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I.

One of the more striking phenomena of labour history is the apparent existence for certain
occupational groups of a 'backward bending' supply curve of labour. 'In brief, the concept
implies that an increase in the demand for labour, expressed through an increase in its price
with a rise in wages, will result in a lowering of supply.'1 This is notable because it is contrary
to the standard notion of upward sloping supply curves in which greater quantities of
resources are offered at higher prices. 'In competitive conditions, assuming no absolute
limitations on supply - either of existing labour willing to increase their working hours or
extra labour willing to come into the market - the assumption governing 'rational' operation
of a market is that extra demand, bidding up the price of a factor, will call forth extra
supplies, ...'2 The existence of a backward bending supply curve of labour is particularly
relevant for the South Wales coal industry since miners were frequently 'accused' of having a
propensity to behave in such a manner. As an Inspector of Mines commented about
Monmouthshire colliers in 1873, "It is not that the men want to get very large wages. I do not
believe that they do; but they want short hours and more leisure, and a higher price for their
piecework."3 This behaviour, if factual, has important implications for labour productivity
and profitability in the entire industry. Labour supply, as reflected in both the hours and
intensity or work offered at various wage rates, was largely within the miners' control and
was an important determinant of measured labour productivity.

The trends of both wages and productivity in South Wales coalmining are well known.
Following a decline in the late 1870s, wages generally rose (with periodic setbacks of limited
duration) up to 1914. On the other hand, labour productivity, conventionally measured by
average annual output per man, tended to fall, except that the decline was arrested between
about 1892 and 1906.4Interestingly, this period of declining or stagnant labour productivity
was also a period of increased profitability in the coalmining industry. Economic historians
have displayed a keen interest not only in declining labour productivity per se, but also in the
role coalmining played in the now infamous "climacteric" of the era. There is a rich and
growing literatUre on the broader problem of the downward shift in the performance of the
Brisith economy in the late nineteenth century. This setback has often been attributed to,
among other things, the "failure" of the British entrepreneur, represented by his seeming
unwillingness to adopt the best available techniques of production.5 This was considered to
be an especially serious problem in South Wales, where the mechanical coal cutter was
particularly slow to be adopted, although this was almost certainly due more to the nature of
the seams than to any failure on the part of the mineowners.
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These important trends in wages and productivity may also have had significant effects on
the labour movement. For instance, L. J. Williams has suggested that unions in South Wales
became more active during the 1890s, with the strike of 1898 as a watersnect;and that this
vigorous activity was a response to economic conditions, namely the strains on the worker
implicit in declining productivity.6 As Williams stated, 'For the hewers, who were the most
important section of the miners the vital consideration was that their earnings were directly
related to output. The piece rate basis meant that the declining trend in productivity reacted
adversely upon their earnings - their annual output was tendingto fall and, other things
equal, this would reduce their annual earnings. They thus had a strong incentive, even apart
from any efforts at improvement, to press for the wage bargain to be revised in their favour.,7
What Williams fails to consider is the possibility of a backward bending supply curve for
labour - that declining productivity may have been in part a response to higher wages,
induced through the mechanism of miners choosing to consume a part of their greater
potential income in the form of increased leisure and reduced work intensity.

The purpose of this paper is to summarize some current research in which we have
employed an economic framework to examine the major determinants of labour productivity
in the South Wales coalmining industry between 1874 and 1914.8 While labour supply, as
reflected in hours of work, absenteeism, and work intensity, is an important determinant of
productivity, it is not the only factor. In addition, such factors as the business cycle and price
of coal, capital intensity and technological change, diminishing returns inherent in extraction
of an exhaustible resource, labour strikes, and mandated hours legislation are all likely to
have played a role in the determination of labour productivity. In our research, we have
estimated a statistical model whicn attempts to measure and isolate the separate effects of each
determinant of labour productivity. While data deficiencies, as well as methodological
considerations, prevent any definitive conclusions regarding causation, we believe our
analysis sheds light on the issues surrounding the determination of labour productivity
during this period.

