 

CANADIAN MINING -- THE OVERALL DIMENSIONS OF GROWTH 

There have been marked differences in the 
growth patterns between various sectors of the Canadian 
economy over the postwar period. These were examined 
in the Seventh Annual Review1 and are summarized in 
Chart 3. There has been quite a variation in the rate 
of growth of output among the various sectors. Mining 
(including oil and gas) has been one of those with a 
rapid rate of growth. The contributions of labour, 
capital and factor productivity have varied widely among 
the sectors. In mining, the contribution of capital 
has been much greater than in most other sectors, that 
of labour much less, and the rate of increase in factor 
productivity about average. These are the broad quanti 
tative dimensions. 

In the measurement of the contribution of 
labour in Chart 3, account is taken of qualitative fac 
tors, including changes in education, age-sex composi 
tion, and hours of work.2 Other important considerations, 
such as the age and extent of use of capital, and the 
many important interrelationships among various factors, 
are not dealt with, however, in this economy-wide analysis. 
We deal with them to some extent in this Study, but more 
descriptively than analytically. Particular attention 
is paid to the role of capital because of its importance 
in mining. 

lEconomic Council of Canada, Seventh Annual ~eview: 
Patterns of Growth (Ottawa: Queen's Printer, 1970). 

2For details of the analysis, see Wolfgang M. Illing, 
Sources of Growth in Canadian Industries, 1946-68, 
Economic Council of Canada Staff Study No. 29 
(forthcoming) . 
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CHART 3 

Productivity Change ~n Canadian Mining 

COMPONENTS OF REAL OUTPUT GROWTH, 1946-67 

• CONTRIBUTION OF lABOUR 

D CONTRIBUTION OF CAPITAL 

III ~2~~C~T~JI~~ OF FACTOR 

NONAGRICULTURAL GOODS -=- 
MINING, Oil, GAS .;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:].) i I 
MANUFACTURING ~ 

CONSTRUCTION _ 

UTiliTIES ":;:;:;:;:;:;:;:;:;:;:;:;:;:;:3>/ ··· .. i 1·1 

ALL SERVICES -=- 

o 2 4 6 8 10 

TRANSPORTATION, STORAGE, 
COMMUNICAT ION 
WHOLESALE AND RETAil 
TRADE 
FINANCE, INSURANCE. 
REAL ESTATE 
COMMUNITY, BUSINESS 
AND PERSONAL SERVICES 

PUBLIC ADMINISTRATION 

TOTAL ECONOMY 

.:;:;t·········@;il 

--= 
~ 
~ - IE]JIIII 
I I I 

PERCENTAGE POINT CONTRIBUTION 

Source: Based on data from Dominion Bureau of Statistics 
and estimates by Economic Council of Canada. 

The manner in which output change is measured 
for a sector has considerable significance. Changes in 
the output of the mining industries could be measured 
in a number of ways, either in such gross output measures 
as the value of production or tons of product produced, 
or in a .net output measure refleçting the value added in 
mining. If a gross output measure were used, it would 
be appropriate to relate the observed increases in out 
put to changes in all of the inputs, including those 
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Dimensions of Growth 

obtained from other industries as well as those employed 
in the mining industries. If a net output or value-added 
measure were used, the logical approach would be to relate 
increases in output to changes in inputs employed in 
mining. It is important to recognize that such an ap 
proach attributes a dollar of output (and no more) to 
each dollar of inputs purchased from other industries. 
The approach that is followed in this Study is to use 
the existing DBS measures of change in output.l For the 
mining industries, these are essentially measures of 
change in the value of production in base-year prices -- 
a gross output measure. 

The output of the mineral industries increased 
over the period 1947-67 at an average annual rate of 
8.6 per cent, compared with 4.7 per cent for the whole 
economy. The rate of increase slowed from 11.4 per cent 
per annum in the first decade to 5.7 per cent in the 
second decade. Since employment in mining increased at 
less than 2 per cent a year, with most of the increase 
concentrated in the early postwar years, output per 
employed person rose at the remarkably high rate of more 
than 6 per cent a year over the 20-year period. Further 
more, the increases in employment include those associated 
with exploration and other services incidental to mining. 
This picture is not substantially altered by taking 
account of changes in hours worked per person employed, 
as can be seen from Chart 4, which shows changes in out 
put, employment; man-hours and gross capital stock in 
mining. 

lAs this Study was going to press, the Dominion Bureau 
of Statistics released revised estimates of changes in 
output for the mining and other industries. See 
Indexes of Real Domestic Product by Industry 1961-1969, 
Cat. No. 61-510 (Ottawa: Queen's Printer, February 1971). 
The revisions for the mining sector as a whole are not 
great but they are more marked for some of the indivi 
dual mining industries. The effects of these revisions 
are indicated in a note below Table 3. 
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CHART 4 

CHANGES IN OUTPUT, EMPLOYMENT AND CAPITAL IN MINING 

(1947=100) 
700 

RATIO SCALE 
600 

500 

400 

OUTPUT 

300 

200 

150 

MAN-HOURS 

1947 50 55 60 65 68 
Source: For output, see Dominion Bureau of Statistics, 

Indexes of Real Domestic Product by Industry 
(1961 base), Cat. No. 61-506 (Ottawa: Queen's 
Printer, 1968). For gross capital stock, data 
on total mining were obtained from DBS. (The 
procedure for developing estimates for the in 
dividual mining industries is described in 
Appendix Table B-5.) For employment, this is 
the number of employees engaged in -total activity 
of mining establishments, from DBS, General 
Review of the Mineral Industries, supplemented 
for years preceding 1961 by data from DBS, Review 
of Employment and Payrolls, Cat. Nos. 26-201 and 
72-201, respectively (Ottawa: Queen's Printer, 
annually). For man-hours, the above employment 
series is adjusted for the average hours per week 
of hourly rated wage-earners, from DBS, Review 
of Man-Hours and Hourly Earnings, Cat. No. 72-202 
(Ottawa: Queen's Printer, annually). 
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Dimensions of Growth 

In the past, widespread attention has been 
focused on this rapid growth of labour productivity, even 
though in most of the studies that have been done the role 
of capital and increasing skills of manpower have been 
noted. I A number of Canada's mining industries have for 
some time been among the most capital-intensive in the 
economy, and the whole mining sector has become increas 
ingly so in recent years. Even in 1949, labour represented 
only 50 per cent of the cost of inputs employed in this 
sector. By 1961, this proportion had declined to 35 per 
c~nt, and a further decline has occurred since then. 
Information for total mining, and for subgroups and indi 
vidual mining industries, is provided in Table 1. 

The importance of capital as an input in mining 
makes it i~perative that explicit account be taken of 
increases in capital. The Dominion Bureau of Statistics 
has recently developed a set of capital stock estimates, 
which permit one to start examining in aggregate the 
role of capital in mining. This provides a basis for 
examining the overall result of the investment decisions 
of individual companies. Of course, if one had informa 
tion on the individual investments and the factors that 
influenced them on a continuous basis over the postwar 
period, the overall effects could be traced back to the 
specific factors that resulted in the business decisions. 

