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CHAPTER I
INTRODUCTION

The Canadian mineral mining industry has expanded rapidly in the
post war period. The total quantity of metal and non-metal ores mined in
Canada expanded over the period from 65.1 million tons in 1948 to 420.6
million tons in 1971 (an annual average rate of increase of 8.7 percent).l
The total net capital stock in mineral mining is Qstimated to have in-
creased to more than ten tim952 the 1948 level over the twenty~five years
to 1973. The total labor input, in terms of total weekly man-hours
worked, by comparison did not increase as substantially. Annual average
rate of increase was 1.5 percent for the period from 2.3 million man-
hours per week in 1948 to 3.3 million in 1971. The number of workers
employed in the metal and non-metal mining sectors was 81;117 in 1971
compared to 51,494 in 1948.

Over the period the industry has been characterized by large
cyclical fluctuations in both mineral prices and output. These have led
to substantial cyclical variations in the labor requirements of the
industry and resulted in large lay-offs (hires) of workers during
recessions (expansions). In 1972 International Nickel Company instituted

a ten percent cut back in production and laid off 4,007 employees.3 In

lstatistics Canada, General Review of the Mineral Industries,
Catalogue No. 26-201.

2Appendix A,

3International Nickel Company, Annual Report, 1972, p. 21.

1




the past summer of 1974, massive shortages of labor exzisted in this
company and job openings could not be filled. The turn-around in two
years clearly indicates the instability in mining manpower demand caused
by mineral price fluctuations and the cyclical nature of mineral produc-
tion. The purpose of this study is to quantify the relationships
between the demand for minerals and the derived demand for labor and
estimate the lags in adjustment to cyclical changes in the demand for

minerals.

Problem Statement

A need exists to establish an empirical framework of the mineral
industry labor market, consistent with the theoretical principles that
determine the level of labor demanded by the industiry and the supply of
labor to the sector.

Tt is well recognized by industry personnel that the fluctuations
in industry labor requirements, dué mainly to changes in mineral prices
and production and the difficulty in finding workers, have a high cost
to the industry as well as to workers and mining communities. This
study does not propose to measure these costs but intends to establish
the empirical significance of factors affecting the supply of and demand
for labor by the Canadian mineral mining industry and the rate of res-

ponse to cyclical factors.

Overview of the Mining Industry Labor Market

An overview of the mining industry labor market (Figure 1) shows
the flow of workers through the mining industry labor market and demon-
strates the interrelations within the market. It is one industry sub-

division of the national labor market, with each industry having a labor
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Pigure 1. Mining Industry Labor Market

market structure similar to that shown. The flow of workers between
markets and into and out of the total labor force is indicated by the
arrows between the top rectangle (Potential Entrants) and the rectangle
below it (Market Transactions).

A range of factors influence the demand for labor. Changes in
industry structural factors in terms of both fluctuations and general
trends in product demand and prices, technological change, capital and
labor substitution and factor costs determine the demand for labor over
time; both the quantity and type of labor demanded are effected. These

industry structural factors also effect the general conditions of employ-



4
ment within the industry which are compared by the worker to employment
conditions elsevhere, along with considerations of relocation costs,
labor market conditions and the probability of finding employment, in
his decision to migrate. These factors determine the number of workers

4

drawn into the industry labor force from the potential labor supply and
the movement of workers out of the mining industry labor force.
The overview of the mining industry labor market provides a very

general context for the study. Not all the variables discussed above

will be analyzed in detail due to data and time limitations.

Study Objectives

A simultaneous supply and demand equation system will be esti-
mated. This will determine the significance of the factors outlined
briefly in Figure 1 and discussed in detail later in the theoretical
review of Chapter III. The following aspects are of major coancern in
this analysis for their effect on the supply of and demand for labor in
the Canadian mineral mining industry,.

i. The fluctuations in industry production and mineral prices
are known to lead to substantial lay-offs in recession periods and
shortages of workers in expansion periods. The importance of these two
product demand factors will be analyzed to establish their importance in
the determination of labor demand.

ii. The level of capital investment and the effect of techno-

logical change will also be investigated for their net effect on labor

4The potential labor supply being the total number of workers

suited to the type of employment and the hours of work they are able to
provide. The potential labor supply is the total hours of work sought
by workers as distinct from the hours of work actually provided or being
done, -



demand.

iii. A major problem in the industry is the rate of adjustment to
changing conditions. Incorporation of Nerlove distributed lags into the
model will provide estimates of the time for both the industry demand and
supply to adjust. Estimates of the long-run and short-run elasticities
of dermand and supply to factors affecting the labor market will also be
possible by incorporation of this lag.

iv. The effect of wages and salaries in the industry on the
demand for and supply of labor will be determined. Wages and salarieé_
elsevhere in the economy will also be investigated for its effect on
labor supply to the mineral mining sector

v. The mineral mining industry is investigated on the basis of
the two sectors within it - the metal and non-metal mining sectors. The
labor market for hourlywpaid (production) and salaried (management)
vorkers to each sector is also investigated. It is hypothesized that the
{wo sectors éompete for workers and that the two types of workers cbmple;
ment each other. This interdependence between catagories of workers and
mineral mining sectors is tested in the model formulation.

The thesis results will be of value to the industry and govern-
ment by:

i) providing empirical information on the factors underlying

the wide fluctuations in industry employment and thereby
facilitate improvement of contra-seasonal and contra-
cyclical employment programs specific to the mining
sector,

ii) enabling mining companies to more accurately determine

labor's response to changing conditions and to plan



appropriately, and

iii) establishing the structure and interrelationships of
the industry labor market, a basis will have been formed
to which more specific studies of the mining industiry

labor market can be related.
OUTLINE OF THE STUDY

The study is divided into six chapters. TFollowing this intro-
duction, Chapter II presents a review of the Canadian mineral mining
industry with particular reference to the role of agriculture. The
relevant economic theory is reviewed in Chapter III. In Chapter IV
variables to be analysed are specified and hypotheses about expected
results are presented; a review of previous studies is given; and the
forﬁ of the econometric model, its limitations and problems associated
with its estimation are discussed. The results, limitations and impli-
cations of the study are discussed in Chapter V. In Chapter VI the

conclusions and suggestions for possible further studies are presented.



CHAPTER II

A REVIEVW OF THE CANADIAN MINING INDUSTRY
WITH PARTICULAR REFERENCE TO THE
LABOR MARKET

Production of the Canadian Mineral Mining Industry

The total quantity of metals and non-metals mined in Canada has
expanded rapidly in the post-war period from 65 million tons in 1948 to
421 wmillion tons in 19'711 (Table I and Figure 2). The total quantity of
metals and non-metals mined in Canada has shown a steady increase of 9.0
percent per year in the post-war period with only two declines in pro-

“duction being recorded in 1958 and 1969. The average annual rates of
growth for metallic and non-metallic minerals were 9.2 percent and 9.3
percent respectively. |

Provincially, mining production (excluding fuels) has expanded
considerably in every province with the major producer (Quebec) showing
the most marked increase.2 The tonnage of ore mined and rock guarried
in Quebec increased by 9.0 percent per year in the post-war period, from
24,5 million tons in 1948 to 163.9 million tons in 1971. The continuous

expansion in output in Quebec likely creates a different pressure on

1The last year for which Statistics Canada data are available.

2The provincial fluctuations during the post-war period are
illustrated by the changes in the tonnage of ore mined and rock quarried,
ag a provincial breakdown to metals and non-metals is not available
(Teble II and Figure 3).



TABLE I

ANNUAL TONNAGE OF MINERAL ORE MINED IN CANADA
BY SECTORS, 1948-1971%

Year Metal Fon-letal Total: Metal and Non-lMetal .
e o o o o s o o & o o = 1,000 tons o« « o o o« e o o o

1948 %6,876.8 28,233.1 65,109.9
1949 43,331.7 26,690, 9% 70,022.6
1950 45,915.9 35,740.4 81,656.3
1951 48,793.7 37,440.0 86,233,7
1952 52,343.7 37,512.1 89,855.8
1953 54,43%.2 39,672.4 94,105.6
1854 59,014.4 53,726.9 112,741.3
1955 69,188,.8 55,229.1 124,417.9
1956 77,391.7 63,576.9 140,968.6
1957 84,340.8 70,809.7 155,150.5
1958 78,755, 4% 67,269.6% 146,025.0%
1959 99,080.8 79,690.7 178,771.5
1960 101,63%3%.9 87,366.0 188,999.9
1961 99,417.6% 95,937.3 195,354.9
1962 113,263, 4 101,757.9 215,021.3
1963 124,463,.2 120,799.4 245,262,.6
1964 141,251.0 134,781.7 276,0%2,.7
1965 178,578.9 147,344.2 325,923.1
1966 162,266,8% 172,421.4 334,688.2
1967 186,536.6 178,203%.1 364,739.7
1968 206,056.6 177,285,.0% 383,341.6
1969 189,578.6% 183,338.7 372,917.3*
1970 2%34,868.7 182, 482,5% 417,351.2
1971 233,108,.1% 187,476.1 420,584.2

& The tonnage of metal and non-metal ores mined in Canada and

does not include stone or rock quarried and fuel extracted.

of the preceding year.

Source:

#Indicates a decrease in annual production relative to the level

Statistics Canada, General Review of the HMineral Industries,

Catalogue Number 26-201 (Ottawa: Information Canada, annual).
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turnover compared to other provinces in which erratic changes in output
occur,

Production in Ontario expanded less rapidly with six reversals
in annual production (average annual post-war rate of 6.1 percent), from
30.3 million tons in 1948 té 109,77 million tons in 1971. Ontario and
Quebec have accounted for more than 50 percent of mineral output over
the years.

In the Maritimes the tonnage of ore mined and rock gquarried in
the period 1948-1971 has increased at an average annual rate of 18,5
percent from 3.6 to 77.4 million tons, with the major part of the ex-
pansion due to increased mining in Newfoundland and Labrador. Production
in Newfoundland increased at an average annual rate of 19.1 percent with
five reversals in production levels. In contrast, New Brunswick had the
largest number of production reversals (ten) in Canada.

British Columbia is the fourth major mining province. In 1971,
49,0 million tons of ore and rock were mined in that province. This
compares with 12.4 million tons 10 years earlier and 7.6 million tons in
1948, Production in British Columbia represented 11.5 percent of the
total national production for that year. The average annual rate of
growth in British Columbia during the post-war period was 9.3 percent
with six reversals in production.

In the Prairie Provinces, the tonnage of ore mined and rock
guarried totaled 28.5 million tons in 1971, with 16.5 million tons of
that being mined in Saskatchewan. Ianitoba and Alberta accounted for
10.3 and 1.7 million tons respectively. Iliost of the increase in produc-~
tion on the Prairies has occurred in Fanitoba and Saskatchewan over the

last ten years. In the period 1961 to 1971 production in HManitoba
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increased at an average annual rate of 9.2 percent from 5.0 million tons
to 10.3 million tons, while output in Saskatchewan rose at an average
rate of 22.9 percent per year from 2.4 million tons in 1961 to 16.5
million tons in 1971. HManitoba, Saskatchewan and Alberta had four,
seven and three production reversals respectively.

The tonnage of ore mined and rock quarried in the Yukon and
FWorthwest Territories increased at an average annual rate of 21.7 per-
cent during the post-war period from 0.3 million tons in 1948 to a high
of 13,6 million tons in 1970 (production in 1971 declined to 9.5 million
tons). The major part of the expansion has occurred over recent years
with few production reversals. Production in the far Horth in 1971
accounted for 2.2 percent of the total national tonnage of ore mined and
rock ouarried.

Internationally, Canada is among the world's largest producers
of some minerals. The total quantity of minerals produced from metal
and non-metal ores mined in Canada was 76.1 million tons in 1971, 8.9
percent of the total world production of 852.2 million tons (Table III).

Information on the tonnage of ore mined by country is lacking.
The United Nations Statistical Yearbook does not report the quantities
of ores mined in different countries. It does however provide data‘on
the tonnage of minerals produced in different countries from ores mined
within that country or imported from others. To estimate the signifi-
cance of the Canadian mineral mining industry in a world context, the
production of minerals from ores mined in Canada, as well as the pro-
duction of minerals within Canada, is compared to the total world

production.
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Statistics Canada, Catalogue liumber 26~2Ol3

provides data on the
production of minerals from ores mined in Canada, some of which are
smelted or refined outside Canada, while the United Nations Statistical
Yearbook provides information on the mineral production within Canada.
The minerals covered in the catalogue are not the sume as those reported
in the United Nations Statistical Yearbook. The Yearbook covers some
metal minerals not mined in Canada or reported in catalogue number 26—
201 (chromium, bauxite, manganese and uanadium) while it does not cover
all metals reported in the catalogue (bismuth, cadmium, calcium, cobalt,
columbium, platinum, selenium, tantalum, tellurium, thorium, indium and
yttrium). For non-metals, the yearbook covers salt, asbestos, potash,
phosphate and sulphur (also covered in the catalogue) as well as
diamonds. The catalogue also covers many other non-metals that are
mined in Canada but not reported in the yearbook.

Table III shows the production of minerals as reported in these
sources for the years 1963 to 1971.

The production of minerals from ores mined in Canada has shown a
general upward trend for both metals and non-metals but with some fluc-
tuation. World production, by comparison, has shown a steady increase,
with production of both metal and non-metal minerals increasing in every
year shown.

The world mineral market is characterized by a large number of
producing nations in each mineral and although Canada is among the top

producers of many minerals, Canadian production does not dominate the

Statistics Canada, General Review of the Mineral Industries,
Catalogue Humber 26-201 (Ottawa: Information Canada, annual), Tables
14, 1B and 1C.
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world market. In total, Canadian production reported in Statistics
Canada, Catalogue Wumber 26-201 at 76.1 million tons was 6,76 of the
world's total mineral production of 852.2 million tons.4 If only those
minerals reported in the United Nations Statistical Yearbook are con-
sidered, the production of minerals from ores mined in Canada as derived
from Statistics Canada, Catalogue Number 26-201, is 65.0 million tons,
7.6 percent of total world production. The production of minera1s5
within Canada (from ores mined both in and outside Canada) was 47.4
million tons in 1971, 5.6 percent of total world production in that year.

The United Nations Statistical Yearbook reports the production
of minerals by country for the major minerals. In 1971, Canada produced -
32,7 million tons (5.7 percent) of the world's metal production and 14.8
million tons (5.4 percent) of the non-metal production.6 Canadian pro-
duction of uranium accounted for 20.2 percent of total world production,
second to the United States that produced 49.9 percent. Canada is the
largest producer of nickel with production in 1971 accounting for 36.2
percent of world productiﬁn. Canada was also the major producer of zinc
(23.5 percent in 1971). Canadian production of molybdenum was the second
largest in the world in 1971 and accounted for 13.3 percent of world
production.

O0f the non-metals, Canada is the world's major producer of as-

bestos (30.7 percent of world production in 1971) and accounted for 17.7

4United Hations Statistical Yearbook, 1971, pp. 184-208,

SIbid,

6Ibid.
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percent of world potash production and 15.2 percent of sulphur produc-

tion and was the second and third largest producer respectively of these

two minerals.
Value of Production

The value of Canadian mineral production has risen over the
post-war period to reach $3.4 billion in 1971 ($0.11 million less than
the record level of 1970). Table IV and Figure 4 show the growth in
the value of the metal and non-metal sectors of the industry since 1948.
Six reversals occurred for metals and two for non-metals. The reversal

for 1958 was the largest value reversal for both metals and non-metals.
Mineral Prices

Statistics Canada only publishes annual metal prices for gold,
~silver, copper, lead and zinc,'7 however, it does publish the values and
tonnages of minerals mined. Table V shows annval average metal and
non-metal prices in current dollars since 1948, calculated by dividing
the annual values by the tonnages mined.

Prices in both sectors have not shown any marked trend over the
posf—war period. Metal prices have increased at an average annual rate
of 0.32 percent with eleven declines on the level of the preceding year
over the twenty-three years since 1948. Non-metal prices increased at a
slightly higher rate of 0.88 percent per year but showed the same number
of declines over the period.

Price levels for minerals in constant 1948 dollars (Pable VI)

7

Statistics Canada, op. cit.




Table XV

Arnual Values of Mineral Production
of Canada by Sector, 1948-1971%2

: . . Annual
s Year. letal Non-dletal Total: ?e“als Percent
ST and Non-letals ,
: Charge
Geeemescosasoasarenasaasenns BT000. s eureereieernanassacnanncs
1948 . .. -A488,287.8 67,097.5 555,385.3 8.7
1949 - - 538,967.3 64,585. 2% 603,552.5 18.0
19500 - 617,;238.3 -. 94,721.6 711,959.9 21.0
-1951 745,877.6 115,418.2° 861,295.8 -1.0
1952 . 728,458.2% 124,493.3 852,951.5% -2.1
1953 . .709,920.5% . 124,999.6 834,920.1% 11.4
1954 802,401.4 128,038.5 930,439.9 23.9
1955 1,007,839.5, 144,920.3 1,152,760.3 13.4
13856 1,146,349.6 160,341.6 1,306,691.2 1.7
1957 : 13159’579'2 ’ 1697061'1 173287 64'0-3 .'—3-6
1958 1,130,160.4% 150,354.8% 1,280,515.2% 21.0
1959 '1,370,648.5 178,216.6 1,548,865.1 5.6
1860 1,406,558.1 197,505.8 1,604,063.9 —.4
1961 1,387,159.1% 210,467.8 1,597,626.9% 7.3
1953 . 1,509,536.9 253,452.4 - 1,762,989.3 12.8
1964 1,701,648.5 287,497.0 . 1,989,145.5 12.4
1955 -~ 1,907,575.9 327,238.9 2,234,814.8 5.1 .
. 19566 gg84,572.6 363,387.7 $ 2,348,060.3 14.6
CI867 2,285,279.5 406,269.3 2,691,548.8 9.2
1968 2,492,599.6. 446,922.2 2,939,521.8 -3.8
1969 2,577,523.4% 450,188.7 2,827,712.1% 25.7
1970 3,073,344.1 480,537.6 3,553,881.7 3.2
. 1971 - 2,940,287.0% 500,826.8 - 3,441,113.8%

Tq“ production of *hﬂ muuaTs (copper, gold, lead, ni
is given as far as possible on the basis
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TABLE V

ANNUAL AVERAGE METAL AND NON-METAL PRICES IN
CANADA IN CURRENT DOLLARS®

Year Metal Non-lMetal Total: Metal and Non-letal
e e e e e e e e e e JBperton .. .. 0. e e e e e e

1948 13.24 2.37 8.52
1949 12.4%% 2.41 8,61
1950 13.44 2.65 8.71
1951 15.28 3,08 9.98
1952 13,91* 2,351 9.49%
1853 13.04% 3.15% 8.87#%
1954 13.59 2.38% 8,25%
1955 14.56 2,62 9,26
1956 14,81 2,52% 9,26
1957 13.74% 2,38% 8,56%
1958 14,35 2.23% 8.76
1959 13,83% 2.23 8.66%
1860 13,83 2.26 8, 48%
1961 13.95 2.1.9% 8, 17*
1962 13.21% 2,13% T.97*
196% 12,12% 2.09% 7.18%
1964 12.04* 2,13% 7,20
1965 10,68% 2,22 6,85%
1966 12.23% 2,10% 7.01
1967 12.25 2.27 Ts37
1968 12,09*% 2.52 7.66
1969 12.54 2. 45%* ' 7.58%
1970 13,08 2.63% 8,51
1971 12,61% 2,67 8.18%

. 8Calculated by dividing the annual values of mineral production
by the tonnage of ore mined.

