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ABSTRACT 

The basic problem of this dissertation is to test the 

hypothesis that specific cycles in United States copper output 

from 1942 to 1963 correspond to the reference cycle concept as 

established by the National Bureau of Economic Research. This 

hypothesis is tested by the methods set forth in Measuring Business 

Cycles, a publication of the National Bureau of Economic Research. 

In the process of determining whether there is correspondence, 

a number of specific objectives are given consideration. These include 

the establishment of appropriate timing, duration, and amplitude 

measures for specific cycles, as well as the development of an average 

specific-cycle pattern. Secular movements in copper output are given 

attention. An average reference-cycle pattern is also developed and 

the relationship between the average specific-cycle pattern and the 

average reference-cycle pattern made explicit. Finally, appropriate 

measures of cyclical conformity are taken. 

The method employed in treating with the hypothesis of corres

pondence is an intensive statistical analysis of the copper output 

series. This analysis consists of a deseasonalization of the copper 

output data followed by the designation of specific cycles and the 

development of appropriate specific-cycle and reference-cycle measures. 

This dissertation is divided into six chapters supplemented by 

four appendixes. The first chapter is concerned with the establishment 

ix 



of boundaries for the investigation. Special reference is given to 

the area of business cycle theory and practice. The second chapter 

deals with copper output data. The effects of work stoppages, market 

structure, statistical considerations, wars, and inventory levels are 

also given attention. The third chapter is devoted to problems associ

ated with deseasonalization and the establishment of specific cycle 

turning dates. The National Bureau's reference chronology was also 

examined. Chapters four and five are concerned with the development 

of specific-cycle and reference-cycle measures. In the final chapter 

the results of the Investigation are summarized. The appendixes 
t 

contain the original copper output data, data on copper production 

workers and their monthly hours worked, a statistical analysis of the 

relation between copper stocks and output, and initial calculations 

involved in the elimination of seasonal variation. 

It is concluded that specific cycles in the output of copper 

correspond to appropriate reference cycles over the period covered 

in this dissertation. The closeness of fit is seen when the average 

specific-cycle and average reference-cycle patterns are compared. 

This critical finding is confirmed by the measures of cyclical 

conformity. 



CHAPTER I 

INTRODUCTION 
# 

This is a descriptive and analytical study in the area of 

business fluctuations. She main purpose is to test the hypothesis 

that specific cycles in United States copper output from 1<&2 to 1963 

correspond to the reference cycle concept as established by the 

National Bureau of Economic Research. This hypothesis will be 

tested by the methods set forth in Burns and Mitchell's classic 

work, Measuring Business Cycles. These methods will be described 

and applied to appropriate data. 

The study has a number of specific objectives. The timing, 

duration, and amplitude of the various specific cycles will be 

examined. Secular movements related to the specific cycles in 

copper output will be given attention. Appropriate specific-cycle 

and reference-cycle patterns will be developed. Finally, the 

relationship between the average specific-cycle pattern and the 

average reference-cycle pattern will be made explicit, and measures 

of conformity will be taken. 

Before treating the central hypothesis of this dissertation, 

it will be necessaiy to establish the boundaries of the investigation 

relative to the areas of business cycle theory and practice. In doing 

this the fact that theory and practice are interrelated conceptually 

1 



cannot be ignored. Thus, it would be impossible to consider either in 

complete Isolation from the other. 

Concerning theory it is important to remember that there is no 

one universally accepted theory of the business cycle. Instead, there 

are a considerable number of complementary theories, each of which is 

believed to focus on some particular aspect of the cycle. Business 

cycle theories can be classified as being either exogenous or endogenous 

in character. Since the formulation of the acceleration principle, 

exogenous cycle theories have gradually tended to be assigned a reduced 

role In the overall explanation of cycles.^ Current thought could be 

said to compare the exogenous theories with gravitational forces which 

accentuate the tides in a given basin. By contrast it is held that 

the shape of the basin determines the fundamental pattern of the waves 

just as the underlying forces within the economy are of prime importance 

in determining the cycle. 

In order to establish more firmly the nature of cycle theory, 

two contrasting approaches shall now be examined. One, the theory of 

Schumpeter, affords an example of a basically exogenous cycle theory 

while the other, the theory of Hicks, illustrates a basically endogenous 

cycle theory. 

*For an early statement of the acceleration principle see 
T. N. Carver, "A Suggestion for a Theory of Industrial Depressions,n 

Quarterly Journal of Economics: 17:498 (Kay, 1903). For a more lengthy 
early discussion of the acceleration principle see C. F. Bickerdlke, "A 
Nonmonetary Cause of Fluctuations in Employment," Economic Journal: 
24:357-370 (September, 1914). For a definitive treatment of the accel
erator mechanism see J. M. Clark's March 1917 article "Business Accelera
tion and the Law of Demand" in the Journal of Political Economy. 
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Joseph A. Schumpeter based his theory on two Initial assump

tions. The first of these was that the level of development in period 

one Is a function of the level of development in period zero.^ In 

symbols: 

®i " «»<>> 

Thus, Schumpeter conceived of a chain of events (X's) stretching from 

period one to period n. As each event took place it prepared the way 

for further events. In symbols: 

X1 *2 ' * * • *n 

The second of Schumpeter*s assumptions was a stationary flow economy. 

Schumpeter designated "innovations" as the factor responsible for up-

* 
setting the equilibrium of the system. He viewed this factor as 

taking one, or a combination, of the following forms: 

1. Introduction of a new good with which customers are 

not familiar or a new quality of good 

2. Introduction of a new method of production 

3. The opening of a new market 

4. The conquest of a new source of supply for raw materials 

or half-manufactured goods 

5. The creation of or the breaking up of a monopoly 

position within an Industry 

^Joseph A. Schumpeter, The Theory of Economic Development 
(Cambridge, Massachusetts: Harvard University Press, 1934) p. 64. 

^Ibid., p. 66. 



* 

Schumpeter credited the "entrepreneur" with the implementation 

of the innovation.^ He made a series of assumptions concerning the 

entrepreneur.^ This type of individual was assumed to be rational in 

carrying out his plans. He was also assumed to be less concerned than 

others with established traditions and to have command over the means 

of production. The entrepreneur in implementing the innovation had to 

overcome three basic problems.** These are: 

1. The physical difficulties of the innovation and 

its application 

2. The psychic factor that innovation involves a 

break with established custom 

3. The reaction of the social environment against 

one who wishes to do something new 

The next step in Schumpeter's theory involved a time lag while 

the innovation was being copied by imitators. This lag is significant 

because it involves the risk that capital, once committed to the 

Imitation of the innovation, will be lost because still newer innova

tions will cause the first innovation to become outdated. 

For the innovatidn to succeed, Schumpeter noted that it must be 

financed by credit.^ The following credit sources were recognized by 

Schumpeter: 

^The concept of the "entrepreneur" has changed in its meaning 
over time. Today it is thought of by many as referring to the "promoter" 
rather than to the small shopkeeper, or industrial magnate. 

5Ibid., pp. 91-94. 

6Ibid., pp. 84-87. 

7Ibld.. p. 70. 
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1. Savings 

2. Creation of purchasing power by banking system 

With credit serving as the enabling factor, the economy spurred by 

the forces of innovation was assumed to be pushed upward out of 

equilibrium. Schumpeter held that the upward spiral would continue 

until the innovators began to repay their loans. This, coupled with 

the fact that innovation had resulted in the pushing out to a higher 

production frontier, meant that effective demand was Insufficient to 

clear the existing output. The result waa assumed to be a downward 

spiral with firms either adapting or failing. Schumpeter felt that 

the cycle would not turn up again until new innovations caused it to 

do so. 

Schumpeter explained that innovations appeared in clusters 

rather than singly in every apprbpriate time period, since the 

appearance of one or a few entrepreneurs would facilitate the appear

ance of others.** This follows logically from the fact that the success 

of the original entrepreneur would influence the money market to view 

succeeding, related innovations more favorably as risk possibilities. 

These facts are significant because, ceteris paribus, the greater the 

volume of innovations becomes the greater the magnitude of the cycle 

will be.9 

The Hicksian theory of the cycle stressed a modern Marshallian 

scissors analogy. Hicks held that the accelerator and multiplier. 

8 
Ibid., p. 228. 

Q 
Included in the ceteris paribus clause would be the presence 

of a banking system and the availability of credit. 



theories are the two sides of the theory of fluctuations, just as the 

theory of demand and the theory of supply are the two sides of the 

theory of value. 

Hicks began his theory by dealing with the Keyneslan equilib

rium condition that investment must equal savings.Hicks asserted 

that investment was composed of two elements, one autonomous and the 

other induced. Regarding autonomous investment, Hicks stated that it 

was a function of long term trend factors such as the growth of popula

tion and the level of technology.' He also assumed that autonomous 

investment grew at a constant percentage rate. Induced investment was 

assumed to depend on changes in the level of income. A basic Keyneslan 

equation with its Hicksian modifications will serve to summarize.^ It 

follows: 

Output " Consumption + Autonomous I + Induced I 

Hicks recognized two types of cycles which he termed "con-

13 
strained" and "free". Hicks viewed a constrained cycle as a cycle 

whose upper turning point was determined by the "celling of real 

scarcities".^ This celling is imposed by the full employment of the 

factors of production. In contrast, Hicks viewed a free cycle as a 

*°J. R. Hicks, A Contribution to the Theory of the Trade Cycle 
(Oxford: Clarendon Press, 1950) p. 38. 

UIbid.. pp. 59*64. 

12Ibid.. p. 85. 

13Ibid.. p. 92. 

14lbld.. p. 97. 



cycle whose upper turning point resulted from a slowdown in the rate of 

change In Income. 

At the core of the Hickslan cycle theory lies his explanation 

of the upper and lower turning points of the model. The turning points 

are encountered when the actual growth path of the economy diverges 

from the equilibrium growth path along which savings is assumed equal 

to autonomous and induced investment.Figure I is based on a con

strained cycle showing output and Investment on the logarithmic 

vertical scale and time on the horizontal scale: 

On the graph the equilibrium growth path is denoted by the symbol "E" 

While the actual growth path is denoted by the symbol "A". The cell

ing of real scarcities is denoted by "C" while the growth path of 

autonomous Investment is denoted by "I". Regarding the upfter turning 

point, it can be observed to occur at the ceiling. This follows from 

the fact that, when the actual rate collides with the ceiling, the 

growth of output must slow down to the rate permitted by the ceiling.^ 

This slowing down of the growth .rate, caused by factor scarcities, 

induces a negative acceleration effect which leads to a fall in induced 

investment and through the multiplier mechanism to a fall in the level 

of Income. A downward spiral based on the interaction of the 

^It should be noted that Hicks varies his approach from that 
of the standard accelerator where induced investment is a function 
only of the rate of change in consumption. 

16Ibid.. p. 88. 

17{3on8 trained cycle behavior may be contrasted with free 
cycle behavior. The former reaches the ceiling with force and bounces 
off while the latter never reaches the ceiling since it runs out of 
force due to a falling off in the rate of change in income. 
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9 . 

accelerator and multiplier mechanisms is thus established. This down

ward spiral is assumed to continue until a floor is reached. The lower 

turning point is reachfd, in an absolute sense, along the autonomous 

investment growth curve. When the actual rate of growth encounters 

the autonomous investment growth path, its downward movement will be 

reversed by a positive acceleration effect coupled with multiplier 

effects. The graph, however, shows the actual growth path turning 

upward before the autonomous investment growth path is encountered. 

Hicks contended that the necessity to replace worn out goods would 

18 
cause this to happen.1*0 

The Hicksian model features an accelerator that is damped on 

the downside. The reason for this becomes clear if one examines the 

individual forces which operate to move the actual output path up 

and down. On the upswing consumption together with autonomous and 

induced investment operates to push the actual growth path upward. 

On the downswing, however, it should be noted that autonomous invest

ment, with its constant percentage rate of growth, operates in a 

countercyclical manner. Consumption is damped by the automatic 

stabilizers while induced disinvestment is damped by the fixed nature 

of outlays to which business committed itself on the upswing* 

As to the specific character of the cycle, Hicks listed four 

alternatives which might be encountered when the actual and equilibrium 

growth paths diverge.They follow: 

18Ibid*. p. 105. 

19Ibid.. pp. 88-89. 
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1. There nay be a return to equilibrium. 

2. There may be damped oscillations. 

3. There may be explosive oscillations. 

4. There may be a case intermediate between items 2 

and 3, which could be termed the case of a 

regular cycle. 

In the case of a damped cycle, Hicks postulated an accelerator of less 

than one. In such a case, the waves set up by the accelerator would 

steadily diminish after the Initial shock. Conversely, Hicks postu

lated an accelerator of greater than one to be applicable in the case 

of explosive oscillations. An accelerator equal to one was postulated 

for the regular cycle. Hicks felt the first of the above alternatives 

was of little practical significance and could thus be ignored. Hicks 

rejected the regular cycle because it would conflict with historical 

reality to the extent that it would require that the accelerator remain 

equal to one over all time. The damped cycle was also rejected on the 

grounds that historical data did not indicate the presence of such an 

accelerator. Hi«ks concluded by favoring the explosive theory as the 

basic explanation of the cycle. 

The Hicksian explanation of cyclical periodicity is largely 

found in Chapter Eleven of A Contribution to the Theory of the Trade 

Cycle. Hicks explained that the length of the cycle depended on 

replacement waves set in motion by the initial disturbance. Hicks 

recognized that monetary disturbances could play a role in this area 

since the monetary factor could either damp or accentuate the 



li 

cyclical phases. However, Hicks asserted that the turns could be 

traced to replacement waves rather than monetary events. 

Neither the Schumpeterian nor the Hicksian model has gained 

general acceptance as a complete basic explanation of cycle theory. 

Yet, both embody elements in their structures which are involved in 

cycles. Schumpeter considered the factor of innovations in conjunction 

with elastic bank credit and psychology. Hicks focused attention on 

the role of the accelerator and multiplier mechanisms and, like 

Schumpeter, considered the monetary factor. 

In contrast to the theoretical models of Schumpeter and Hicks, 

which are Illustrative of the deductive approach to cyclical explana

tion, the methodology of Burns and Mitchell, which lies at the core 

of this dissertation, is empirical in character. The objective of 

this latter approach is stated in Measuring Business Cycles: 

All investigators cherish the same ultimate aim—namely, 
to attain better understanding of the recurrent fluctuations 
in economic fortune that modern nations experience. This 
aim may be pursued in many ways. The way we have chosen is 
to observe the business cycles of history as closely and 
systematically as we can before making a fresh attempt to 
explain them." 

Thus, the Burns and Mitchell methodology is explicitly directed 

to the task of establishing a cyclical explanation based on the induc

tive approach. 

The Burns and Mitchell method is based on the following working 

definition of the business cycle: 

20Jbld., p. 163. 