Since extensive use will be made of the recently 
developed capital stock estimates in this Study, a descrip 
tion of their derivation is required. Gross capital stock is 
simply the accumulated total of investments over a period 
of years. For mining, the periods of accumulation are the 
fixed service lives which have been assumed for investments 
as follows: 20 years for machinery and equipment; 25 years 
for buildings; and 30 years for engineering construction.2 

ISee, for example, V. A. Haw and J. Convey, Technological 
Change and Productivity in the Canadian Mining Industry 
(Ottawa: Mines Branch, Department of Mines and Technical 
Surveys, April 1965), and a paper by the same authors 
entitled "Recent Developments Affecting Productivity 
in Canadian Mining", given in the Spring of 1969. 

2The basic source of the investment data is Dominion Bureau 
of Statistics, Private and Public Investment in Canada, 
Cat. No. 61-205 (Ottàwa: Queen's Printer, annually). A 
general reference on the development of Canadian capital 
stock estimates is DBS, Fixed Capital Flows and Stocks~ 
Manufacturing~ Canada~ 1926-1960, Cat. No. 13-522 
(Ottawa: Queen's Printer, 1967). 
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Dimensions of Growth 

Measures of price change in the various components are 
used to bring investments made in different years to a 
1961 dollar equivalent. The resultant gross capital 
stock series includes investments 'at their full value (in 
1961 dollars) until the end of their assumed service lives. 
Net capital stock estimates have also been developed, in 
which the investments are included on a depreciated basis, 
using straight-line depreciation. 

Although the Dominion Bureau of Statistics has 
only made estimates for capital stock in the mining 
industries as a group, we have extended the data to 
provide estimates of gross capital stock for subgroups 
and some individual industries within mining. For this 
reason, in this Study the gross capital stock estimates 
are generally used, although for total mining the impli 
cations of using net capital stock will be considered. 
Indexes of change in the capital stock in constant 
dollars are provided in Appendix Tables B-1 and B-5. 

Gross capital stock in the whole mining sector 
increased at an average annual rate of about 10 per cent 
over the 20-year period 1947-67. Taking the growth of 
the capital stock to represent the increased input of 
capital, and combining its rates of increase with those 
of the labour input (as indicated by the rate of increase 
in employment, adjusted for changes in hours worked), 
yields increases in combined capital and labour inputs 
as shown in Chart 5. The increases in output for the 
mining sector are also shown. The extent to which 
increases in output exceeded the combined rates of 
increase in labour and capital inputs indicates the rates 
of increase of factor productivity. Factor productivity 
increases, as measured here, represent the increases in 
output other than those accounted for by the changes in 
labour and capital inputs. They would include the result 
of increased efficiency in the use of inputs, some of 
which are associated with relative shifts from lower- to 
higher-productivity mining industries. They also include 
the effects of changes in the use of inputs which we have 
not quantified, as well as influences arising from the 
fact that our measurement of inputs may not precisely 
reflect the degree to which they contribute to mineral 
production. These are matters to which attention is 
directed as we present the measures of change in factor 
productivity in the remainder of this Study. 

During the first postwar decade, the rate of 
growth of factor productivity, at about 4.5 per cent 
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per annum, was very high in comparison with that in other 
Canadian industries and with mining in many other countries. 
During the following decade, however, the productivity 
gain was much smaller, averaging less than 0.5 per cent 
per annum. The second postwar decade was, of course, a 
period of less-sustained growth in the total output of the 
mining industries. But, although there was no increase in 
employment in mining during this decade as a whole, the 
gross capital stock continued to increase at close to the 
rate recorded in the previous decade -- about 8! per cent 
per annum as compared with about 10! per cent. In this 
period there was little increase in factor productivity. 

CHART 5 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN MINING 

(1947=100) 600 

150 

( 2) 
./ 

/' 
/ /(1) 

// 
,/'/ / 

../ /CAPITAL 
/--- / AND LABOUR 

/ // /,/ 
/ / FACTOR 

/ / PRODUCTIVITY 
/ / ,,...... ~,. ........ __ ,,. ......... _ -_ .. (1) 

/ // ... ., -- 
/ /,/ r-_ (2) /'~/ ." ".--, r_ ,/ ..... ----- 

~ 

/,' / ..... '" -- J 

/J-J / .... .,. v.: _.I' .,,'" .... _,.". 

500 

400 

300 

200 

100 
I I I I I I I I I I I I I I I I I I I I 

1947 50 55 60 
(l)Based on gross capital stock. 

(2)Based on net capital stock. 

Source: Based on data from Dominion Bureau of Statistics 
and estimates by Economic Council of Canada. 

65 68 
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Dimensions of Growth 

What would the results have been if net capital 
stock instead of gross capital stock had been used as an 

.indicator of the increases in capital input? If the rates 
of increase in gross and net capital stock had been the 
same, it would be immaterial as to which measure was used. 
This, however, has not been the case. With the rapid 
increases in investment in the decade 1947-57, net capital 
stock was increasing more rapidly than gross capital stock. 
It increased slightly less rapidly in the decade 1957-67.1 
As a result, if the combined labour and capital increases 
and residual changes in factor productivity were based on 
net capital stock, the estimates of the factor-productivity 
increase for the first decade would be lowered, as indicated 
by the lower line in Chart 5. It should be noted at this 
point that the appropriate measure to use depends on the 
degree to which the usefulness of capital in production 
declines before its life expires; gross stock assumes it 
retains its full usefulness until disposed of, while net 
stock assumes a gradual reduction.2 

The measurement of changes in the capital input 
has been set out in some detail because of its importance 
in this sector of the economy. The large increases in 
capital have come about through a general substitution 
of capital for labour in mineral production, as well as 
a lengthening of the period required to bring new mines 
or reserves of oil and gas into production. One reason 
is that the average scale of operations has been increas 
ing. For example, in metal mining the total output now 
is more than five times as great as in the early post 
war years, but the total number of mines is no larger. 
Bringing increasingly remote, lower-grade, or more deeply 
buried are bodies into production can only be economically 
accomplished through mines of larger scale and longer 
productive lives. This, in turn, entails substantial 
investments in pre-production mine development. The 
scale of most mining ventures is such that it is not 

1The average age of the capital stock was declining during 
the 1950's. This shows up as an increase in the ratio 
of net to gross capital stock. See Appendix Table B-6. 
Such estimates are, of course, influenced by the length 
of-life assumptions. 

2It will be obvious that the adequacy of the fixed service 
lives assumed in accumulating the investment into the 
capital stock series is also a pertinent matter, one 
which we have not examined here but which one would 
expect to see subjected to investigation as increased 
use is made of capital stock estimates. 
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feasible to bring them "on stream" to coincide in any 
precise way with world expansion in demand for mineral 
products. The mines are generally being brought into 
production for periods running upwards from 15-20 years, 
and it frequently takes as long as five years before 
actual production starts at a new mining project. 

This raises the general question of the degree 
to which year-to-year increases in output are associated 
with the accumulation of capital stock. While it provides 
a measure of the aggregate investment of capital which 
is useful in analysing longer-run trends, there can be 
a build-up of capital which does not contribute to produc 
tion for a period of time either because output cannot 
take place until certain facilities are completed or 
because certain facilities are not used at full capacity. 
The possibility of introducing a lag into the relation 
ship has been explored. However, the diversity of the 
mining sector as a whole precludes doing it at that level 
of aggregation and the period for which we have data on 
the individual mining industries is too short to intro 
duce a lagged relationship. To minimize this problem in 
using capital stock as an indicator of capital input, we 
have generally stressed the longer-run trends in this 
Study although we do show the year-to-year changes in 
the charts. 