#Indicates a decrease in price relative to that of the preceding
year,

sSource:

Statistics Canada, General Review of the liineral Industries,
Catalogue Number 26-201 (Ottawa: Information Canada, anhuai)a
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TABLE VI

ANNUAL AVERAGE METAL AND NON-METAL PRICES IN
CANADA IN CONSTAWT 1948 DOLLARS®

Year lietal Hon-letal Total: Metal and Hon-lletal
S 1= o o o

1948 13.24 2.37 8.52
1949 12,06% 2., 30% 8.35%
13850 12.67 2.50 8.21%
1951 13.04 2,63 8.52
1952 11.58% 2.76 T.90%
1953 10,95* 2.64% T.45%
1954 11.34 1,99% 6,89%
1955 12.13 2,18 T.72
1956 12.16 2.07% T7.60%
1957 10.93%%* 1.89% 6.81%
1858 11.12 1.73* 6.79%
1359 10.61 I.71%* 6.64%
1960 10. 48*% 1.71 6.42%
1961 10.47* 1.64% 6,13%
1862 9,80% 1.58% 5.91%
1963 8,76% 1.51% 5.19%
1964 8.62% 1.5% 5.16%
1965 T.46% 1.55 4., 79%
1966 8.24 1.42% 4,772%
1967 TO7* 1.48 4.80
1968 7.56% 1.58 4,79%
1969 T.50% 1.47% 4.5%%
1970 7.57 1.52 4,92
1971 T.10% 1.50 4,60%

8calculated by deflating current prices by the consumer price
index for Canada.

*¥Indicates a decrease in price relative to that of the preceding
year.

Source:

Statistics Canada, General Review of the Mineral Industries,
Catalogue Number 26-201,
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have shown considerable declines on the immediate post-war levels.
Metal prices rose in only nine years while non-metal prices increased

in eleven of the twenty-four years since 1948.

Capital Investment

Table VII and Figure 5 show the post-war growth in capital
stock, annual production and total weekly man-hours of the mineral
nining industry. The total net capital stock has increased steadily to
more than ten times the 1948 level over the years to 1973.8 This com~-
pares to the 44.2 percent increase in total weekly man-hours and the

more than six fold increase in production over the same period.
Labor Input

Number of Workers

Table VIII shows the total number of management and production
vorkers in the metal and non-metal mining industries. The total number
of workers in tﬁe mineral mining industry inecreased from 51,494_in 1948
to 81,117 in 1971. The total number of production workers in 1971 was
63,180. The number of managewent employees was 17,937. |

The total number of employees in the metal mining industry
increased at an average annual rate of 2.08 percent since 1948 to reach
66,012 in 1971. Production workers in that sector increased from 37,705
in 1948 to 51,117 in 1971. Manaéement staff, by comparison, increased
from 4,420 to 14,895 over the same period (over three times the level

of 1948).

8Refer to Appendix A for estimation procedure used to determine
the capital stock flow for the mineral mining sector.
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TABLE VII

CAWADIAN MINERAL MINING INDUSTRY - CsPITAL, LABOR AND PRODUCTION

Annual Mineral Productiona "Total Yeekly Kan—Hoursb Total Net Capital StockC

Index Index Constant Index -
Year  '0O00 Tons 1948=100 '000 1948=100 $000,000 1948 dollars 1948=10"
1948 ~ 65,109.9 100.0 2,301.5 100.0 645 645 100.0
1949 70,022.6 107.6 2,473.6 107.5 667 647 103.4
1950 81,656.3 125.4 2,594,2 112.7 732 690 113.5
1951 86,233.7 132.4 2,793.3 121.4 839 716 130,1 "=
1952 89,855.8 138.0 2,919.5 126.9 853 710 132,3
1953 94,105,6 144.5 2,771.0 120.4 868 729 134.6
1954  112,741.3% 173.2 2,758.3 119.9 1,008 841 156.3
1955  124,417.9 191.1 2,860.9 124.3 1,203 1,003 186.5
1956  140,986.6 216.5 3,079.4 133.8 1,447 1,188 224.3
1957  155,150.6 2%8.3 3,149.4 136.8 1,667 1,326 258.5
1958  146,025.0 224.3 3,039.8 132.1 1,804 1,398 279.7
1959 178,771.5 274.6 3,117.8 135.5 2,099 1,610 325.4
1960 188,999.9 290.3 3,014.3 131.0 2,266 1,717 351.%
1961  195,404.8 300.0 2,901.3 126.1 2,269 1,703 351.8
1962  215,021.3 3302 2,886.0 125.4 2,329 1,728 - 361.1
1963  245,242.6 376.7 2,849.7 123.8 2,478 1,792 384.2
1964  276,032.7 424.0 2,892.9 125.7 2,694 1,930 417.7
1965  325,923.1 500.6 3,063.5 133.1 2,874 2,008 445.6
1966  334,688.3 514.0 3,081.3% 133.9 3,279 2,210 508.4
1967  364,739.7 560.2 3,099.6 134.7 3,719 2,420 576.6
1968 383,341.6 588.8 3,190.5 138.6 4,178 2,611 647.8
1969 372,917.3 - 572.8 3,064.5 133.2 4,643 2,777 719.8
1970  417,351.3 641.0 3,309.3 143,8 5,160 2,986 800.0
1971 420,584.2 646.0 3,319.6% 144,2F 5,601 3,152 868.4 .
1972 6,1554 3,306 954,34

1973 6,921¢ 1,07%.0% ‘

aStatistics Canada, General Review of the Ilineral Industries, Catalogue Humber 26-201
(0ttawa: Information Canada, annual). (Total metals and non-metals from Table IIL)

Statistics Canada, Review of Man-Hours and Hourly Earnings, Catalogue Number 72-202
(Ottawa: Information Canada, annual).

Cstatistics Canada, Fixed Capital Flows and Stocks, lanufacturing, Canada, 1926-1960:
Methodology, Cat. Ho. 13-522 (Ottawa: Information Canada); and Statistics Cznada, Private
and Public Investment in Canada, Outlook and Regional BEstimates, Cat. Fo. 61-205 (Ottawa:
Information Canada)° :

dPreliminary actual.
eExpec’ced°

f1971 average weekly hours worked are not available. Estimated by assuming the
average weekly hours worked in 1971 is the average for the preceding three years.
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- Canadian Mineral Mining Industry—Indices of Capital, Labor and
' ' Production, 1948-1971 (1948 Base Year)
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The total number of workers in the non-metal mining sector
increased from 9,604 in 1948 to 15,105 in 1971. The number of produc-
tion workers rose to 12,063 in 1971. The number of management employees
rose from 957 in 1948 to 3,042 in 1971.
Tgese figures compare with tPe similar increase of 59.2 percent

in the total national level of employed workers, from 4.95 million in

1948 to 7.88 million in 1970 (Table IX).

Number of Man-Hours

The total number of weekly man-hours poteﬁtiall& available to
the Canadian labor market is more than 50 percent higher than the 1948
level (Table X). The hours made available and the total weekly hours
worked have also risen to over 50 percent of the levels in 1948.

Table XI shows the total weekly man-hours of salaried and hourly .
rated employees in the metal and non-metal mining industries.

The average houra worked per week by each hourly rated and
salaried worker have shown a consistent downward trend in the post-war
period.

The total labor input (total weekly man~hours) of the mineral
mining industry increased from 2,278.4 million man-~hours in 1948 to
3,271.1 million man-hours in 1971 (an average annual rate of increase of
1.71 percent). The labor input into non-metal mining rose at an average
rate of 1.92 percent per year, from 417.2 million man~hours in 1948 to
621.6 million in 1971. The labor input into metal mining rose from
1,861.2 million man-hours in 1948 to reach 2,649.5 in 1971 (an average
annual rate of increase for the period of 1.72 percent per year).

The total weekly man-hours of salaried workers rose at a con-

siderably higher rate than that of hourly paid workers, in both the
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TABLE IX

THE CANADIAW LABOR FORCE (WUMBER OF WORKERS)

Civilian

Population, 14 Total Not in Labor

Years of Age Unemployment Labor Force (14 years
Year And Over Employed  Unemployed Rate Force of Age or Over

....... e o '000 . . .. . ... . percent. . e s o e #0000 . . . .
1948 9,123 4,954 81 1.61 5,035 4,088
1949 9,254 4,991 101 1.98 5,092 4,162
19502 9,610 5,056 142 2,73 5,198 4,412
1951 9,696 5,155 81 1.55 5,236 4,460
1952 9,933 5,239 105 1.96 5,544 4,589
1953 10,127 5,271 115 2.14 5,386 4,741
1954 10,362 5,255 221 4.04 5,476 4,886
1955 10,571 5,371 214 3.83 5,585 4,986
1956 10,807 5,585 197 341 5,782 5,025
1957 11,123 5,731 . 278 4,63 6,008 5,115
1958 11,388 5,706 432 7.04 6,137 5,250
1959 11,605 5,870 372 5.36 6,242 5,363
1960 11,831 5,965 446 6.96 6,411 5,420
1961 12,053 6,055 466 T.15 6,521 5,531
1962 12,280 6,225 390 5.90 6,615 5,665
1963 12,536 6,375 374 5.54 6,748 5,187
1964 12,817 6,609 324 4,67 6,933 5,884
1965 13,128 6,862 280 3.92. 7,141 5,986
1966 13,475 7,152 267 3.60 7,420 6,055
1967 13,874 75379 315 4,09 7,694 6,179
1968 14,264 7,537 382 4,82 7,919 6,344
1969 14,638 7,780 382 4.68 8,162 6,475
1970 15,016 7,879 495 5.91 8,374 6,642
1971 15,385 8,079 552 6.40 8,631 6,754

8ewfoundland included from 1950.
Source:

Canada Yearbook, various issues.
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TABLE

bS]

f THE CANADIAN LABOR FORCE (WUIBER OF MAW-HOURS)

Average Weekly Hours of Total Veekly Hours Total VWeekly Total Weekly
Hourly Rated Wage Barners, Potentially Hours Hours
Year £11 HanufacturingP Availabled hvailable® Vorkeaf
e e e e e ..o omillion®. L. ... .
1948 42,73 384,90 212.98 209.55
1949 42,2 390,52 A 214.88 210,62
1950 42.73 . 406,50 219,88 213,87
1951 41.7 404.32 218,34 214.96
1952 41.5 412,22 221,78 217.42
1953 41.3 418,25 222,44 217.69
1954 40.7 421.73 222,87 213,88
1955 41,0 433,41 228.99 220.21
1956 41.0 443,09 237,06 228.99
1957 40.4 449,37 242,72 231.53
1958 40.2 457.80 246.71 229.38
1959 40,7 472.32 254,05 238,91
1960 40.4 ATT.97 259.00 240,99
1961 40.6 , 489.35 264.75 245.83
19622 41,1 504.71 271.88 255,85
1963 41.5 520.24 280.04 264.56
1964 41.7 534. 47 289.11 275,60
1965 41,8 548,75 298,49 286.83
1966 41.3 556.52 306,45 295.38
1967 40.9 567.45 314.68 301,80
1968 40.9 583.40 323,89 308,26
1969 40.6 594.20° 331.38 315.87
1970 39.8 597.64 333.29 313.58

1971 38.9 598.48 335.74 314.27

855 data available for 1962. Average of the weekly hours in 1961 and 1962,

bA complete set of data on average hours of salaried and hourly rated wage
earners in manufacturing is not available.

CEstimated by assuming the average hours worked by hourly rated employees in
manufacturing is the same as that for all workers.

dProduct of the total civilian population, 14 years of age or over, and the
average weekly hours of hourly rated wage earners, all manufacturing.

Cproduct of the total labor force and the average weekly hours of hourly
rated wage earners, all manufacturing.

fProduc’c of the total number of employed and the average weekly hours of
hourly rated wage earners, all manufacturing.
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Source:

The data for the period 1948 to 1961 are taken from: Statistics Canada,
Review of Man-—Hours and Hourly Earnings, 1945-61, Catalogue Number 72-202.

The data for all years after 1961 are taken from: Statistics Canada,
Tarnines and Hours of Work in Manufacturing, Catalogue Number 72-204, various

issues.
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aStatistics Canada, Review of Fan-hours and Hourly Earnings,
Catalogue Humber 72-202.

bThe product of columns 1 and 2 of this table with columns 1
and 4 of Table IX.

CAverage of the average weekly man-hours in 1951, 1952 and

1953.

d . . \ . .

Estimated by assuming the change on the preceding year is
0.18 percent (the average rate of change in those years for which data
were available.

e s s . - o C .

Statistics Canada, Earnings and Hours of Work in Fanufacturing,
Catalogue Number 72-204. Data on hours worked by salaried employees in
mining are not available,

‘fThe product of column 6 of this table with columns 2 and 5 of
Table IX.




32
metal and non-metal mining sectors. The labor input of salaried workers
into the metal and non-metal mining industries rose by 5.67 and 5.27
percent respectively per year over the period shown-in Table XI. For
hourly paid workers in the metal and non-metal mining sectors, the

average annual rate of increase was 1.25 and 1.48 percent respectively.

Cost of Labor

Total Salaries and Wages

Table XII shows the total wage and salary bills for production
and management staff in the metal and non-metal mining sectors.

The wage bill paid to production embloyees in the mineral mining
industry increased more than four fold in the post-war period, with the
labor cost of production employees in the non-metal mining sector in-
creasing to more than five times the 1948 level (94,066 thousand dollars
in 1971).‘ The labor input of production employees in the metal mining
sector increased by almost four times to 444,571 thousand dollars in 1971.

The level of salaries ﬁaid to management rose to 168.3 and 28.8
million dollars respectively in the metal and non-metal mining sectors.
The increase in the metal nining sector was more than ten times the level
of 1948, The total salaries in 1971 for the non-metal mining sector was

over nine times that of 1948.

Average Salaries and VWages

The average annual salaries and wages of production and manage-
ment employees in the metal and non-metal mining sectors is shown in
Table XIII,

Wages and salaries in metal mining have tended to be higher than

those in the non-metal mining sector. Salaries and wages in both
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TABLE XIII

AVERAGE ANNUAL SALARIES AND WAGES OF PRODUCTION AND
MANAGEMENT STAFF IN THE CANADIAN MINERAL MINING
INDUSTRY IN CURRENT DOLLARS®

HMetal Non-letal
Year Production Management Production Management
1948 2,657 3,581 2,157 2,761
1949 2,770 3,746 2,209 2,868
1950 2,872 3,929 2,421 3,280
1951 3,177 3,949 - 2,865 3,402
1952 3,453 4,539 3,163 5,980
1953 3,566 4,759 3,212 4,128
1954 3,550 4,725% 3,375 4,169
1955 3,819 4,940 3,486 4,498
1956 4,097 5,036 3,585 4,875
1957 4,342 5,155 3,744 4,981
1958 4,527 5,505 3,792 5,324
1959 4,642 5,773 3,916 5,661
1960 4,801 6,025 4,205 5,514%
1961 4,805 6,215 4,315 5,722
1962 5,052 6,143% 4,398 5,928
1963 5,058 6,558 4,430 6,280
1964 5,267 7,028 4,900 6,353
1965 5,527 7,299 5,068 6,805
1966 5,911 7,648 5,361 7,056
1967 6,610 - 8,335 5,764 7,688
1968 75135 8,828 6,351 8,384
1969 7,453 9,479 7,074 8,766
1970 8,290 10,273 7,319 9,032
1971 8,697 11,298 1,797 9,463

&0btained by dividing total salaries and wages (Table XII) by
the number of workers (Table VIII).

#Indicates a decrease relative to that of the preceding year.
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sectors have increased at rates of between five and six percent over the
post-war period. Salaries of management employees in non-metal mining
increased at an average aﬁnual rate of 5.58 percent since 1948 to $9,462
in 1971. Wages, in the same sector, increased at an average rate of
5.83 percent per year to $7,797 in 1971. In metal mining, salaries rose
to $11,298 in 1971 (an average annual rate of increase of 5.18 percent
since 1948). Wages, to production workers in the metal mining industrj,
increased at an average annual post-war rate of 5.33 percent to $8,697
in 1971,

Wages and salaries in the ménufacturing sector,9 have both been
consistently higher than in the mineral mining industry (Table XV).

Table XVI shows the hourly wages and salaries of hourly paid and
salaried workers in both sectors of the Canadian mineral mining industry
and the Qanufacturing sector in constant 1948 dollars. Hourly wages and

salaries have approximately doubled in all sectors, with the most sub-

stantial increase occuring for metal mining management staff,

9Representing the pattern for the total Canadian labor market.



TABLE XIV

AVERAGE ANNUAL SALARIES AND WAGES OF PRODUCTION AND
HANAGEMENT STAFF IN THE CANADIAN KINERAL HINING
INDUSTRY IN CONSTANT 1948 DOLLARS®

Ketal Hon-letal
Year Production llanagement Production Fanagement
1948 2,657 3,581 2,157 2,761
1949 2,687 3,633 2,143 2,782
1950 2,707 3,703 2,282 3,091
1951 2,711 5,369 2,445 2,903
1952 2,875 3,779 2,634 3,314
1953 2,994 3,996 2,697 3,466
1954 3,055 3,944 2,817 3,480
1955 3,183 4,117 2,905 3,748
1956 3,364 . 4,135 2,943 4,002
1957 3,454 4,101 2,979 3,963
1958 3,509 4,267 2,940 4,127
1959 3,560 4,427 3,003 4,341
1960 5,637 4,564 3,186 4,177
1961 3,607 4,666 3,239 4,296
1962 3,748 4,557 5,263 4,398
1963 3,657 4,742 3,203 4,541
1964 3,713 5,034 3,510 4,551
1965 3,862 5,101 3,542 4,755
1966 3,983 5,154 3,613 4,755
1967 4,301 5,423 3,750 5,002
1968 4,459 5,518 3,969 5,240
1969 4,458 5,669 4,231 5,243
1970 4,797 5,945 4,236 5,227
1971 4,894 6,358 4,388 5,325

aAdjusted from Table XIII using the consumer price index,



TABLE XV

AVERAGE WAGES AND SalARIES IN MANUFACTURING IN
CURRENT AND CONSTANT 1948 DOLLARS, CANADA

Average Annual VWages Average Annual Sslaries

Constant Constant
Year Current Dollars 1948 Dollars Current Dollars 1948 Dollars

1948 2,145 2,145 2,751 2,751
1949 2,216 2,149 2,852 2,766
1950 2,389 2,252 3,054 2,878
1951 2,669 2,277 3,431 2,928
1952 2,869 2,389 3,679 3,063
1953 2,951 2,478 3,841 3,225
1954 3,015 2,517 4,046 3,377
1955 3,148 2,623 4,190 3,492
1956 3,326 2,731 4,432 3,639
1957 3,396 2,702 4,676 3,720
1958 3,528 2,735 4,874 3,778
1959 3,710 2,845 5,049 3,872
1960 3,764 2,852 5,224 3,958
19612 3,883 2,915 5,444 4,087
19622 4,005 2,971 ' 5,673 4,209
1963 4,202 3,038 5,787 4,184
1964 4,386 3,142 6,008 4,304
1965 4,645 3,246 6,254 4,370
1966 4,915 3,312 6,697 4,513
1967 5,214 3,302 7,078 4,605
1968 5,626 3,516 7,387 4,617
1969 - 6,038 3,611 8,118 4,855
19700 6,754 3,909 8,667 5,016
1971k 6,214 3,497 9,253 5,207

a, . .