21 
Arthur F. Burns, and Mitchell, W. C., Measuring Business 

Cycles (New York: National Bureau of Economic Research, 1946) p. 4. 
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Business cycles are a type of fluctuation found in the 
aggregate economic activity of nations that organise their 
work mainly in business enterprises: a cycle consists of 
expansions occurring at about the same time in many economic 
activities, followed by similarly general recessions, con
tractions, and revivals which merge into the expansion phase 
of the next cycle; this sequence of changes is recurrent but 
not periodic; in duration business cycles vary from more than 
one year to ten or twelve years; they are not divisible into 
shorter cycles of similar character with amplitudes approxi
mating their own." 

The National Bureau's definition lists observable characteristics 

which distinguish business cycles from other classes of fluctuations 

in aggregate economic activity. This definition is utilized in 

establishing a series of benchmarks, or reference dates, which mark 

the turns of business. 

Under the Burns and Mitchell approach peaks and troughs of 

individual series are also dated. Dating is accomplished in two steps. 

The data are first deseasonalized, using the method of ratio to 

centered twelve-month moving average. With this accomplished, the 

deseasonalized data are examined and turning dates are designated in 

accord with a set of rules developed by the National Bureau of Economic 

Research. 

In addition to establishing a system of turning dates for 

individual series, the National Bureau's approach measures specific 

characteristics found in the data. Measures of amplitude and duration 

are taken over both individual specific cycles and corresponding refer

ence cycles. Timing differences are also calculated. The observations 

of the Individual specific and reference cycles yield arithmetic means. 

22Ibid., p. 3. 
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These averages serve as the basis for specific and reference cycle 

patterns. From these patterns the degree of correspondence between 

individual specific cycles and reference] cycles is determined. The 

final step in the Burns and Mitchell approach consists of measuring 

the degree of conformity between specific and reference cycles. This 

is done by computing five conformity Indexes. These are indexes of 

conformity to reference expansions and contractions, indexes for full 
% 

cycles measured from trough to trough and from peak to peak, and ah. 

index for full cycles measured both ways. 

The Burns and Mitchell methodology has been criticized on the 

grounds that it is empirical and lacks a theoretical framework.^ The 

Koopmans criticism centers around three basic propositions: 

1. the Burns and Mitchell explanation suffers from a 

number of specific defects. 

2. The Burns and Mitchell explanation is limited by 

the absence of theory. 

3. The Burns and Mitchell explanation is inappropriate. 

The third proposition is suggested by a'reading of Koopmans, but it 

was not directly stated by him. 

Koopmans explicitly rejects the National Bureau's working 

24 
definition as a substitute for theoretical organization. The sub

stitution of mechanical rules and judgment for theory is deplored. 

- 23Tjailing c. Koopmans, "Measurement without Theory," Review 
of Economic Statistics: 29:167 (August, 1947). 

24 
Ibid.. p. 164. 



Koopmans argues that the reference cycle concept, a central pillar of 

the Burns and Mitchell methodology, yields at best only a crude 

25 
approximation of cyclical turns. He also contends that the lack of 

a theoretical base results in a lack of a systematic explanation of 

26 
random variables. 

It cannot be denied that the National Bureau's approach suffers 

from the use of mechanical rules and judgment. Burns and Mitchell 

repeatedly warn in Measuring Business Cycles of the dangers inherent 

in the use of averages. The fuzzy character of deseasonalization and 

27 
specific-cycle dating is also admitted. Koopmans' concern regarding 

the National Bureau's reference chronology is not exclusive with 

Koopmans.^ His criticism of the dangers associated with random 
/ 

variables is lent support by Okun, who commented that specific-cycle 

turns could easily be misdated. All that would be required in this 

regard would be the misinterpretation of "wiggles" -in Individual 

29 
series. A further specific criticism, raised by Gordon, was that 

I 

25 
Ibid.. p. 165. 

26Ibld.. p. 169. 

27 
See especially page 44 of Measuring Business Cycles for a 

statement regarding the role of "hunch" in deseasonalization proce
dures. 

28 
Cf., pp. 57-61, Post. 

OA 
Arthur M. Okun, "On the Appraisal of Cyclical Turning-

Point Predictors," Journal of Business: 33:110 (April, I960.). 



the National Bureau largely eschewed the use of regression analysis in 

30 
its business cycle studies. 

In any consideration of the Koopmans article, it must be remem

bered that Koopmans was writing in 1947, only a year after the publica

tion of Burns and Mitchell's extensive work. At that time the future 

course of the National Bureau's business cycle investigations was 

unclear. Since the inductive approach was relatively untried in the 

business cycle area and represented a radical"departure from the 

established deductive method, it is no wonder that questions would be 

31 
raised as to its completeness and usefulness. 

Concerning the second proposition, Koopmans holds that meas

urable effects of economic actions are studied in almost complete 

detachment from any knowledge of motives for such actions. He asserts 

that the Burns and Mitchell approach is concerned with the character 

of cyclical fluctuations rather than with the underlying behavior of 

man. Economic behavior is studied from the standpoint of effects 

instead of underlying causation. It is argued that the National 

Bureau's techniques would be Improved and the road to understanding 

business cycles shortened if theory and practice were combined as' a 

32 
part of the process of observation and measurement. 

A. Gordon, "Alternative Approaches to Forecasting: The 
Recent Work of the National Bureau," Review of Economics and 
Statistics: 44:285 (August, 1962). . 

^*When dating the inductive approach it must be remembered 
that the National Bureau of Economic Research had been carrying on 
research in this area since the 1920's. 

^^Koopmans, og,. clt.. p. 162. 
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Koopmans notes that the omission of economic theory from the 

Burns and Mitchell analysis creates a void.33 jn this regard it is 

asserted that there exists a need for some organizing principle to 

determine the aspects of the observed data on which attention should 
\ 

be concentrated. 

The second Koopmans criticism points up the fact that the scope 

of the National Bureau's analysis is limited. However, it must be 

emphasized that, while the lack of a theoretical framework constitutes 

an important limitation on the National Bureau's analysis, it does not 

render the inductive approach inappropriate in terms of its goals. In 

this connection Schumpeter stated: "We need statistics not only for 

explaining things but also in order to know precisely what there is 

34 
to explain." In addition, Gordon cautioned that, while common 

observation and accepted theory suggest that some variables are likely 

to be particularly important, it cannot be known in advance how these 

variables are related, how the relationships change over time, or what 

35 
other variables may turn out to have causal significance. Gordon 

suggested that these uncertainties should be resolved not by"a priori" 

theorizing, but by systematic observation and measurement. 

33Ibld.. p. 164. 

^Joseph A. Schumpeter. History of Economic Analysis (New York: 
Oxford University Press, 1954) p. 14. 

35 
Gordon, oj>. cit., p. 287. 

3®Loc. cit. 



The scope of the present study is limited to the provision 

of empirical evidence which, when gathered with other evidence, may 

be valuable as a basis for future theoretical work. In addition, 

conclusions drawn should have specific relevance in the area of 

copper. 



CHAPTER II 

COPPER OUTPUT DATA IN THE UNITED STATES 

In this chapter and the chapter that follows, attention will 

be given to certain preliminaries. The present chapter will be 

concerned with the raw material of this investigation, copper output 

data. Alternative series will be examined, from which one will be 

chosen for study. The series chosen will then be examined in order 

to determine its character and statistical adequacy. In Chapter III 

consideration will be given to matters associated with deseasonaliza-

tion, selection of specific-cycle turning dates, and the reference 

cycle concept. 

The Choice of a Series 

The period from 1942 to 1963 has been chosen for study in this 

dissertation. There are two reasons for this choice. First, the 

National Bureau of Economic Research has already conducted studies of 

copper output covering the period from 1892 to 1939 using the Burns 

and Mitchell technique.^* Second, consistent data on United States 

copper output are available in monthly form only since 1942. 

^Specifically, the National Bureau has analysed copper mine 
production in the United States from 1892 to 1928 and refined copper 
production in North and South America from 1919 to 1939. 

18 



Annual data on copper output in the United States are avail

able prior to 1942, but are not used in this study. The reason for 

this can be seen when the relative advantages of using monthly data 

in preference to annual data are examined. 

While annual data can be employed in an analysis of this type 

without involving problems of deseasonalization, monthly data must be 

rated superior in most other respects. Annual data are likely to 

hide cycles or even introduce spurious cycles. Leads and lags are 

suspect and of dubious practical use when they are obtained from 

annual figures. A further Advantage of using monthly data is that 

such figures do not serve to dampen cycle amplitudes as would be 

the case with annual data.. Even allowing for interpolation, annual 

data hide the duration in months of the expansion and contraction 

phases of cycles. Cyclical turn* are dated in a less refined unit 

when annual data are used, and any attempt to achieve fine detail On 

cyclical patterns is thus frustrated.. Finally, if a cyclical peak 

or trough is misdated by one year, it is apt to have a pronounced 

effect on the appropriate indexes of cyclical conformity. Shifts of 
r' " 

monthly reference dates are less likely to exercise a significant 

influence. 

This discussion offers substantial evidence that annual data 

are a poor and inadequate substitute for monthly data when a statis

tical study of the Burns and Mitchell type is contemplated. On this 

general subject, Burns and Mitchell explain that their preference is 
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2 
for monthly data except in three cases. These involve series dealing 

with crops that .are harvested once a year, cases where monthly or 

quarterly data, are unavailable, and cases where monthly or quarterly 

data cover such short periods that their representative value is 

suspect. Stemming in part from the weight of the evidence, and in 

part from a desire to be consistent with the Burns and Mitchell 

approach, this study will base its findings on monthly rather than 

annual copper output data. 

The Bureau of Mines publishes three somewhat different series 

in monthly form which deal respectively with mine production, smelter 

production, and refinery production. All data are supplied voluntarily 

by producers in response to questionnaires submitted to them by the 

Bureau of Mines. Since each set of data reflects a different stage 

of production, the alternative sets of figures will never agree 

O 
exactly. 

Mine statistics show the estimated recoverable metal content 

4 
of the ores. Smelter statistics show the actual percentage of crude 

copper recovered from copper ores and from other ores having a low 

copper content. Lead and zinc ores, siliceous ores of the precious 

'Burns, Arthur 7., and Mitchell, W. C., Measuring Business 
Cycles (New York: National Bureau of Economic Research) 1946) p. 66. 

3 
F. L. Wideman, commodity specialist for the Bureau of Mines, 

contended in a letter dated October 7, 1964, that the alternative 
sets of data should equalize over a long term. 

^United States Department of the Interior, United States 
Geological Survey, Mineral Resources of the United States (Washington, 
D. C.: United Government Vrintlng Office, 1930) p. 701... 
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metals, and pyrlte roasted In the manufacture of sulphuric acid, often 

carry so little copper that the mines are not paid for it and do not 

report it, although these sources as a whole yield a considerable 

amount of copper.^ A further difference between mine and smelter fig

ures involves the time lag between extraction from the ground and ex

traction from the concentrates of copper content. It has been asserted 

that most of the ore mined in December of a given year is represented 

in the smelter figures of the following year.** A final difference be

tween mine and smelter figures concerns the fact that the amount of 

metal contained in ore, and other material held in stock at the 

smelters at the beginning of a year is not the seme as the amount at 

the end of the year. 

Refinery statistics show the precise amount of copper made 

available for consumption. However, refinery statistics are uncertain 

in their classification of material as foreign or domestic. Refinery 

statistics differ from smelter statistics with respect to both the 

time lag and the inventory position.^ 

The Bureau of Mines did not begin publishing monthly data on 

smelter and refinery production until 1952. By contrast, mine pro-

O 
duction figures are available back to 1942. It is largely for this 

9 
reason that mine production figures shall be used in this study. 

* 

^Loc. clt. 7Loc. clt. 

®Loc. clt. 

®See Appendix A for the raw data on mine output of copper. 

Q 
It should be noted from the available evidence that no firm 

conclusion can be reached relative to the superiority of one output 
series over another. 
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Work Stoppages and Mine Output 

During the World War II period the £low of copper output was 

not significantly affected by work stoppages.^ However, in 1946 

strikes occurred which were severe enough to obscure a trough data 

in the copper output series. The 1946 work stoppages have been 

described as industry-wide in character and had an overall duration 

of three to four monthsk** In fact, Kennecott Copper Corporation's 

Utah Copper Division was struck early in 1946 and remained completely 

shutdown for over five months. Operations did not resume in Utah until 

12 
June 29. In terms of severity the 1946 strikes restricted United 

States copper production to such an extent that in the second quarter 

of the year the Civilian Production Administration called upon pro-

13 
ducers to ration copper on a voluntary basis. By the middle of the 

year the copper market situation was described as "tighter" than under 

war conditions. 

In contrast with 1946, the year 1947 was basically free of 

14 
domestic work stoppages. .From October 24, 1948, to February 8, 1949, 

however, the Kennecott Copper Corporation's Utah Copper Mine, the 

lORuzell, Charles R., and Uren, W. J., "Labor-Management 
Relations in the Mineral Industries of North America," Economics of 
the Mineral Industries (New York: American Institute of Mining, 
Metallurgical, and Petroleum Engineers, 1959) p. 632. 

UIbid., p. 633. 

*^Kennecott Copper Corporation, 1946 Annual Report, p. 2. 

13 
See page 71 of the February 1947 issue of the Engineering 

and Mining Journal. 

^Kuzell and Uren, og. clt.. p. 633. 



largest copper mine in the nation, was struck. It was estimated that 

production losses due to this strike amounted to about 50,000 tons in 

1948 and 35,000 tons in 1949.*5 The timing of this strike was unfot-

tunate in terms of the specific objectives of this study, for it 

occurred close enough to the 1948 specific-cycle peak to cast doubt 

on its placement. 

The strikes, which occurred over the period from 1950 to 1953, 

were of short duration and do not seam to have exercised a significant 

Influence on the overall .level of domestic copper output. In August 

^ 16 
1954, the lull in major strike activity came to an end. Labor dis

putes touched off work stoppages at the Arizona, Nevada, New Mexico, 

and Utah properties of the Kennecott Copper Corporation. Subsequently, 

strikes broke out at the Arizona mines of the Miami Copper Company and 

the Inspiration Consolidated Copper Company as well as at the Butte 

and Great Falls, Montana,. properties of the Anaconda Copper Mining 

Company. The strikes against Kennecott were settled on September 1, 

while those at Miami and Inspiration continued until September 16. 

The strike in Montana against Anaconda was not resolved until 

October 16. 

In 1955 a widespread strike pattern developed at the beginning 

17 
of July and continued for a month and a half. This was to be the 

15United States Bureau of Mines, Copper 1949 (Washington, D. C 
United States Government Printing Office, 1950) p. 1. 

16 
United States Bureau of Mines. Copper 1954 (Washington, D.C. 

United States Government Printing Office, 1955) p. 2. 

17United Statea Bureau of Mines, Copper 1955 (Washington. D.C. 
United States Government Printing Office, 1956) p. 6;. 



last major work stoppage until the Industry-wide stoppages of 1959. 

The reason for this lay in the signing in 1956 of three-year labor 

18 
contracts between industry and union officials. 

The 1959 strikes were of unprecedented severity and occurred 

throughout the industry. It has been estimated that by the end of 

August seventy-five per cent of United States mine production had been 

19 
suspended. Another estimate placed at eighty-five per cent the per

centage of "normal" copper production that was idled during the 1959 

20 
work stoppages. Magma Copper Company disclosed that in 1959 its pro

duction of copper declined by 72,354,771 pounds from the 

level of the previous year. This decline was largely attributed to 

21 
the strike. The strikes continued until the early part of 1960 and 

constituted the last major domestic stoppages of the period covered 

by this investigation. 