The increased use of capital in mining has 
been the result of a number of particular technological 
changes, some of which will be noted in the examination 
of individual mining industries in the next chapter. 
There were, however, certain general forces operating 
during the period 1947-67 that provided a strong incen 
tive to substitute capital for labour in mining. Aver 
age wages and salaries, which have been increasing 
relative to those in other industries, tripled, while 
average costs of capital, as indicated by construction, 
machinery and equipment and interest costs, roughly 
doubled over the period 1947-67. Furthermore, to make 
it possible to recruit and maintain the increasingly 
highly qualified and skilled manpower, which is a 
crucially important element in the growth and develop 
ment of most of the mineral industries, mining companies 
frequently make substantial investments in housing and 
in a wide range of community and social services. This 
too represents a substantial element of capital invest 
ment. 

14 
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Increases in the amount of capital per person 
employed in mining are striking (Chart 6). Gross capital 
stock per employed person in 1967 dollars increased 
from less than $25,000 in the early postwar years to 
more than $100,000 in recent years. The investment in 
mining has been very largely construction-type capital, 
including both engineering and building. Engineering 
construction accounts for over three-quarters of the 
total construction-type capital and includes investment 
by the mining industry in oil-drilling and mine develop 
ment, as well as in roads, bridges, etc., built specifi 
cally for mining operations. Part of the increase in 
the engineering construction proportion is accounted 
for by the relatively rapid growth of capital stock in 
the crude petroleum and natural gas industry, where most 
is in this form rather than in machinery and equipment. 

CHART 6 

GROSS CAPITAL STOCK PER EMPLOYED PERSON IN MINING 

(Thousands of 1967 dollars) 
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Source: Based on data from Dominion Bureau of Statistics. 
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In most of the other mining industries, however, with 
the increasing scale of construction activity required 
to bring lower-quality or deeper ore bodies into produc 
tion and with the development of open-pit mines and 
enlargement of underground workings, the proportion 
of the total in construction-type capital has also been 
increasing. All of these developments entail greater 
expenditures when carried out in more remote areas. At 
the same time, of course, these changes have enabled 
greater mechanization of the mining operations, with 
the investment in machinery and equipment per employee 
increasing and larger machines being used. But the 
stock of machinery and equipment, even though it has 
tripled in relation to the number of persons employed 
in the industry, accounts for a lower proportion of the 
total stock of capital than it did two decades ago. 
This proportion declined from 40 per cent in 1947 to 
less than 30 per cent in 1967. 

Additional Considerations Influencing Changes 
in Factor Productivity 

The analysis up to this point has been limited 
to setting out the quantitative dimensions of changes in 
output, capital and labour inputs, and the resultant 
residual changes in factor productivity. The extent to 
which increases in output exceed the combined increases 
in labour and capital inputs depends on a wide variety 
of considerations. First, there is the increased effi 
ciency in the use of labour and capital, partly resulting 
from changes within individual industries, which will be 
examined in the next chapter, and partly resulting from 
relative shifts from lower- to higher-productivity mining 
industries. Second, there are the changes in the quality 
of labour and capital inputs employed in mining, of which 
only the latter have been considered up to this point. 
Third, there are the inputs for which the contribution 
to increases in output has been imprecisely defined or 
has not been taken into account. These include the 
natural resource inputs used in mineral production and 
the goods and services provided by other parts of the 
economy to the mining industries. 
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Relative Shifts among Industries 
withîn the Mining Sector 

The average annual rate of increase in factor 
productivity over the decade 1947-57 was much greater 
than in the following decade. Part of the very rapid 
increase during the first decade was no doubt the result 
of the very rapid shifts in the relative importance of 
various mining industries that took place during that 
period. While we do not have the data required to 
measure the differences in the level of productivity 
between individual mining industries, it is likely that 
productivity in most of the coal and gold mining was 
relatively low in comparison with some of the rapidly 
expanding mining industries such as petroleum and 
natural gas. The proportion of the former two industries 
in total mining output declined from 35 per cent in 1949 
to 12 per cent in 1961 while the latter increased from 
11 to 22 per cent. 

Changes in the Quality of Labour 

The measurement of increases in the labour 
input in this chapter takes account of changes in both 
employment and average hours worked. In the next chapter, 
where we examine the individual mining industries, the 
labour input is measured by employment, with no adjust 
ment for hours worked, because for most of the mining 
industries the changes were slight (see Appendix Table 
B-4). There have been a number of changes in the quality 
of labour employed in mining that have not been measured; 
these would have contributed to some extent to increases 
in factor productivity although their measured effect 
would have been marginal because of the relatively low 
weight attached to increases in labour in relation to 
capital inputs in the mining industries. Nevertheless, 
the changing quality of the labour force is important. 
Indeed, with the increased average scale of mining 
operations, and with the substantial capital investments 
that have been made, profitable operations have required 
increasingly highly qualified and skilled manpower as a 
crucially important element in the growth and development 
of most of the mineral industries. Frequently mineral 
enterprises must pay substantial premiums to attract 
highly skilled workers to the relatively remote locations 
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where mining activities are located. Even then, employ 
ment shortages frequently arise, particularly in periods 
when the economy is operating close to its potential. 
To recruit and maintain an adequate work force, mining 
companies frequently make substantial investments in 
housing and a wide range of community and social services. 

These considerations influence both the training 
and skill requirements of the labour force in mining and 
the manner in which the labour force is employed in the 
various mining industries. During the postwar period 
the average education levels have risen to a marked 
degree, from less than 40 per cent with education beyond 
the elementary level in the early postwar years to more 
than 50 per cent now. Moreover, the increasing needs 
for skilled management are reflected in an increase from 
about 5 per cent with university education to more than 
10 per cent.1 Concern about the training and employment 
of skilled and professional personnel in mining has been 
the subject of considerable attention, represented by 
the continuing studies of the Education Committee of 
the Canadian Institute of Mining and Metallurgy.2 It is 
also relevant to note some of the shifts that have been 
taking place in the relative proportions of employees 
engaged in various activities in mining as the industries 
have grown in scale and sophistication. Production and 
related workers accounted for a slightly smaller propor 
tion of total employment in 1967 than in 1961, with the 
proportion of professional, technical, administrative and 
office workers having increased. For total mining, the 
latter category increased from 24 to 28 per cent, with 
increased proportions in all of the subgroups of mining 
industries. 

lThe quantitative significance of improvements in formal 
education is analysed in Illing, op. cit. The summary 
results are contained in Appendix Table A-I of the 
Seventh Annual Review~ op. cit. 

2See study by Canadian Institute of Mining and Metal 
lurgy, Manpower Requirements of the Canadian Mineral 
Industry, September 1967 (mimeo.) and their recent 
"Survey of Graduates" in the Canadian Mining and 
Metallurgical Bulletin, Montreal, March 1970. 
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Also, the proportions of the production and 
related workers employed in the mill have been increasing 
in relation to those employed in the mine. For metal 
mines the proportion increased from 12 per cent in 1961 
to 18 per cent in 1967 and for nonmetal mines (excluding 
fuels, quarries and sandpits) from 38 per cent to 46 per 
cent. 