No survey taken in 1961 and 1962. The figures for these two
yvears are estimated by assuming that the earnings increased at the
average rate of the preceding five years.

b . . . .
No data are available for salaried employees. Estimated by
assuming that earnings increased at the average rate of the preceding
five years,

n

ource:

Statistics Canada, Review of lian-Hours and Hourly Barnings, 1945~
61, Catalogue Mumber T72-202; see also Statistics Canada, Earnings and
Hours of Work in Manufacturing, Catalogue Humber 72,204, various issues,




TABLE XVI

AVERAGE HOURLY SALARIES AND WAGES OF PRODUCTION AND MANAGEMENT
STAFF IN THE CANADIAN MINERAL MINING INDUSTRY AND
MANUFACTURING SECTOR IN CONSTANT 1948 DOLLARS®

Metal Non-lletal Janufacturing
Year Froduction Management Production  lianagement  Production  lManagement
1948 1.14 1.71 0.95 1.32 0.98 1.32
1949 1.14 1.74 0.94 1.33 0.98 1.33
1950 1.15 1.778 1.00 1.49 1.02 1.38
1951 1.18 1.78 1.02 1.40 1.05 1.41
1952 1.25 1.84 1.19 1.62 1.11 1.49
1953 1.30 1.97 1.21 1.71 1.15 1.59
1954 1.32 1.94 1.26 1.72 1.19 1.67
1955 1.39 2,02 1.29 1.84 1.23 1.72
1956 1.47 2.04 1.31 1.98 1.28 1.80
1957 1.57 2,04 1.38 1.97 1.29 1.85
1958 1.63 2,13 1.38 2.06 1.31 1.89
1959 1.66 2.21 1.39 2,17 1.34 1.93
1960 1.69 2,28 1.49 2,09 1.36 1.98
1961 - 1.66 2.34 1.52 2.15 1.38 2,05
1962 1.73 2,29 1.53 2.21 1.39 2,11
1963 1.69 2.37 1.50 2.27 1.40 2.09
1964 1.74 2.51 1.62 2.27 1.44 2,14
1965 1.77 2.52 1.60 2.35 1.49 2,16
1966 1.85 2.58 1.65 2.38 1.54 2,26
1967 2.00 2.73 1.70 2.52 1.59 2.32
1968 2.08 2,79 1.80 2.64 1.65 2.33
1969 2,11 2,84 1.94 2.63 1.71 2,45
1970 2,29 2.99 1.97 2,62 1.90 2.52
1971 2.31 3,20 2,01 2.68 1.69 2.62

aAdjusted from Tables XIV and XV by dividing by the average number of
hours worked through the year.



CEAPTER III

THEORETICAL BASIS OF THE DETERMINATION OF
LABOR SUPPLY AND DEMAND CURVES
The supply of and dewmand for labor in the Canadian mineral
mining industry are determined through the complex interaction of many

factors as outlined in Figure 1 of Chapter I. These factors cause both

intra~industry (intra—-firm and inter-firm within the industry) and inter-

industry movement of workers. This gross movement of workers consisis ..

of: i) replacement turnover, due to adjustments in the work force, inde-

pendent of changes in industry structural factors but due to labor market .

imperfectians, and ii) net turnover associated with changes in firm and
industry structural factors relative to other places of employment.

This study does not propose to examine the intra-industry adjust-
ment in labor to changes in indi&idual firm structural factors, but
examines the gross movement of workers into and out of the Canadian
mineral mining industry.

MacMillan, Tullech, O'Brien and Ahmadl have examined the effects
of community, mine, work and personal characteristics on the level of

labor turnover in metal and non-metal mining companies in Canada. The

1J°Ao Maclillan, J.R. Tulloch, D. 0'Brien and M., Ahmad, Deter-

minants of Labor Turnover in Cznadian Mining Communities, report pre-
pared for the University of Manitoba, Centre for Settlement Studies under
contract with the Canada Department of Energy, lMines and Resources
(Department of Agricultural Economics, University of HManitoba, 1974).

39
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micro-economic factors analysed in that study are not re-examined here,
rather an analysis of the total industry labor demand and supply is
carried out. Adjustment of the industry labor demand to changes in
structural factors, such as world and-domestic product demand, produc-
tion relationships and technological advances, factor costs and the level
of technically available reserves is analysed. The changes in the in-
dustry labor supply as these structural factors are translated into work
preference conditions and compared.by vorkers to conditions in other

industries, are also analysed in this study.
I LABOR DEMAND
Product Demand

The total quantity of metals and non-metals mined in Canada has
expanded rapidly (averagé rate of 8.7 percent per year) in the post-war
period, from 65 million tons in 1948 to 421 million tons in 1971 (Table
I and Figure 2), Internatiopally, Canada is among the VWorld's largest
producers of some minerals although tétal production of minerals from
ores mined in Canada does not represent a substantial percentage of total
World supply; In 1971 the production of minerals from ores mined in
Canada was T76.1 million tons, 6.7 percent of the total World production
of 852.2 nillion ‘tons.2 0f the major minerals, in 1971, Canada produced
5.65 percent of the World's metal production and 5.36 percent of the
World's non-metal production.3 For a more detailed discussion of the

various minerals, refer to Chapter II.

2United Hations Statistical Yearbook, 1971, pp. 184-208.

3Ibid.
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To determine the total demand for Canadian minerals on the VWorld
and domestic markets, it is necessary to aggregate the demand curves for

each mineral on both msrkets.

Demand On The Vorld Market

In the cases of , such minerals as nickel and asbestos, where
Canadian production is a significant part of the total VWorld production
(36.2 percent and 30.7 percent respectively in 1971), the demand on the
VWorld market for the Canadian product would be expected to be more
elastic and for Canada to have a greater influence on World prices. If
the Vorld market is shared with a number of other major producers, as is -
the case with nickel and asbestos, the influence of Canada on the market
would not be as pronounced and the demand for the Canadian mineral would
tend to be less elastic than in the case of a mineral such as lead, vhere
Canadian production is also a significant part of World production (11.7
percent in 1971) but vhere there is a large number of small producers
competing for a share of the market. In the case of a large number of
small producers competing on the market, the ability of one large producer
to dominate the market over the independently operating small producers
(each having no independent effect on price) is greater than in the case
vhere two or more producers compete strongly, and jointly determine the
market price.

In a situation that exists in a minerél, like magnesite, where
there is a large number of producers and no single country dominates the

market, the world price is almost independent of the action of any one

producer.



Demgnd On The Domestic Market

A proportion of a country's production, besides going onto the

international market will be sold on its own domestic market.

Figure 6

illustrates the case in which a completely elastic world demand for the

nations mineral procduction is assumed (i,eo, the country is a small

producer relative to total world production).

Price

o A Quantity

Figure 6. Hational Demand for Produect Sold on Both
the Domestic and Export Harkets

D1 D1 domestic demand
D11 Dll export demand
D1 Dll total demand (horizontal sum)

In a situation such as this, as the nation's supply curve shifts

to the right, it will sell up to OA on the domestic markei and the re-

mainder on the world market.
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The total demand curves for all metal and non-metal minerals
mined in Canada is the horizontal sum of the individual domestic and
export markets for each mineral. For most minerals mined in Canada, a
large proportion is exported as ore to be refined or‘as the refined
mineral.4 and in the majority of cases, the world market is supplied by
a large number of competitive p’roducers5 and  Canada faces an elastic
demand curve for its mineral produets. In aggregafe then (considering
Canada produces only 6.7 of total world production) the demand curves
for metals and non-metals mined in Canada could be expected to be re-
latively elastic.

Labor Demsnd-Derived From The Product Demand,
Factor Cosits And Production Function

The total amount of mineral sold is dependent on, i) the mineral
supply function, as determined by the mineral reserves that are tech-
nically avsilable, the production function of the indusiry and the factor
costs relationships, and ii) the domestic and export demand for the pro-
duct. The demand for labor depends on the demand for the product and
the significance of labor as a product supply factor. This relationship
is discussed now and illustrated in the flow chart of Figure 8, page 47.

Pive principle56 determine the elasticity of factor demand. The

demand for labor is more inelastic:

4The Mining Association of Canada, "About 60 percent of Canada's
total mineral production is shipped to foreign markets," Mining in Canada,

Facts and Figures 1973 (Toronto, Ontario).

5

6R°C. Fair, The Short-run Deumand for Workers and Hours, Contri-
butions to Economic Analysis (Amsterdam: North-Holland Publishing
Company, 1969).

United Nations Statistical Yearbook, 1971, op. cit.
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1. 7The more inelastic is the demand for the product.
2. The less important a fraction of total cost is the factor.
3. The less other factors can be technically substituted
for this factor.
4, The more inelastic are the supplies of other factors.
5. The more inflexible is the administered price at which
the firm continues to sell its product.
Items 1 and 5 relate to the demand curve for the product in
terms of elasticity in the former and stability in the latter. Items 2,
3 and.4 refer to the production relationships between the factors of pro-
duction determining the supply of the product. The product demand has
already been discussed; it remains to relate the product demand function,
through the production relationships specified in the production func-

tion, to the labor factor demand.

The Production Function

The demand for the industry's product acts through the production
function to determine the derived labor demand. Three principles are of
relevance to the analysis.

i. Level of Production -

Under conditions of perfect competition the @arginal revenue pro-
duct is determined solely by the shape of the production surface. How-
ever, under conditions of imperfect competition as is the case in the
mineral mining industry, the elasticity of demand and the marginal
product curve jointly to determine the marginal revenue received.

The profit meximizing level of production with respect to a
factor of production occurs at the level where the marginal cost for one

factor input egquals the marginal revenue product gained from the
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addition of the extra unit of the factor. At equilibrium, the marginal
revenue to labor is equal to the wage rate, and for capital is equal %o
the cost of invested capital. An increase in product demend will result
in a shift out along the production possibilities curve. The consequent
increase in the demand for the factors of production will depend on the
shift and elasticity of the product demand function and the marginal
productivity of the production function over the range for which the

adjustment is occuring.

ii. Capital Labor Substitution -

For a given level of produétion, the optimum level of factor
inputs is where the marginal rate of substitution equals the factor cost
ratio,

iii, Effect of Technology -~

The scale of the production function is altered by changes in
technology. The effect is to mové the production possibilitiés curve
upwards thus increasing the product—factor ratio. Technological change
may be either neutral, in which case the marginal rate of substitution
remains unaltered and both capital and labor increase proportionally, or
it may be non-neutral and lead to a change in the capital labor ratio
with substitution of one factor for the other.

The interaction of factors, to determine the level and elasti-
city of factor demand is shown in Figure 7. The product demand curve
determines the price level and the effect on marginal revenue as the
producer increases production. The production function relates: 1) the
product demand to the optimum level of production, and ii) the factor
costs to the optimum level of factor inputs for any given level of pro-

duction,
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IT LABOR SUPPLY

The supply of any particular type7 of labor to the Canadian
mineral mining industry is dependent on the total man-hours of work of‘
that type that is available to the total economy and the relative
attractiveness in terms of wage and nonpecuniary benefits of employment
in firms, industries or sectors of the economy competing for that labor.

This interrelationship is shown in Figure 8.

Total Population Leisure-Work Indifference-
J
v &
Total labor msn-hours available -
for work
A4

Labor man--hours suited to parti-

cular type of employment Relative Attractiveness

of employment between
industries (Demand)

Available to an industry

Figure 8. Determination of Industry Labor Supply.

The total labor man-hours available to the total economy depends
on the number of people willing“to work and the hours each is willing to
provide. The total labor force available for employment depends on the
population and participation rate. Since the last war, the civilian
population, fourteen years of age and over, of Canada increased from 9.1

million in 1948 to 15.4 million in 1971. In the post-war period there

7Within a particular itype of labor (e.g. welders) there is
variation in the quantity and quality of effort and skill that workers
provide, that effects the supply of labor.
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have been three major changes in the labor force participation rate:

1. increase in the female labor force participation rate,
2. reduction in the participation rate of young males

because of a tendency to remain in school longer, and
3. reduction in the participation rate of the elderly.
As well as these changes there Eave also been changes in:
1. the hours of work (hours worked per day and the number

of days worked per week), and

2. the length of vacations and holidays.
The Work-Leisure Decision

The total labor supply to the economy, in terms of the willing-
ness of the population to work (number of hours worked per year) depends
on the substitution and income effect as wages rise and the worker makes
a decision to take more work or leisure.

As hourly wages rise the worker is tempied to work longer hours
for the higher pay and substitute work for leisure, which in effect has
become more expensive.g But, as well as this substitution effect there
is an income effect. WVWith the higher wage rate the worker is richer and
can afford to buy more consumer goods and, of relevance to this discus-
sion, can buy more leisure. That is, he can afford to work less hours.

The relative importance of the income and substitution effects
will determine the shape of the labor supply curve. Generally though,

it would be expected that until workers reach a level of income that they

8 . . . r s
J.D. Owen, The Price of Leisure (Montreal: NcGill-Queens

University Press, 1970).

9The opportunity cost of leisure is the foregone income received
if the worker had worked.
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regard as "comfortable", the substitution effect will outwéigh the income
effect (S to C in Figure 9)° Beyond this income level, the income effect
will be more impertant and workers will forego the increased income for

leisure (C to S in Figure 9).

S
Hourly N
Vage \
Rate ¢

Quantity of Labor

Figure 9. Backwvard-Bending Supply Curve for Labor.
Determination of Industry Labor Supply

Given a particular wage rate and set of working conditions for
a type of work the labor supply to all firms or industries competing for

that labor will depend on the number of workers with the skills required

and the hours they are willing to work.

Determination of the supply of any particular type of worker to
an industry or firm within the labor market will depend on the relative
attractiveness of employment conditions (wage and nonmpecuniary) between
competing firms or industries.

If employment benefitis are better in one industry, workers will

tend to seek employment there, at a rate that depends on: i) their
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knowledge of the labor market, ii) the probability of gaining employmsnt,
iii) willingness to relocate, iv) the foregone benefits accumulated due
to length of service in their present employment and other costs asso-
ciated with relocation, v) the present value of their anticipated future
income in the new employment, and vi) a range of sociological factors.

Higher wage rates alone will not result in a shift of workers
between employers. The total benefits of employmentbare important and
higher wage rateslo in one industry may in part, be compensation for
poorer working conditions. This is particularly relevant in the mining
industry, where isolation from some community facilities and more dif-
ficult vorking conditions are characteristics of employment.

Employment, provides both remuneration for work done as well as -
the experience of working. This experience may or may not be pleasant,
depending on the conditions of work.ll

In a worker's deeisien to decide betueen employment with ene or
another firm or industry he will consider the total benefits associated

with each. Figure 10 shows the relationship between benefits offered by

loIncluded in the wage rate are other pecuniary benafits, such
as subsidized housing and meals. These other benefits, while they may
be an important part of a worker's remuneration are not expected to vary
greatly and therefore do not affect changes in the labor supply to the
industry. They will, however, have the effect of inducing a gencrally
higher level of labor supply to the industry, than would occur if they
were not provided. Data on the provision of these benefits are not
available and it is not proposed to include them in the analysis.

110wen, op. cit., enlarges on this analysis of the effect of
changing wage rate on the workers preference for work and leisure,
Owen states that in a worker's decision to increase his work or leisure
he will weigh the utility of an extra hour of leisure against the
utility of an extra hour of work. That is the more pleasant the working
conditions are, the more likely, ceteris paribus, that the hours of work
will be longer.
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employvers, and vorkers' preference between wage rate and working condi-
pPLoYy I g

tions,.

Real
Wage
Rate

Improving working conditions.

FigurelQ. Employee Indifference and\Employer Incentives.

Curves 1 and 2 represent two of the set of indifference curves
of the employee; for wages and working conditions. Curves IA and IIA and
IB and IIB represent two of the isocost curves for each of two emplcyers
(A and B).

Along indifference curve 1, workers are indifferent between em~-
-ployment with employer A or B. Although employer B offers a higher wage,
the improved working conditions with employer A compensates for this, and
employees are indiffefent about which employer they work for. If employer
A was to increase its wege rate to that of employer B (that is, move to
a higher isocost curve, IIA) it would attract workers away from employer

B because the employees would now be on a higher indifference curve and
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would be gaining a higher level of utility from their work than with
employers A or B under the original conditions. The new equilibrium
point would be at Y. To compete for workers with these preferences
employer B would‘have to improve the benefits provided to at least the
level shown by indifference curve 2. It would incur the cost designated
by curve IIB if it just ivproved conditions to match those of employer A
(that is to indifference curve 2). The equilibrium in this case, betiween
enployer A's cost of providing wdrking incentives and the employee in-
difference, is at W.

The willingness of an employer -to increase the benefits it pro- .
vides in order to attract more workers (iee, move to a higher isocost
curve) is a demand for labor factor and has been discussed earlier in

this chapter.
ITI LABOR SUPPLY AND DEMAND EQUILIBRIUM

Figure 1 of Chapter I shows the determination of labor supply at
the top, the determinatién of labor demand in the lower part of the
figure and the interaction within the labor market to establish the
number of man-hours employed.,

The number of workers employed in the industry and within sectors
of the industry also depends on the efficiency of the labor market in
relating the demand and supply factors. It is in a constant state of
adjustment, associated with changing economic, political and techno-
logical conditions as well as adjustment associated with market imper-

fections, such as imperfect knowledge leading to dissatisfaction on
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behalf of both employers and employees.12
The Canadian mineral mining industry employment level (man—
hburs) varies seaéonally within a year according to climatic conditions
as well as annually according to a range of other factors, however, a
general trend in labor employment has beén observed since the last war,
The Canadian mining industry has been characterized by increasing
capital intensity with a relatively constant labor input (in terms of

total manmhours) and a rising vage rate.

Figure 11 shows the hypothesized general change in the industry

labor demand and supply over the post-vwar period. -

Real )
Yage —Du
Rate
\
Wy
QQ‘
Si
Sy

Qw<l“ Labor Quantity (manuhours)

Figure 11, Posi War, Long-term Shifts in the Labor
Supply and Demand Curves in the Canadian
ineral ¥Yining Industry.

l2Chap‘cer T discusses the gross turnover of workers and the net

and replacement turnover.
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The supply curve has shifted to the left. Workers are receiving
a higher wage and have become less willing to work for the same wage they
would have in the past. There has also been a decrease in the number of
hours that each worker works.

The industry has been characterized by suEstantially increased
production and capitalization with a relatively small increase in labor
usage. The labor employed has tended to become more specialized and
although the quantity employed has only increased slightly, its value in
the productive process has increased due to its more specialized role in
an increasingly capital intensive industry. - This is reflected in the -
higher wage rate employers in the industry are prepared to pay.

This chapter has outlined the theoretical principles involved in
the determination of labor supply and demand for a sector. It is the
purpose of this study to specify those variables that are thought to
best relate the economic forces in process, and to estimate'the gmpirical
relationships between these factors and the supply and demand for labor

in the Canadian mineral mining industiry.




CHAPTER IV
THE ECONOMETRIC MODEL

The purpose of this chapter is firstly, to specify the variables
to be tested in the analysis and to discuss the hypothesized effects of
these variables on the supply of and demand for labor in the Canadian
mineral mining industry on the basis of the theoretical relationshipé
established in the preceding chapter. Secondly, the econometric models
teéted in this study and alternative approaches used by other researchers
in estimating supply and demand function for labor are specified and dis-
cussed. Finally, the identification problem is discussed and method of

estimation established.
Specification of Variables and Hypothesized Relationships

Hypothesized relationships between the dependent and independent
variables consistent with the theory discﬁssed in the previous chapier
are detailed below and summaried in Table XVII. The regression variables
in many cases are tested in a number of different forms. Separate hypo-
theseg are not made about each form of the sanme type of variable becauée
the relationships should be the same except for statistical significance
and the size of the regression coefficient.

The complete set of endogenous variables included in both the
supply and demand equations is specified first. The wage rate and salary

variables are also tested in both the supply and demand equations and,
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dependent on the formulation of the model are either endogenous or

exogenous to the system. They are also specified at this time.

Endogenous Demand Variables

YHHD Demand for hourly-paid workers in the metal mining industry
in year t (total weekly manmhours).

YNHD Demand for hourly-paid workers in the non-metal mining industry o
in year t (total weekly man-hours).

YlMi The hourly weage of hourly-paid workers in the metal mining in-
dustry in year t (current. dollars).

1M The hourly wage of hourly-paid. wvorkers. in the. metal miniﬁg in=

dustry in year % (constant 1948 dollars).

Ylﬂiii Average annual wage of hourly-paid workers in the metal mining
industry in year ¢ (current dollars).

YlMivl Average annuval wvage of hourly-paid workers in the metal mining
industry in year t (constent 1948 dollars).

YlNi The hourlyd%age of hourly-paid workers in the nonmmgtal mining
industry in year t (current dollars).

YlHii The hourly wage of hourly-paid workers in the nonmmetalimining
industyy in year t (ccnst&nt 1948 dollars).