II.

To this date the most comprehensive treatment of labour productivity in the South Wales
coal industry has been made by R. H. Walters. 9 Walters, interested in explaining the
fluctuations in labour productivity in steam-coal mines examined seven potentially important
determinants: hours of work, intensity of work, opportunity for working imposed by the
state of the coal trade, voluntary absenteeism, quality of labour input, diminishing marginal
returns, and technological change. He concluded that although factors such as the Eight
Hour Act of 1908and voluntary absenteeism may have been contributing factors to declining
output per man, the rising trend of wage rates and diminishing returns inherent in the
industry were the major factors leading to the observed result. 10These could have been, but
were not, offset by technological change in South Wales.

Walters' careful study is most notable for its descriptive analysis and detailed collection of
data. Indeed, our own analysis has relied heavily on these data. While Walters carefully
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compared trends among pairs of variables, he did not provide the type of statistical analysis
which would allow him to reliably estimate the separate impact of each factor on labour
productivity, after controlling for -the-effects of all other determinants. Walters' rich base of
data does provide an opportunity, however, to examine more precisely the relationships
between labour productivity and its determinants and to appraise some of those issues under
discussion among economic historians.

Following Walters' lead, we hypothesize that labour productivity is determined by wage
rates, work effort, the state of the coal trade (or business cycle), diminishing returns in
mining, and technological change. In a more perfect world, we would have precise measures
of all these important variables. Since the world is not perfect, it is necessary do make to with
data that exist, so that empirical estimation of such a model is determined in part by data
availability. Before presenting our findings, it is useful to diStuSSthe measures we have
selected to represent the above concepts. :

As a measure of labour productivity, we follow convention and use the annual average
output (in tons)divided by the number of workers above and below ground. II As is true in
most historical studies, our measure of productivity fails to reflect truly homogenous labour
units. Observed productivity is affected by labour quality and skill type (for instance, the
ratio of hewers to oncost workers), hours of work per shift, absenteeism, strikes, and work
intensity. While we can explicitly account for strikes and mandated hours legislation, we do
not have complete data on these other aspects of labour supply.

Wages are measured both by a money wage rate index and by an index of wage rates
adjusted for changes in the price level (i.e., real wages).12 We doubt that miners could be
fooled over any length of time into believing that their wages were rising if they failed to keep
pace with rising prices (and vice versa during deflation), but it is safer and more inclusive to
use both measures of compensation, in part due to some unreliability in available price
indices.

The existence of a major strike in any given year could have a profound effect on output in
that year. To estimate this effect, we constructed a "dummy" variable, which statistically
accounts for the uniqueness of those years in which strike activity was important. While some
judgment is required in deciding what constitutes a major strike, we counted the years
1874,1875, 1893, 1899, 1910, 1911, and 1912 as strike years in South WalesY

We also included a "dummy" variable to account for the effects on average output per man
of the Eight Hour Act of 1908. This act had potentially important effects in South Wales,
since prior to its enactment the hours of working in South Wales were significantly above
both eight hours and the average for all of Britain. 14

In order to capture the effects of the business cycle on productivity, we utilized the
percentage change in British trade (domestic exports plus imports) as a measure of the state of
the coal trade. Since such a large share of South Wales coal was exported,S and because a
major use of steam coal was in transport, this variable seems a most appropriate measure. 16
As an alternative measure of the state of the coal trade, we have elsewhere employed the
percentage change in gross domestic product and obtained similar results. As in the case of
wages, we used both nominal and real (price adjusted)17 trade figures.
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Constructing a precise measure of diminishing returns to mining proved particularly
difficult. As existing mines produced output they grew both larger and older. Using data
from tWenty-tWo steam coal companies, Walters found that the proportion of output coming
from older pits !,~creasedover time (by 1913, 72 percent of output came from pits working 20
years or more). 18As the coal faces of these older pits retreated from the shaft, diseconomies
tended to grow. The best, but admittedly far from perfect, measure we have for this
phenomenon is average mine size,19 which we believe to be associated with diminishing
returns, thus acting to decrease labour productivity.