An additional important distinction, particu 
larly in metal mining and in coal mining, is the propor 
tion of the work force employed on the surface in 
comparison with underground. With the closing of a 
number of underground coal mines, the proportion employed 
underground in th~t industry has been declining. In 
metal mining, however, the proportion has shown little 
decline. A number of major products such as nickel are 
found in Canada in deposits that are not amenable to 
open-pit operations and they continue to be mined pri 
marily by underground methods. 

Natural Resource Inputs 

In relating output to labour and capital inputs, 
the changes in the use of capital in the form of the 
mineral resources themselves have not been measured. 
However, because the weight assigned to capital in com 
bining the increases in labour and capital inputs was 
based on payments that included the cost of finding and 
using the mineral resources, we implicitly have assumed 
that the use of mineral resources increases at the same 
rate as the capital stock which includes only the invest 
ment in engineering and'building construction, and 
machinery and equipment. If, in fact, the rate of 
increase in the use of mineral resources was slower than 
the rate of increase of capital stock, our measured rate 
of increase in inputs would be too high and the resultant 
rate of change of factor productivity, too low. More 
over, to the extent that greater and greater amounts of 
capital are employed in exploring for, and developing, 
lower-quality, deeper, or more remote mineral or oil and 
gas deposits, the resultant declining rate of productivity 
increase represents not slower gains in efficiency but 
the exploitation of less accessible mineral resources. 
Thus, while it is clear that these considerations are 
an element in the observed decline in the rate of 
increase in factor productivity in the mining sector, 
we have not found it possible to assess their signifi 
cance. 
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Inputs from Other Parts of the Economy 

Production in the mining industries is carried 
out through the employment of labour, capital and 
natural resources within the mining industries. Inputs 
from other parts of the economy are also used. Since 
the DBS measures of output for mining that are employed 
in our analysis are gross rather than net, some consider 
ation of these additional inputs is necessary. 

The most complete estimates of the inputs from 
other sectors used by the mining sector are those pre 
pared for the 1961 input-output tables. Of the total 
inputs of $2.3 billion in 1961 (equivalent also to the 
total value of production of the mining sector), about 
30 per cent was obtained from other parts of the economy 
(see Table 2). The items have been grouped here into 
fuel and electricity, materials and supplies, and 
financial, business and other services. Complete data 
for more recent years are not available. Apparently 
the cost of materials and supplies has increased slightly 
in relation to output since 1961.1 

Beyond the inputs from other industries used 
by the mining industries, there are a whole range of 
activities that are essential to mining that do not show 
up in the mining sector at all. All of the outward 
transportation of mineral products by cornmon or contract 
carriers is included in the transportation industry. 
More than 40 per cent of the tonnage shipped on Canadian 
railways and inland waterways consists of crude minerals 
and most of the railway lines built since the end of the 
Second World War have been to transport minerals. Further 
more, the transportation of oil and gas has involved the 
creation of extensive pipeline systems. There have also 
been large public investments in the Seaway and expansion 
of harbour facilities, intended, to a considerable extent, 
to service the mining industries. 

1Estimates derived from the General Review of the Mining 
Industries, op. cit., which also include transactions 
between establishments within the mining industry, 
indicate an increase from 19 per cent of the value of 
production in 1961 to 21 per cent in 1967, when the 
value of production had reached $3.8 billion. 
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Table 2 

PERCENTAGE DISTRIBUTION OF COSTS OF INPUTS 
USED IN MINING, 1961 

Percentage of Total 

Factors employed in mining 

Labour costs(l) 
Net income of unincorporated businesses 
Capital costs(2) 

24.3 
0.3 

44.5 

69.1 Subtotal 

Inputs purchased from other industries 

Fuel and electricity 
Materials and supplies 
Financial, business and other services 

4.5 
12.9 
13.5 

30.9 

(l)wages, salaries and supplementary labour income. 

(2)The sum of the "costs" of, or incomes accruing to, capital employed in 
production in the form of profits and other investment income, plus the 
cost of the consumption of fixed capital employed -- that is, depreciation. 

Source: Dominion Bureau of Statistics, The Input-Output Structure of the 
Canadian Economy, 1961, Volume l, Cat. No. 15-501 (Ottawa: Queen's 
Printer, August 1969). 

In addition to the private and public invest 
ments in commercial industries such as transportation, 
communications, etc., substantial extension of education, 
health and other noncommercial services has been needed 
to accommodate developments in mining or, more precisely, 
to provide services for those engaged in mining explora 
tion, development and production activities, and their 
families. Government surveys, mapping, etc., have also 
been required to support eventual mining activity. 

21 



CHAPTER 3 

INDIVIDUAL MINING INDUSTRIES 

While the mining industries as a group have 
exhibited a rapid rate of growth of output and build-up 
of capital stock, they are in fact a very heterogeneous 
group, with different and changing characteristics of 
production, and differently timed surges of investment 
and production. Since the capital stock estimates that 
we have been able to develop for the subgroups within 
mining are appropriate only for the period 1957-67, the 
analysis is focused on this period. (The development 
of the capital stock estimates for the individual mining 
industries is treated in Appendix A.) For the mining 
industries as a group and for many of the individual 
industries, this is a mixed period, with relatively 
slow growth in output at the end of the 1950's following 
a period of heavy investment, and more rapid grbwth in 
output and stepped-up investment in the 1960's. Over 
the period 1957-67, mining output increased at 5.7 per 
cent per annum in comparison with a rate of 4.8 per cent 
for the economy as a whole. The gross capital stock 
in mining increased at an average rate of 8.5 per cent. 
Employment (and man-hours) declined slightly after in 
creasing in the earlier postwar years. 

The changes for the subgroups within mining 
and for some of the individual industries are presented 
in Table 3. For most of the industries, the average 
annual rates of increase in output were slower in the 
decade 1957-67 than in the preceding decade, although 
there is the exception of the rapid build-up in potash 
production in the 1960's which brought the rate of 
increase of the nonmetals group above the rate of the 
1947-57 period. During the 1957-67 decade, the continued 
rapid increases in output and capital stock in crude 
petroleum and natural gas, and iron mining, were evident 
as were the declines in output, capital stock and employ 
ment in gold and coal mining. 
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Table 3 

AVERAGE ANNUAL PERCENTAGE RATES OF CHANGE IN OUTPUT, CAPITAL STOCK, 
EMPLOYMENT,AND FACTOR PRODUCTIVITY IN MINING INDUSTRIES 

BS'-~' cnanses ln: 
Gross 

Increases in OutEut Capital Factor 
Indust:J;: GrauE· 1947-57 1957-67 Stock EmElo:,;:ment Productivit:,;: 

Total Mining (100) +11. 4 +5.7 +8.5 -0.3 +0.3 

Metal Mines (57) +7.9 +3.9 +6.0 +0.1 0 
Gold mines ( 8) +2.3 -4.4 -1. 4 -4.8 -0.8 
Iron mines (7) +29 +14.7 +15.0 +5.2 +4.3 
Misc. metal mines (42) +7.8 +2.4 +3.7 n.a. n.a. 

Mineral Fuels (24) +18.7 +7.7 +10.5 -2.9 +1. 5 
Coal mines (4) -3.4 -1.0 -3.7 -4.8 +3.4 
Crude petroleum and 

natural gas (20) +35 +8.8 +11. 6 -0.9 +0.6 

Nonmetal Mines (9) +6.0 +9.6 +10.0 +1. 5 +2.7 
Asbestos mines (6) +5.8 +5.6 n.a. +0.3 n.a. 