An indication of the relative severity of postwar work stop

pages can be obtained from the figures in Table I. These figures show 

the shutdown expenses Incurred during strikes by the Kennecott Copper 

Corporation, the largest domestic producer of copper. 

18 
Kuzell and Uren, op. clt.. p. 634. 

19 
See page 121 of the February 1960 issue of the RnR,<nf?r'tnfl 

and M-tn-tnfl Journal. 

20 
Kennecott Copper Corporation, 1959 An«m«i Report, p. 16. 

Copper Company, 1959 Annual Report, p. 3. 



TABLE I 

KENNECOTT COPPER CORPORATION STRIKE 

SHUTDOWN EXPENSES 1945 - 1963 

Year Strike Shutdown Expense 

1945 -0-

1946 $ 6,277,082 

1947 635,216 

1948 2,450,081 

1949 1,436,313 

1950 -0-

1951 717,365 

1952 469,288 

1953 354,497 

1954 2,596,383 

1955 5,976,182 

1956 2,347,031 

1957 245,625 

1958 219,030 

1959 19,047,757 

1960 1,883,850 

1961 3,223,300 

1962 358,970 

1963 1,094,238 

Source: Consolidated income statements contained in the 1945-
1963 Annual Reports of the Kennecott Copper Corporation. 
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The highest strike shutdown expenses shown are those for 1959. 

Substantial strike shutdown expenses were also incurred in 1946 and 

1955. The value of the figures Is lessened by the fact that they 

reflect foreign, as well as domestic, work stoppages. 

The figures for total man-hours of copper production workers 

are a more reliable indicator of the relative severity of postwar 

work stoppages. These are shown in Table II and Chart I. The fig

ures on man-hours of copper production workers confirm the patterns 

indicated by the Kennecott data with respect to relative severity. 

The 1959 stoppages register the lowest total man-hours. A substantial 

and prolonged reduction in man-hours is also evident in 1946. A severe 

but comparatively short drop Is shown during July and August of 1955. 



TABLE II 
TOTAL MAN-HOURS OF COPPER PRODUCTION WORKERS 

IN THE UNITED STATES 1942-1963 
(figures in thousands) 

Tear Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1942 7020.3 6491.4 7225.9 6800.9 6955.2 6619.8 6479.6 6546.5 6272.0 6524.6 7064.6 7313.0 
1943 7249.1 6499.4 7178.5 6772.3 6919.7 6560.3 6423.6 6473.6 6576.5 6820.2 6572.2 6769.9 
1944 6627.6 6089.7 6343.0 5758.1 5898.4 5518.1 5271.6 51*3.3 4643.8 4913.0 4566.6 5017.4 
1945 4766.1 4295.2 4758.8 4606.9 4635.2 4388.9 4334.4 3804.8 3792.0 4022.0 3872.3 4157.0 
1946 4259.7 3389.6 3727.8 3013.9 3177.2 2829.1 4008.0 4275.0 4138.2 4379.8 4334.4 5022.0 
1947 4833.3 4465.8 4935.1 4738.0 4908.6 4843.7 5011.6 4942.6 4728.1 5001.2 4773.3 5219.9 
1948 SN0»7 4987.1 5184.0 4968.2 5074.6 4887.0 4982.5 5098.9 4748.9 5062.5 4261.7 4560.6 
1949 4470.2 4313.9 5276.0 5037.6 4882.9 4071.0 3989.4 3770.3 3774.7 3993.5 3849.8 4305.3 
1950 4687.4 4121.6 4565.5 4370.0 4564.0 4370.8 4403.7 4596.5 4449.2 4663.7 4537.7 4892.6 
1951 4923.0 4370.9 4800.1 4526.4 4594.2 4469.6 4555.4 4655.6 4432.6 4571.6 4486.5 4809.0 
1952 4839.5 4456.0 4799.8 4527.2 4687.0 4516.2 4444.3 4633.2 4407.5 4437.6 4616.2 5018.4 
1953 5103.0 4470.1 4891.5 4804.4 4952.3 4799.2 4806.8 5078.9 4969.2 5174.7 5027.5 5345.9 
1954 5292.0 4370.0 4599.0 4207.3 4410.6 4553.3 4521.8 4676.2 3568.6 4067.3 4491.1 4846.1 
1955 5263.4 4662.0 5187.6 5016.4 4942.6 4895.6 2788.4 3310.6 5118.4 5256.3 5040.2 5434.7 
1956 5701.5 5187.3 5546.9 5339.0 5544.0 5410.2 5480.6 5511.2 5467.4 5529.0 5189.8 5537.0 
1957 5459.7 4907.8 5396.8 5147.9 5240.8 4998.0 4951.4 4861.7 4464.2 4223.7 4295.3 4516.1 
1958 4425.0 3778.8 4114.1 3726.1 3718.5 3449.9 3535.3 3477.1 3729.6 3884.3 4265.3 4444.8 
1959 4550.4 4174.1 4454.1 4428.0 4560.0 4420.2 4370.4 4031.0 1527.4 1618.4 1368.0 1501.5 
1960 2388.8 3365.7 4575.4 4605.3 4756.6 4644.0 4499.8 4775.2 4658.3 4768.8 4612.5 4883.1 
1961 4765.3 4074.8 4452.8 4331.3 4500.4 4553.0 4559.7 4541.7 4443.1 4525.0 4509.9 4666.0 
1962 4602.8 4158.6 4638.6 4378.5 4533.9 4447.2 4370.7 4309.9 4090.6 4214.9 4156.4 4370.0 
1963 4341.8 3912.5 4473.5 4347.7 4427.0 4167.7 4247.0 4256.0 4138.2 4375.4 4197.2 4332.7 

Source: Derived from data in Appendix B 
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An Oligopoly Thesis 

The discussion of copper output data, with which this chapter 

Is concerned, would be Incomplete without some consideration of the 

pattern of competition prevailing within the copper Industry. For 

purposes of this analysis the term "Industry" will be viewed as 

22 
comprising firms engaged in the mining of copper. This definition 

is restricted to the mining phase in accord with the limited scope of 

23 
this investigation. 

A series of concentration ratios, representing the percentage 

of total domestic copper output accounted for by the four largest firms, 

will be introduced to Indicate the pattern of competition in copper 

mining. These ratios, shown in Table III, cover the period 1942 to 

1963. 

Ralph L. Nelson cautioned that the degree of competition is 

not necessarily a simple inverse function of the degree of concentra-

OA 
tion. However, he vent on to state that concentration ratios could 

22The term "industry" is used in a loose sense since external 
economies of scale, arising from functional specialization, lead to a 
breaking down of existing Industries into new Industries. 

23 
For a broader definition of the "copper industry" which 

includes smelting* refining, fabrication, and marketing, as well as 
mining, see United States Department of the Interior, Bureau of Mines, 
Copper, A Materials Survey (Washington, D. C.: United States 
Government printing Offlee,,1964) p. 253. 

24 
Ralph L. Nelson, Concentration in the Manufacturing Indus

tries of the Uhlted States (New Haven, Connecticut: Yale University 
Press, 1963) p. 3. 
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be validly used to ascertain the pattern of competition within 

25 
specific Industries. In addition, Nelson held that concentration 

ratios were a useful tool of analysis in the determination of the 

26 
degree of monopoly power within an industry. 

While the concentration ratios, shown in Table III, have ex

perienced some decline over the period of this study, they show 

substantial levels of concentration. Even in 1959, when concentration 

reached its lowest level of the period, the ratio registered a size

able 68.7 per cent. The arithmetic mean of the concentration ratios 

covering the twenty-two year period was found to be 79.3 per cent. 

Thus, on the average the four largest mining firms accounted for 

nearly four-fifths of domestic copper output.^ 

The evidence provided by the concentration ratios indicates 

2& 
the presence of an oligopoly structure in copper mining. If 

25„ Loc. clt. 

26I 4* Loc. clt. 

27 
Concentration ratios, reflecting the per cent of total value 

of copper shipments in 1958 accounted for by the four largest firms, 
have been computed for copper smelting and refining. These ratios 
were 95 per cent for smelting and 90 per cent for refining. See 
Uhlted States Department of Commerce, Bureau of Census, Concentration 
Ratios in MMiifmiairtin Industry (Washington, D. C.: United States 
Government Printing Office, 1962) p. 141. 

28 
The presence of a few major sellers is clear. However, It 

must be remembered that the term "few", as used in this connection, is 
a technical one having to do with price expectations rather than actual 
numbers. "Few" Implies that any firm contemplating a price move 
expects a market price reaction stemming from that move. In effect, 
"few" implies that the existing firms do not view the market as 
Impersonal. 
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TABU III 

CONCENTRATION RATIOS IN DOMESTIC COFIKR MINING 

1942 - 1963 

Total Mine Output Total Per Cent 
Year of the Four Largest United States Total Mine Output 

Domestic Producers Mine Output United States 

tons tons 

1942 883472 1087991 81.2X 
1943 899301 1092939 82.3X 
1944 799288 1003379 79.7% 
1945 644212 772894 83.4X 
1946 486275 608737 79.9X 
1947 719935 847563 84.9X 
1948 704642 834813 84.51 
1949 630429 752750 83.8X 
1950 758958 909343 83.5X 
1951 786085 928330 84.7X 
1952 779238 925359 84.2X 
1953 773698 926448 83.5% 
1954 670651 835472 80.3X 
1955 800317 998570 80. IX 
1956 850203 1104156 77.OX 
1957 810677 1086859 74.6X 
1958 723963 979329 73.9X 
1959 566325 824846 68.7% 
1960 833588 1080169 77.2X 
1961 869882 1165155 74.7X . 
1962 878077 1228421 71.5X 
1963 868104 1209787 71.8X 

Mean concentration ratio for the period 1942 - 1963 79.3X 

Source: 1946. 1956. 1962. and 1963 Yearbook. American Bureau of 
Metal Statistics 
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oligopoly is assumed to prevail, it would tend to follow that price 

response to cyclical forces would be less pronounced than under pure 

29 
competition. Because of the relative steadiness of prices, output 

responses to cyclical forces would tend to be magnified. Such Induced 

magnification would then be reflected in the amplitude measures of 
r
" 

the output series. 

The relative steadiness of copper prices at domestic refin

eries over the period studied can be cited in support of the oligopoly 

thesis. These prices are shown in Table IV and Chart II. The stabil

ity of such prices from January 1942 to November 1946, however, is the 

direct result of wartime price controls. Price stability between 

October 1950 and February 1953 can be attributed to the same cause. 

The stability of domestic refinery prices between July 1961 and 

December 1963 has been traced to agreements reached by foreign copper 

30 31 
producers. These agreements stabilized foreign prices. With 
/ 

OQ 
On the cyclical upswing price flexibility is Impeded by the 

following factors: the difficulty of reaching agreement on the price 
move with the other existing firms, the threat of adverse consumer 
reaction, the threat of increased union demands, and the threat of 
action by the public authority. Price flexibility is also damped on 
the cyclical downswing. At the time of a price reduction agreement 
must be reached with other existing firms. Later when the time arrives 
to restore the price cuts, all the factors mentioned in connection 
with the upswing operate to impede the process. 

30 
See page 101 of the February 1963 Issue of the Engineering 

and Mining Journal. 

31 
Such prices were stabilized in order to achieve the follow

ing goals: avoidance of runaway markets like those of 1955 to 1956, 
establishment of a price that would encourage the use of substitute 
products, minimization of the influence of speculators on the London 
Metal Exchange, and avoidance of panicky buying leading to periods of 
intense market activity followed by market stagnation. 



TABLE IV 

COPPER PRICES AT DOMESTIC REFINERIES 
1942 - 1963 

(figures in cents per pound) 

lear Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

1 
1 
1 
1 

LI.775 
LI.775 
LI.775 
LI.775 
11.775 
19.270 
21.200 
23.200 
18.200 
24.200 
24.200 
24.200 
29.671 
29.783 
43.749 
35.526 
25.114 
28.636 
33.654 
29.057 
30.600 
30.600 

1 
1 
1 
1 
1 

LI.775 
LI.775 
LI.775 
LI.775 
LI.775 
19.349 
21.200 
23.200 
18.200 
24.200 
24.200 
24.968 
29.669 
32.700 
44.588 
32.576 
24.397 
29.617 
32.976 
28.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
11.775 
20.911 
21.200 
23.178 
18.200 
24.200 
24.200 
29.289 
29.686' 
32.935 
46.728 
31.432 
24.018 
31.031 
32.613 
28.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
11.775 
21.225 
21.200 
21.450 
18.640 
24.200 
24.200 
29.902 
29.700 
35.700 
46.161 
31.517 
24.253 
31.300 
32.600 
28.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
11.775 
22.105 
21.200 
17.763 
19.609 
24.200 
24.200 
29.683 
29.700 
35.700 
45.531 
31.288 
24.298 
31.155 
32.600 
29.985 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
14.055 
21.348 
21.200 
16.342 
21.995 
24.200 
24.200 
29.688 
29.700 
35.700 
45.056 
30.334 
24.689 
31.102 
32.600 
30.605 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
14.150 
21.226 
21.375 
17.059 
22.200 
24.200 
24.200 
29.687 
29.700 
35.700 
40.807 
28.690 
25.674 
30.077 
32.600 
30.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
14.150 
21.225 
23.085 
17.325 
22.272 
24.200 
24.200 
29.611 
29.700 
38.150 
39.625 
28.098 
26.068 
29.893 
32.600 
30.600 
30.600 
30.600 

11.775 
11.775 
-11.775 
il.775 
14.150 
21.225 
23.200 
17.325 
22.900 
24.200 
24.200 
29.623 
29.700 
44.052 
39.597 
26.435 
26.081 
31.018 
32.600 
30.604 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
14.150 
21.209 
23.200 
17.325 
24.200 
24.200 
24.200 
29.598 
29.700 
43.030 
38.623 
26.335 
27.310 
32.576 
30.598 
30.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
17.036 
21.200 
23.200 
18.062 
24.200 
24.200 
24.200 
29.651 
29.700 
42.964 
35.696 
26.339 
28.665 
34.060 
29.600 
30.600 
30.600 
30.600 

11.775 
11.775 
11.775 
11.775 
19.275 
21.200 
23.200 
18.200 
24.200 
24.200 
24.200 
29.673 
29.700 
43.480 
35.649 
26.320 
28.583 
33.724 
29.600 
30.600 
30.600 
30.600 

Source: 1942 through 1963 issues of the Engineering and Mining Journal u> 
w 
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foreign prices stabilised, domestic prices necessarily become stable 

in order to meet the threat of foreign competition and imports. In 

addition to the long periods of copper price stability, there have 

32 
been a number of shorter periods of price steadiness. 