YlNiii Average annval wage of hourly-paid workers in the non-uetal
mining industry in year ¥ (current dollars).

YlNiv Average annual wage of hourly-paid workers in the non-metal
mining industry in year t (constant 1948 dollars).

YMSDt Demand for salaried workers in the metal mining industry in year
t (total weekly man»hours)e

YﬁSDt Demand for salaried workers in the non-metal mining industry in

year t (total weekly man-hours).



YZMii

2Ni
2Wii
Y

2Niii

ToNiv

The hourly salary of salaried workers in the metal mining in-
dustry in year t (current dollars).

The hourly salary of salaried workers in the metal mining

"industry in year t (constant 1948 dollars).

Average annual salary of salaried workers in the metal mining
industry in year t (current dollars).

Average annual salary of salaried workers in the metal mining
industry in year € (constant l9é8 dollars).

The hourly salary of salaried workers in the non-metal mining
industry in year t (current dollars).

The hourly salary of salaried workers in the non-metal mining
industry in year t (constant 1948 dollars),

Average annual salary of salaried workers in the non-metal
mining industiry in year € (current dollars)n

Average amual salary of salaried workers in the non-metal

mining industry in year ¢ (constant 1948 dollars)

Endogenous Supply Variables

Tims

1Miv

Supply of hourly-psaid workers in the metal mining industry in
year © (toﬁal veekly manwhours).

Supply of hourly-paid workers in the non-netal mining industry
in year t (total weekly manmhours).

Previously defined.

Previocusly defined.

Previously defined.

Previously defined.
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YlNi Previously defined.

YINii Previously defined.

YlNiii Previously defined.

YlNiv Previcusly defined.

YESS Supply of salaried workers in the metal mining industry in year
t (total weekly manmhours).

YNSS Supply of salaried workers in the non-metal mining indusitry in
year t (total veekly manmhours).

YEHi Previously defined,

YQMii Previously defined.

Y2Miii Previously defined.

YZHiv Previously defined.

Y2Ni Previously defined.

Y2Nii Previously defined.

YZNiii Previously defined.

Y2Niv Previcusly defined,

Vage Rate Varisbles - Exogenous and Endogenous

e o o o Y ) are also

m . JE i
The endogenous vage rate variables (Y oNiv

JIMi
included in various supply and demand equations as exogenous variables.
Lags of one and two years on each of these variables are also tested,

Table XVIII shows the notation used for exogenous wage rate variables

and the corresponding endogenous variables.
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The endogenous variable, YNHDt or YHHSt’ in the hourly-paid

i
labor market model as the corresponding exogenous variable in
the salaried labor market model.

The endogenous variable, Y hp in the hourly-paid

Tampt ©F Yius

labor market model, as the corresponding exogenous variable
in the salaried labor market model.

The endogenous variable, Y or Y in the salaried labor

MSDt 1Sst?

market model, as the corresponding exogenous varisble in the

~hourly-paid labor market model.

NS

XHH(tml)

K1)

s (t-1)

XNS(tnl)

%m(v&)

Y

The endogenous variable, Y 1SS+ ° in the salaried labor:-—-

NsDt T
market model, as the corresponding exogenous variable in the
hourly-paid labor market model.

The observed employment level of hourly-paid workers in the

metal mining indusiry, lagged one period (YMHD(twl) or

YMHS(twl))'

The observed employment level of hourly-paid workers in

the non-—metal mining industry, lagged one perioed (YNHD(t~1)

°r Yiss(t-1))°

The observed employment level of salaried workers in the

metal wmining industry, lagged one period (YU%D(t«l) or

PA

Yss (4-1))*

The observed employment Jevel of salaried workers in the

non-metal mining industry, lagged one period (YNSD(t»l)

o Yyoe (1))

The observed employment level of hourly-paid workers in the

i

metal mining industry, legged two periods (Y*"D(tm2) or

YEHS(t»Z))°
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The observed employment level of hourly-paid wvorkers in the

XNH(th)
non-metal mining industry, lagged two periods (YNHD(t~2) or
YNHS(t~2))°
XMS(t«Z) The observed employment level of salaried workers in the
e ini i 3 tw o4, .
metal mining 1ndgsiry, lagged two periods (YMSD(t~2) or
YMSS(tmz))'
XNS(t~2) The observed employment level of salaried workers in the

non-metal mining industry, Jagged two periods (YNSD(t“Z) or

YHSS(t~2))'

Demand Variables

The demand for labor is determined by the interaction of factors
as discussed in Chapter IIT and shown in Figure 7. The following vari-
ables and their hypothesized relationships are formulated on the basis

of the theoretical principles established in that chapter.

Exogenecus Demand Variables

xl Trend variable: Series of dummy variables from 1 to 24 for each

of the years 1948 to 1971.

X Net capital stock in the total mineral nining industry in year t
in current dollars,

X . Net capital stock in the total mineral mining industry in year t
in congtant 1948 dollars.

X4M Average annual price per ton of all metals mined in Canada in
current dollars in year t.

X4N Average annual price per ton of all non-metals mined in Canada
in current dollars in year t.

XBM Average annual price per ton of all metals mined in Canada in

constant 1948 dollars in year t.
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X Average annual price per ton of all non-metals mined in Canada
\
in constant 1948 dollars in year t.

XGM Annval production of all metals mined in Canada in year 1 (tons).

6l Apmual production of all non-metals mined in Canada in year t

(tons)c

Price of Labor

Wages and salaries are tested as both annual and hourly rates in

current and consfantyl948 dollars. Since the labor demand is measured

in average weekly man-hours it is more appropriate to consider an hourly :+
price of labor, however, both the annual and hourly rates are tested to
establish which has the highest explanatory power. Current and constant

dollar wages and salaries are also tested for the same purpose, however,

2.#‘

t is anticipated that the constant dollar rate will prove to be the more
explanatory variable. As the wage rate to a type of worker in a sector
increases the demsnd for that type of labor in that sector is hypothesized

to decline, ceteris parabus.

Number of workers and man-hours of the other lype enployed in

the ssctor. As the man-hours of a type of worker employed in a sgctor

increases, it is expected that the demand for the other type of workers

in that sector would also rise. That is, as the number of salaried
workers cmployed in a sector increases, the demand for hourly-paid
workers is hypothesized to increcase., Similarly, the demand for salaried
workers is hypothesized to rise as the man-hours of hourly-paid workers

tionship is hypothesized on the

A

smployed increases, This direct rela
basis of the expected complementary nature of the two groups of hourly-~

paid and salaried workers.
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.1 .
T+end variable and capitel intensity. Li~ used a trend variable

as a proxy for improved technology. Tyrc hniewlcz2 includes Ruttan's
index of technology %o account for chenging technology and $reats it as
both an exogenous and endogenous variable in alternative formulations
of the model. In addition, he includes a time trend variable to allow
for secular effects.

The mining industry has shown a definite upward trend in produc-
tion in the post-war period with considerable technological change over
that time, Associated thh this growth in production and changing

3 with

technology, there has been a considerable increase in capltal use
the number of man-hours employed increasing slightly over the peried.
The trend variable will account for secular effects not included
in the analysis, as well as the effect of technological change on the
demand for hourly-paid and salaried workers. The effect of new tech-
nology is to shif "¢ the production function upwards so increased produc-

‘tion can be achieved using the same level of productive inpuis or the
P

same level of production can be achieved using a lower level of

chu«k%ng Li, "A Mexket Structure for Hired and Family Labor in
fanadian Agriculture " (unpublished M.Sc., dissertation, University of
Manitoba, 1965).

zh Y. Tyrchniewicz, An Econometric Study of the Azricultural
Labor Market (unpublished Doctoral thesis, Depdrtmant of Agricultural
Beonomies, Purdue University, Januvary, 1.967) .

5Staui stics Canada provides data on the Capltal investment into
the total mining industry (including fuels and structural mabcrlals)
he estimates of net capital stock in the mineral mining industry, made
n Appendix A, are based on the assumption that the ratio of the value
of production to the level of capital investment are the same for the
mineral mining and total wining indusiries. A further breakdown of net
capital stock by assuming the ratios for the non-metal, metal and total
mining are equal scems unrvealistic. For this reason, estimates of net
capital in the iwo separate sectors of the mineral mining industry are
not provided.

e I
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productive factors. That is, the outﬁutwéapital and outputmlabor ratios
both incroase.

Technological4 change falls into two categories on the basis of
the effect on the substitutuion of productive factors -

'3

i. HNeutral technological change, where the capital-labor

L

ratio is not altered.

Technological change that favors the substitution of

Jote
=X
o

one productive factor for another — in this case the
capital-labor ratio is altered.

The Cansdian mineral-mining-industry-has been characterized- by .-

considerable technological advances in the post-war period accompanied ..
by greatly increased levels of capital investment. It is hypothesized
that the regression coefficients for this technology (trend) variable
will be negative for productive or hourly-paid workers and positive for
salaried workers in the demand functions for workers in the Canadian
mineral mining industry. The negative coefficient for hourly-paid
workers is hypothesized because of the expected substitution of capits
for labor, asscciated with the type of technological changes occuring in

the mineral mining industrv. The positive coefficient hypothesized for
k JS

salaried workers is put forward on the basis, that while technelogy may

be labor saving, it requires more skilled employees and may for this
reason cause an increase in the demand for management and technically
trained salaried employees.

The influcnce of other factors, accounted for in this trend

variable, may however distort the effect of technological change and

4KOG. trrow, H.B. Chenery, B.S. linhas and R.M. Solow, "Capital
Labour Svbstitution and Economic Efficiency," Review of FEconomics and
Statistics, Vol. XLIII, August, 1961.
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lead to regression ecoefficients of different magnitude or effect than
the negative and positive values respectively hypothesized for hourly-
paid and salaried workers.

The relationship between the demand for hourly-paid and saiaried
jabor and the level of capital investment incorporates the effect of
technology on the substitution of productive factors but also involves
other factors. Production of the mineral mining sector varies inde-
pendently of technological change, in response to changing world prices,
discovéries of new ore bodiss of varying.grades (for exémple, cpen pit
mining of low grade 00pper) and government legislation. The level of -
cepital and labor employed will vary accordingly, with labor perhaps
showing the greater response in the short term. As well as the effect

A 4

on the demand for labor of techuologiecsl change and chenges im wroduction
S O &

&

7

o

independent of technology, the relative costs of capital and labor will
also effect the level of labor required by the industry.

The hypothesized effect of capital investment on the derand for
labor is more difficult to establish because of the added complezity of
these additicnal fectors. It is hypothesized that the effecct of tech-
nological change, and the associated substitution of capital for labor,
is the major influence and that the relationship betueen the level of
capital investment and the demand for hourly-paid workers will be inverse.

For salaried workers the hypothesized relatio positive because of

o]
v
ha
»
il
k)
v

the exzpected higher level of management required with increased capital-
ization,

The capital stock variable covers the total net capital stock of
the mineral mining industry and is not broken down to the level of invest~

pent in the scparate sectors. The metal mining sector is considerably
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larger than the non-metsl mining sector (in 1971 the value of metal pro-
duction in Canada vas almost six times that of the non-metals ~ Table IV)
and for this rcaso“, the capital stock variable will be made up mainly
of investment into that sector. It would seem likely for this reason,
that this variable way prove to be statistically insignificant in the

demand fuvnctions for workers by the non-metal mining sector.

Product price. The demand for labor is a derived demend. As

prices for wminerals rise on the world market, the level of Cansdian pro-
duction will increase and the demand for factor inputs will rise. In
the long-run, increased production and changing technology has led to
increazed capltal intensification, however, in the short-term (from year

to y@ar) fluctuations in price and consequent adjustments in the level

of produeciion is hypothesized to lead to correspending increases and

ade

decreases in the use of the more mobile labor resource. IHineral prices

are tested in curxent and constant dollar values.

Level of production. The level of industyry production for a

producer under near pure market conditions will be dirsctly related

the price received. As prices vise or fall, production will increase or
decrease and the demand for labor will follew. There is a lag between
when the market price is ized and wvhen the labor is actuvally employed
and production increases. The correlation betwesen the level of produc-
tion and the mineral price is expected to result in multicollinearity in

equations containing both these variables. On the basis of the mzasured

orrelation between these variables only the one with the highest

gtatistical significance may be included in the final regression egua-

tions.
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Number of workers and man-hours smployed (lagged one year).

Incorporation of Nerlove's distributed legs into the model5 results in
the observed employment level of the preceding year being included as an
exogenous (predetermined) independent variable, The parsmeter estimated
for the structural form equation (1-the adjustment coefficient) is hypo-~
thesized to lie between zero and one6 because for stable equilibrium the
adjustment coefficient is greater than zero but less than or equal to
one.,

The role of the adjustment cocefficient and its derivation is
discussed in greater detail later in the appendix. It is calculated
from the regression coefficient for the employment level in the previous
year. BEssentially it enables estimation of the long-run demand and
supply functions and indicates the rate of adjustment of these functions
to changes in conditions in the labor market.

It is expected that the demand for hourlywpéid vorkers will have
a higher adjustment coefficient, that is will respond more rapidly than
that for salaried employees. Hourly-paid workers are those directly in-
volved in production and will therefore adjust more repidly as conditicns
within the industry change. Salaried vorkers are more technically
skilled and involved in management and the demand for their services is
expected to be wmore long-run., Also, employers are more likely fo layoff
unskilled workers in periods of low demand because vwhen they are required

again replacements are more easily found.

SMarc Nerlove, '"Distributed Lags and Estimation of Long-run
Supply and Demand Elasticities: Theoretical Comsiderations," Journal of
Farm Bconowics, Vol. 40 (Hay, 1958), pp. 501-311,

6 . ; . s . -
That 3s the observed coefficient will be pesitive.
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.y Veriables

The theoretical principles for the determination of the labor
supply function was established in Chapter 1I. The following variables
end their hypothesized relationships are formulated on the basis of

E

these theoretical principles.

Exogenous Supply Varisbles

X7Hai The hourly wage of hourly-paid workers in the manufacturing
sector in current dollars in year t.
X?Faii The average annual wage of hourly-paid workers in the manu- -
ring sector in current dollars in year t.
X,  The hourly wage of hourly-paid workers in the menuvfacturing

sector in constent 1948 dollars in year t.

>4
=3

he average annval wage of hourly-paid workers in the wanu-

)

facturing sector in constant 1948 dollars in year t.
X The average hourly salary of salaried \o"ke 3 in the manu~

facturing seector in current dcllars in year ¥t.

X s The average annual salary of saleried workers in the manu-
Sifadid er
facturing sector in current dollars in year t.
b G The hourly salary of salaried wovkers in the manufeacturing

sector in constant 1948 dollars in year t.
). G The average annual salary of salaried workers in the manu-

facturing sector in constent 1948 dollars in year t.

X9 Total national labor force of all workers (seekinglor ewployed)
in number of workers in year t.
XlO Total national labor force of all workers (sceking or bmploy@d)

in man-hours in year t.
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X31 Level of nationsl unemployment in year t (percentage of those

in the labor market).

XMH(tml) Also included as an exogenous demand variable (YMHD(tml)
| Ys(52)) -
XNH(tml) Also included as an exogenous demand variable (YNMHD(tml)
C = Ygms(en))e
XHS(tml) Also included as an exogenous demand variable (YMSD(twl)
= YHSS(tml))'
XNS(tml) Also included as an exogenous demand variable (YNESD(tml)
Vs (6-1)) *
XMH(tm2) 4lso included as an exogenous demand variable (YEHD(tMZ)
Yﬁﬁs(tmz))°
xNH(th) Also included as an exogenous demand variable (YNHD(tm2)
YNHS(th))°
XHS(th) Also included as an exogenous demand variable (YHSD(tm2)

YMSS(th))’
lso inc S ex a iabl
XNS(%«Z) Also included as an exogenous demand variable (YNSD(tw2)

Yﬂss(tmz))°

Price of labor. As the vage rate to a type of worker in a sector

increases, it is hypothesized that the supply of that type of worker to
the particular sector will wise. As in the demand equations, the price
of labor is inecluded in current and constant dollars and on an hourly

and ammual bagis,.

Humber of workers and men-hours of the seme iype employed in the

other scctor. As the man-hours of a type of worker employed in a sector
of

increases, it is expected that the supply of that type of worker to the
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other sector will decrease. This relationship is hypothesized on the
basis that if workers are drawn to one sector there will be less avail-

able for cmployment in the other sector.

Vage and salaries in the non-mining sector. Although the wage

< as 7 <, . .

rate does not indicate completely the benefits associated with employ-
ment within a particular sector, it is a major component and will indi-
cate, in part, the atiractiveness of employment within the mining in-
dustry relative to elsewhere. As wage rates rise in the manufacturing

8 ., . - . .
sector, it is hypothesized that the supply of labor to the mineral
mining industry will fall. Consistent with the vage and salary varisbles
for the mineral mining industry sectors this variable is tested in cur-

rent and censtant dollars and on an hourly and snnual basis.

Size of the civilian labor force. The size of the total popula-

tion eligible to work9 indicates the potential number of employees to
the economy but does not indicate the number that are willing to work,
the hours they are willing to work and their suitabiliiy to specifie
employnent,

To convert from the total population eligible to work to the
number of participants in the labor market (either employed or secking

employment) it is nccessary to multiply the population of eligible

7

Refer to discussion in Chapter I1I.

BStatistics Conada, Barnings and Hours of Work in Manufecturing,
Catalogue No, 72--204 covers the complete range of manufacturing indus-
tries and should be representative of employment conditions generally
cutside the metal and non-metal mining industry. ’

9 1
Canada Yearbook reports the number of people over fourteen
years of age but not confined to a mental or criminal institution.
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s e . - . . 10
people by the participation rate, To estimate the total labor supply,
it is then necessary to multiply the number of workers in the labor
market by the average number of hours each is willing to work under
current conditions, To estimate the labor supply potentially svailable
s as - 11 o s
to specific employment within a sector (e.g. production workers within
the metal mining indus try), it is necessary to breakdown the total labor
supply into its skill components.
The supply of each of production and wmanagewent workers poten~
tially available to each sector of the mineral wmining industry are the
' . . . . 12
most meaningful variables but data is not available. The total supply:
of man-hours to the Canadian labor market xreflects the general condi-
tions of the national labor market, including the wage rates being
offered. The relative vage rates and other pecuniary and non-pecuniary
benefits between sectors will determine the proportion of total suitable
labor available, that is actually supplied to a particular sector, The

hypothesized effect however, of the size of the available labor pool ¢n

the supply of labor to the minersl wmining industry is positive.
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el of unsnployment, the

casier it will be for any one sector to obtain the workers it requires.

10,, . . »
The total labox supply is the total man-hours available. No
account is made for the effort given by each vorker.
TTThis is the total man-hours available of workers with specific
skills either employed within the secior, elsesvwhere or seeking employ-
ment and is distinct from the total wman-hours of the specific type of

. . 1

labor that is employed within the sector. This is the actual supply.

12 . s

A breakdown according to skill categories is not available,

Table IX of Chapter II shows the relevant information on the national
labor supply that is published in the Canada fearoggga
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The hypothesized effect between the unemployment level and the short-run
or observed supply of workers to the mineral mining sector is positive.
Vorkers are more willing to teke employment of a less favorable nature,
under conditioné of high unemployment when they realize their chauceé of

obtaining vork elsevhere is more limited than usual.

Number of workers and man-hours employed (iagged one year),

Incorporation of distributed lags into the model results in the cobserved
employment level in the previous year being included as an exogeneous
variable in both the structural form demand and supply equations. The
value of the estimated parameter (1--the adjustment coefficient) will be

between zero and one.

The Adjustiment Coefficient

The adjustment coefficient is derived from the regression co-
efficient for the employment level in the previous year. For the supply
functions, it is expected that the response of hourly-paid workers will
be faster than that for salaried employees and that the adjustment co-

e

efficient will consequently be larger. MNaciillan et al have shown

g1

that
hourly-paid mining workers are more likely to migrate than salaried
enployces.