*1961 share of output shown in brackets. 

Source: Trend rates,based on DBS data. For output, Indexes of Real Domestio 
Product by Industry, Cat. No. 61-506; for employment, General Review 
of the Mineral Industries, Cat. No. 26-201, with years 1957-60 based 
on Review of Employment and Payrolls, 1957-67, Cat. No. 72-201 
(Ottawa: Queen's Printer, annually). For capital stock, estimates 
were developed from DBS data (see Appendix Table B-5 for details) . 

Note: The effect of the output revisions recently published by Dominion 
Bureau of Statistics, in Indexes of Real Domestic Product by Industry, 
1961-1969, Cat. No. 61-510 (Ottawa: Queen's Printer, February 1971), 
would be to raise slightly the average annual rate of increase in out 
put for crude petroleum and natural gas for the period 1957-67 (from 
B.B to 9.1 per cent). The rate of decline for gold mines is reduced 
(from -4.4 to -3.0). For each of these the trend in factor producti 
vity would be correspondingly greater than estimated here. For the 
metal mining group (revised from 3.9 to 3.3), and for the iron mining 
industry (from 14.7 to 12.8), as well as for the nonmetal mines group 
(from 9.6 to 8.2), the effect of the revisions is to lower the average 
annual rates of increase in output and factor productivity. The 
effect of the slight revision in coal mining output (from -1.0 to -1.1) 
is insignificant. The overall effect on total mining is a slight 
downward revision (from 5.7 to 5.4 per cent). 



Individual Indust~ies 

The rates of increase in factor productivity 
over the decade 1957-67, provided in Table 3, indicate 
the extent to which rates of increase in output exceeded 
the combined rates of increase in capital stock and employ 
ment. An adjustment for change in average hours worked, 
which was not made, would only have made marginal differ 
ences. Data on the trends in average hours worked are 
provided in Appendix Table B-4. In this chapter, the 
changes that took place in the individual mining industries 
that resulted in these overall trends are described in some 
detail, supported by a series of charts that show year-to 
year changes. In presenting this descriptive material, 
attention is drawn to some of the features of shorter-run 
developments. This type of analysis, however, is mainly 
useful as a basis for examining the longer-run trends in 
the use of resources in the economy. 

Metal Mining 

The growth of output over the period 1957-67 for 
this important group of mining industries, which account 
for over one-half of total mineral production, was slower 
and more erratic than during the first postwar decade. 
Nevertheless, the build-up of capital investment continued 
at a substantial rate, with the result that there was no 
trend towards increased factor productivity (see Chart 7). 

CHART 7 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN METAL MINING 
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Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details) . 
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CHART 8 

OUTPUT CHANGES WITHIN METAL MINING 

(1957=100) 
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*This is a very large group of industries (accounting for 
three-quarters of the total metal mining output in 1961). 
It includes mostly industries like nickel-copper mines 
or silver-lead-zinc mines where a combination of products 
is produced. It arso includes uranium mines. 

Source: Dominion Bureau of Statistics, Indexes of Real 
Domestic Product by Industry, Cat. No. 61-506 
(Ottawa: Queen's Printer, 1968). 

Although there has been a general tendency to 
increase the use of capital in most of the metal mining 
industries, with a trend towards open-pit mining involving 
extensive pre-production investment and also considerable 
capital-labour substitution in most types of underground 
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mining, the patterns of output changes in the individual 
industries have differed widely as can be seen from 
Chart 8. Gold mining has experienced declining output 
in the face of a fixed price for gold and mounting costs 
of production. Iron mines, after a period of rapid in 
creases in production in the first postwar decade, had an 
erratic pattern of output from 1957 to 1961 and subsequently 
a rapid rise. The remainder of metal mining is lumped 
together in the real output data as miscellaneous metal 
mines. In total, they accounted for three-quarters of 
total metal mining in 1961 and they exert a heavy influence 
on the variations in output shown in Chart 7. Included 
here are uranium mines -- with rapid increases in output 
in the late 1950's and a subsequent sharp decline in the 
early 1960's -- and a number of important multiproduct 
mining industries. The latter include those producing 
copper-gold-silver, nickel-copper and silver-lead-zinc. 

CHART 9 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN GOLD MINING 
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Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details) . 

In gold mining, with output and employment 
declining at about the same rate since 1960 and capital 
stock at a slower rate, factor productivity has not 
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changed to any marked degree (see Chart 9). It should 
be noted, with respect to our estimates of gross capital 
stock, however, that they are based on a distribution 
of the total capital stock in mining in 1945 among the 
mining industries on the assumption that each industry 
within mining had the same ratio of capital to output 
(see Appendix A) . 

In iron mining, there was a continuation of 
the rapid build-up of capital investment which started 
in the first postwar decade, associated with the develop 
ment of large open-pit mines, and more recently with the 
building of pelletizing plants which, by the end of 1968, 
were up to 25 million tons of pellet capacity in compari 
son with total iron are production capacity of 47 million 
tons. As a result of these increases in capital coupled 
with increases in employment, combined labour and capital 
inputs rose rapidly until 1965 and at a somewhat slower 
rate since then. The period of most rapid increase in 
factor productivity was from 1961-64, when increases in 
output were substantially in excess of current increases 
in capital and labour and fuller use could be made of 
investments made in preceding years. Over the decade 
1957-67, as a whole, there was a marked trend of rising 
productivity. The changes in output, combined capital 
and labour inputs, and factor productivity for iron mining 
are shown in Chart 10.1 

lAn examination of the relative rate of technical change 
and depletion as factors explaining changes in factor 
productivity was carried out for iron mining in Minnesota, 
covering a relatively long period, 1917 to 1963. See 
R. T. Newcomb, The Impact of Technical Change and Deple 
tion on the Iron Ore Industry of Minnesota, University 
of Minnesota Ph.D. Thesis, 1965, and his article "An 
Econometric Approach to Measures of Productivity in 
Mining", Transactions of the Society of Mining Engineers, 
American Institute of Mining, Metallurgical and Petroleum 
Engineers, September 1968. He found that factor produc 
tivity in iron mining on the Minnesota range was increasing 
at about 3 per cent per year before 1940, when grade 
deterioration was not a factor, and that in the following 
20 years productivity increases halted as grade declines 
became severe. 
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CHART 10 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN IRON MINING 
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Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details) . 

Among the miscellaneous metal mines, the largest 
industries are those producing nickel-copper, copper-gold 
silver, silver-lead-zinc.1 In only one of these - 
copper-gold-silver -- was there a steady increase in 

IThe consideration given here to these industries draws on 
the work of Haw and Convey, op. cit., and on interviews 
with individuals in a number of companies, as well as on 
general statistical information available. It was not 
possible to develop e~timates of capital for these in 
dustries individually and therefore increases in factor 
productivity could not be measured. 
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production through most of the period 1957-67, which has 
in fact continued up to the present. This industry ac 
counts for about 60 per cent of the total production of 
copper in Canada -- the remainder coming from the nickel 
copper industry. Even with the substantial increases in 
production, gains in output per man-hour were only modest, 
amounting to no more than 2 per cent per annum over the 
period 1961-66. Had it been possible to take into account 
the increases in capital invested, it is likely that one 
would have found no increase in factor productivity. This 
apparent lack of increase in factor productivity in copper 
gold-silver mining may be at least partly associated with 
the fact that substantial inputs of capital and labour 
are required prior to the start of production at a mine. 
During the latter part of the period under review, a 
considerable number of new mines were being developed, 
including the copper-zinc ore body of Texas Gulf near 
Timmins, Ontario, and some very large disseminated copper 
bodies in British Columbia. An additional aspect is that 
gains in factor productivity may have been partially off 
set by the increased capital and labour required in mining 
ore that is less accessible or lower in grade. The aver 
age value per ton of ore milled in this industry was 
declining during the period studied. 