While evidence exists to support the contention that copper 

output data have been subject to an oligopolistic Influence over the 

period of this investigation, the matter remains unsettled. The 

critical question to be asked concerns whether this Influence is of 

sufficient size to significantly effect the data. In this connection, 

it is unfortunate that the period from 1942 through 1963 was charac

terized by two wars. The fact that price controls were in effect over 

most of the war period makes it impossible to reach any firm conclu

sions with respect to the significance of the oligopolistic influence. 

Other Considerations 

Regarding continuity, the copper output series is continuous 

all through the period of study. The series is adequate when judged 

by the criterion of consistency. Since 1944 the data have represented 

33 
actual mine output. 

Wars also have played a role in the determination of the level 

of copper output. While the "war Influence" cannot be precisely 

quantified, certain generalizations may be advanced. 

32 
Among these periods have been the following: November 1947 

to June 1948; September 1948 to February 1949; April 1954 to 
December 1954; and April 1960 to September 1960. 

33 
Prior to 1944, monthly data on mine output were based largely 

on smelter reports. 



During World War II copper production had been channeled into 

34 
military uses. After the end of the war, a strong peacetime demand 

existed due in part to the prior diversion of copper from civilian to 

35 
war uses. 

During the Korean Period, the United States Government encour-

36 
aged expansion of copper production. Following the Korean War, some 

peacetime readjustments again took place. 

The fact that the war influence cannot be precisely quantified 

probably does not constitute a serious limitation on the present 

analysis. This investigation is concerned with the question of whether 

specific cycles in United States copper output correspond to the 

National Bureau's reference cycle concept. In this regard, war-induced 

distortions will tend to affect not only the specific cycles in copper 

output, but the reference cycle chronology as well. The effects will 

37 
in some degree be mutually offsetting. 

Concerning the influence of Inventory levels on the mine out

put of copper during the period covered by this study, the technique 

of linear regression yielded negative results. Acceptance of the 

38 
null hypothesis was based on evidence derived from F and T tests. 

~34 
Herfindahl, Orris, C., Copper Costs and Prices 1870-1957 

Baltimore, Maryland: Johns Hopkins Press, 1959) p. 127. 

^Loc. clt. ^Ibld., p. 130. 

37 
By contrast, the effects of work stoppages in the area of 

copper mining will not be as diffused and will thus tend to induce 
significant effects only on the appropriate specific cycles.) 

^" 38 
See Appendix C for the statistical tests applied. 
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^ A Final Word 

While the date on nine output of copper have been shown to be 

imperfect, they seem to be usable in view of the objectives of this 

study. The problems associated with episodic events, cannot be 

minimized. Neither is it possible to measure precisely the oligopo

listic influence on the data. However, these problems are not of 

such magnitude so as to preclude further analysis. 



CHAPTER III 

THE MECHANICS OF THE STUDY 

In this chapter the basic mechanics of the dissertation will 

be set forth. The discussion will be focused.on three aspects. These 

are the process of deseasonalisation, the selection of specific-cycle 

turning dates, and the reference dates of the National Bureau of 

Economic Research. A consideration of these matters is necessary in 

order to establish the foundations for chapters four and five. 

m iminAt;ion of Seasonal Variation 

The object of this dissertation is a comparison of specific-

cycle behavior in the copper output time series with appropriate 

reference-cycle behavior. In order to accomplish this end it will be 

necessary first to eliminate the influence of seasonal variation from 

the copper output series. The reason for this Is that seasonal vari

ation is a type of fluctuation which reflects factors which are 

excluded by definition from business cycles. Its inclusion in the 

various specific-cycle measures that follow would obscure and cast 

doubt on the validity of such measures. 

The method used.to derive a seasonal index for the copper 

output series was that of computing a ratio of the original data to 

38 



a centered twelve month moving average of the data.* Table V shows 

the seasonal index and clarifies its derivation. 

Percentages of centered twelve-month moving averages of copper 

output covering the period 1942 to 1963 were first arrayed for each of 

the twelve months. Arithmetic means were then computed for each month. 

In order to eliminate extreme values from the averages the two highest 

and two lowest values were excluded. The modified averages, based on 

the middle seventeen observations for each month, were sunned, yield

ing a value of 1211. In order to reduce this total to 1200 a cor

rection factor was used. This factor was derived by dividing the 

total of the modified means by 1200. When divided into each of the 

twelve modified means, the correction factor produced a seasonal index. 

The seasonal Index, computed as Indicated, shows a rise in 

copper output in the spring, a decline during the summer, and a 

gradual buildup during the fall and winter. A seeming exception to 

these generalizations would be the month of February. However, when 

it is considered that February is a shorter month, the discrepancy is 

substantially reduced if not eliminated. Similarly, minor discrep

ancies in April, June, September, and November can be 'Smoothed" when 

^Initial calculations Involved In the elimination of seasonal 
variation.together with a description of the method applied can be 
found in Appendix D. 



TARTJt V 

ARRAYS CP IBRCENTAGKS OF CBNTEBED TWELVE-MONTH 
AND COMPUTATION OF 

MOVING AVI 
A SEASONAI 

Rank Jan. Feb. March April May June July Aug. 

1 111.6 115.7 138.7 129.5 130.3 130.5 130.1 110.4 
2 108.0 109.2 126.8 120.5 120.9 109.2 105.0 107.8 

3 106.9 100.4 119.7 120.2 111.1 108.3 104.7 105.0 
4 106.7 99.4 110.8 111.0 111.0 108.0 103.6 101.5 
5 105.8 99.2 108.5 106.8 110.9 104.7 101.9 100.1 
6 105.4 99.1 107.9 106.1 109.0 104.4 99.4 99.2 
7 103.7 98.7 106.8 105.4 108.0 103.0 99.2 98.8 
8 102.7 97.3 106.7 104.6 107.8 102.6 97.6 98.6 
9 102.4 96.8 106.7 104.4 106.8 102.0 97.4 97.0 
10 102.0 96.7 106.7 104.2 106.8 100.3 97.3 96.6 
11 101.7 96.2 105.9 104.1 106.8 100.0 95.7 96.4 
12 101.7 95.5 105.8 103.6 105.3 99.8 94.9 95.9 
13 101.6 95.1 105.4 103.6 105.3 99.4 94.7 95.8 
14 101.5 94.2 105.1 103.1 105.0 98.8 94.1 92.1 
15 101.0 93.5 104.9 103.0 104.9 98.5 93.7 88.1 
16 100.6 92.7 104.0 101.1 103.7 98.0 92.4 86.1 
17 100.2 92.5 103.0 100.8 103.1 95.9 89.4 85.6 
18 99.7 92.4 102.9 99.7 102.9 95.5 89.0 85.1 

19 99.4 90.7 102.2 98.4 100.8 92.4 87.6 80.3 

20 78.0 89.9 101.3 95.3 97.1 83.9 74.1 80.1 
21 74.9 85.3 85.7 65.5 67.5 66.1 39.8 72.4 

Average 100.7 96.7 107.9 104.3 106.0 100.1 94.4 93.9 
Sum of -• 

Mid 17 1743.1 1630.4 1812.8 1780.1 1809.2 1711.1 1632.7 1602.2 
Mod. Mean 102.5 95.9 106.6 104.7 106.4 100.7 96.0 94.2 
Seasonal 
Index 101.6 95.0 105.7 103.8 105.5 99.8 95.2 93.4 

CORRECTION FACT CXI - 99094 

Source: Derived from data in Appendix D. 

j 
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TAMJI y 

ELVB-MONTH MOVING AVERAGES OF COPPER OUTIUT 1942 - 1963 

JTATION OF A SEASONAL INDEX 

July Aug. Sept. Oct. Nov. Dec. Total 

130.1 110.4 112.9 112.0 110.3 111.6 
105.0 107.8 106.6 108.6 107.7 108.9 

104.7 105.0 105.5 108.4 107.2 106.8 
103.6 101.5 102.1 107.0 104.9 106.8 
101.9 100.1 99.7 106.8 104.6 105.4 
99.4 99.2 99.6 105.6 103.8 105.3 
99.2 98.8 99.5 105.2 103.6 104.9 
97.6 98.6 99.5 105.2 103.2 104.8 
97.4 97.0 99.4 104.5 103.0 104.8 
97.3 96.6 99.3 104.4 102.9 103.0 
95.7 96.4 98.9 103.6 102.4 102.5 
94.9 95.9 97.8 103.0 100.6 102.0 
94.7 95.8 97.7 102.7 100.6 102.0 
94.1 92.1 97.4 102.6 100.5 101.2 

93.7 88.1 95.5 100.8 100.3 101.0 

92.4 86.1 93.2 100.3 98.8 99.9 

89.4 85.6 89.6 97.8 98.1 99.6 

89.0 85.1 89.0 95.1 94.3 99.2 

87.6 80.3 88.9 93.0 88.9 98.6 

74.1 80.1 85.1 92.7 78.7 81.9 
39.8 72.4 42.2 45.4 39.9 46.5 

94.4 93.9 95.2 100.2 97.8 99.9 1197.1 

1632.7 1602.2 1652.6 1746.0 1717.7 1748.0 20586.4 
96.0 94.2 97.2 102.7 101.0 102.8 1211.0 

95.2 93.4 96.3 101.8 100.1 101.9 1200.0 

ECTION FACT 

| 

1 

OR - 990946 
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the shortness of the months in which the discrepancies occur is taken 

2 
into account. 

One of the most prominent features of the seasonal index is 

its decline in July and August. A partial explanation of this decline 

would seem to lie in the fact that union contracts in Arizona have 

3 
provided for vacations during this period. 

A contrast Is afforded when seasonal indexes, developed by the 

National Bureau of Economic Research in connection with Its 1892 to 

1928 copper output study, are examined. These early indexes are shown 

in Table VI together with the index developed in this chapter. 

^In order to smooth the discrepancies associated with varying 
length the twelve seasonal Indexes have been recalculated so as to 
place them all on the basis of an equal time period. The time period 
chosen was a thirty-one day month. An illvs trative calculation 
follows for the month of February: 

Unadjusted x Adjustment m Adjusted 
Index Factor Index 

95-° X MHT " M-2 

Thus, the seasonal index for February changes from 95.0 to 104.2. By 
similar calculations the.seasonal indexes for April, June, September, 
and November change to 107.3, 103.1, 99.5, and 103.4 respectively. 
The indexes for the other months remain unchanged since they are 
thirty-one day months. 

3 
Read, Ardis P., "A Study of Trends of Employment in Arizona 

by Major Industries" (Unpublished Master's Thesis, Department of 
Economics, University of Arizona, 1951) p. 26. 



TABLE VI 

SEASONAL INDEXES OF COPPER MINE PRODUCTION 

Selected Periods: 1892 - 1963 

Seasonal Index for Period 

Month 1892-1902 1913-1920 1921-1928 1942-1963 

January 96% 100% 106% 101.6% 

February 97% 95% 100% 95.0% 

March 106% 103% 103% 105.7% 

April 102% 103% 102% 103.8% 

May 106% 109% 102% 105.5% 

June 102% 106% 99% 99.8% 

July 93% 95% 97% 95.2% 

August 99% 98% 99% 93.4% 

September 97% 93% 95% 96.3% 

October 104% 101% 101% 101.8% 

November 98% 99% 98% 100.1% 

December 100% 99% 98% 101.9% 

Source: Unpublished figures of the National Bureau of Economic 
Research and Table V. 

The seasonal indexes for the 1892 to 1902 period and 

for the 1913 to 1920 period display similar characteristics when 

variations in the durations of the twelve component months are con

sidered; Both indexes reach a peak in late spring only to decline 

sharply in July. Both Indexes rise from their summer lows and proceed 

upward until late in the year. After showing mild declines late in 

the year, both indexes rise during the early months of the following 



year. The 1921 to 1928 seasonal index exhibits similar behavior to 

its early counterparts except that it reaches its peak earlier in the 

year. There is a considerable similarity between the behavior of 

these three early indexes and that displayed by the seasonal index 

used in the present study. 

Having established the basic character of the seasonal index, 

the process of deseasonalizatlon can be completed by dividing the 

original figure for each month by the seasonal index for that month. 

Table VII shows the results of this operation. 

In order to ascertain the reliability of the seasonal adjust

ment the National Bureau of Economic Research advocates the use of 

4 
two tests. The first test compares the mean annual level of" the 

seasonally adjusted data with that of the original data. If a dis

crepancy of less than ten per cent shows up in every twelve month 

interval the adjustment is considered to be satisfactory.^ In this 

regard Table VIII should be noted. This table shows that the 

seasonal adjustment produced a total discrepancy of only .001 per 

cent, far less than the critical value. The seasonal adjustment 

thus passes the first of the National Bureau's tests. 

4 
Arthur F. Burns and Mitchell, W. C., Measuring Business 

Cycles (New York: National Bureau of Economic Research, 1946) 
pp. 49-50. 

^The ten per cent figure is entirely too high. Therefore, 
a figure of one per cent will be considered to be the critical value 
for purposes of this test. 
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TABLE VII 

DESEASONALIZED COPPER OUTPUT DATA 1942 - 1963 

(Figures in thousands of short tons of copper) 

Month 1942 1943 1944 1945 1946 

January 84.3 90.3 87.4 69.0 54.5 
February 81.5 89.9 92.2 67.3 44.1 
March 87.0 88.5 89.3 66.2 39.7 
April 84.7 88.1 84.9 65.1 31.1 
May 88.3 90.0 83.5 68.3 31.8 
June 91.4 90.0 83.7 68.1 33.3 
July 96.7 92.9 80.1 65.3 56.6 
August 93.2 93.7 82.9 66.2 61.2 
September 90.4 93.8 77.6 62.2 65.1 
October 92.2 93.1 71.7 60.5 64.5 
November 94.9 90.8 68.8 58.6 62.2 
December 96.1 90.4 70.4 56.3 67.4 

1947 1948 1949 1950 1951 

January 69.0 72.4 49.2 70.3 79.2 
February 72.0 73.0 59.3 70.7 76.9 
March 70.7 70.6 73.7 72.0 78.7 
April 69.8 72.1 70.2 70.9 79.5 
May 71.3 71.4 63.9 70.9 79.5 
June 70.3 76.3 61.4 75.4 76.1 
July 77.0 75.4 59.5 76.6 79.2 
August 77.1 79.2 59.9 86.3 72.8 
September 73.5 73.0 60.3 79.9 71.6 
October 64.9 67.9 59.4 76.8 79.7 
November 63.2 52.1 65.9 81.6 76.8 
December 69.9 52.5 68.4 79.2 77.4 

1952 1953 1954 1955 1956 

January 76.9 76.4 73.3 82.0 93.1 
February 76.9 76.2 68.5 87.9 93.9 
March 75.4 76.6 67.3 88.7 92.7 
April 78.1 76.9 65.7 86.0 92.2 
May 78.4 76.7 67.5 86.1 94.6 
June 74.3 73.9 72.9 89.6 95.2 
July 80.4 80.5 69.7 35.0 84.8 
August 79.7 81.1 55.1 72.4 98.7 
September 78.0 78.4 64.4 93.8 89.1 



TABLE VII - continued 
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Month 1952 1953 1954 1955 1956 

October 78.0 78.7 69.8 91.0 92.8 
November 75.4 75.8 80.0 92.0 90.4 
December 74.4 75.9 80.1 90.7 88.7 