Although technological innovations would have had a positive effect on productivity, few
innovations (specifically, mechanical coal cutters) were adopted in South Wales.2OTo capture
the modest effects of technol0gical change we included a time variable (year) in the model. A
time variable can be viewed as 'a catchall for the resultant of those factors which cannot
conveniently be measured separately, but which change more or less smoothly.'21 Thus, the
time variable will also capture any determinants of labour productivity that have a secular
trend and are measured imperfectly by the model's other variables.

III.

The results of statistically estimating several versions of the model discussed above are
presented in Table 1.22The crucial question, of course, is what have we learned from this
exercise? Below we discuss the findings from our statistical model in some detail. The
hypothesis that labour productivity declined in response to higher wage rates was strongly,
supported by our results. We found that there existed a significant negative relationship
between productivity and wages (nominal or real) after accounting for other measurable
determinants. Our estimates indicated that, for example, a 10 percent increase in wage rates
was associated with something like a 2.6 to 4.3 percent decrease in labour productivity. 23This
empirical finding is consistent with both the casual empiricism regarding that period and with
the numerous current studies finding a backward bending labour supply function for
prime-age males.24Because of data limitations, we are unable to identify the exact manner in
which reduced output per worker took place in response to higher wages. It undoubtedly
consisted of some combination of reduced work intensity and greater absenteeism, possibly
combined with reduced regular hours of work.

It should be noted that even though 'leisure' increased and productivity decreased in
response to rising wages, this does not imply that mineowners, individually or in concert,
could have effectively reversed this trend by paying lower wages. Individual mineowners had
to pay a wage similar to the going market wage in order to attract a sufficiently skilled and
sizeable group of miners, while the industry as a whole, to the extent that they could act
together and pay a common wage, had to agree to a wage high enough to attract the desired
number of workers into the industry.
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Table 1

The Determinants of Labour Productivity (annual output per man), 1874-1914:
Summary of Regression Results

Variable Range of Estimates

NOMINAL WAGE -.433 to -.261
(-3.35 to -1.91)

REAL WAGE -.276to-.258

(-2.24 to -2.18)

STRIKE -.169to-.157

(-6.55 to -5.66)

EIGHT HOUR ACT OF 1908 -.094to-.064

(-1.69 to -1.14)

% CHANGE IN NOMINAL TRADE .0020 to .0026

(.71 to 1.53)

% CHANGE IN REAL TRADE .0037

(1.71)

AVERAGE MINESIZE -.0025 to -.0010

(-2.06 to -.65)

TIME .0050 to .011

(.87 to 2.18)

RZ .699 to .952

EXPLANATION OF TABLE: The "range of estimates" column expresses the direction and
magnitUde of the effect of each variable on labour productivity with all other variables
statistically held constant. A negative sign indicates an inverse relationship between that
particular variable and labour productivity, while a positive sign indicates a direct relationship.
The figures in parentheses are "t" statistics, which test the hypothesis that the estimate is
actUallyequal to zero. A standard criterion is to be 95% certain that the estimate is not zero. In
this case any "t" statistic less than -1. 69 or greater than + 1.69 passes this test, so that the
particular variable is said to be "significant". The "Rz" at the bottom of the table is the
"coefficient of determination", which measures how well all the variables together acted in
explaining labour productivity. The closer this measure is to 1.0 the better the explanation.

The principal determinant of short-run fluctuations in wage rates was the variability in the
selling price of coal. For much of the period under discussion, wages were determined by the
sliding scale, which related wages to the selling price of coal. Up to 1880 a minimum and
maximum were in effect, the minimum being wages paid in 1869 + 5 per cent, the maximum
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