The largest of the miscellaneous metal mining 
industries was that producing nickel and copper. Because 
of the considerable variations in production in this 
industry and the very long lead time required to imple 
ment expansion programs or to bring new mines and asso 
ciated processing facilities into production, any analysis 
of productivity change that is limited to a short time 
span could be misleading. Examination of data for the 
period 1961-67 indicates no marked trend towards increases 
in output per person employed. Data on changes in capital 
stock are not available. The dominant firm in this in 
dustry, International Nickel, which accounted for 80 per 
cent of the tonnage of ore mined by this industry in 1967, 
has had two major periods of expansion of capital facili 
ties -- one from 1957 to 1962, with the development of 
production at Thompson, Manitoba, and another with major 
expansion in their Ontario and Manitoba operations from 
1966 on. 

The patterns of change in the tonnages of ore 
mined in the copper-gold-silver and nickel-copper indus 
tries are shown in Chart 11. Although these are imperfect 
measures of output, they do indicate the general changes 
in output that have occurred. Rates of increase in 
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tonnages mined for copper-gold-silver mines were, of 
course, greater than those for final mineral production 
because ore of lower grade was being mined. 

CHART 11 

CHANGES IN TONNAGES OF NICKEL-COPPER AND 
COPPER-GOLD-SILVER ORE MINED 

(1957=100) 
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Source: Dominion Bureau of Statistics, General Review 
of the Mining Industries, Cat. No. 26-201 
(Ottawa: Queen's Printer, annually). 

The silver-lead-zinc mines entered a period of 
rapid expansion in output in the early 1960's after a 
relatively stagnant period from 1957 to 1961, with out 
put doubling between 1961 and 1966. Output per person 
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employed increased rapidly during this period. with the 
shift in this industry to capital-intensive types of 
mining, and the large increases in capital involved, 
which were apparently well in excess of 10 per cent per 
annum over this period, it is unlikely, however, that 
there was any increase in factor productivity even with 
the assist that was obtained after 1965 from the mining 
of the rich ore at pine Point in the Northwest Territories. 
The trend in tonnage of silver-lead-zinc ore mined is 
shown in Chart 12. 

CHART 12 

CHANGES IN TONNAGES OF SILVER-LEAD-ZINC AND 
"OTHER" METAL ORE MINED 
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*Influenced heavily by uranium and molybdenum. 

Source: Dominion Bureau of Statistics, General Review 
of the Mining Industries, Cat. No. 26-201 
(Ottawa: Queen's Printer, annually). 
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The mining of two other minerals, which are 
included in miscellaneous metal mining, has been an addi 
tional factor in the pattern of output changes shown in 
Chart 8. These are uranium and molybdenum. The pattern 
of change in tonnage of ore mined in an "other metals" 
group which includes these two is shown in Chart 12. 
One of these, uranium, accounts for a considerable part 
of the increase in the overall miscellaneous metal mines 
<group from 1957 to 1959, after which output fell off 
Isharply. Molybdenum was a minor factor until 1964 after 
which output increased rapidly. 

CHART 13 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS,* 
AND FACTOR PRODUCTIVITY IN MISCELLANEOUS METAL MINING 

(1961=100) 
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*Data on labour inputs are not available for years other 
than 1961-67. 

Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details). 

The overall effect of these diverse changes 
in miscellaneous metal mining is that since 1961, which 
is the first year for which complete data are available, 
there has been no marked rise in factor productivity. 
Although output has increased, the combined inputs of 
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capital and labour were rising at a faster rate, at 
least until 1967 (see Chart 13) and probably since then 
as a result of the continued large build-up in nickel 
and copper production capacity. The general pattern of 
changes in output, capital and labour inputs, and factor 
productivity for metal mining as a whole is influenced 
substantially by the changes in this group of industries 
as can be seen from a comparison of Charts 13 and 7. The 
overall result was that there was no increase in factor 
productivity over the period 1957-68. 

Crude Petroleum and Natural Gas 

The next largest group after metal mining is 
the mineral fuels group, which in 1961 accounted for 
24 per cent of total output of the mining industries. 
It includes coal mining, with declining output during 
the period 1957-68; and crude petroleum and natural gas, 
with rapidly increasing output. I 

IThe boundaries of this industry are defined by the 
Dominion Bureau of Statistics in The Crude Petroleum and 
Natural Gas Industry, 1968, Cat. No. 26-213 (Ottawa: 
Queen's Printer, 1971), as follows: "Companies included 
in the Crude Petroleum and Natural Gas Industry explore 
for and produce crude petroleum, natural gas, propane, 
butane, sulphur and helium, either directly from the 
fields or from gas processing plants. That is, the 
establishment boundary includes within it the facilities 
of the gas processing plants, the oil and gas fields, 
geological and geophysical exploration, and head office 
work for the above purposes as well as those carried on 
directly by these companies, and for such other ancillary 
services as are required to maintain such exploration or 
producing programmes. Although a company may be engaged 
in all phases of the industry, it may not necessarily be 
engaged in all phases in anyone province. Refining and 
marketing activities of oil companies are not included 
in S.I.C. 064, but are coded to separate industries. It 
should be carefully noted that the companies engaged in 
geological and geophysical consulting, o~ as contractors, 
are not included in the S.I.C. 064 Crude Petroleum and 
Natural Gas Industry." 
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Since the major discovery of oil at Leduc, 
Alberta, in 1947, the Canadian petroleum industry has 
grown rapidly, with a 35 per cent per annum rate of 
growth in output over the decade 1947-57 and an 8.8 per 
cent rate of growth over the decade 1957-67. During 
this latter decade, the rate of increase in capital 
stock has continued at a rapid rate, averaging 11.6 per 
cent per annum over the 10-year period. Half of the 
total gross capital stock in mining is invested in the 
crude petroleum and natural gas industry, with the 
average per person employed in this industry in 1967 
exceeding $400,000. The DBS estimates of capital invest 
ment from which the capital stock measures are derived, 
include expenditures for drilling (both exploratory and 
development), as well as the construction of oil- and 
gas-well facilities and,other works of a permanent nature. 
Not included are expenditures for land and land-lease 
acquisitions because they do not represent the creation 
of new capital facilities. 

In addition to the increases in capital stock 
in this industry which are associated with exploration, 
there are some closely associated activities which are 
included in year-to-year operating expenditures rather 
than as longer-term investment. For example, geological 
and geophysical activities and the employment associated 
with them are treated in this manner. Thus much of the 
variation in employment in the industry is associated 
with the degree of exploration activity. Employment 
declined 20 per cent from 1957 to 1961, remained unchanged 
until 1964, and then increased to about the 1957 level by 
1968. 

with the rapid increases in capital and its 
dominance as a factor in total inputs in this industry, 
combined labour and capital inputs have increased at 
about the same rate as output over the period 1957 to 
1968 (see Chart 14). As a result, factor productivity 
has shown no substantial increase. In this industry 
the output increases that stem from capital investment 
are frequently deferred for many years. with the program 
of exploration that has been under way, both oil and gas 
reserves in Canada have been increasing. There is, 
however, considerable concern because the rate of in 
crease has slowed in recent years. 
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CHART 14 

CHANGES IN OUTPUT, COMBINED CAPITAL AND 
LABOUR INPUTS, AND FACTOR PRODUCTIVITY 

IN CRUDE PETROLEUM AND NATURAL GAS 
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Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details). 