1957 1958 1959 1960 1961 

January 91.8 87.3 94.3 46.8 96.2 
February 95.1 86.6 91.3 79.1 93.3 
March 90.3 82.6 91.7 91.1 95.4 
April 91.2 81.4 95.9 94.1 88.0 
May 88.4 74.6 95.3 93.3 97.5 
June 90.7 68.5 93.5 95.4 99.5 
July 89.3 63.8 91.2 90.7 94.5 
August 93i3 70.9 58.6 97.3 89.9 
September 90.4 85.2 27.9 101.2 102.0 
October 87.5 89.5 28.4 98.6 102.8 
November 90.0 94.3 25.3 98.0 104.3 
December 88.7 93.5 29.0 94.9 101.3 

1962 1963 

January 102.2 97.9 
February 106.6 99.3 
March 103.6 99.5 
April 105.4 101.5 
May 107.9 99.6 
June 102.9 92.9 
July 96.0 90.5 
August 100.3 103.6 
September 93.5 102.9 
October 104.2 107.9 
November 104.9 106.2 
December 99.7 105.0 

Source: Derived from data In Table V. 
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TABLE VIII 

A COMPARISON OF MEANS OF ORIGINAL AND SEASONALLY 

ADJUSTED COPPER OUTPUT DATA 1942 - 1963 

(figures are in thousands of short tons of copper) 

Sum of Original Sum of Seasonally 
Year Monthly Data Adjusted Monthly Data 

1942 1080.1 1080.7 
1943 1090.8 1091.5 
1944 972.5 972.5 
1945 773.0 773.1 
1946 608.7 611.5 
1947 847.6 848.7 
1948 834.7 835.9 
1949 752.6 751.1 
1950 909.4 910.6 
1951 928.3 927.4 
1952 925.4 s 925.9 
1953 926.4 927.1 
1954 a 835.3 834.3 
1955 998.3 995.2 
1956 1106.3 1106.2 
1957 1086.2 1086.7 
1958 979.6 978.2 
1959 824.9 822.4 
1960 1080.2 1080.5 
1961 1165.0 1164.7 
1962 1228.4 1227.2 
1963 1207.1 1206.8 

Total 21160.8 21158.2 

Arithmetic Mean 961.9 961.7 

Source: Table VII and Appendix A 

The second test applied by the National Bureau involves 

scrutinizing the seasonally adjusted data to see whether they show 

similar monthly movements in successive years, or movements corre

lated with the seasonal index. If so, the deseasonalization is deemed 

unsuccessful. While it is true that the data show similar monthly 

moves during successive years in some cases, the pattern is by no 

means consistent. Neither can It be validly asserted that the 
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seasonally adjusted data move with the seasonal index. Table IX will 

clarify this latter proposition. 

TABLE IX 

MOVES IN ADJUSTED COPPER OUTPUT DATA VERSUS 

^ MOVES IN THE SEASONAL INDEX 

1942 - 1963 

Moves of Seasonal 
Moves of Adjusted Data Index Relative to 

MOnth Relative to Preceding Month Preceding Month 

Rise Constant Decline 

January 11 1 9 decline 
February 11 1 10 decline 
March 10 0 12 rise 
April 9 0 13 decline 
May 11 2 9 rise 
June 11 1 10 decline 
July 8 0 14 decline 
August 16 0 6 decline 
September 8 0 14 rise 
October 10 1 11 rise 
November 9 0 13 decline 
December 10 0 12 rise 

Source: Table V and Table VII. 

In eight of the twelve months the seasonally adjusted data 

moved counter to the seasonal index while in the remaining four months 

the index and the adjusted data moved in the same direction. In all 

the months with the exception of July, August, and September, the 

number of declines and the number of rises were nearly the same. In 

two of the three cases where there was a substantial majority of rises 

over declines or conversely of declines over rises, the seasonally 

adjusted data moved counter to the seasonal index. 
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The data on copper output, originally expressed in short tons, 

were rounded by elimination of the last three digits for ease of 

handling. If the data had been adjusted for seasonality in an un

rounded form, the six months in which the adjusted data failed either 

to rise or fall from the level of the preceding month would have had 

to be reassigned to either the "rise" column or the "decline" column. 

In such a case the overall results of the table would not be materially 

altered insofar as such results prove or disprove a relationship 

between the adjusted data and the seasonal index. 

While the second test does not provide conclusive evidence, 

when considered alone, for the presumption of the adequacy of the 

seasonal adjustment, neither does it furnish evidence of either 

similar monthly moves in successive years nor of a positive correla

tion between moves in the adjusted data and moves in the seasonal 

index. When both of the National Bureau's tests are examined together, 

the seasonal adjustment of the raw data appears to be adequate.** 

Establishment of Specific Cycles 

The term "specific cycle" as used in this dissertation refers 

to the recurrent rise and decline in some particular time series. In 

order to determine the character of the specific cycle in copper out

put, it will first be necessary to establish appropriate peak and 

trough dates for the series. This is.done by applying a series of. 

^This conclusion is subject to the restraint that all 
seasonal adjustments entail a degree of fuzziness and ambiguity. 



rules formulated by the National Bureau of Economic Research, 

rules are: 

1. Subject to the limitation of rule 2, below, when 

secular trend rises sharply, brief and mild de

clines are permitted to count as contractions of 

specific cycles; similarly, when secular trend 

falls sharply, brief and mild rises are permitted 

to count as expansions of specific cycles. 

2. A rise and fall In the data is not counted as a 

specific cycle unless it has a duration of at 

least 15 months; fluctuations lasting less than '' 

24 months are not treated as specific cycles 

unless they lure clearly defined and not a part 

of faulty seasonal adjustment. 

3. The lower limit of the range of amplitudes of 

all fluctuations classed confidently as specific 

cycles is a rough guide in deciding whether any 

doubtful fluctuation is well enough defined to be 

accepted as a specific cycle. 

4. Specific cycles are identified without consulting 

the reference dates for business cycles. This 

rule is abandoned only In series that conform 

with great regularity to business cycles. (In 

such series, It is determined whether there are 



lapses from a one-to-one correspondence between 

specific cycles and business cycles; If there are, 

and they are due to failure to classify movements 

close to the borderline of the rules as specific 

cycles, the rules are relaxed and these movements 

are accepted as cycles.) 

When the cycles are clear in outline, the practice 

is to take the lowest and highest points as the 

dates of cyclical turns; when the crests or troughs 

are >flat, the latest month in the horizontal cone 

is shown as the turning date. 

When erratic movements are prominent in the area of 

the turn, the procedure is as follows: 

A. The several competing peaks or troughs are 

examined to determine whether any are due 

to inadequate seasonal correction. 

B. Once this is settled, the average levels of 

the several months centered on each potential 

peak (or trough) are compared and the highest 

(lowest) point in the cluster having the 

highest (lowest) average level is selected 

as the actual peak (trough). 

C. If the averages of the several clusters are 

about the same, preference will be given to 

the highest point in the latest cluster 
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provided that the movement in the period spanning 

the multiple peaks is not clearly downward. 

D. If the series is especially choppy in the turning 

zone, 3 month moving averages are used to help 

determine the month of peak or trough. 

7. When an Isolated high (low) point occurs before or 

after the general contour of the curve Indicates a 

peak (trough) the point is examined carefully to 

determine if random events are responsible for its 

presence. 

The following table of specific cycle dates was established 

based on the above rules: 

TABLE X 

SPECIFIC CYCLE DATES IN COPPER OUTPUT 1942 - 1963 

Specific Initial Terminal 
Cycle Trough Peak Trough 

I April 1946 August 1948 July 1949 

II July 1949 August 1953 April 1954 

III April 1954 August 1956 July 1958 

IV July 1958 September 1960 April 1961 

Source: Table VII 

While the above dates seem to satisfy the various criteria 

established by the National Bureau, their validity Is still open to 

criticism. The year 1946 was one of major strikes within the copper 

industry and the presence of these strikes cast doubt on the timing 



of the April 1946 trough. The choice of August 1948 as the peak of 

the first specific cycle was a difficult one. A coapetlng peak date 

exists in August 1947. Averages of three month clusters centered on 

each of the competing peaks yielded the same result, a value of 75.87. 

Five month clusters favored August 1948 as the peak since the value 

for its cluster was found to be 74.36, a higher value than the 72.56 

found as the average value of the August 1947 cluster. Unfortunately, 

the evidence obtained by applying five month clusters centered on 

the competing peaks is highly suspect. This stems from the fact that 

each cluster contains a month in which output was affected by domestic 

Q 
work stoppages. The choice of the August 1948 peak was finally made 

on the basis of its occurring later in time than the competing peak 

value. The movement in this period between the competing peak values 

was observed to be sideways rather than downward. 

Similar trouble was found in the dating of the 1949 trough. 

The months which contained competing trough dates were observed to be 

July and October of 1949. Application of three month clusters yielded 

values of 60.27 for July and 61.87 for October. July was chosen since 

it was in the cluster having the lower value. 

In the case of the 1953 peak, the decision was even more 

difficult and hazardous. There were four competing peak dates. 

These were August and November of 1950, July of 1952, and August of 

1953. Application of three month clusters yielded the following 

8 
See the survey of copper found in the February 1948 and 

February 1949 issues of the Engineering and Mining Journal. 



values: 80.93 for the August 1950 cluster; 79.20 for the November 

1950 cluster; 78.13 for the July 1952 cluster; and 80.0 for the 

August 1953 cluster. On the basis of this information, the 

0 

November 1950 and the July 1952 values vere eliminated as possible . 

peaks. Sinee the gap was less than one point between the averages 

for the August 1950 cluster and the August 1953 cluster, the averages 

were not deemed to be significantly different. August 1953 was 

assigned as the peak date in accord with the National Bureau's rule 

of selection of the latest peak. 
r" 

A crude examination of the data seems to reveal August 1954 

as being a trough month. However, this date was not selected because 

the August output figure was distorted by a series of strikes and 

because as noted in the Engineering and Mining Journal output, un-

9 
affected by strikes, slowed down earlier in the year. For these 

reasons April 1954 was selected as the trough month. 

By contrast with the turning dates already noted the August 

1956 peak, the July 1958 trough, and the September 1960 peak are all 

defined with reasonable clarity. This is not to say that uncertain

ties do not exist concerning these dates, bur rather that the rules 

of the National Bureau were applied In each of these cases with a 

minimum of difficulty. 

Determination of the 1961 trough entailed the most difficult 

problems encountered in the establishment of the specific-cycle turn

ing dates. Both April and August of 1961 were months of low output. 

9 
See pages 86 and 87 of the February 1955 issue of the 

Engineering and Mining Journal; 



The technique of using the averages of three month clusters centered 

on the critical months was applied with the result that the April 

eluster yielded a value of 93.63 while the August cluster yielded a 

value of 95.47. This coupled with the fact that low output In August 

was In part- due to strikes led to the selection of April as the trough 

month. 

A serious question arises as to whether the April output Is 

sufficiently in line with the output levels which prevailed during 

previous trough periods for April to be considered as a trough month. 

The April 1961 trough value is 88.0 in contrast to the four previous 

trough values of 31.1, 59.5* 65.7, and 63.8. The April 1946 value of 

31.1 is a reflection of work stoppages, and, thus cannot be deemed a 

typical low point. However, the arithmetic mean of the remaining 

three values is 63.0, a value which is over 28 per cent lower than 

the value which prevailed in April of 1961. The trough can be de

fended, however, on the grounds that it is a relatively clear-cut low 

point. Also, if a growth situation could be assumed,, the trough should 

tend to move higher from cycle to cycle. 

The April 1961 trough shall be accepted, but certainty as to 

its validity must be tempered by the criticisms already brought forth. 

As to the other turning dates, it must be recognized that they are the 

product of a set of somewhat arbitrary rules and assumptions. Never

theless, the turning dates, while imperfect, do reflect the rises and 

declines in the level of copper output. 

*®This Is a very dangerous assumption and difficult to prove. 



The Reference Dates 
of the National Bureau of Economic Research 

As has already been stated, the central hypothesis of this 

dissertation Involves a comparison between specific cycles In copper 

output and the National Bureau's reference cycles. The term "refer

ence cycle" is used as a synonym for "business cycle" in this 

investigation in accord with usage established by the National Bureau 

of Economic Research. In determining what constitutes a reference 

cycle, the National Bureau used the Burns and Mitchell working defi

nition of a business cycle as a guidepost.1* This definition 

restricts a business cycle to fluctuations in economic activity 

which affect many economic processes. 

The first step taken by the National Bureau toward establish

ing reference cycles was to identify the turns of general business 

12 
activity as indicated by past annals. The evidence derived from 

the annals was then checked against Indexes of business conditions 

and against other series of broad coverage. In many cases the evi

dence, thus assembled, pointed clearly to a single month as the time 

when the cyclical turn occurred. When there was a conflict of 

evidence, additional statistical series were examined, and historical 

accounts of business conditions consulted, until it was deemed safe 

to designate an interval within which a cyclical turn in general 

business probably occurred. In this connection W. C. Mitchell stated 

^Cf., p. 12, ante. 

*^Burns and Mitchell, 0&. cit., p. 76. 
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that, when a definite cluster of specific-cycle turning dates was 

found, it was accepted as narking the culmination of a business-cycle 

13 
expansion or contraction. The month within the cluster cone, in 

which economic activity reached its largest or smallest relume, was 

then determined. This month was then designated as the cyclical turn. 

The reference dates of the National Bureau were not derived 

through a process of weighting the turning dates of the Individual 

14 
series. This fact could have serious implications in cases where 

the turning points in the various series were widely scattered or 

where they were concentrated around two or more dates. Faced with 

such problems, the National Bureau resorted to placing the reference 

turn toward the close of the transition period, whenever there was 

insufficient evidence for a clear choice. The reference dates of 

four recent reference cycles were derived in the manner ..just described. 

They follow in Table XI. 

TABLE XI 

RECENT REFERENCE DATES OF THE NATIONAL BUREAU 

OF ECONOMIC RESEARCH 

Reference 
Cycle 

Initial 

JtaUBk. 

Terminal 

1 
II 
III 
IV 

October 1945 
October 1949 
August 1954 
April 1958 

November 1948 
TgoWfr 

October 1949 
July 1953 
July 1957 
Mav 1960 

August 1954 
April 1958 
FebjJjgl^ 

Source: National Bureau of Economic Research 

13W. C. Mitchell, What Happens During Business Cycles (New York 
National Bureau of Economic Research, 1951) p. 11. 

14 
Burns and Mitchell, oj>. cit.. p. 77. 
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The aelectlon of some of the National Bureau'8 recent turn

ing datea has been criticiaed. The publication of revised data led 

Trueblood to recommend a change in the November 1948 peak to October 

of the sane year.^ He also questioned the selection of October 1949 

as a reference cycle trough.It was his contention that the pres

ence of strikes during October in the coal and steel sectors served 

to depress the level of economic activity. Trueblood preferred 

dating the trough in July 1949. He defended his choice by stating 

that key economic Indicators started to rise in August and September 

after reaching lows in July.*^ He held that the coal and steel strikes 

of late 1949 seriously interrupted but did not halt the recovery from 

the July lows. 