Table XVII summarizes the hypothesized relationships between the

2

supply end demand for labor and the variables to be tested in the

analysis.
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Review of Previous Studies on Labor Supply
and Demand Estimation

13 T

LﬂVuhlnﬁ 1177 examined the demend and supply factors for tw
categories of farm labor (hired and family) on a regional basis., Five
regilons across Canada were specified on the basis of @xis%ing production
patteins and geographic delincation.

Li's model consisted of stochastic supply and demand functions
for both types of labor in each region and'non«ﬂtOLhasth Narlovel4 ad«
justment functions for each supply and demand function.

Linear relationships were assumed and singlewequation least-

squares method was used %o fit data for the period 1846 %o 1962.  The

:,.h

ted were the long-run elasticities of demand and supply

15
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paraneters
and the ceefficients of adjustment.

al x sults obtainsd in this study did not show a high
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level of significance between the independent and dependent variables

although the hypothesized dircctions of influence were generally cb-
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mination of three categories of farm labor in the United States. He
used a nine equation simultaneous systen, to determine the elasticities

of supply and demand for sach of hired, cperater and unpaid family labor.

The system used by Tyrchniewviecz consisted of six stochastie




functions for supply and demand for each category of 1abor and three

market clearing identities.,

The first two identities specified total

demand and supply as the respective sums of the separate labor deémands

and supplies and a third equated the total demand to the total supply.

~

There were nine endogenous variables:

i,

e
e
o

N
add
and
o

1Ve

he initial model was similar to that used by Tyrchniewicz.

three supply variables for each category of labor,

three demand veriables for each category of labor
S ?

total labor demand and total labor supply, and

a composite waze rate for all agricultural labor.
P g

The Model Specification

17

Eleven equations were included in the systen describing the demand for

and supvly of management and production employees in the metal and non-
& Y P

. s . 18
metal sectors of the mineral mining industry.

Fourteen endogenous

variables were specified:

price of both categories of labor in both sectors,

2

in both zectors,

o]

demand for bhoth categories of labo
supply of both categories of labor in both scctors, and

total supply and total demand for all workers in the

total mineral mining indusiry.

i. the
ii. the
iii. the
iv. the
The

only eleven

The

initial

equation system, with fourteen endogenous variables and

equations vwas abandoned due to underidentification.

snacification of the wodel was made becsuse of the

17

Tbid,

lBRefer to Appendix A.
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expected inter-relationship between the dewand and supply for each type

The following model formulations are not as integrated, in terms
of relating the supply and demand for each of hourly-paid and salaried
cmployees in both sectors, within the equation systenms, howvever they
do overcome the initial “dentification problem by having the number of
equations equal to the number of endogenous varisbles.

Three alternative model structures are tested. These are:

O

.

i, Two separate models for hourly-paid and salaried
workers, each incorporating supply and demend factors

for the meial and non-metal mining sectors.

s

fdo

., Two scparate models for the metal and non-metal mining
sectors, each incorporating supply and demand factors
for heurly-paid and salaried workers.

iii, Four separate models for each of non-metal salaried

workers; non-metal heurly-paid workers; netal salaried

vorkers and metal hourly-paid workers.

The variables hypothesized to effect the d

nd supply

of ecach type of labor in both mineral mining sectors have beecn discussed

and specified earlier in this chapter. The general foxuzs of the three
model sets 4o be tested will now be established. TFor the sske of bre~
vity, the complete set of exogenous variables in each equation are not
included here. The variables are specified later in this chapter. The
form of the equations is established at this stage. The conplete speci-
fication of the equations, with all variables to be tested is given in

Chepter V,

The models at this time are presented with one variable in each
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case, representing a set of exogenous variables. As well as the set of
exogenous variables included in each equation, a number of other vari-
ables are either exogenous or endogenous to the system, depending on
the specification of the model., They are:
In the demand equations -

i. The supply of the other category of worker to that sector

of the mineral mining indusiry.

'

The wage rate or salary for that category of worker in

¥R
bete
3

that sector of the mineral mining industry.

In the supply equations =

i, The supply of that category of worker to the other
mineral mining sector.

The wage rate or salary for that category of worker in

[y
[ N
L ]

the other mineral mining sector.
iii. The wage rate or salary for that category of worker in
that sector of the mineral mining industry.
A lagged adjustment is also applied %o enable estimation of the
long-run supply and demand fuvanctions from the regressed equaticns. The

application of a lagged adjustment requires inclusion of the previous

period employment level of the category of worker uunder investigation

°

The theoretical basis and method of application of ithis lagged adjust—
- 19 . . . .
ment was established by Nerlove ~ and is reviewed in Appendix C.
In summary, the three model sets specified below show:

i. The set of exogenous variables for each squation, repre-

sented by a single wvariable,

19

Nerlove, op. cit.
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i, Those variables that vary in their specification as

fudn

either exogenous or cndogenous specified as such, and

Tncorporation of a distributed lag, by including the em—

it
tae
e
°

ployment level of the category of worker in the previous

period.

o
»

The endogencus variables are designated by the letter Y. Y
indicates the long-run cquilibrium level of a particular endogenous
veriable as indicated by the subscript. In the regression functions,

the supply and demand variables for salaried workers are lagged one
period. Lagged endogenous variables are predetermined and are therefor

erxogenous to the system. For this reason they are designated with the

.

hol X in the regression equatbion,

\.a'

urly-paid and Salsyied Vorkers in Two Separate Models

1.A. Labor merket for salaried woxkers in the Capadisn mineral

nining industrv.

Salaried VWorlkers Demand

i, Metal Fining Tndustry

Long-run Demand Function for Salaried Vorkers

== 4 con + C + d . o
Tispt 2 ¥ Py Kipsng T %1 Rt T %4 Vs 4.1
Adjustment Function
OEndOgeneous variables are designated with the letter Y and are
those determined within the oystem defin od by the econonmelric model.
Exogenecus variables are predetermined variables and include lagged
endogeneous variables,
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ii.

Hetal Mining Indusiry

Long-run Supply Function for Salaried Vorkers
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Long-run Supply Function for Salaried Vorkers

+ 8 Xinage ¥ Do Tysss T %2 Yuspe

Adjustment Function

80

>
°
O

4,10

4-o 11



e

= 6 (3 .
! (Yssy YNSS(twl))

¥ 7SS (4--1)

NSSt
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The structural form egquations to be estimated using regression

technique are equations 4.4, 4.8, 4,12 and A.16, From these equations,

the parvametsrs {designated by the capital letters Al e o o Pz) can be
.2 Ry P F U T R 33 . Pl TR z/
estimated. From these parameters, the adjustment coefficients ( 1°

ndependent vari-

Ide

,/91, il 1. and 691) and the long-run cocfficients of
ablea with respect to supply and demand and the constant terns (a » « » 4

snd £ » » o k) can be estimated.

A similar medel formulation is presented for b

1.B. Labor market for hourly-paid yorkers in the Canadien

Hineral Hinineg Industry..
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Hourly-Paid Workers Demand

Hetal Mining Industry

Long-run Demend Function for Hourly-Paid Vorkers
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ii. DNon-lMetsl Mining Industry

Long~run Supply Function for Hourly-Paid Vorkers
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The structural form squations %o bes estimated in this model ave

equations 4.22, 4,26, 4.30 and 4.34. From these equations, ihe structural

form paremeters will be estin-ted. From these paramsters the adjusitment
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coefficients, long~run coefficicnts end jintercept tevms for demand and

supply funciicns can be estinmated.

Von-Metal Mining Scotors in Two Separate Modals

2.A, Iaobor market for the metal mining sector.

Dewand for Lebor in the letal i

ing Scctor

i, Salaried VWorkers

Long-run Demand Function for Salaried Yorkers
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The structurael form cquations to be estimated in this wodel are

cguations 4.40, 4.44, 4.48 and 4.52, TFrom these cquations ths structural
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form parameters will be estimated and from them, the edjustment co-
effiecients, long-run demand and supply coefficients and the intercept

terms are calculated.

2.B, Lsbor mavket Tor the non-netal wining scctor.

Demand for Labor in

g Secltor

i, Sealaxied Workers

Long-vun Demand Function for Salaried VWorkers
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ii., Hourly-Paid Vorkers

Long-run Supply Function for Hourly-Paid Voerkers
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3. Separate Models For Each Category of Vorker in Each
Mining Sectoxr

3.A, The lsbor merket for selaried workers in the metal mining

Demand

Long-iun Demand Funciion for Salaried Vorkers
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orm equations ave 4,85 and 4,89, In the case of hourly-paid
woxkers in the metal and non-ugital mining sscotors, the estimated

ression egquations are 4,94 and 4.98 and 4.103 and 4.107.

The structural relationsghips thought
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explaining the Canadian mineral industry labor market have been
specified as simultaneous equation systems,

In the estimation of the structural relationships in a simulian-
cous mquation system, the wmethod of estimation depends on the number of
endogenous variables contained in the relationships and the degree of
identificationszl Before the appropriate nwethod of analysis to be uscd
can be determined, it is nccessary to decide which variables in the

d

equation gystem are ("ﬂdﬁo”i’)CL and which are oredetermined or exogen-
k: &

.

ous and the degree of ideatification of the system.

Toote defines an cndogencus variable “as one that is corre-

.

lated with the unexplained residuals in the structursl equation in which

it appears.® Endogencus variables are those that are siuwltencously

determined within a system, such as price and quantity in a demand and

o
supply model,

'

He defines a predeterx

ined variable as one that:

e e o is independent of the unexplained residuals in the
structural squation in which it zcppears. Predetermined vari-
ables are gen rally defined to include exogenous variables,
or those de ned outside the particular economic sector

under con31deration, and lagged velues of cndogonous varisbles.

The welationships between the endogencus and exogenous vari-
ables in the equaticn systoms to be tested have besn set out sarlier in
It remaing to test the identifiability of these relationships

and to establish the method of estinmation.

Pr:or Jnf01wauvoq necassary to provide single
L]

ment of Agriculture.




The Tdentification Pioblem

The general form of the structural equations in a simultancous

o

09.

system is given by equation 4.

y '+ x E; = @

:)F
o
D

Vheve:
y is the row vector of endogenous varisbles in the
cquation system,

¥ is the vow vector of exogenous variables in the

equation system,

) . . P . .

l is the matrix of parameters agsociated with the
endogenous variables.

iz $ ER SR B, oy P r I * . LI ) )

15  is the matrix of parsmeters assoclated with the

erogenous variables,
e ig the row vector of evror teims.

The reduced form is given by equation 4.110.

That dis:




structural form cquatiens from the eshimated 7 in the reducad form.

Vonnacott and Wonnacott define it as "an equation of the struc-
ture is identified if there are unique . . » . - o values of its para-—
wl3

meters corresponding to a given reduced form o o o
=

For identification of ecach esguation in the system the necessary

(Ofder) condition and the necessary and suificient (rank) conditions

must be met.

Order Conditions:
The order condition for identification of any structural cqua-
tion ig that the total number of endogenous and exogenous variables
exeluded from that equation must be at least as gveat as the total

number of endogenous wvariables in the model less one.

There wmust exist at least one non-vanishing determinant of crder
(11-1), (where M is the number of endogencous varisbles in the model
derived from the coefficients of the variables excluded from the esquatiocn

other (M-1) structural squations,

QJ

h - P -} -
being considere

These conditlons are met by 211l equaticns in the complete sguation
sets when specified in their entivety. AlLl eguations are cver-identified

>
5R J. Wonnacott and T,.H. Vor
John Wiley and Sons, Inec., 1970)°




CHAPTER V
RESULTS

The purpose of this chapter is to cutline the procedure used to
test the models, present the general results of the analysis and elabor-
ate upon the shortcomings of the analysis and the usefullness and

meaning of the resultis and discuss in detail the results for each model,

Procedure To Test The lModels

411 models formulaied in Chapter IV wewre tested to establish if
ong particular formulation provides better estimates of the labor supply
and domand functions for the indusiry. The cguations were tested

initially in both logarithmic and linesr forms., Specification in log-

arithmic form did not give higher statistical significance on the

4

independent variables and was abandoned. After extensive testing of the

Vincar Tormulations, the final equations in all models were found to be

similar. The same regression variables proved to be statistically sige-

1 }

nificant” in all cquations, except for the salaried non-wmetal demand

cquaticn in the non-metal hourly and salaried model, Tn this mcdel, the

ouwber of hourly-paid workers employed in the non-metal mining industry

("x.’,T was an endogenous variable and was statistically dasignif

il

icant,

) o~

T4 was not includad in the finsl equation. Y¥ach of the other demand

R e L £ e T S i AR

1 . o o
At the S0 p ent level or higher for a one itailed




of the variables included and their

equations vere

2]

regression ceefficients in all models. The endogenous independent

1~f

variables, describing the wage rate and level of employment within the

Q

sector in these formulations were statistically lunsignificent and were

ordinary least sgquares technique, ALl other equations, although they

mated

Y

contained the same indep ndent variables, were ast
3 2 o (W

least squares method” and consequently had slightly different values for

the regression cocefficient because the reduced form equation for each

structural equatiocn was different in each model.

Bach model was tested initially with all variables hypothesized

e

e important includsed., Beth annual and hourly wage rates were itested.
Pt

=

0
A (R} ¢ ) : )
411 dollar values werne tested in both current dollars and in constant

1948 dollars. The use of hourly wages snd salaries gave more statis—
o 0

lis and is a more reascnable variable to con-

sider in view of the dependent variasble being measured in average veskly

man-hours., The use of constant 1948 dollars allowed for the inflationary

~

effect on wage rates, mineral prices and capital values. The regrossion

».lv
o

results for constant dollar valucs wers move sig nificant than those for
current dellars,

A11 equations are thersfore in terms of real wages and prices
and inelude hourly wages and salaries rather than annval levels., The

1 equa-

)L

employment level in all equations is in man-hours, The oxigin

tions, with all variables hypothesized to be important, included and

with the relevant ones expressed on an hourly basis and in real dollar

i

Because they contained wages or salaries as dependent endo-
ariables,
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terms are shown in Appendix D. The wesults for these initial formula--

tions show low statistical significance and signs on the regression

coefficients that are generally inconsistent with those hypothesized.

Ao

The lowest level of cistical significance that was taken as

acceptable was 90 percent for a cne tailed t-test, A nuaber of wage
rate variebles, in the current year and lagged one and two years, were
tested in those cases vhere the c:io enous wage rate variable proved to

be statistically insignificant. Those variables to be substituted for

L'x

the endogenous wage or salary varisble were:
i. The sndogenous variable, lagged one and two years

(=

salary in the other mineral mining sector in the

e
tale
®
P
=
as
)

0
9]
Q
R

o

current year and lagged one and two periods.

iij. Wage or salary in the manufacturing sscior in the current
t year and lagged cue and two periods.
Tn the demand functions for hourly-paid workers in both the

metal and non-metal mining sectors all wage rate variables tested were

istically insignificant at the 90 percent level. Consequently, the

~

demand equations for hourly-paid workers in wodels la, 2o, 2B, Ze oand 3d
do not include any wa.e rate variable in them. The wage rate variable
sas dropped only after vepsated testing of the equations, down to the
point vhere the lagged dependent variable and the wage rate were the only
variables included.

The equations, that include a wage rate variable in them and
have the highest level of significance on the variables included, show

he vage rate for the corrgsponding sector in the previous year, to be

IR

atisticelly significant at the 80 percent level, The employment level
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(‘
jol}
St
=

and included in these equations. These cquations are prosent
Appendix B,

In the complete model foxrmulations, the demand equations for

in the metal mining scctor had all variables hypothe—

et -, - +
ant, show a8 8

which p“OVLd to Rewoval of the cuploy--

ment level of hourly-paid workers from the cquations led to the lagged
variable and all other variables showing 28 statistically sigaificant.

However, after adjustment of the other

demend eguation for salaried employses

. ..

altered. The salary level alihough statistically significant po longer

showed the hypothesized negative sign on the

After dropping other varisbles one at a time from the

-

and in groups, to the peint that the only veriables included were the

logzed dependent variable and the salaxy level, it was decided to remove

RacsXoNg

1 1.

the salary level vu‘iaoje in the current peried from the equaticn.

lar vesulis., The salaxy level in

the manuvfachiuring scctor, was

The d
may depend on the gsneral salaw
2

level in the cconony, as representad

Although this statenant
logical Toundation for it is not strong.
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+ith the lagged dependent variable exrcluded from all equations,
‘his was done %o establish if this improved the explanation of the market

1

for salaried workers in the mineral mining sector, particularly the

demand equaticn for the metal wmining sector. The resulls are shown in

ion did not give any substantial

4

Appendix F. This 10‘ Le model formulat
improvenent in the statistical results,

ith the

‘Ja

The rodel for salaried workers (la) vas also tested w
trend veriable rewmoved from all equations., The results in this case
vere not greatly different to that for the complete model. The statis-
;ical results for this formulation ave also summarized in Appendix G,

Apart from testving the wodel specifically for the purpose of establishing

the e¢ffect of salaries on demand in the metal scctor these two variables

preach would be werth following to improve the goneral explanatory power

of 21l models examined in this study. The tests did not indicate this

~

Tor Model 1a and was wnot pursuved any further. However, further investi-

gation ol these approaches (that ig, the use of a static wodel for

the tvend variable) is a i sibility for
testing of the model., This topic is continued in more detail under the
digscusgion the multicollinearity problem, later in this chapter.
General Discussion of Hesults
The couplete resvlis ave prescented for each set of equations a

put forward in Chapter TIT and later in this chapter., No omne model set

proved to explain the laber market better then the others. The finsl

regression equations in all medels include the same variables with ape-

o

prozimately the same values on the coefficients. The exception is Hodel

®
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2 in which the employment level of hourly-paid vorkers in the ncn-metal

mining sector (X ) is omitted from the final supply equation for

NH

2

salaried workers to that sector. The choice of one model over others as

2 . . .

being more appiropriate to explaining the labor market for hourly-paid

vied workers in the metal and non-wmetal mining sectors depends

-

and

oy
id

then on the model siructure., The wodels were constiucited on the besis,
at there existed sn interrslaticnship in terms of the labor markets
betwcen each category of worker and between the sectors of the industry.