Coal Mining 

The production of coal declined throughout most 
of the period 1949 to 1962. From then to 1969, annual 
output ranged from 10.5 to 11.5 million tons. The balance 
of production was shifting, with continuing decline of 
Nova Scotia and New Brunswick production, which accounted 
for only about one-third of the total tonnage produced 
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in 1968 in comparison with more than one-half in the 
early 1960's. Production in Saskatchewan and Alberta 
was increasing. with the continued withdrawal of excess 
resources from Nova Scotia coal production, factor prod 
uctivity increased substantially in the coal industry 
(see Chart 15). Employment was cut in half during the 
period 1957-68. Since 1968, large new investments have 
been made in the Western Canadian coal industry based on 
Japanese markets. The step-up in shipments to Japan 
started in 1970. 

CHART 15 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN COAL MINING 
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Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details) . 

Nonmetal Mining 

This group includes two major industries, asbes 
tos and potash, influenced by fundamentally different 
forces. The overall result for the two combined was an 
annual rate of increase in output over the decade 
1957-67, which was very rapid, averaging 9.6 per cent. 
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with combined capital and labour inputs increasing at 
a slightly less rapid rate, there was a trend towards 
increased factor productivity. The rapid increases in 
output were the result of a substantial rate of increase 
in asbestos production from 1961 to 1966 coupled with a 
rapid build-up of Saskatchewan potash production from its 
beginnings in 1962 to 2.4 million tons in 1967. Potash 
production increased further to 3.0 million tons in 1968 
and 3.7 million tons in 1969. From 1966 on, however, the 
build-up of capital and labour inputs, influenced particu 
larly by developments in the potash industry, exceeded the 
rate of increase in production for the nonmetals group, and 
since then factor productivity has been declining (see 
Chart 16). The investments in potash mines have raised 
the capacity for production substantially above market 
potentials in the near future. Production capacity reached 
5.1 million tons in 1968 and 7.1 million tons in 1969. 

CHART 16 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN NONMETAL MINING* 
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*Excludes structural materials and services incidental 
to mining. 

Source: Based on data from Dominion Bureau of Statistics 
and estimates by author (see Chart 4 for details). 
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Summary 

This examination of productivity change in 
the individual mining industries has been partial and 
exploratory. The complex relationships are by no means 
adequately captured by the relatively crude measures 
which we have used. Nevertheless, the analysis of the 
individual industries indicates in a general way how the 
lack of increase in factor productivity for the total 
mining sector over the period 1957-68 has come about. 
There has been little or no increase in the two largest 
groups -- metal mining, and crude petroleum and natural 
gas -- and year-to-year changes in each of these groups 
have been partially offset by changes in the opposite 
direction in the other group, leaving little change over 
the period in factor productivity for mining as a whole. 
This relative absence of productivity growth in the 
second decade contrasts with the first postwar decade, 
when the average annual rate of increase in output was 
well in excess of the combined average annual rate of 
increase in labour and capital resources employed in the 
mining industries. While this lack of any marked increase 
in factor productivity in mining over the period 1957-68 
suggests that there has been little increase in efficiency 
in the use of resources in the industry, the matter is 
not this simple. For the economy as a whole, increases 
in output in excess of resources employed, with a resultant 
rise in factor productivity, reflect, in a general way, 
the increasing efficiency in the use of resources in 
obtaining increases in output. But the greater the 
level of disaggregation and the shorter the time span 
examined, the less meaningful are crude measures of 
change in factor productivity as an indicator of changes 
in efficiency. 
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CHAPTER 4 

SOME IMPLICATIONS OF THE ANALYSIS 

During the past two decades the output of 
Canadian mining industries has grown rapidly, mainly as 
a result of investment of substantial amounts of capital 
but also with some increase in the numbers employed and 
a marked upgrading of their training and skills. The 
slow growth in factor productivity in most of the mining 
industries in the period 1957-68 is, however, a matter 
for concern. Because of the long period between the 
initial investments and the reaching of production poten 
tial, much of the investment already made will only be 
profitable if markets can be found for still further 
increases in output. Part of this investment is the 
relatively high level of exploration and development 
during the latter half of the 1960's, which brought a 
number of large mining developments into the planning 
stages and extended the area of search for oil and gas. 

In essence, the process that we have been 
examining is a dynamic one, in which there is a creation 
of capacity to meet future rather than current needs. 
When, in relating increases in output to increases in 
inputs which are at least partly intended for future 
production, we find little increase in factor productiv 
ity, we are treating the matter in static equilibrium 
terms.1 Our start at using overall measures of the 
capital input in mining is, therefore, very crude, and 
the lack of increase in factor productivity over the 
period 1957-68 may in fact be a poor indicator of change 
in efficiency. It is evident that a much more thorough 
examination of the more important mining industries is 
needed, with particular emphasis on the time pattern of 
investment in different types of capital in relation to 
output. The particular measure that we have used, capital 
stock, can be subjected to considerable refinement, 
including separate treatment of the various components 
of capital and consideration of the adequacy of the 
length-of-life assumptions at present being used. 
Attention should also be given to measuring the extent 
to which existing capacity at any point in time is being 
used. The analysis that we have carried out indicates 

lThere is considerable discussion of this problem in the 
economic literature. See, for example, J. R. Hicks, 
Contribution to the Theory of the Trade Cycle, Oxford 
University Press, 1950. 
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that in periods of rapid investment there is a tendency 
for factor productivity to increase only slowly or decline. 

The manner in which capital is used in mining 
is closely related to the nature of the natural resource 
base. For example, in most of the mining industries 
other than petroleum and natural gas, it would be desir 
able to examine underground and open-pit mining separately. 
There is also the general matter of the extent to which 
the quality of the natural resource inputs is changing. 
Since one of the significant influences of natural resour 
ces is that they determine in part the location of mineral 
production, it would also be necessary to take account of 
location through the introduction of transportation costs. 