Trueblood proposed that the 1954 reference trough be dated In 

18 
May rather than in August. He noted that preliminary figures indi

cated August as the trough month, while revised figures indicated May. 

The Trueblood study noted that the National Bureau had a 

19 
tendency to postdate troughs• This tendency was attributed to the 

^Lorman C. Trueblood, "The Dating of Postwar Business Cycles", 
Proceedings of the Business and Economic Statistics Section of the 
American Statistical Association (Washington, D. C.: American 
Statistical Association, 1961) p. 17. ' 

^Loc. cit. 

^Trueblood1B study was based on the obaervatlon of movements 
in four indicators: industrial production, nonagricultural employment, 
personal income, and gross national product* Of these indicators only 
the firat two are available in monthly form. 

18Ibid.. p. 18. 

19Ibid., p. 19. 



58 

practice of dating troughs at the end of flat bottoms. Trueblood 

offered, as a partial explanation of this practice, the theory that 

the cyclical measurement methods of the National Bureau of Economic 

Research were developed prior to World War II and especially during 

the 1930's, a period in which recoveries could be reluctant and halt

ing. It was his contention that, since World War II built-in 

stabilizers and stabilization measures have tended to shorten reces

sions. This result cast doubt on the practice of dating troughs at 

the end of flat bottoms. -

Geoffrey H. Moore answered the Trueblood criticisms by stating 

that Trueblood based his study on only four series and that more should 

have been consulted before reaching decisions relating to the shifting 

OA 
of established reference dates. Moore also noted that changes in 

reference dates do not alter leads and lags of individual series with 

respect to each other. 

While Moore defended the overall results obtained by the 

National Bureau it is interesting that he held reservations concerning 

21 
the July 1957 peak date. Moore noted that it was difficult to state 

with certainty whether the peak should have been dated in July or 

August. He indicated the possibility existed that data revisions 

* 

^Geoffrey H. Moore, "Discussion", Proceedings of the Business 
and Economic Statistics Section of the American Statistical Association 
(Washington, D. C.: American Statistical Association, 19&1) p. 

^Geoffrey H. Moore, "Measuring Recessions", Journal of the 
American Statistical Association; 53:283 (June, 1958) 

\ 



could have the effect of dictating a shift of the peak to August or 

even to an earlier month. 

In 1963 George W. Cloos launched an impressive attack on the 

22 
validity of recent reference dates. Cloos contended that several 

of the reference turns were suspect due to one or a combination of 

the following reasons: 

1. The National Bureau did not use all available 

series to determine its reference dates. 

2. The series are not weighted. 

3. Seasonal variation and random events can obscure 

reference turns. 

4. Since not all the aggregates used by the 

National Bureau coincide in their timing, 

the question arises as to whether a date 

representing the greatest single cluster -

can be trusted. 

5. The rule of choosing the last month in the 

"flat" zone of a series to denote its turning 

date is suspect as being overly mechanical. 

6. Statistical revision affecting a large number 

of series could alter reference dates. 

^George W. Cloos, "How Good Are the National Bureau's 
Reference Dates?", Journal of Business: 36:14-32 (January, 
1963). 



Cloos felt that, of the turning dates established by the National 

Bureau for the period since the November 1948 peak, only three could 

be considered as trustworthy: The July 1953 peak, the April 1958 

trough, and the February 1961 trough. He concluded that the 1948 

peak and the 1949 and 1954 troughs were dated too late, while the 

1957 and 1960 peaks were dated too eariy. 

Victor Zarnowitz, writing in support of the National Bureau's 

reference dates, argued that the Cloos attacks against reference 

23 
dates were suspect. Cloos had based his attacks on evidence ob-

24 
tained from observing specific cycle turns in only six series. 

Zarnowitz contested evidence based on such a small sample size. He 

recognized, however, that the reference dates of the National Bureau 

were imperfect in their weighting and not completely satisfactory with 

respect to the treatment of seasonal variation and random events. Of 

particular significance to this study is the contention of Zarnowitz 

that postwar reference dates were in need of review due to data re

visions which had occurred subsequent to the establishment of these 

25 
reference dates. However, Zarnowitz concluded his appraisal by 

stating that the reference chronology of the National Bureau, though 

imperfect, was usable. 

23 
Victor Zarnowitz, "On the Dating of Business Cycles," 

Journal of Business; 36:185 (April, 1963). 

24 
These series were industrial production, nonagricultural 

employment, personal income, total business sales, construction, and 
gross national product. 
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The National Bureau's scheme of reference dates shall be used 

in this investigation. As Friedman has pointed out, the National 

Bureau's reference dates are the product of considerable testing and 

permit comparison with a wide variety of series analyzed by the same 

technique.While these dates suffer from a variety of defects, 

none seems critical enough to Invalidate the dates themselves. 

^Milton Friedman, "The Lag Effect of Monetary Policy," 
Journal of Political Economy: 69:453 (October, 1961). 



CHAPTER IV 
t 

SPECIFIC-CYCLE MEASURES 

In this chapter and the chapter that follows, the copper out

put time series will be analyzed using the technique developed by the 

National Bureau of Economic Research.*" The present chapter will be 

concerned with the application of the National Bureau's specific-

cycle measures while chapter five will be devoted to a study of the 

relation between specific cycles in copper output and reference cycles. 

Positive Versus Inverted Series 

Before any measures of specific cycle behavior can be made, 

it will be necessary to establish whether the copper output series is 

"positive" or "inverted." In this paper, a positive series is viewed 

as one which rises during periods of general business expansion and 

falls during periods of general business contraction. An inverted 

series is viewed as one which rises during periods of general business 

contraction and falls during the periods of general business expansion. 

Specific cycles in a positive series are treated as units running from 

.r-"~ 
trough-to-trough. Specific cycles in an inverted series are treated 

as units running from peak-to-peak. 

*For a discussion of this technique see Burns and Mitchell's 
Measuring Business Cycles, especially chapters two and five. 

62 



63 

As a practical aid to decision-making in this area, if a series 

typically moves in the same direction as general business over more 

reference cycle stages than it moves in the opposite direction, the 

series is classified as positive and its specific cycles are analyzed 

on a trough-to-trough basis. Conversely, if the series typically 

moves counter to the flow of general business in more reference cycle 

stages than it moves with the flow, the series is classified as 

Inverted. The seasonally adjusted data on mine output of copper have 

been analyzed with the aid of Table XXI and the series has been 

2 
classified as "positive." 

Matching Turning Dates 

The next step is the matching of individual turns of the 

specific cycles in copper output with the individual turns of business 

cycles. In order for a specific-cycle turn to be considered as corre

sponding to a given reference turn, the following criteria must be met: 

1. There must be no other reference turn in the 

interval between the specific-cycle turn and 

the reference-cycle turn; the month of the 

specific-cycle turn is included in this 

interval. 

2. There must be no other specific-cycle turn In 

the interval between the specific-cycle turn 

and the reference-cycle turn; the month of the 

reference turn is included in this interval. 

/*-=• 

2 
Cf.. p. 86, post. 
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If both criteria are satisfied, the specific-cycle turn satisfying 

them is treated as corresponding to the appropriate reference-cycle 

turn. If not, however, the specific-cycle turn must be treated as 

noncorresponding with no attempt being made to compare its timing 

with that of business cycles. The above criteria have been satisfied 

by the specific-cycle turns in the copper output series, which are 

shown in the following table as related to given reference turns: 

TABLE XII 

CORRESPONDING TURNING DATES OF SPECIFIC CYCLES 

IN COPPER OUTPUT AND REFERENCE CYCLES 

Peaks 
Specific Reference Specific 

Troughs 
Reference 

Aug. 1948 with 
Aug. 1953 with 
Aug. 1956 with 
Sep. 1960 with 

Nov. 1948 
July 1953 
July 1957 
May 1960 

Apr. 1946 
July 1949 
Apr. 1954 
July 1958 
Apr. 1961 

with 
with 
with 
with 
with 

Oct. 1945 
Oct. 1949 
Aug. 1954 
Apr. 1958 
Feb. 1961 

Source: Table X and Table XI 

In all but one case the corresponding specific-cycle turns and refer

ence turns occur within six months of each other. The one exception 

to this pattern of close correspondence is found in the case of the 

August 1946 specific-cycle peak and the July 1957 reference peak, 

which are separated by eleven months. 

Timing Measures 

Timing measures relating to the series on mine output of copper 

are Introduced to show clearly how closely the specific cycles corre

spond with the business cycle. These follow in Table XIII: 
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TIMING OF SPECIFIC CYCLES IN COPPER OUTPUT 1942-1963 

Timing at 
Reference Peak 

Dates of 
Specific Cycles 

Number 
of 

Months 
Lead (-) 

Date of 
Reference 

Timing at 
Reference Trough 

Number 
of 

Months 
Lead (-) 

Date of 
Reference 

Trough Peak Trough or Lag . Peak or Lag Trough 
a) (2) <3> <4> ( 5 )  

Apr 46 
» 

6 Oct 45 
Apr 46-Aug 48- Jul 49 -3 Nov 48 -3 Oct 49 
Jul 49-Aug 53- Apr 54 1 Jul 53 -4 Aug 54 
Apr 54-Aug 56- Jul 58 -11 Jul 57 3 Apr 58 
Jul 58-Sep 60- Apr 61 4 May 60 2 Feb 61 

Arithmetic Mean -2.25 .80 
Average Deviation 
from the Mean 4.75 3.44 

Source: Table XII 

Table XIII shows that the series on mine output of copper 

tended to reach its peak 2.25 months ahead of the reference peak. 

The series tended to reach its trough .80 of a month after the refer-

3 
ence trough. From this it may be concluded that the series is roughly 

coincident at its turning dates with the business cycle. 

Full confidence in the accuracy of the leads and lags shown in 

Table XIII must be tempered by realization of the difficulties 

associated with the establishment of specific-cycle turning dates. 

This compares with an average lead at the reference peak of 
one month and an average lead at the reference trough of half a month, 
in the National Bureau's early study 6f mine output of copper. The 
average leads cited here pertain only to the 1914 to 1928 period, since 
the National Bureau was unable to obtain clear results for the earlier 
period. ^ 



Aside from this, the National Bureau's practice of setting reference 

dates toward the close of transition periods, when cyclical waves 

culminate in "flat" peaks or troughs, produces the bias that leads 

are more numerous than lags 

Measures of Duration 

Based on the evidence derived frcn the lead-lag pattern, it 

has been established that specific cycles in copper output move closely 

in terns of their duration with reference cycles. A series of dura

tion aeasures are now introduced in order to afford further and aore 
j-' 

detailed insight into this area of the analysis. These measures are 

shown in Table XIV. 

The postwar specific cycles in copper output have an average 

duration of U5 months. Seventy-two per cent of this period comprises 

the expansion phase. The average specific-cycle expansion has lasted 

2.75 months less than its corresponding reference expansion while the 

average specific-cycle contraction has lasted 1.75 months longer than 

its corresponding reference contraction. 

^Ehis bias is largely offset in the series on copper output, 
a series which has a number of "flat" turning zones. The August 19w 
and August 1953 peaks were established on the basis of the rule of 
choosing the later turning date when the decision would otherwise be 
unclear. 



DURATION OF SPECIFIC 

TABLE XIV 

CYCLES IN COPTER OUTPUT 1942-1963 

Dates of Specific Duration of Cyclical Movements Percent of 
Cycles (months) Duration of 

Trough Peak Trough Excess over Specific 
Specific Cycles Reference Cycles Cycles 

Ex Con Ex Con Ex Con
(1) pan trac Full pan trac Full pan trac

•* sion tion Cycle sion. tion Cycle sion tion 
* <2>* (3)** (4) „<5) • <6> <7> (8) (9) 

Apr 46 - Aug 48 - July 49 28 11 39 -9 0 -9 72 28 
Jul 49 - Aug S3 - Apr 54 49 8 57 +4 -5 -1 86 14 
Apr 54 - Aug 56 - July 58 28 23 51 -7 +14 +7 55 45 
Jul 58 - Sep 60 - Apr 61 26 7 33 +1 -2 -1 73 27 

Arithmetic Mean 32.75 12.25 45.00 -2.75 +1.75 -1.00 72 28 
Average Deviation from Mean 8.13 5.38 9.00 5.25 6.13 4.00 8 8 

Source: Table XII 

* Specific-cycle expansions are determined by the interval from the middle of the month of the 
initial trough to the middle of the month of the specific-cycle peak. 

** Specific-cycle contractions are determined by the interval from the middle of the month of the 
specific-cycle peak to the middle of the month of the terminal trough. 

*** A plus sign in columns five indicates that the expansion phase of a given specific cycle is 
longer than its corresponding reference phase. A minus sign in column five indicates that the 
expansion phase of a given specific cycle is shorter than its corresponding reference phase. 
Similar rules hold for columns six and seven. 
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The relative shortness of the specific-cycle downswing ob

served in this study- should be noted.5 This shortness can be tenta

tively attributed to the "damping" of the acceleration mechanism during 

the cyclical downswing. The increased role of government stabilization 

policy coupled with the presence of "outcoatic stabilizers" seem to 

offer support to this conclusion.^ Inflation, which has characterized 

much of the period of this study, also tends to. lengthen upswings and 

shorten downswings. 

IteMUT" of Mantua. 

Having resolved the question of length, the matter of height or 

aqplitude can be examined. This consideration is necessary in order 

4hat a "specific-cycle profile" can be developed. 

The original data comprising economic time series are ex

pressed in diverse units. Diis precludes direct comparisons of the 

amplitude of cyclical movements. A solution to this difficulty in

volves the use of specific-cycle relatives. Such relatives are com

puted by taking each monthly value of a given specific cycle and 

dividing it by the arithmetic mean of the values included in this 

cycle.'1 

^The term "relative shortness" implies shortness of duration 
with respect to both the complete specific cycle and to the average 
duration of specific-cycle contractions observed earlier by the 
National Bureau of Economic Research. The National Bureau found that 
specific-cycle contractions comprised kj per cent of the average 
specific-cycle during the 191^ to 1928 teBt period. 

^The stability of personal consunqption expenditures during 
recent recession periods adds further support for this proposition. 

7pata used in computing the specific-cycle relatives are in 
seasonally adjusted form. 
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The arithmetic mean of a specific cycle is computed by 

including both the initial and terminal troughs as part of -the cycle 

and giving each the weight of one-half. The values lying between 

the initial and terminal troughs are assigned the weight of one. 

This procedure of weighting the trough values only half the weight 

8 
of all the other values avoids double counting between cycles. In 

this way the amplitudes of different series are converted into a 

similar unit with the result that comparisons now are made possible 

between series. .The specific-cycle means relating to postwar copper 

9 
output are shown in Table XV: 

TABLE XV 

SPECIFIC-CYCLE MEANS FOR COPPER OUTPUT 

Means of Specific Cycles 
Dates of Specific Cycles (Figures are in thousands 
Trough Peak Trough of short tons of copper.) 

Apr 46 - Aug 48 - Jul 49 65.4 
Jul 49 - Aug 53 - Apr 54 75.0 
Apr 58 - Aug 56 - Jul 58 84.2 
Jul 58 - Sep 60 - Apr 61 81.7 

•••HHBaHHBnaMBKBaaBBBnngBRBBnKBBnanHaHnB 

Source: Table VII 
*~S' . 