P

The statistical voesults do not indicate that thege hypothesized inter-

dependencics exist and the choice of a model set over the others on this

vket is not sound. For the pur-

arizing the vesuvlis, Hedel 1 (salari&d and nﬁuvl"fﬂzid

arate models ) was chosen. The leng-run and short-run

thiag medel set are py sented in Table XIX. These are

rastated later in Tables XA for this model set and for the model

sets in IV and XXV,

The discussion in this sscticn applies to the three model setls
tested, cauvse the regression ccefficlents were very sinilar in all

11ts for cach model set ars discussed later

tion exists betwsen some of the indepen-

B

es included in the final regression eouations. Refer

ecicnts. The effect
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of muliticollinearity is to give hig 63 on the estimated
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AND POR AHD SUPPLY
i0b5L 18

SHORT-RUH AUD LOHG-RUN BLANTICTITIES FOR FACTORS AFFECTING THE
CF YORKERS I THE CANADIAN HINERAL MINIHG IHDUSTR

Salnvied lourly-Paid
Danand Supply Demnnd Supply
Hotal Nen-Hetal Hotal Hon-Matal Hatnl Non-letal Hetal Non-total
Demand_Variables:
Tona of wetal ore nined 00,1384 -
{0.3426)
Tons of non-nutal ore mined - 0.1451, -
(0.9224)
Price per ton of wmetals 0.47137 -
(1.2725)
Price per ton of non-mstals - 0.3357
(0.7497)
Total net capital stock . - - - -
Trend varisble 0.5334 0.9122 ~0.1563 0.1757
(3.3203) | (1.9347) (-0.9938) | (0.3924)
Unerploguont rate : - -0,1008 - -0.0716
(-0.1934) (~0.1894)
Available labor force - 0.6745 -0.6017
. (1.2557) (-1.0428)
Employnznt Lovels:
Man-hours of salaiicd workers in metal wining : - -
Han-hovrs of hourly-paid workers i -
Han~hours of salaried workers in -
Han-hours of hourly-paid werkers in non-nctal 0.2917 '
mining (0.6187)
Man-hours of salaried workers in metal mining .
one year curlier 0,5681 0.5093
Han-hours of hourly-paid workers in metal wining
one yeer carlier . . 0.8344 |- 0.4189
Man-hours of salaried workers in non-metal wining
onag year sarlier 0.5042 0.4578
Han-hours of hourly-paid workers in non-uctal
wining ore year carlier 0.5455 0.6144
Yage Ratos or Salaries:
Salaries in metal mining - 0.8958 . i
' (2.5236) :
Vages in metal mining - 0.4505%
(0.7208)
Salaries in non-netal nining ~1.8350 Q.4428
(-3.8976) (0.83512)
¥ages in non-metal rining - 0.2229
(0.5897)
Salaries in =mstal nining one or two yesrs carlier -
Wages in wvetal wmining one or two years carlier ~1.1640P
(~3.6150)
Salarics in non-metal wining one or iwo years
earlier
Yages in non-zetel nining one or two yoars ~0.1968b
carlier (-0.8186)
Salaries in manufacturing -0,7004
(-1.7337)
¥egas in wanufacturing
0.4040 0.4715 0.4657 0.5202 0.1573 0.4478 0.5770 0.35780

aThe long-run clasticities are shoun in bdrackets below the shori-run slastieity Iin cach case,

b .
Taken from regression equations in Appendiz E. Significant at 80 percent Jovel for a one tailed t-test. In both cascs thius was for the vage
rate twe years carlier,

~Irdicatas that the va.-liablo was tested but proved to bo statistically insignificant at tho 9O porcent lavel for a one tailed t-teat.



coefficients and hence lead to lower t wvalues. This could wesult in the

omission of variables that may otherwise have proved to be statistically

nclusion of varie-

tte

significant. The other problem assoccid atrd with the
corvelated, is that there is a loss in the precisicn of

The regression results show high statistical signifi-

he variables in the final cquaticns and the coefficients

e effect of

\J
jAv)
L
-
o

gonerally have the hypothesized signs, sung“sumng th

o
Vel

e
<
O
b
[0}

°

muliicollinearity is not
As explained in Lﬁe discussion of the procsdure used fto test the
regressicn equations, fem@val_of the- trend verlable and lagged endo-
gencous variable fren Medel la wés.car:ied cut to test if the affect of
other variasbles wgé being hidden by the inclusicn of these two variables,
The results for these tests are shown in Appendices P and G. Theve was
ficance of the

not eny ub%t‘ ntial dmprovewsnt in the sitatistical signi

appreach was PGL pursuved any further althsugh

2
s
[
o
\ D
=
-~
[+
]
I
e
A
b
o]
o
n‘«
o
b
o,
s
=
1-da
/4]

further investigation of the static formulation could refine the model,

The Durbin-Yatson stvatistic indicates that auvioccorvel:s tion is

The only variable comitted from the counplete model formulations
that economic thsory indicates as a factor offecting the demand for
labor, is the cost of capital or more direcily the capital-labor cost

retio. Refer to Figure 7 and the discussion in Chapter YII. The cost

f~.o

hods, 2nd ed. (LLH York: HceGrawe

J. Johnston, Econometric Het
Hill Book Company, J,/?) '
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of labor is included in the snalysis. The trend variable, as a proxy

for technological change and as a variable that sccounts for those

Tactors not explicitly included in the analysis, does accouvnt for the
change in the cﬂplt&l labor ratio over the period and implicitly in-
bludes the factor cost ratio.

The supply equations included all variables established 88 im-
portant in the theoretical fra Aeworko The supply of wvovrkevs was hypo-

thesized to be affecizd by the vage rate or salary in the manufac

o

sector. This hypothesis wvas not confirmed by the empirical analysis.

ras and salaries in other scctors, such

[

Investigation of the effect o

as forvestry, cgriculture snd congbruction, could be used ag alterna-

was the assumption of interdeperdence betwecen the labor wmarke
category of vorker in both mineral mining sectors. In the demand equa-

ized betvecn the deowand

worker in the other mineral

supply. Similarly the wage rate or salavy in the other sector was also

t. This was the demand funcition for salsaricsd uvorkers

tlecally significan

by the non-metal mining sector.
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1.

Tt was also hypothesized that the mnining industry and mami-
E g S

Facturing industries compete for workers and that the wvage rate in the

o)

wanufactoring seetor would effect the supply of workers to the wineral

ator.  This hypothesis was not confirmed by the regression re—

sults. This variable vas statistically insignificant in all supply

cquations.

e currvent year were.
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generally insignificant in determining the demand for either salaried or-

ing industzy.

by the non-metal
level on the demand

xlegticity in the long-run was

«%,9, The wage rotes in the metal and ncn-netal sectors two years

i

fode

earlier were statistically significant only at the 80 percent level

a one tailed t-test, in their effect on the demand for hourly-paid

4

o s e o mr N ~ E NN I SN
seotors. Tne leng-run and shorit-run wage slasticie

ties of demand in metal wmining were considerably higher than

aining sector. Salary level in the wetal mining scctor in
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the current pericd and legged one and two years wes not significa

level in manufacturing had a short-run

vorkers by the metal mining sector of

e
o]
H
{
V]
o]
2,‘\)
!
e
514

"D

od employess.

to be exceeded only by the
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salayy levels. JFor hourly-paid workers, the empleoyment level in the
i b4 i

previous year has the highest elasticity in both mineral mining sectors.
The demend for salaried vorkers in both seclors is explained by
the lagged dependent variable, the trend variable and the salary level.

and for salaried vorkers sleo depends

~iee of metals in the non-
matal mining secctor, the only other variable affecting the demend is the
employment level of hourly-paid workers.

The demand for hourly-paid workers in both sectors depends on

the wage rate, lagged dependent variable and ftrend variable, In the

motal mining soctor it also dep on the tons of metal ore mined, while
in sector the mineral price is a factor.

The Pe vate and salary levels in the current year were statis-
stermining the supply of each category of worker

to both sectors. The wage rates and salaries either in the manufac-

9]

turing sector or compaiting mineral sector did not prove to be significent
factors effecting supply. The elasticity of labor price with respeect to
supply was greatest in the supply eguation for salavied workers to the

long-run elasticity of 159)0

n
®
e
‘:—.‘-
o]
H

metal mining

ks

The lary level and previous years ployment were the only two

factors that proved statisiically significant in the supply equation for

A

tal salaried

]
¥

salaried workers in the metal wining secltor. For noun-me

rorkers supply was also affected by the rate of unewmployment and size of

PRV RE———

A .
In the case of the metal mining sector, this is the salar
?
level in the msnufacturing sector.
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the labor force., For hourly-paid workers, the unemployment rate was

tistically significant in affecting the supply to the non-metal

-

seator, while the size of the available labor force affectied the supply

to the metal sector. The negative sign on this variable wes contrary to

the hypothesized relationships.

a faster rate of response
in the case of supply than for demand in all models.

LS

For salaried workers, the demand and supply equations in bhoth

sectors of the mineral mining industry have adjustment coefficients clese
Fal
L

to 0.5, In the supply function the coedficient is wmarvginally higher

and in the demand cquation the coeificient is slightly lower.

For houvly-paid workers the adjustnment coafficients

uniform. To the non-metal mining sector the ad
the dewmand eguation was approximately 0,5 while for the supply equation
it was around 0.4, In the metal mining sector the adjustment coeffi-

slents for the hourly-paid workers were approximaltely 0.2 in the demand

equation and 0.8 in the supply equaticn.

in all cases, exospt hourly-paid

workers that it tslkes from two to three years

for the market to adjust completely to a change in labor market condi-
tions., For the bhourly-paid workers in the metal wining sector it

appsars to take over six years for the supply funciion and just over one

Iy

~

"oy the demand function

s
®
S

f
3
:

to vespend completely.

The three wodel sets investigated are:
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A%

1. Houxly-paid qad salaried workers in two separvate models.

a, The labor salaried workers,.

b. The labor market for hourly-paild workers.

A&

2., The metal and non-metal mining secltor in two separate

a. ‘The labor the metal mining sector,

b. The labor warket for the ron-retal wmining secltor.
3. Sepavate models for cach category of worker in cach mining

N
SECTOT .

a., The labor market for salaried cmployees in the metal

mining zLor,

the non-

5

b The labor market for salavied employees

metal niviang ssctor,

c. The labor market Ffor hourly-paid employees in the
metal ing sactor.

~

d. The labor market for hourly-paid employees in the
non-metal mining sector.

tested is presented and

in sach case, before the empirical row

s

The sults alveady discussed are not
repeated for cach model in the follewing discussion.
1. Hourly-Paid and Salsried Vorkers in Two

. vorkers. The complete Tormulation of thig wodel
the regression analysis was:
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. . ar 21
sted as wells, In the

demand equations the mineral price variables in consitant 1948 dollars

&

(Xr Vnd q) renlacaed the corvesponding variables (X/J and X‘ﬁ) in
A5
current dollar terms and the net capital stock variable (X3) replaced

the corresponding X (@xpr@ssed in current dollwxs) The endogenous

weluded as annual

ourly rates in constar

ey
5

alzo tested as
hourly rates in constent 1948 dollars were tested,

The salary level in the manufacturing sector in both constant

and current dollar tewms and on an hourly and

in the supply functicn

o]
©

(';

The constant dollar values and hourly wrather then annual salaxy

levels, gove wore statistically significant and theoretically cousistent

Rapcated testing of the cguation set as origivally proposed
established that shown in Table ZX as best des for
salaried suploy the

Cenadisn mi

£

QI

In the demand equations, the number hourly-paid workers
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HODEL la

REGRESSTON XQUATIONS YOR TR

114

RIED WORKBRS IN TR CIEM)T, H ORI
THDUSTRY

. Raprranaion Lomw—run Long-~run
Donmand in the Metal Hining Ssctor Coefficlent Elnaticity t--vnluo Coelf'iciont Mlasticity
Xl Trend variadble 14.9707 0.53%4 25560 B Ot 1.3203% _
%, Capitnl atock -0.0015° ~0.0096 1.5161 L0057 0,028

R .
XSI"A Metal price 16,7389 0.4157 2.5055 40,5681 1.1725
l .
X,)N Motal ore wined 0.0004‘ 0.1%84 1,919 0.0010 0.5426
Huployment in previous year O.‘)‘)GO“ 0.5681 3.0782
.h(t 1)
¢ Ju—
xS"‘aii Salaries in panviacturing ~127.1144 -~0,7004 1.3624 -3)4,67%96 1.7337
Intercapt -1.2915 --0.0059 %,13968
R2 velue = 0.9899 P of cquation = 276.6475
Significance Level = 995’5 . Durbin Watson Statistic = 2.0975
rdjustuent Coefficient = 0.4040
e()r cssion Long-~run Long-run
Supply in the Metal Kining Sector vefficient Blasticity  t-value Cocfficient
xT-’S(t-l) Euployrent in previous year 0.53435 0.5093 2.4224
Y?I-'ii ourly salaries in wmetal mining b
(constant dollars) . 158.0343 . 0.8958 . 2.2474 1.9236
Intercept . ~142,1210° 0.8797
R2 value = 0.9819 :lue of equation = 570.3491
Significance Level = 9% Durbin '\'!z;_‘c:son Statistic = 2.0975
Adjustment Coefficient = 0.4657
: Regression Long-run
Demand in the Non-zmetel Hining Scctor Cocfficient Blaaticity
Xl Trend varieble 5.4104& . 0.9122 4.,0128 11,4749 1.9347
XN'H Eumploywent of hourly workers--non-metal O.(.)Sld»D 0.2917 1.8265 0,1090 0.6187
a
oy n 3 revi e 525 .5 5,529
Xlis(t—-l) Employuent in previous year 0.5258 0.5042 5.5293
YZ"Iii Eourly szleries in non-metal wining -
: (constant dollars) ~55.937TT --1. 3330 %.4308  ~139.9739 -3.8876
b ;
Intercept 33.4054 1,788 176.8895
R2 value = 0.9325 ralue of equation = 266.5158
Significance Level = 99% Durbin Watson Statistic = 11,8917
hdjustment Coeificient = 0.4715
Regrossion Long~-run
Supply in the Non-metal lMining Sector Coefficient Elagticity t-value Blasticity
b ~
XlO Available labor force 0.18%90 0.6745 1.8451 0.386%3 1.2967
3
le Unemployment rate —«l.7125) -0, 1006 1.9756 ~%.2920 -0.1934
X‘l"(t 1) Exployment in previous year 0.4798:1 0.4578 2.8942
oL e~
YZIIii Hourly sularies in non-metel nining
(constant dollars) 15.9446° 0.4428 1.3561 30.6509 0.8512
Intercept ~35.1799 -0.8234 67.6276
R2 value = 0,5802 Fovolue of equation = 234,6301
Sipgnificunce Level = 99% Durbin Yateon Statistic = 2.1468

Adjustment Coefficient = 0.5202

a
Significant at the 39 percont tavel for n one niled t-tent,
b
Significant at the 95 porcont lovel fur n ono tuilod t-taont,

[
Sienificant at tho 90 percent level for n ona inilod t-tant.
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#oDEL 1b
{IOHS FOR THE DEHAKD ¥OR AND SUPPLY OF

ORKERS IN THE CARADIAN HINBRAL KINING
THDUSTRY . 1

Lonyr—-run

119

0l Kining Sactor Ceutliciont Blastieity t--valus Cooftficlont
%y frend variable ~25.6564" -0.1563 1L.6OTL —163.3592
[
X6 Fotal ore mined 0.0026 0.1451 1.5665 0.0165 0.9224
“a
X‘.{H(’t—-l) Suploynent in previous yuar 0.3427 0.8344 A.3U36
t 56%.5712 0.7327 2310.0521 /
R2 value = 0.602)% Poyalue of the equation = 10.0897
Significance Lovel = 99?5 Durbin Watson Stutiatic = 2.5751
tdjustuent Coefficient = 0.1573
. Long-run
Supply in the Metal wHining Sector Coafficient flasticity t-value Cocfficient flasticity.

‘(10 Available lebor force

X... Papldywent in previous yesr -
sE(t-1) TEPROY v y

. Mourly wages in uwetal (constant . .
dollarss :

»-4.6'/370 ~0.6017 2.38187 777 -8.1000

a
0.4230°

0.4189 7 3,14010 5

0.4505 ~==  2.3153- - - 984.5681-~"

2.0722 2609,1501

~1,0428

0.7808 -

22 value = 0.6500 Povalus of the equation = 12,5783
Significance Level = 955 Purbin Watson Statistic = 2.35482
sdiustizent Coefficient = 0.5770
Long-run
cient Flasticity  t-value Coelficient Blasticity

in the Non-natal Fining Sector

X, Prend variable

X, Jua-uetal price {constant dollars)

'\(\J:

rent in previous year

5.5071% 0.1757 3.6236 13,1914

74.8241% 0.3357 3.,160% 167.0927

0.5522 0.5455 53,7040

0.3924

0.7497

23,8343 -0,2a66 ~53.5%70
= 0,779 fovelue of the cquation = 22.56C9
nce Lavel = 993 Duxbin Watzon Statistic = 1.2447
Ldjnstment Coefficient = 0.4478
Long-run Long-run
Supply in the Non-metal Fining Sector Blastieily

Blasticity s-value Coefficient

X Urenployment rate

i2

suple

X’.‘(ii( 1) £ in previous yoar

Yinig

Hourly weges in non-metal (constant
doll:z.rss

Intercept

6.9154 —0.0716 1.8206 ~18.2947

0.6220" 0.6144 4.6019

64,8048 0.2229 2.4369
98,5001 1.1203

171.7058
260.5823

~-0.18%4

0.5897

8% value = 0.7101
Significunce Level = 99
Adjustment Coefficient = 0.3780

P-valua of the equation = 16.3260
Durbin Yaiscon Statistic = 1.923%7

Significunt at tha 99 percent leval for n one tnailed t-tegt.

b

Significant at the 95 parcent lovel for a ona trnilod t-test,.

Significunt at the 90 percent level for a one tailed t-tent,

Bt S mS R m @I E T T




o)
o
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: e - . 3. H I T,
Vo independent sndogsnous variables arve included in these




minin

statist

g seotor (L

include any wage

1 mining. seco

in the non-neta g

rate

[N
WY

TS ed

,rlier) ave shovn in

models, had the same vari-

model, as

o
Tysp <

f this

i i in the regression analysis, was:

b

=y

s

Kan(e-1) Yus?

X, 9

8iaii

function for hourly-paid v

gignifica levels

iz on

the




PaBLE ZXXY

LODEL 2a 122

Long—run Long-run
d for Hourly-Paid Yoilkars Elagticity t-value  Coefficient Blasticity
Xl Trend variable 25,0464 ¢ -0.1563 1.6071 ~16305ha2 -0.9936
X, letal ore wmined 0.0026 ¢ 0.1451 1.5665 0.0165 0.9224

6
‘jous year o.8427% 0.8344 4758556

ployucent in pr

Intoreapt 363.5712 0.7327 2310.0521
R2 value = 0.6021 Fovalue of the equation = 10.0897
igaificance Level = 9% Durbin Yatsen Statistic = 2,5751
nt Coefficient = 0,1573

sion ° Leng-run Long-run
Supply of Hourly-Paid Yorkers Coefficient Elasticity tviJue Coefficient Elaatieity .