These suggestions add up to a more comprehensive 
treatment of the production side of the more important 
individual mining industries than has been attempted here. 
This is of considerable importance, not only because of 
the direct relevance for government and private decisions 
affecting the mining sector, but also because of the 
implications that developments in the mining industries 
in turn have for the overall development of the Canadian 
economy. A rapid rate of growth of mining, with its 
heavy demands for capital, in addition to generating 
increases in exports, necessitates imports of capital. 
Developments in other Canadian industries are also in 
fluenced by the growth of particular mining industries. 
Not only those supplying goods and services to mining 
but also a number of other industries are significantly 
affected. For example, the extensive postwar development 
of a primary petroleum and natural gas industry has been 
an important factor in the growth and location of faci 
lities for the manufacturing of petroleum and coal prod 
ucts (which includes petroleum refineries), where the 
average annual rate of growth over the period 1947-67 
was 8 per cent. Also, the growth of the gas distribution 
industry in the utility sector has been rapid, averaging 
12 per cent per annum. Similarly, although much of the 
rapid expansion of iron ore production in Canada has been 
exported, some of the developments have been associated 
wi th the rapid growth of iron and steel m.i L'ls in Canada, 
with a postwar annual rate of growth of close to 6 per 
cent. The small amount of manufacturing activity asso 
ciated with many of our other mineral products is, 
however, indicated by the fact that smelting and refining 
of nonferrous metals has grown at only 4 per cent per 
annum, which is slower than the 7 per cent rate of growth 
of metal mining, other than gold and iron. 
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Implications of Analysis 

How far the individual mining industries should 
go in bringing lower-quality or deeper ore bodies into 
production or in incurring the increased expenditures 
required to carry out development work for mines and oil 
and gas fields in remote areas is not only a matter of 
production considerations. Demand factors, which have 
been outside the ambit of this Study, must be weighed. 
They influence market opportunities and price changes, 
neither of which have been considered here. Rising prices 
may well have permitted profitable expansion of some of 
the mining industries over the decade 1957-67, even though 
productivity gains were slow.1 For example, prices for 
two of the major mineral products of the metal mining 
group, copper and nickel, were increasing during the 
latter part of the period. The simultaneous examination 
of the demand factors, along with the more comprehensive 
analysis of supply or production factors suggested above, 
should be of considerable use in developing policies that 
will assure the efficient use of resources in the mining 
industries. 

One of the particular features that has become 
clearer as a result of the material that has been drawn 
together in this Study, is that the longer-run employment 
effects of mining activities are not great. Increasingly 
skilled manpower is, however, required. While there are 
considerable employment effects during the construction 
stages, the general increases in employment in mining 
are not likely to be very great. Employment may increase 
in some mineral industries but such increases will likely 
be largely offset by further declines in employment in 
gold mining and in Nova Scotia coal mining. These two 
industries still accounted for 20 per cent of total mining 
employment in 1967. But the way in which the mineral 
industries develop is of special significance to parti 
cular parts of Canada, including the Northwest Territories, 
the Yukon and remote areas in the provinces, because they 
represent practically the only basis for commercial 
activity in these areas. New capital-intensive mining 
developments in remote areas, although not employing 
large numbers of workers beyond the exploration and 
development phases, will continue to add new dimensions 
to the economy of these areas. 

lAn interesting analysis of some of the implications of 
price changes is contained in an article by C. J. Sullivan 
entitled "Relative Discovery Potential of the Principal 
Economic Metals", The Canadian Mining and Metallurgical 
Bulletin, July 1970. 
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APPENDIX A 

NOTE ON CONCEPTS AND METHODOLOGY 

In this Study, measures of change in factor 
productivity are derived in the following manner. 

Let x = the percentage change in output, measured 
by Gr9ss Domestic Product at factor cost 
in constant dollars, 

n = the percentage change in labour input, 
measured by employment or man-hours, and 

k = the percentage change in capital input, 
measured by gross or net capital stock. 

Then c, the percentage change in factor productivity, 
is derived from the equation: 

c = x-wn + (l-w)k 
where wand (l-w) are the weights assigned to 
the two inputs, measured by the relative propor 
tions accounted for by labour and capital inputs 
in the 1949 and 1961 input-output tables. 

1949 weights were used for combining the increases in 
labour and capital inputs for the 1947-57 period, and 
1961 weights were used for the 1957-67 period. 

The output measure for the mining industry is 
gross value of production rather than net value added. 
Thus the above procedure, which assigns all of the . 
input weight to capital and labour, assumes implicitly 
that other inputs increased at the same overall rate. 
If in fact they did not, the resultant factor productivity 
estimates would be overstated or understated. Unfortu 
nately, we do not have a measure of these rates of increase 
in the use of other inputs. We have looked at the share 
of total input costs that were paid to purchase inputs 
from other industries (see Table 2). For the mining 
industry as a whole, they averaged 31 per cent in 1961. 

In Chapterl,we discussed at some length the 
development of the capital stock estimates and their 
usefulness as a measure of capital input, including the 
length-of-life assumptions used for machinery and equip 
ment and construction-type capital and the distinctions 
between gross and net capital stock. The data for the 
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mining industry as a whole were obtained from the Dominion 
Bureau of Statistics, with natural gas processing plants 
included so as to bring the data into line with the 1960 
Standard Industrial Classification. For the individual 
mining industries, estimates of gross capital stock were 
developed by using the investment data for the individual 
industries from 1946 on, with the same length-of-life 
assumptions for each industry, and adding these to the 
estimates of gross capital stock in 1945. This 1945 
stock (and the subsequent discards from it) was distri 
buted among the individual mining industries in proportion 
to the output of each of the industries; i.e., it was 
assumed that prior to 1946 the capital-output ratios 
were the same in all of the mining industries. The 
resultant estimates of rates of increase in capital stock 
for the individual industries were heavily influenced by 
this assumption until the post-1945 capital stock addi 
tions became the dominant element in the total for each 
industry. By the mid-1950's, this had occurred for all 
of the individual industries or groups except for coal 
and gold mining. These industries in 1957 still had less 
than 50 per cent represented by new capital in comparison 
with all the others running well over 70 per cent. Be 
cause of the crude nature of the capital stock estimates 
for the individual industries in the earlier postwar 
years, we have limited our analysis of the individual 
mining industries to the period from 1957 on. 

One additional feature of the capital stock 
estimates should be noted. While the major part of the 
capital stock is based on a relatively consistent set 
of investment estimates relating to the development and 
extraction of minerals, there is an uneven treatment of 
the investment in exploration between industries. For 
the petroleum and natural gas industry, exploratory 
drilling is included but expenditures on geological and 
geophysical activities are considered as operating rather 
than capital expenditures. Furthermore, since the col 
lection of information on exploration activities is more 
complete for recent than for earlier years, the rate of 
increase in capital investment may be overstated, although 
the extent of this cannot be measured. This would cause 
a resultant understatement of the rates of productivity 
increase. For mining industries other than petroleum and 
natural gas, very little of the exploration investment 
has been included in the period with which we have dealt 
although the on-site development work would be included. 
The Dominion Bureau of Statistics has recently extended 
their surveys to obtain additional information on explora 
tion. 
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Table B-6 

NET AS PERCENTAGE OF GROSS CAPITAL STOCK 
IN 1961 DOLLARS, TOTAL MINING, 1947-68 

Machl.nery 
and 

Buildin Total ment 

1947 55 47 52 10.1 
1948 55 48 52 9.8 
1949 55 52 54 8.6 
1950 56 57 56 7.8 

1951 58 60 58 7.3 
1952 60 62 60 6.9 
1953 62 64 62 6.6 
1954 64 65 64 6.3 
1955 67 66 66 6.3 

1956 70 67 69 5.9 
1957 72 69 71 5.4 
1958 73 70 72 5.6 
1959 74 69 72 5.9 
1960 74 67 72 6.2 

1961 75 66 72 6.5 
1962 75 64 71 6.8 
1963 74 63 71 7.1 
1964 74 61 70 7.4 
1965 74 59 69 7.9 

1966 74 58 69 8.0 
1967 74 57 69 8.1 
1968 73 57 69 8.1 

Source: Based on data from Dominion Bureau of Statistics. 
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