It is now possible to construct Table XVI which contains the 

basic measures of cyclical amplitude. 

8 
This procedure also holds when a series is analyzed on an 

inverted instead of a positive basis. In the case of a series 
analyzed on an inverted basis, the initial and terminal peaks would 
be assigned weights o| one-half each relative to the other values 
occurring during the cycle. 

9 
The arithmetic means have been computed with no adjustment 

being made for the influences of random events. 



TABLE XVI 

AMPLITUDE OF SPECIFIC CYCLES IN COPPER OUTPUT 1942-1963 

Dates of Specific Three Month Average in Amplitude Per Month 
Cycles Specific Cycle Relatives of Amplitude of*** 

Trough Peak Trough Centered on* 
Initial Peak Terminal Rise Fall Rise Fall 

<n (2)** (3) (4)** (5) (6) cn (8) 

Apr 46- Aug 48- Jul 49 52.3 116.1 92.2 63.8 23.9 2.3 2.2 
Jul 49- Aug 53- Apr 54 80.4 106.6 89.1 26.2 17.5 0.5 2.2 
Apr 54- Aug 56- Jul 58 79.3 117.2 80.4 37.9 36.8 1.4 1.6 
Jul 58- Sep 60- Apr 61 82.9 121.2 107.7 38.3 13.5 1.5 1.9 

Arithmetic Mean 73.7 115.3 92.4 41.6 22.9 1.4 2.0 
Average Deviation 
from the Mean 10.7 4.3 7.7 11.2 7.4 0.5 0.2 

WEIGHTED AVERAGE**** 1.3 1.9 

Source: Table V, Talbe VII, and Table XIV. 

* Three month averages were taken in order to "damp" the influence of erratic movements. There are 
two exceptions to the three-month average rule. These involve the August 1956 peak and the 
April 1961 trough. In each of these cases a relative was computed based only on the turning 
month since the values on both sides of the turn varied considerably from the turn value. 

** The terminal trough of each cycle interlocks with the initial trough of the following cycle. 
Thus, the same item is presented at the terminal trough of cycle X and the initial trough of cycle T. 
However, the three-month averages of cycle relatives computed from the same items differ. This 
follows from the practice of varying the average value used as the base for cycle relatives 
whenever a new cycle is considered. 

*** Columns seven and eight are obtained by dividing the rise and fall figures found in columns five 
and six of Table XVI by the corresponding duration figures found in columns two and three of 
Table XIV. 

****The weighted zverage of column seven is found by dividing the sum of the values in column five of 
Table XVI by the sum of the values in column two of Table XIV. The weighted average for column 
eight is found in a similar maimer. 
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The data in Table XVI show as a first approximation a total 

rise and fall of 64.5 per cent in the amplitude of the average specific 

cycle. This is a rather pronounced fluctuation. The magnitude of the 

cyclical fluctuation is not surprising in view of the fact that copper 

mining is a high order industry and thus subject to very substantial 

acceleration effects. 

Due to the magnitude of irregular movements it is necessary 

to exclude the initial trough value of 52.3 from the averages.*"0 This 

exclusion results in an upward revision of the average initial trough 

value to 80.9. Based on this modification the total amplitude of 

specific cycles becomes 57.3. 

The Secular Influence 

The cycle profile, as developed thus far, does not take 

account of possible distortions associated with secular trend. This 

section is devoted to measuring the trend component so that it will 

be possible to make proper allowance for its influence. 

For purposes of analysis the trend concept will be broken 

into two parts, the "intra-cycle" trend and the "inter-cycle" trend. 

The intra-cycle trend of a series has reference to the portion of 

secular movement which occurs within the period of a single cycle. 

The inter-cycle trend, by contrast, includes the portion of secular, 

movement which cumulates from cycle to cycle. Intra-cycle trend is 

present in the cyclical measures but inter-cycle trend is eliminated 

l^The initial trough value of 52.3 was derived by averaging 
the specific-cycle relatives for March, April, and May of 1946. 
These, relatives reflect the industry-wide work stoppages of 1946. In 
this regard, Cf., pp. 22-27, ante. 



in the computation of the specific-cycle relatives. This follows from 

the fact that each cycle has a different mean value upon which rela

tives are computed for that cycle. Thus, the relatives of no two 

cycles are comparable except by accident of the means being identical. 

The measures employed In this section shall therefore be directed to 

the task of measuring intra-cycle trend. A first approximation of the 

magnitude of intra-cycle trend can be derived from the measures shown 

in the following table: 

TABLE XVII 

INTRA-CYCLE TREND IN COPPER OUTPUT 1942-1963 

Dates of Specific 
Cycles 

Trough Peak Trough 

Average Monthly Standing 
(thousands of short tons) 

Expansion 
(2)* 

Contraction 

Q2* 

% Change from 
Preceding Phase 
(expansion to 
contraction) 

Apr 46-Aug 48-Jul 49 
Jul 49-Aug 53-Apr 54 
Apr 54-Aug 56-Jul 58 
Jul 58-Sep 60-Apr 61 

Arithmetic Mean 
Average Deviation 
from the Mean 

Source: Table VII 

66.3 
75.2 
81.5 
77.9 

63.0 
73.9 
87.4 
95.9 

- 5 
- 2 
7 
19 

4.75 

8.25 

* The average monthly standings in columns two and three are computed 
by weighting the peak and trough dates one-half each and assigning 
the intervening values the weight of one each. 

**The percentages in column four are computed on the base of the 
expansion phase. 
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Table XVII discloses an Intra-cycle trend of 4.75 per cent 

between the expansion and contraction phases of the average specific 

cycle under study. Based on this evidence it can be tentatively 

concluded that the intra-cycle trend is positive. Yet, the measures 

of Table XVII constitute only a partial explanation of Intra-cycle 

trend. Further measures are therefore presented in Table XVIII. 

The measures presented in Table XVIII are derived from the 

line of inter-cycle trend, the step-line formed by the mean levels 

of successive specific cycles. While such a line does not yield 

an exact picture of the intra-cycle trend component, it does provide 

sufficient information so that the magnitude of intra-cycle trend can 

be judged with reasonable certainty. 

Table XVIII confirms the findings of Table XVII and, in 

addition, shows that the intra-cycle trend rose at a rate of .16 

per cent pet month over the period of this investigation. This 

calculation, based on the weighted average found at the bottom of 

the table, necessitates appropriate allowances when the cyclical 

profile is interpreted. 



TABLE XVIII 

FURTHER MEASURES OF INTBA-CYCLE TREND IN COPIER OUTPUT 1942-1963 

Dates of SpecificrCycles Average Monthly Percent Change front Preceding Dates of SpecificrCycles 
Standing Cycle on Base of 

Trough Peak Trough Full Cycle 
(thousands of short tons) Average of Given 

. and Preceding Cycle 
<1> (2) Total Per Month (2) 

(3)* (4)** 

Apr 46 - lug 48 - Jul 49 65.4 14 .29 
Jul 49 - Aug 53 - Apr 54 75.0 12 .22 
Apr 54 - Aug 56 - Jul 58 84.2 - 3 -.07 
Jul 58 - Sep 60 - Apr 61 81.7 

Arithmetic Mean . 7.7 .15 
Average Deviation from the Mean ** 7.1 .14 
WEIGHTED AVERAGE*** .16 

Source: Table VII and Table XV. 

* The following formula Is used to compute the values found in column three: 

p -100 

2 
In the formula P is used to denote the measure of percentage change. The symbol X denotes the mean 
of the series during the second of two specific cycles. . 

** Column four is computed by dividing the number of months from the midpoint of one cycle to the 
midpoint of the next Into the values in column three. 

***The weighted average is obtained by dividing the sum of the entries in column three by the number 
of months from the midpoint of the first to the midpoint of the last cycle in the copper output series. 
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Specific-Cycle Patterns 

The task of this section Is the refinement and completion of 

the specific-cycle profile. This will be accomplished by deriving and 

charting a specific-cycle pattern and by calculating appropriate rates 

of change between pattern phases. 

Table XIX shows the pattern of the typical specific cycle in 

copper output as well as the form of each of the component specific 

cycles. The specific-cycle patterns of Table XIX are divided into 

nine stages. Of these, three stages represent cyclical expansions, 

while three others represent cyclical contractions. The remaining 

stages represent the cyclical peak and the initial and terminal 

troughs. The values assigned to each of the stages are derived from 

appropriate specific-cycle relatives. 

The average specific-cycle pattern shown by Table XIX is not 

characterized by a series of even steps comprising the expansion and 

contraction phases. Instead, the size of the steps varies from a 

high of 20.2 per cent between the initial trough and the first third 

of the expansion, to a low of 1.9 per cent between the first and 

middle thirds of the expansion. 

A problem of reliability arises in connection with the average 

standings for stages one and three of the specific-cycle pattern. The 

initial trough value of 52.3 per cent occurred in the middle of the 

1946 work stoppages, while, the stage three value of 74.2 per cent 

reflects the influence of the 1959 work stoppages. Both the 1946 and 
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11 
1959 work stoppages were of unusual severity. For this reason, the 

value of 52.3 per cent and 74.2 per cent are removed from the averages 

with the result that the averages found In Table XIX can be modified to 

read 80.9 for stage one and 103.0 for stage three. 

In Table XIX It Is assumed that the turns of specific cycles 

occur In single months. The peaks and troughs of specific cycles are 

12 
thus assumed to be; "rounded? or "angular" rather than "flat". One 

of the features of the copper output series Is the fact that Its 

troughs tend to be more rounded than Its peaks. Of course, this state

ment must be weighed subject to the uncertainties surrounding the 

various turning dates. 

The National Bureau's practice of dating cyclical peaks toward 

the end of "flat" tops and cyclical troughs toward the end of "flat" 

bottoms can be a source of bias affecting cyclical patterns. The 

only cases where such a decision entered into this Investigation 

concern the August 1948 and August 1953 peak values which were 

t3 
selected over rival peaks on this bails. 

A final element capable of causing distortion arises from the 

use of three-month averages to determine the turning dates. Because 

of the use of fluch averages, stage five overlaps stages four and six 

^See the February 1947 and February 1960 volumnes of the 
Engineering and Mining Journal. Also Cf., pp. 22-24, ante. 

12 
This assumption does not hold in the cases of the 1948 

or 1953 peaks. 



TABLE HZ . 

SIBCIFIC-CYCLE IATTKRNS IN COHER OUTHJT 1942 - 1963 

Dates of Specific Cycles Average in Specific-Cycle Relatives at Stase 

Trough Peak Trough 
"I II III IV V VI VII VIII IX 

<D 

Trough 
3 mon. 
center 
on 

3 mon. 
center 

Expansion on Contraction* Mr 

3 mon. 
center 
on <D 

init. 
Trough 
(2) 

first 
third 
(3) 

middle 
third 
(4) 

last peak 
third 
(5) (6)*< 

first 
third 
(7) 

middle 
third 
(8) 

last 
third 
(9) 

term. 
Trough 
(10)* 

Apr 46 - Aug 48 -
Jul 49 - Aug 53 -
Apr 54 - Aug 56 -
Jul 58 - Sep 60 -

Jul 49 
Apr 54 
Jul 58 
Apr 61 

52.3 
80.4 
79.3 
82.9 

86.8 
95.3 
84.7 
108.7 

109.8 
102.9 
96.4 
74.2 

109.5 116.1 
102.8 106.6 
109.4 117.2 
105.3 121.2 

98.3 
104.8 
108.3 
120.3 

89.8 
100.0 
107.0 
117.0 

99.7 
90.5 
96.7 
115.5 

92.2 
89.1 
80.4 
107.7 

Arithmetic Mean 
Average Deviation 
from the Mean 

73.7 

10.7 

93.9 

8.1 

95.8 

10.8 

106.8 115.3 

2.7 4.3 

107.9 

6.4 

103.5 

8.6 

100.6 

7.5 

92.4 

7.7 

Source: Table VH and Table XVI. 

* The figures in columns two, six, and ten, with the exception of the August 1956 peak and the 
April 1961 trough, are derived from three month averages of specific cycle relatives centered 
on the appropriate turning dates. 

** The expansion phase of each specific cycle is the interval beginning with the month after the 
initial trough and ending with the month before the peak. 

***The contraction phase of each specific cycle is the interval beginning with the month after the 
peak and ending with the month before the terminal trough. 



while stage one and stage nine both overlap stages eight and two. The 

amount of distortion produced by this influence appears to be small 

in this study, due to the length of most of the cycle phases and the 

fact that averages were not used to determine either the August 1956 

peak or the April 1961 trough dates. 

Measures relating the amplitude and the duration of cyclical 

movements are shown in Table XX. From the analysis of Table XX it is 

clear that the average rate of change during the contraction is greater 

than the average rate of change during the expansion. This can be 

attributed to the shorter durations of specific cycle downswings. The 

mean of the weighted averages during the contraction is 2.15 compared 

14 
to a mean of 1.55 during the expansion. 

Any decline between stage one and five or any rise between 

stage five and nine is treated an as irregular movement. In order to 

judge the amplitude of irregular movements in a series relative to the 

amplitude of its specific cycles, a comparison is made between the 

total duration of the intervals having irregular signs and the total 

duration of all specific cycles. In this study, two intervals have 

irregular signs. These are the interval of the middle to the last 

third of the contraction of the April 1946 specific cycle and the 

interval of the first to the middle third of the expansion of the 

July 1958 specific cycle. The total duration of these intervals is 

^If the adjusted data are considered, the mean during the 
expansion is reduced to 1.23. 



TABLE XX 

RATES OF CHANGE FROM STAGE TO STAGE OF SPECIFIC CYCLES IN COPPER OUTPUT 1942-1963 

Dates of Specific Cycles Average Change Per Month In 
Specific Cycle Relatives Between Stages* 

Trough Peak Trough I-II II-III III-IV IV-V V-VI VI-VII VII-VIII VIII-IX Trough Peak Trough 
Expansion Contraction 

trough first middle last peak first middle . last 
to to to third to to to third 
first middel last to first middle last to 
third third third peak third third third trough 

( 1 )  •<2> (3) (4) (5) (6) (7) ( 8)  <9> 

Apr 46- Aug 48- Jul 49 6.9 2.6 0.0 1.3 -8.9 -2.4 2.8 -3.8 
Jul 49- Aug 53- Apr 54 1.8 0.5 0.0 0.4 -1.2 -1.9 -3.8 -0.9 
Apr 54- Aug 56- Jul 58 1.8 1.3 1.4 1.6 -2.2 -0.2 -1.4 -4.1 
Jul 58- Sep 60- Apr 61 5.7 -4.1 3.7 3.5 -0.6 -1.7 -0.8 -5.2 

Arithmetic Mean** 4.1 0.1 1.3 1.7 -3.2 -1.6 -0.8 -3.5 
Average Deviation from 
the Mean 2.3 2.1 1.3 0.9 2.8 0.7 1.8 1.3 

Weighted Average 3.5 0.2 1.0 1.5 -3.2 -1.1 -0.7 -3.6 
Average Interval Cmos.)**** 5.8 10.6 10.6 5.8 2.3 3.9 3.9 2.3 

Source: Table XIX. 