) s Fie
X tvailable labor force -5.0507 -0,6554 1.93561 --10.1692 -1.3092

anls 3 v u.A.-.—, s - . P
X}.H(t---l) Employment in previous year 0.4994 0.4945 3.7993
ztal (constant
0.5655 1.6769 77 71020,04597 7 1.1296"
' L 204407755

R% volue = 0.4108 P the equation = 10,4642

Significance Level = 90%

on Statistic = 2.4793

AdJustient Cooificimsnt = 0.5008

Long-run Jong~run
Elasticity t--value Coefficient :

14.9[07b 0.5334 2.3360 57,0562 1.3203

~0,0015 ¢ -0.0036 1.5161 -0.0037 -0.0238

b
Xy, lHetal price 16.3895 Q.4737 2,5055 40.5681 1.172%

b
X.. Hetal ore nined 0.0004 0.1384 . 1.9192 0.C010 0.3426

oM
a
$( 1) faploeyment in previous year 0.5360 5631 3.6782
ROT
c e p S
Salaries in wanufacturing =127.1144 -0.7004 1.3624 -314,6%596 1.7337
Intercept -~1.2915 ~0.0059 3,1968

R2 value = 0,9899 F-value of the equutien = 276.6475

asce Level = 9o Durbin ¥atson Statistic = 2.0975

Coefficient = 0.4040

Sigrific

Long-run Long-run
Cupply of fSaluried Workers Flaaticity L cefficient Blagticity

nt in prewious period 0.5631% 0.5368 2.7549

x!‘.r.',( t'-l) Erploy:

Hourly sulsries in wmetusl (congtant c
dollurs) 130.0997 0.8443 2.2653 297.7791 1.9325

tercept ~133,6837 -0.83916 305.99%8

H2 viulue = 0.9820 Fovnlue of the aquation = 574,2827

toon Stutistie = 1.,6167

Tentficance Lavel = 994 Durbin ¥

cent Confficient = 00,4269

Ad Junts

afli/fnificuni: nt the 99 percent leovel for a orno tniled t-taat.
bSi,sjanicnnt nt tha 95 parcent lavel for x ono tnilod t-iant,

c.’:ip;ﬂific:mt at tho 50 parzent lovel for a ons tailed t-tent,
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TIBLE XXTIT
LODEL 2b . 124
REGRESSTON BQUATIONS FOL

TRE U0 STAL MIRING

i N
MINERaL 1IN

WOR DEHAND AND SUYPLY IN
CTOR OF “HE CAHADIAN
THG XRDUSTRY

N
Reprenaion Lompr-run Long-run
Bemand for L wrly-Paid Workers Coofriclent Klasticity t-vilue Cnefricient Elagticity
;(;' Trond V“.;:u"iuhle 5. ‘j()'llu ) 0.1757 h "3.67'56 13. l‘)_l/l“ 0. ";92;
XSN Non-metal priee (1948 dollm‘a) 4. ’}241" 0.5557 %,160% 167.0927 o 0.7496
x:‘ili(tml) Suployment in previous year ()_‘}522“ 0.5455 3.7040

Intercept -273.8843 -0.2866 ~H3.5%570

2 .
R” value = 0.7719 Fovalue of the esquation = 22.5609
Significanee Level = 9% Durbin Watson Statistic = 1.8447

Adjustment CoefTicient = 0.4478

Long—run Long-run
Blasticity t-value Coefficient Blasticity

Supply of Hourly-Paid VYorkers

X12 Unsuployuent rate -0,0716 1.8173 -18.2951 -0.1895
X Zuployment in previous year 0.6222% 0.6146 3.5983

(1)

Y) i Hourly wages in non-motal b .
(vonstant dollars) 64.3654 0.2728 2.4299 171.6924 0.3897
Tntercept 8. 4771 ‘ 1.1185° 260.6593

R2 value = 0.7097 Pvalue of the ecquation = 16.2960

Significance Level = Q% Durbin Watsen Statistic = 1.9118

Adjustment Coefficient = 0.3778

Regression Long-run
2nd for Salaried Workers Coefficient Blasticity t-value Coefficient Elasticity

Xl Trend variable 1.1826% 0.7052 2.9047 13.5623 2.2856
™, P . a - .
XI.’H((:wl) Eauployrent in previons year 0.6916 0.6599 5.1525

Yo Hourly

. ries in r.n-met
254 ries in ron-metal b

¢ Gollars) 51,6560 ~1.4347 2.3896  -167.4968 4.6520
79.7002° 1.5936 257.1342
0.9775 ? = 290.0352

vel = 99,‘;

I

= 1.8024

Adjustuzent Confficient = 0.3084

G Long~run
Zlasticity t-valve Coefficient Elasticity

0.5937 1.6600 0.3024 1.0796

Supply of Salaried Vorkers

) Aval e lzbor for
KlO Available labor force

X Uncaployrent rate

12 -0,1166 2.3217 -3.6101 ~0.2120

a
X\,(_(t 1 Bmpleyment in previous year 0.4501 0.4294 2.7839
NS e
Y., Hourly stlaries in non-metal

wi b ) .
2L onatant dollara) 20,6585 0.5738 1.7640 57,5677 1.0434

Intercopt -3%5.6128 -0.9232 —64.7623

R2 value = 0,9813 Fevalue of the aquation = 249,2553
Significnnca Level = 9% Durbin ¥atnon Statistic = 2.1%70

Adjustment Coafficiant = 0.5499

nsi;fnific;mt ot the 99 poercaent level for u ona tniled t-tant,

b.‘,‘ignﬁ:‘ic:mt at ths 95 porcent lovel for a ona tailed t-test,

o
Siunificnnt ut ths G0

:nt level for a one tniled t-test,
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TABLE XXVI
MODEL 3¢
REGRESSION EQUATIONS FOR THE DEMAND FOR AND SUPPLY OF-

HOURLY PAID WORKERS IN THE METAL MINING SECTOR OF
THE CANADIAN MINERAL MINING INDUSTRY

129

Demand for Hourly-Paid Workers Regression Long-run Long-run
in the Metal Mining Sector Coefficient Blastieity t-value Coefficient Elasticity
X, Trend varieble . -25.6964°  -0.1563 1.6071  -163.3592 ~0.9936
Xg Metal ore mined 0.0026° 0.1451 1.5665 0.0165 0.9224
xuﬂ(t-l)l Employment in ﬁrevious a
year . 0.8427 - 0.8344. . 4.3836
Intercept 363.3712 0.7327 2310.0521
8% value = 0.6021 . F-value of equation = 10,0897
Significance Level = 99% . Durbin Watson Statistic = 2.5751
Adjustment Coefficient = 0.1573 ’
Supply of Hourly-Paid Workers Regression : Long-run Long-run
in the Metal lMining Sector Coefficient Elasticity  t-value Coefficient Elasticity
xlo Available labor force «-1().13.36a -1,3020 3.1848 ~12,6105 -1.,6234
x!E(t-l) Employment in previous , a '
. year '0.1980 0.1961 1.2034
Xyyy4 Hourly wages in metal a Tl
(constant dollars) 1262.5842b 1.0011 ~ 3.1351  1574.2945 1.2483
Intercept 2271.0448 2.0053 2831.7267
,R? value = 0,7024 F-value of equation = 15.7337

Significance Levels = 99% : Durbin Watson Statistic = 2.0419
Adjustment Coefficient = 0.8020 ‘ B '

‘Significant at the 99 percent level for a one tailed t-test.
bSigniﬁcant at the 95 percent level for a one tailed t-test.

°Sign1ficant at the-90 percent level for a one tailed t-test.
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CHAPTER VI
ANALYSIS OF RESULTS AND CONCLUSIONS

In this chapter three major topics are covered:
i. Summary of the empirical results.
ii. Policy implications and application of the results.

iii, Further research possibilities.
Analysis of the Empirical Results

A number of major research objectives were specified in Chapter
I. Before analyzing the empirical results with respect to the informa-
tion provided on these major concerns; the discussion is prefaced by
some comments about the reliability of the results. Thé shortcomings of
the analysis are discussed in the preceding chapter.

The major cause for reservations about the reliability of the
results is the high level of multicollinearity that existed between
many of the variables analyzed. The effect of some variables may not
have shown in the final results due to multicollinearity, while in fact
the variable may be important. The proposals for further research
related to this particular problem are discussed later in this chapter.

The results for the three model sets were similar in terms of
the vafiables included in the final equations and the estimated regres-
sion coefficients on them. Model set l-was chosen for detailed discus-

gion of the general results in Chapter V. The following summary of
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results is taken from that model. The results show: |

i. The level of production anq/or the mineral price are
statistically significant in determining the demand for all categories
of worker in all sectors except the demand for salaried workers by the
non-netal mining sector. PFor hourly-paid workers, a one percent change
in industry production,. in the case of the metal sector, and non-metal
price for that sector causes a 0.9 percent and O.7 percent change res-
pectively in the level of labor demanded. For salaried workers in the
metal mining sector, the long-run elasticity of metal price with respect
to labor demand is elastic at 1.2. For the level of production the metal
price elasticity of demand for salaried workers in the metal sector is
0.3.

ii. The level of capital investment did not prove to be statis-
tically significant in any demand equation probably due to data problems.
A cost of real capital experiment is required but not available. -

iii. The rate of industry adjustment to changing labor market
éonditions is derived from the estimated adjustment coefficienfs.

The adjustment coefficient is derived from the regression co-
efficient on the lagged dependent variable. It indicates the time
period for the labor supply or demand functidn to adjust completely to a
change in the variables. The long-run elasticity of labor demand or
supply with respect to a factor is estimated by dividing the ;egression
elasticity for that factor, by the adjustment coefficient. The long-
run elasticity indicates the magnitude of the change of sector labor

demand or supply in response to a change in the factor.l

lRefer to discussion in Appendix C.
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In all cases except for.hourly-paid workerg in the metal mining
sector, it takes two to three years for labor to adjust completely to
changeé in labor market conditions. For hourly-paid workers in the
metal mining sector it appears to take over six years for the supply
function and just over one year for the demand function to respond com-
pletely.

iv, The response ofAthe metal mining sector to wages on the
level of demand for hourly-paid workers is indicated by the analysis, to
take an additional two years over that shown by the adjustment coef-
ficient.2 The time for the demand for hourly-paid workers in the metal
mining sector to respond completely to a change in the wage rate is
eight years. The relationship between wages and demand in this case is
higﬁly elastic at 3.6. For non-metal hourly-paid workers the time for
complete response in the level of labor demanded due to change in the
wage rate is approximately four yeérs.

The current year wage or salary proved to be statistically

3 The

significant in all other cases except for salaried metal demand.
long-run elasticities were less than one in cases except non-metal
salaried and metal hourly demand functions and the salaried metal supply
function,

v. The interrelatioﬁship between mineral sectors and category

of worker was not supported by the empirical results.

2The wage rate lagged two years was statistically significant
in the final regression equation.

3The salary level in manufacturing two years earlier was statis-
tically significant but some doubt about the validity of including this
variable is expressed.
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Policy Implications and Application of the Results

Manpower stability is a problem recognized‘by many industry
personnel as a "serious threat to the future viability of mining
0perations.“4

It is a complex problem and many factors interact to determine
the level of manpower employed. Seasonal variation associated with
climatic conditions cause changes in the number of workers employed
throughout a year. Worker preference patterns and conditions of employ-
ment cause workers to leave the mining industry or be attracted into
it are impbrtant factors omitted. Industry fluctuations, such as prdduct
demand and the value of ore mined, cause variations in labor employed
between years and long term trends'withiﬁ thé industry, such as in-
creased technology and capitalization, affect the role of labor in the
industry and the demand for it are analyzed.

The major value of the results are in:

i. enabling predictions of the length industry labor demand

and supply adjustment lags, and.
ii. providing a tentative explanation of how patterns
affect the Canadian mineral mining industry labor market.

These two applications are of importance in first, obtaining ah
undersfanding of the overall functioning and reaction of the Canadian
labor market with respect to the mineral mining sector of the economy
and secondly in its application to government industry and firm planning.

The particular value of the model is in its application to prediction of

4Mr. Moss in his 1971-72 address to the Canadian Institute of

Mining and Metallurgy.
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labor requirements and flows into and out of the industry sectors. The
application of the model to this latter purpose will enable industry per-
sonnei to more accurately forecast future labor requirenents and supply
in an industry characterized by rapid expansion and considerable varia-
tion in labor requirement both seasonally and due to fluctuations in
world demand for minerals.5 The model is of value to govérnment in:
| i. providing estimates of the potential employment that the

mining sector will require and the time required for adjustments
in response to demand changes, as well as,

‘ii.' enabling estimation of future manpower movement to Canadian
mining communities and planning of community facilities and roads

for northern development given forecasts of exogenous variables.
Further Research Possibilities

A number of research possibilities directly related to this
study are suggested.

i. A more thorough exémination of the capital-labor relation-
ship could be engaged. The level of capital investment, in its affect
on the demand for labor, has been examined in this analysis., There doés
exist a need to establish the empirical relationships between mining
industry capital and labor and the effects of technology and changing
factor costs. These factqrs have been included implicitly in the trend

variable, however, inclusion of a capital cost variable or capital-labor

5For an analysis of the factors affecting labor mobility on a
site basis, refer to J.A., MacMillan et al, Determinants of Labor Turn-
over in Canadian Mining Communities, report prepared for the University
of Manitoba, Centre for Settlement Studies under contract with the
Canada Department of Energy, Mines and Resources (Department of Agri-
cultural Economics, University of Manitoba, 1974).
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cost ratio and a more accurate proxy variable for technology would be
improvements., This possibility is severely limited by the availability
of data and was not performed in this analysis for that reason. Alter—n
natively, estimation of sectoral production functions in the mineral
mining industry would be of considerable vélue in enabling planning of
future labor requirements for the industry.

ii, The regression results for the influence of the national
supply of iabor and the level of unemployment in the economy, on the
supply of labor to the Canadian mineral mining industry are not consis-
tent with the hypothesized effects.

The wage rate and salary in the manufacturing sector was tested
in fhe supply functions fof hourly~paid and salaried workers respectively
a8 representative of the income workers couid receive elsewhere., The
results did not show these variables to be statistically significant.

Further aﬁalysié of the effect of conditions in the national
labor market‘on the supply of workers to the mineral mining industry
would be worthwhile. The effect of the wage and salary level in other
gsectors of the economy, such:as forestry, agriculture and construction
could be tested. |

iii. The models were tested in logarithmic form, but further
testing of the vériables in alternative forms may result in higher
statistical significance on the variabies omitted from fhe final equa-
tions and reduce the level of multicollinearity between variables. The
specification of variables in first differences may give improved
estimates.

The model for salaried workers (Model la) was tested in static

form and with the trend variable removed, to determine if other variables
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hypothesized as affecting labor demand and supply in the mineral mining
industry showed as being statistically significant. This test did not
résult in a marked change in the value of coefficients or their statis-
tical significance. However, further testing of these alternatives
could give some improvement in the final model estimates.

iv. The wage and salary levels lagged one and two years and the
degendent variable lagged one year were tested. Lags on the other vari-
ables, may.lead to these variables becoming statistically significant.

Other types of studies of the mineral industrj based on. this
type of analysis would be:

i. Analysis on a provincial basis - either in terms of a
national model with provincial variables included or separate models for
those provinces to be considered.

ii. Consideration of the demand and supply within particular
mineral sectors (for example, the asbestos mining industry in Quebec).

iii. Analyéis of fhe fuel mining sector and integration of the ‘
three sectors (metal, non-metal and fuel) into a three part model of the
form preéented here.

The analysis carried out in this study and the refinements and

alternative approaches suggested, could also be applied to investigation

of the labor market in other sectors of the Canadian economy. Applica- -

tion of the model to the labor markets in the forestry industry,
specific sectors of the manufacturing industiries and others are possi-

bilities.



BIBLIOGRAPHY

\ A. BOOKS

Bodkin, R. G, The Wage-Price-Productivity Nexus. University of
Pennsylvania Press, 1966.

Branson, W. H. Macroeconomic Theory and Policy. Harper and Row Pub-
lishers, 1972.

Fair, R. C. The Short-run Demand for VWorkers and Hours, Contributions
- to BEconomic Analysis. Amsterdam: North-Holland Publishing Company,
1969. ’

Hicks, J. R. The Theory of Wages. London: MacMillan and Company,
Limited, 1935.

Johnston, J. Econometric Methods. 2d ed. New York: McGraw-Hill Book
Company, 1972.

Leven, C., L., J.B. Legler, and P. Shapiro. An Analvtical Pramework for
Regional Development Policy. The Regional Science Studies Series,
No. 9. The M.I.T. Press, 1970,

Millis, H. A., and R.E. Monfgomery. The Economicg of Labor. New York:
McGraw-Hill Book Company, 1938-1945.

Owen, J. D. The Price of Leisure. Montreal: McGill-Queen's University
Press, 1970. '

Phelps, E. S. et al. Microeconomic Fourdations of Employment and
Inflation Theory. New York: W.W. Horton and Company Inc., 1970,

Semuelson, P. A., and A. Scott. Economics. 3d ed. McGraw-Hill Company
Limited, 1971.

Scitovsky, T. Welfare and Competitibn, The Economics of a Fullv Emploved
Economy. Unwin University Books, 1964.

Wonnacott, R. J., and T.H. Wonnacott. Econometrics. New York: John
Wiley and Sons, Inc., 1970.

B. GOVERNMENT DOCUMENTS

Canada Yearbook. Ottawa: Information Canada, annual.

138



139

Statistics Canada. Earnings and Hours of Work in Manufacturing.
Catalogue No. 72-204. Ottawa: Information Canada, annuazl.

. Fixed Capital Flows and Stocks, Manufacturing, Canada, 1926~-
1960: Methodology. Catalogue Ho. 13-522, Ottawa: Information Canada.

. General Review of the Mineral Industries. Catalogue No. 26-
201. Ottawa: Information Canada, annual.

. Private and Public Investment in Canada, Outlook and Regional
Estimates. Catalogue Ho, 61-205, Ottawa: Information Canada.

« Review of Man-Hours agnd Hourly Earnings. Catalogue No. T72-
202. Ottawa: Information Canada, annual.

C. PERIODICALS

Arrow, K. G., H. B, Chenery, B.S., Minhas, and R.M. Solow. "Capital
Labour Substitution and Economic Efficiency,® Review of Economics
and Statisties, Vol. XLIII, August, 1961.

Bennion, E. G. "The Cowles Commigsion's Simultaneous-Equation Approach:
A Simplified Explanation," Revue of Fconomlcs and Statisties, 34:

49-56.

Fisher, I. "Our Unstable Dollar and the So-called Business Cycle,"
Journal of American Statistical Association, 20:179-202.

Foote, R. J. "A Comparison of Single and Simultaneous Equation Tech-
nigues," Journal of Farm Economics, 37:975-990.

Haavelmo, T. "The Statistical Implications of a System of Simultaneous
Equations," Econometrica, 11:1-12.

Ireland, N, J., and D.J. Smyth. "The Spe01flcatlon of Short-Run Employ-
ment Models," Review of Economic Studies, Vol. 37 (2), No. 110,
April, 1970,

Marzouk, M. S. "An Econometric Analysis of the Supply and Marketing of
Apples in Nova Scotia,;" Canadian Journal of Agiicultural hconomlcs,
Vol., 20, No. 3, November, 1972.

Meyef,-J. R., and H.L. Lawrence. "Some Comments on the 'Simultaneous-
Equations' Approach,"™ Revue of Economics and Statistics, %6:88-92,
1954.

Nerldve, M. "Distributed Lags and Estimation of Long-Run Supply and
Demand Elasticities: Theoretical Considerations," Journal of Farm
Economics, 40:301-311, May, 1958.

» and W. Addison. "Statistical Estimation of Long-Run Elasti-
cities of Supply and Demand," Journal of Farm Economics, 40:861-880,
November, 1958,




140

Strand, X., and T, Dernburg. "Cyclical Variation in Civilian Labor
Force Participation," Revue of Economics and Statistics, November,

1964.

Swan, N, M, "Differences in the Response of the Demand for Labour to
Variations in Output Among Canadian Regions," Canadian Journal of
Economics, August, 1972.

Tyrchniewicz, E. W., and G.E, Schuh. "Econometric Analysis of the
Agricultural Labour Market," American Journal of Agricultural
BEconomics, Vol. 51, No. 4, November, 1969.

Working, E. "“What do Statistical 'Demand Curves' Show?," Quarterly
Journal of Economics, 4:212-235,

Yeh, M. H. "The Labour Market with Particular Reference to Canadian
. Agriculture," Journal of Farm Economics, Vol. 49, No. 5, December,

1967,

, and Lew-king Li. ™M"Regional Analysis of the Supply and Demand
for Farm Labour in Canada," Canadian Journal of Agricultural
Economics, 14 (2):15-31, 1966.

D. UNPUBLISHED WORKS

Li, Lew-king. "A Market Structure for Hired and Family Labor in
Canadian Agriculture." Unpublished M.Sc. dissertation, University
of Manitoba, 1965.

Tyrchniewicz, E. W. "An Econometric Study of Agricultural Labor Market."
Unpublished Doctor's dissertation, Purdue University, January, 1967,

E. WORKS IN A SERIES

Dawson, J. Productivity Change in Canadian Mining Industry. Economic
Council of Canada Staff Study, No. 30, 1971.

Donner, A. Labor Turnover, Expectations and the Determination of Money
Wage Changes in U.S. Manufacturing. Working Paper No. 71-19.
Ontario: Department of Economics, licMaster University. i

Economic Council of Canada. Patterns of Growth. Seventh Annual Review,
September, 1970.

Foote, R. J. Analvtical Tools for Studying Demand_and Price Structures.
Agriculture Handbook No. 146, Washington, D.C.: United States
Department of Agriculiure.

Friedman, J., and R.J. Foote. Computational Methods for Handling Systems
of Simultaneous Equations. Agricultural Handbook 94, U.S. Department
of Agriculture.




141

Hardy, H. M. Seasonal Unemployment in Canada, 1955-1970. Working Paper
No. T70-21., Ontario: HMcliaster University.

Long,vC. D, The Labor Force Under Changing Income and Employment.
National Bureau of Economic Research General Series No. 65.
Princeton: Princeton University Press, 1958.

MacMillan, J.A., J.R. Tulloch, D. 0O'Brien, and M. Ahmad. Determinants
of Labor Turnover in Canadian Mining Communities. Report prepared
for the University of Manitoba, Centre for Settlement Studies under
contract with the Canada Departiment of Energy, Mines and Resources.
Department of Agricultural Economics, University of Manitoba, 1974.

Nerlove, M. Distributed Lags and Demand Analysis for Agricultural and
Other Commodities. Agricultural Handbook 141 (1958), U.S. Depart-
ment of Agriculture.

Soligo, R. The Short-Run Relationship Between Employvment and Qutput.
Yale Economic Essays, VI, spring 1966,

F. OTHER SOURCES

Green, C. "The Impact of Unemployment Insurance on the Unemployment
Rate." Paper presented to Canadian Economic Association lMeeting,
Queen's University, Kingston, Ontario, 1973.

Ketchum, E, J. D. "Short-Run Demand Funciions for Employment and Hours
in Canadian Manufacturing." Paper presented at the Canadian
Economics Assdciation Seventh Annual Meeting, Queen's. University,
Kingston, Ontario, June, 1973.

Lagar, F, "The Cyclical Variability of Employment in Canada." Paper
presented to the Canadian Economic Association Meeting, 1973.

Meltz, N. M. "The Use of Information on Individual Labour Markets in
Canada for Purposes of Manpower and Employment Policy." Paper
presented to the Canadian Economics Association Seventh Annual
Meeting, Queen's University, Kingston, Ontario, 1973.

Montague, J. T., and J. Vanderkamp. "A Study in Labour Market Adjust-
ment," Institute of Industrial Relations, University of British
Columbia, 1966.

Paraskevopoulos, C. C. "The Impact of Wage Differentials on Regional
Employment: The Case of Canadian Manufacturing Industry." Paper
presented to the Canadian Economic Association Seventh Annual
Meeting, 1973.

Perkins, B. B. "Projections of Annual Employment in Canadian Agricul-
ture: 1966-T71, 1976 and 1981." A report to the Minister of Manpower
and Immigration, Department of Agricultural Economics, University of
Guelph, 1967.



Tulloch, J. R. ™A
of Manitoba,.®
Manitoba, 1971,

142

Framework for Manpower Planning in the Interlake Area
Department of Agricultural Economics, University of

United Nations Statistical Yearbook., 1971




APPENDIX A
CAPITAL STOCK ESTIMATION PROCEDURE

In estimating the value of capital stock, addition of successive
investments is strictly valid only under specific circumstahces.l The
mafginal'productivity, the expected life and the le#el of utilization of
the capital should all be accounted for in evaluating the capital stock.
Complete information on the type of capital, was not available and the
refinements in estimation discussed by Leven et al were not possible.
Essentially, the method of determination of net capital stock in this
study is similar to that used by Statistics Canada2 except straight line
depreciation was assumed over ﬁhe average economic life of the capital,
compared to the once and for all depreciation of the capital at the end
of its economic life as assumed by Statistics Canada,

3

Statistics Canada, Catalogue Number 13-522° estimates gross and

net fixed capital formation and gross and net stocks of fixed capital

for both construction and machihery and equipment in a number of industrial
classifications for the years 1926 and 1960, To obtain the gross capital

stock flow for the total mining industry in current dollars, with no

allowance for capital consumption or depreciation, the gross capital

1C.L. Leven, J.G. Legler and P. Shaprio, An Analvtical Framework
for Regional Development Policy, The Regional Science Studies Series
No. 9 (The M.I.T. Press, 1970).

2Statistics Canada, Catalogue Number 13-522, Fixed Capital Flows
and Stocks, Manufacturing, Canada 1926-1960, Methodology, February, 1967.

3

Ibid.
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stocks of: i) machinery and equipment, and ii) construction capital in
1926, as estimated in this catalogue for: (1) non-ferrous metals and
electrical apparatus, (2) iron and steel products and (3) non-metalic
mineral products and products of petroleum and coal were used., Suc-
cesgive addition of the gross capital formation in each year for each
category gave the flow of gross capital stock to 1946.

For the years 1947 to 1962, the gross capital formation for
mining,’quarrying and oil wells, as recorded in Statistics Canada
Catalogue Number 61-—205,4 was used to calculate the gross capital stock
for machinery and equipment and construction capital in the total mining
industry. Statistics Canada, Catalogue Number 26—2015 provides data on
the value of production by sector for the Canadian mining industry. By
assuming that the value of production—caﬁital ratio is the same for the
metal and non—metai sector and total mining, it is possible to calculate.

the gross capital stock of the mineral mining industry for the yearé 1926

to 1962,
. vs
G.K.S.S = G.K.S.I - T
I
VWhere:
G.K.S.S is the gross capital stock for the metal and non-metal
" sector.
G.K.S... is the gross capital stock for the total mining industry.

I

4

Statistics Canada and Department of Trade and Commerce, Cata-
logue Number 61-205, Private and Public Investment in Canada, Outlook,
various issues.

5Statistics Canada, Catalogue Number 26-201, General Review of
the Mineral Industries, Mines, Quarries and 0il Wells, various issues.
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VS is the value of production of the metal and non-metal sector.

VI is the value of production of the total mining industry.

The gross capital formation for the mineral-mining sector, each
year is the difference between successive gross capital stock values, as
calculated by this method.

For the years 1963 to 1966 the gross capital formation of
machinery and equipment and construction capital for the mineral-mining
sector was obtained directly from Statistics‘Canada,‘Catalogue Number
61—205.6 Por the years 1967 to 1973 the gross capital formation data
was reported in the same catalogue for the non-metal sector, including
capital investment into coal mining., The average investment into the
coal mining sector in the last three years for which figures are avail-
able (1966 actual, 1967 preliminary actual and 1968 expected) is $0.6
million for donstrﬁction capitél and $1.5 million for machinery and
equipment capitai. These figures were subtracted from investment into
each of the two types of capital, aé reported in the catalogue, to obtain
estimates of the gross capitgl formation into the mineral mining industry
consistent with the definitiohs of the mineral mining induétry and in
this study.

To obtain the net capital stock.flow from this gross capital
stock flow and formation series in the two types of capital, it was
necessary to-estimate the series of capital depreciation over the years
~in each type of capital. It was assuméd that the machinery aﬁd equipment

capital had an expected life of 23 years and that construction capital

6Statistics Canada, Catalogue Number 61-205, op. cit.
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had an expected life of 43 years.7 It was assumed that the gross
capital stock in machinery and equipment and construction in 1926 (the
earliest years for which figures were available) was formed equally in
each of the preceding 23 and 43 yéars respectively. This gave a capital
formation series running from 1883 in the case of construction capital
and from 1903 for machinery and equipment capital.

Straight line depreciation was assumed; that is, one forty-third
of caéital formed in any one year was written off in each subsequent
year for forty-three years in the case of construction capital and one
twenty-third each year for twenty-three years for machinery and equip-
ment capital.

The total depreciation for each category of capital in any one

year is given by:

n-24
1. ~ DMT = Dm.(n)
(n) _ i=n-1 *
- 3554 1
== GKfm
i=nml i
2i(n) 23 it |

where n < i + 44

7These are the average of the expected economic lives of
machinery and equipment and construction capital in the three industrisl
‘divisions considered in Statistics Canada, Catalogue Number 13-522, op.
cit.
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i%gz
2. DCT = Dec
{n) i=n i(n)
nzgf 1
= : = G.K.F.c
i=ncl ¥ 1
De = = (¢.X.F.c.)
i(n) 43 : i

where n & i + 44
The total depreciation of all capital in any one year is given by:

DST = DMT + DCT
(n) (n) (n)
Where:
DMT is the depreciation of machinery and equipment capital in
(n)
year n,
Dmi(n) is the depreciation in year n of machinery and equipment

capital formed in year i.

D?T) is the depreciation of construction capital in year n.
n

Dci(n) is the depreciation in year n of construction capital
formed in year i.

G.K.F.mi is the gross capital fb?mation of machiﬁery capital in
year i. \

G.K.F.ci is the gross capital formation of construction capital
in year 1i.

D3T is the total depreciation of machinery and equipment and

(n)
construction capital in year n.
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In the mineral-mining industry over the years 1948 to 1973 it
was necessary to determine the total depreciation of capital for the
series to 1948 and subtract this from the gross capital stock estimate
for that year to obtain the net capital stock in 1948. From this, the
series of net capital stock from 1948 to 1973 was obtained by subtracting,
total depreciation to that year and depreciation in that year, from the

gross capital stock figure.

NKSS(n) o= GKSS(n) - 2 DST

Where:

NKSs(n) is the net capital stock in thevmineral mining sector
in year n.

GKSs(n) is the gross capital stock in the mineral mining sector
in year n.

DSTj - is the depreciation of machinery and equipment and
construction capital in year j, where j is the first
year in the series. -

Table XXVIII shows the figures used to estimate the net capital

stock series for the mineral mining sector shown in Table VII.
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In this case Dm, i(n) and Dec, i(n) are the respective depreciations
in year n of machinery and construction capital, formed in
the preceding year. That is i=n-1 in this case.

( ) and DCT( ) are the respective depreciations in year n of

chlnery construction capital.

:§DCT :§PMTJ and:%DSTJ allow for depreciation of capital from
J=o J=0
the start by the series (that is year 0).

Source:

Statistics Canada, Catalogue Number 13-522, Fixed Capital Flows

and Stocks, Manufacturing, Canada 1926-1960, Methodology, February, 1967.

Statistics Canada, Catalogue Number 26-201, General Review of the

Mineral Industries, Mines, Quaries and 0il Wells, various issues.

Statistics Canada and Department of Trade and Commerce, Catalogue
Number 61-205, Private and Public Investment in Canada, Outlook, various

issues.




APPENDIX B
THE ORIGINALLY PROPOSED MODEL

The original model included fourteen endogenous variables and

a series of proposed exogenous variables, as specified in Chapter III.

Endogenous Variables

1 YMHS Supply of hourly paid workers to the metal mining industry.
2 YMSS Supply of salaried workers to the metal mining iﬁdustry.b
3 YNHS Supply of hourly paid workers to the non-metal mining
industry.
4 YNSS Supply of salaried workers to the non-metal mining industry.
5 YMHD Demand for hourly paid workers in the metal mining industry.
6 YMSD Demand for salaried workers in the metal mining industry.
7 YNHD Demand for hourly paid workers in the non-metal mining
industry.
8 YNSD Demand for salaried workers in the non-metal mining industry.
9 YMHP Price of hourly paid workers in the metal mining industry.
10 YMSP Price of salaried workers in the metal mining industry.
11 YNHP Price of hourly paid workers in the non-metal mining
" industry.
12 YNSP Price of salaried workers in the non-metal mining industry.
13 YTD Total demand for all workers in the mineral mining industry.
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14 YTS Total supply of all workers in the mineral mining industry.

The equation sysfem was a simultaneous equation system des-
cribing the demand for and supply of each category of labor in both
sectors of the mineral mining industry. The system also included three
market clearing identities.

The exogenous variables are not specified in the following
equation system. XMHD' XMSD’ XNHD and XNSD denote the exogenous vari-
ables associated with the respective dependent demand variables. XMHS’

XMSS’ XNHS and XNSS are exogenous variables associated with the dependent

supply variables denoted by the subscript.

Demand for Mineral Mining Industry Labor

1 Y = f Rygpe - Xyt Yo Ywss? Timst Tass?
2 Yyep = £ (yep o - - Xiyep Yyop Yimst Yms® Ynss)
> T = F Rimme * * * Xsme Yompr Yuss® Yims® Yass?
4 Yy = £ (Ryyepe o - Xinspr Yyspr Yuss? Tams? YNHS)
Supply of Mineral Mining Industry Labor

5 Yyms = f (Rymee + ¢ Xymsr Y Yusp’ Ywmpr Ywsp)
6 Tyss = T (Ryyese + -+ » Xauss Ywspr Yo’ Yamp’ Ywsp)
T Yms = f Gymse o Emse Y Ywspr Yoy Yisp)
8 Iygs = T (Ripss® * * * Finss® Twsp’ Ymsp’ Vi’ Yusp)
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. Market Clearince Identities

9 Tpp = Yigp * Yysp * Y * Ywsp
10 Yog = Yyt Tyeg * Yims * Yyss
1 Y, o= Y

There were four demand and four supply functions and three
identities, giving a total of eleven equations in the system. The
number of endogenous variables was fourteen. For the system to be
identified, the first requirement is that the number of equations is as
great as the number of endogenous variables. This requirement could
not be met under this model specification and this particular formula;'“

tion was abandoned.



APPENDIX C

INCORPORATION OF DISTRIBUTED LAGS INTO THE MODEL1

The long-run is defined conventionally as the period required
for complete adjustment of a factor to a change within the economic
system of which it is part. The short-run is a period in which only
partial adjustment occurs. Determination of the long-run elasticity of
demand or supply with respect to a particular factor is relatively
straight forward, however, there is a range of short-run elasticities
corresponding to the length of each run., As the length of the run in-
creases factors are less and less fixed and the short-run demand or
supply curve and elasticity approaches that of the corresponding long-
run curve.

Under conditions of certainty2 the short-run elasticity is
always less than or equal to the long-run elasticity. Under conditions
of non-static or uncertain expectations two basic problems in anaslysis
are present:

i. expectations are not generally single valued, and

ii. a wide variety of non-quantifiable factors determine

the expectations.

1A review of Marc Nerlove's original paper, Distributed lags and
Demand Analysis for Agricultural and Other Commodities, Agricultural
Handbook 141(1958), U.S. Department of Agriculture.

2Static expectations exist when people believe that current
conditions will persist indefinitely.
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Nerlove presents a formulation, based on Hick's definition of

elasticity of expectation, that treats expectations as single valued.

* * * '
Zy = Ly o= f(z, -2, ) c.1
Where:
#* #
Zt and Zt-l are the expected "normal"™ level of the variable

at times t and %-1 respectively.

Zt and Zt—l are the actual level of the variable at times t

and t-l respectively.

{g 'is the elasticity or coefficient of expectations.,

This formulation states that in each period, people revise their
notion of what is normal in proportion to the difference between what
actually happened and what they previously considered as normal. A once
and for all change in price will lead to an adjustment of the demand
curve, over time, to that of the long-run curve.

3

_Continuous changes in supply” or price are shown in Figure 12,

The original equilibrium point lies on the long-run demand curve (DDLR)
at B (period 1). When the price falls from OA to OC (in period 2) the
quantity demanded drops to CD as indicated by the intersection of the

supply curve (cD) and the short-run demand curve (oD If no furthei

Sl)'
change in price occurs, the demand will increase in the next period
(period 3) to CW as the short-run demand curve approaches that for the

long-run and eventually to CX on the long-run demand curve. If price

decreases further to OE in period 3, the quantity demanded will not

3Nerlove assumes a perfectly elastic supply function to avoid
the complications associated with simultaneous determination.
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Figure 12, Adjustment of the Quantity %gmanded to
Successive Changes in Price
Lhange (EF = CW). The short-run equilibrium price and quantity will

be designated by the interéection of the supply curve (EY) and the shoit—
run demand curve (DDSB)° ¥ith no further price change, the quantity
demanded would increase towards the long-run equilibrium between the
supply curve (EY) and the long-run demand curve; however if a further
price decrease occured in period 5, the quantity-price equilibrium would

adjust from the intersection of EY and DDS4 at G established in period 4

4Adapted from Figure 2 of Marc Nerlove, op. cit.
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in the way just shown.

Figure 12 shows a series of price decreases. Regression analy-‘
sis of the price and observed quantities demanded would give the line QR,
which is not the demand curve. The position and slope of the derived
line is the regression line of the observed points and devends on the
sequence of price increases or decreases. The observed points lie along
the series of different short-run demand curves associated with new price
levels.,

Nerlove applies adjustment functions to estimate the long-run _
demand and supply functions under conditions of static expectation.5

He uses an adjustment function of the form similar to that in

equation C.2. On the demand side:

¢ ~ ?d(t-l) = ¥ (Edt - qd(t-l)) Co2
0<¢ V< 1

Vhere E&t is the quantity demanded in long-run equilibrium and
944 is the current quantity demanded. 'E/ is the constant of proportion-
ality or the elasticity or coefficient of adjustment, depending on
whether the quantity is expressed in logarithms or not.

The current quantity demanded will change in proportion to the
difference between the long-run equilibrium quantity and the current
quantity.

Let the demand curve be:

5Nerlove also tested the model under conditions of non-static
expectations and reported that little improvement was gained in the
parameter estimations and that the introduction of this condition
considerably complicates the model.
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q = a Pt'+ b vt + C. ¢.3

Yhere Py is the price, v, is some other variable determining

t
demand and ¢ is a constant.6 Substitution of equation C.1 into C.2

gives:

q = a ¥ Py + b th+(l-)/) qt_l+c7)/ C.4

Equation C.4 is not a demand function but all variables in it
are observable, whereas'ak in the long-run demand function (equation C.3) Sh
is not observable and therefore cannot be regressed.

Similarly on the supply side:
9 = 9y = (o - agy) . G5
0<AXA <1

Wheré'ast is the gquantity supplied in long-run equilibrium and
9.y is the current quantity supplied. o{ is the elasticity or coef-
ficient of adjustment, ' -

Let the supply curve be:

aq = AP, +EV, +¢g c.6

Where Py is the price, w, is some other variable determining

t

supply and g is a constant,

Substitution of equation C.5 into C.6 gives:

6Nerlove uses relative price and expresses the variables in
logarithmic form.,
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qst = 4 K pt + (1— Ok) qs(t-l) + gOL C.7

All variables in this equation are observable and regression

analysis of it is possible.



APPENDIX D

REGRESSION RESULTS FOR COMPLETE MODEL
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APPENDIX

REGRESSION EQUATIONS FOR THE DEMAND FOR HOURLY PAID
WORKERS IN THE CANADIAN MINERAL MINING INDUSTRY-
WAGE RATE VARIABLE INCLUDED
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TABLE XXXII

REGRESSION EQUATIONS FOR THE DEMAND FOR HOURLY-PAID WORKERS

IN THE CANADIAN MINERAL MINING INDUSTRY -

WAGE RATE VARIABLE INCLUDED
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Demand for Hourly-Paid Workers Regreséion Long-run Long~run
in the Metal Mining Sector Coefficient Elasticity t-value Coefficient Elagticity
X, Metal ore mined 0.0011% 0.0624 1.0889 0.0034 0.1938
xﬁﬂ(t-l) Employment in previous a
year 0.6780 0.6713 4.,9148
x]Hi Hourly wage in metal
1(-2) (constant dollars) two d
: years previously 253.3812 1.1640 1.1640 -786.8981 3.6149
‘Intercept - 935,9222° 1.9940  2906.5907
R? value = 0.5793 P-value of equation 9.1784
Significance Level = 99% Durbin-Watson Statistic = 2.4434
Adjustment Coefficient = 0.3220
Demand for Hourly-Paid Workers Regression i Long-run Long-run
in the Mon-Metal Mining Sector Coefficient Elasticity t-value Coefficient Elasticity
xzn Hon-metal ore mined 0.0004° 0.1049 1.5414 0.0017 0.4364
xKH(t-l) Employment in previous ;
year , 0.7596 0.7503 457272
x(th) Hourly wage in non-metal i -
constant dollars) two d )
years previously -53.9581 -0.1968 0.9926 «224.4513 ~0,.8186
Intercept 143,6022% 1.2418  597.3469
Rz value = 0.6842 F-value of equation 14,4433
Significance Level = 9% Durdbin Hatson Statistic = 1.8558
Ad justment Coefficient = 0.2404

‘Significant at the 99 percent level for a one tailed t-test.

bSiguificant at the 95 percent level for a one tailed t-test.

°81gnificant at the 90 percent level for a one tailed t-test.

a -
T 7 Significant at the 8C percent level for a one tailed t-test.



APPENDIX F

REGRESSION RESULTS FOR THE COMPLETE MODEL l& -
STATIC FORM (LAGGED DEPENDENT VARIABLE
REMOVED)
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APPENDIX G

REGRESSION RESULTS FOR THE COMPLETE MODEL la -
TREND VARIABLE REMOVED
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APPENDIX H

CORRELATION MATRIX OF REGRESSED
VARIABLES
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