* The figures In columns two through nine were found by dividing the differences between successive 
entries in Table XIX by the number of months from the middle of one stage to the middle of the next 
stage. 

** The averages do not reflect the adjustments applied to the data of Table XIX. If the adjustments had 
been applied the averages would have been: 3.1 per cent for column two, 1.5 per cent for column 
three, and 0.5 per cent for column four. 

*** The weighted averages are derived from the average standings at the bottom of Table XIX and the aver
age Intervals at the bottom of Table XX. 

****The average intervals are obtained by taking the nuoiber of months between the midpoints of successive 
stages for each cycle and averaging them. 
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CHART III 
Patterns of Succottiwt Spocifie Cycltt and Thtir Avtragt Pot torn 

Coppor Output 1942-1963 
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12 months while that of all specific cycles examined is 180 months. 

Thus, erratic movements constitute 6.7 per cent of the total duration 

of specific cycles. 

The specific-cycle pattern developed in Table XIX and in 

Table XX can be examined further with the aid of Chart III. Con

cerning Chart III, units of specific-cycle relatives are shown on 

its vertical scale while units of time are shown on its horizontal 

scale. The cyclical patterns shown are plotted so that each peak is 

directly under the preceding one. The standings at other stages are 

out of alignment since the durations of specific cycles vary. The 

dots shown on the chart represent the standings of specific cycles 

during their various stages. The average specific-cycle pattern 

found at the bottom of the chart was plotted from the average stand

ings in Table XIX, as modified by the deletion of items affected by 

the 1946 and 1959 work stoppages, and the average intervals between 

successive stages in Table XX. The irregularities present in the 

specific cycles are "damped" in the averaging with the result that 

the average specific-cycle pattern is smoother than the patterns of 

the more uneven specific cycles. The average pattern in no way 

reflects the sequence in which the specific cycles occurred. 

Chart III gives a composite photograph of the amplitudes, 

durations, and stage to stage changes of the various specific cycles. 

^The 6.7 per cent figure indicates that episodic events 
exercise a substantial influence on the copper output series* 



The significance of Chart III lies in the fact that it provides a 
f" 

complete specific-cycle profile which permits attention to be shifted 

to the comparisons of Chapter five. 



CHAPTER V 

THE RELATION OF SPECIFIC CYCLES 
IN COPPER OUTPUT TO REFERENCE CYCLES 

In this chapter it will be determined whether a relationship 

exists between specific cycles in copper output and reference cycles. 

This will be done by applying the Burns and Mitchell technique to 

derive a reference-cycle pattern which can be compared directly with 

the specific-cycle pattern developed in the previous chapter. If 

a relationship appears, measures will then be taken of the con

formity of specific cycles to reference cycles. This will be done 

in order to measure the degree of the association. 

Reference-Cycle Patterns 

Reference-cycle patterns are constructed for the purpose of 

conveying an accurate picture of the behavior of a given series rela

tive to the established behavior of the business cycle. In order to 

obtain such patterns, it was first necessary to derive reference-cycle 

relatives. To do this, the expansion and contraction phases were 

broken into thirds, based on the National Bureau's reference-cycle 

turning dates, and mean values for each third were computed. Mean 

values were also computed, based on three-month averages, for troughs 

and peaks at reference-cycle turning dates. From these means it was 

possible to derive reference-cycle relatives. This was done by 

dividing the mean values by the average monthly standings of the 

84 
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appropriate reference cycles.1 A reference-cycle pattern for copper 

output is shown in the following table, Table XXI. 

The average reference-cycle pattern shown by Table XXI is 

gravely distorted by the Influence of random events. A direct result 

of this influence is that the average reference-cycle pattern is 

"choppy" and wholly unsuitable for generalizing as to the character 

of the relationship between the copper output series and the business 

cycle. In order to make the series usable, it has been necessary, to 

omit from the averages the stages affected by the 1946 and 1959 

2 
Industry work stoppages. The 1946 and 1959 work stoppages were far 

more severe than the other stoppages which influenced the series, and 

this fact dictated their removal on a selective basis. On the basis 

of these changes, the averages found in Table XXI can be modified to 

read: 107.4 for stage four, 109.0 for stage five, and 108.8 for. 

stage six. 

Once the extreme items are removed, the series moves more 

3 
closely with the business cycle. Using the modified means, an 

index of amplitude for reference cycles can be computed. This index, 

*The average monthly standings have been found to be: 63.1 
during the 1945-49 reference cycle, 75.3 during the 1949-54 reference 
cycle, 86.5 during the 1954-58 reference cycle, and 80.2 during the 
1958-61 reference cycle. These figures are all in thousands of 
short tons. 

2 
The stages involved are stages five and six of the 1945-49 

reference cycle and stage four of the 1958-61 reference cycle. 

The National Bureau of Economic Research studied reference-
cycle patterns in mine output of copper from 1893 to 1929. Its . 
study disclosed that copper output followed the business cycle 
closely. 



TABLE XXI 

REFERENCE-CYCLE PATTERNS IN GOFFER OUTPUT 

1942 - 1963 

Dates of Reference Cycles Average In Reference-Cycle Relatives at Stage 
I II III IV V VI VII VIII IX 

Trough Peak Trough . Expansion Contraction*** 
3 mos. Mid 3 mbs. Mid 3 mos. 
Centered First dle Last Centered First dle Last Centered 
On Initial 3rd 3rd 3rd on Peak 3rd 3rd 3rd On Terminal 
Trough Trough 

(1) m** (3) (4) (5) ft) (7) (8) (9) (10)*** 

Oct 45- Nov 48- Oct 49 96.2 78.8 111.6 114.1 91.1 85.1 106.7 94.9 98.1 
Oct 49- Jul 58- Aug 54 82.2 99.5 102.3 102.1 104.2 104.2 94.7 91.6 83.8 
Aug 54- J\il 57- Apr 58 72.9 89.2 104.6 105.9 105.3 104.5 103.4 98.8 91.9 
Apr 58- Hay 60- Feb 61 99.1 99.8 111.0 65.7 117.6 117.8 124.6123.2 118.5 

Arithmetic Mean 87.6 91.8 107.4 97.0 104.6 102.9 107.4101.4 98.1 
Average Deviation from 
the Mean 10.1 8.0 3.9 15.6 6.9 8.9 8.7 9.4 10.2 

Source: Table VII. 

* The expansion phases begin with the month following the initial reference-cycle trough and end with 
the month prior to the reference-cycle peak. 

** The contraction phases begin with the month following the reference-cycle peak and end with the month 
- prior to the terminal reference-cycle.trough. 
***rhe standing at the terminal trough of a given reference-cycle differs from that at the initial 

trough of the next cycle due to a change in the denominator of the reference cycle relatives 
concerned. 

00 
o\ 



which measures the total rise and fall of reference cycles, is 32.3 

per cent. This compares with an index of amplitude for modified 

4 
specific cycles of 57.3 per cent. Thus, the total rise and fall of 

reference cycles is only 56 per cent as pronounced as the total rise 

and fall of specific cycles in copper output. 

The reference-cycle patterns have been supplemented by rates 

of change from stage to stage of reference cycles in copper output. 

These are shown in Table XXII. The figures found in Table XXII have 

been obtained by dividing the difference between successive stages 

in Table XXI by the number of months between the midpoints of suc

cessive stages.^ This table follows: 

The index of amplitude for reference cycles is found by 
subtracting the average standings at the reference troughs from 
the average standing at the reference peak. The index of ampli
tude for specific cycles is found by subtracting the average 
standings at the specific-cycle troughs from the average standing 
at the specific-cycle peak. In each case the differences are 
sunned up to get the index of.amplitude. 

5if i8 used to designate reference-cycle relatives, and 
t is used to designate time units, the formula used for this 
operation would be Delta R/Delta t. 



TABLE XXII 

RATES OF CHANGE FROM STAGE TO STAGE (V REFERENCE CYCLES IN COPPER OUTPUT 

1942 - 1963 V 

Dates of Reference Cycles Average Change Per Month 
in Reference-Cycle Relatives Between Stages 

Trough Peak Trough I-II II-III III-IV IV-V V-VI VI-VII VII-VIII VIII-IX Trough Peak Trough 
Expansion Contraction 

Trough First Middle Last Peak First Middle Last 
to to to third to to . to third 
First Middle Last to First Middle Last to 
Third Third Third Peak Third Third Third Trough 

(1> (2) <3) (4) (5) <6> f7) (8) (9) 

Oct 45- Nov 48- Oct 49 -2.7 2.7 0.2 -3.5 -3.0 6.2 -3.4 1.6 
Oct 49- Jul 53- Aug 54 2.2 0.2 0.0 0.3 0.0 -2.4 -0.8 -3.1 
Aug 54- Jul 57- Apr 58 2.7 1.3 0.1 -0.1 -0.4 -0.4 -1.8 -3.5 
Apr 58- May 60- Feb 61 0.2 1.4 -5.7 11.5 0.1 2.7 -1.8 -0.9 

Arithmetic Mean 0.6 1.4 -1.4 2.1 » o
 

•
 

00
 

1.5 -2.0 -1.5 
Average Deviation from 
the Mean 1.9 0.7 2.2 3.7 1.1 2.9 0.8 1.8 

Weighted Average* 0.7 1.4 -0.9 1.2 -0.8 1.5 -1.9 -1.6 
Average Interval (Mos.)** 6.3 11.5 11.5 6.3 2.1 3.1 3.1 2.1 

Source: Table XXI. 

* The weighted averages were obtained by dividing the differences between successive average standings 
found at the bottom of Table XXI, by the average intervals at the bottom of Table XXII. 

**The average.intervals were obtained by taking the nunber of months between the midpoints of successive 
stages for each cycle and averaging them. 



89 

CHART IV 

Patterns of Succttthrt Rtftrtnct CyclM and Thtir Av«ro«« Potttrn 
Copper Output 1942-1963 
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The patterns of change shown in Table XXII are erratic and 

inconsistent. Revision, based on removal of the extreme values re

flecting the 1946 and 1959 work stoppages, is an-unsatisfactory 

solution since such removal would necessarily eliminate a significant 

percentage of the data. In one case, the average rate of change be

tween stages four and five, such removal would leave an average based 

on only two items. 

In order to clarify further the nature of the reference-cycle 

patterns, Chart IV is introduced. This chart is concerned with refer-

ence-cycle relatives instead of specific-cycle relatives. Concerning 

Chart IV, units of reference-cycle relatives are shown on its vertical 

scale while units of time are shown on its horizontal scale. The 

cyclical patterns shown are plotted so that the standing at stage 

five of each reference cycle is located directly above the standing 

at stage five of the following reference cycle. Standings at other 

stages are out of alignment because the durations of reference cycles 

vary. The dots shown on the chart represent the standings of refer

ence cycles during their various stages. The average reference-cycle 

pattern found at the bottom of the chart was plotted from the average 

standings in Table XXI, as modified by the removal of the stages 

directly effected by i:he 1946 and 1959 work stoppages, and the average 
intervals between stages in Table XXII. 

A Comparison of Reference-Cycle Patterns 

and Specific-Cvcle Patterns 

The average cyclical patterns found in Chart III and Chart IV 

have been plotted together to form Chart V. The purpose of Chart V is 



to provide a comparison o£ average behavior during specific cycles in 

copper output with average behavior during corresponding reference 

cycles. 

Chart V is constructed by treating each specific-cycle turn 

as corresponding to a reference-cycle turn. Since the copper output 

series has been analysed on a "positive" basis, the specific-cycle 

troughs have been matched with reference troughs and the specific-

cycle peak has been matched with the reference peak. Appropriate 

average leads and lags have been inserted between the turning points. 

Thus, the specific-cycle peak leads the reference peak by 2.25 months 

while the specific-cycle troughs lag the reference troughs by .80 of 
r" 

a month. A horizontal arrow has been drawn to indicate the fact that 

the average specific cycle in copper output leads the average refer

ence cycle at the peak. Vertical arrows have been drawn at the 

troughs, indicative of the relatively coincident timing between 

specific cycles and reference cycles at these turning points. 

The average reference-cycle duration can be read from the 

scale at the bottom of the chart. This scale shows that reference 

cycles lasted on the average a period of 46 months. In a similar 

manner, the average specific-cycle duration can be read from the 

scale at the top of the chart. This sckle shows that specific 

cycles lasted on the average a period of 45 months. Horizontal 

lines have been constructed parallel to the duration scales. These 

lines represent the average deviations from the average durations 

of reference and specific cycles. The lines of average deviation 

from average duration are read from the scales established on the 
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CHART V 
Average Specific-Cycle and Reference-Cycle Patterns 

Copper Output 1942-1963 
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appropriate average duration lines. The average deviation from the 

average duration of reference'cycles is seven months While the average 

deviation from the average duration of specific cycles is nine months. 

The two patterns have been plotted on a common set of vertical 

scales. Thus, the average standings of both patterns can be read 

directly from the scale on the left. The average deviations of the 

patterns are represented by vertical lines drawn below and above the 

curves representing the average patterns. The average deviations of 

reference-cycle standings must be read upward from the duration line 

representing the average duration of reference cycles. The average 

deviations of stages four, five, and six have been revised so as to 

be consistent with the revised average standings for these stages 

6 
shown in the average reference-cycle curve. The average deviations 

of specific-cycle standings must be read downward from the duration 

line representing the average duration of specific cycles. 

Chart V is evaluated by noting how closely the average 

specific-cycle pattern approximates the average reference-cycle 

pattern. If the former follows the latter closely, then a relation

ship is disclosed. However, for a relationship to be significant 

the'average deviations must not be of a high order. With these 

factors taken into consideration, it can be stated that Chart V dis

closes a definite relationship between the modified average specific-

cycle and average reference-cycle patterns. This relationship will be 

considered further in the next section. 

®The revised average deviations are 4.4 per cent for stage . 
four, 5.7 per cent for stage five, and 6.0 per cent for stage six. 



Measures of Conformity 

Table XXIII measures the degree to which the copper output 

series conforms to the business cycle. A first approximation of the • 

degree of association between copper output cycles and the business 

cycle is found in the rate of rise and fall per month during reference 

expansions and contractions. The greater the rate of rise during 

reference expansions and the greater the rate of fall during reference 

contractions, the greater the degree of association tends to be. 

A rise of 0.51 per cent per month was observed during reference 

expansions together with a fall of 0.58 per cent per month during 

reference contractions. More precise results are afforded by the 

conformity indexes. 



TABLE XXIII 

CONFORMITY OF COPPER OUTPUT CYCLES TO BUSINESS CYCLES 1942-1963 

Average Change Per 
Month During Refer-

Reference Reference ence Contraction 
Expansion Contraction Minus that During 

Total Interval Average Total Interval Average Preced Suceed-
Dates of Reference Change in Change Change in Change ing Ref ing Ref

Cycles Months Per Months Per erence erence 
Month Month Expansion Expansion 

a> (2)*  (3)  (4) f5)** (6) (7) <8) m*** 

Oct 45- Nov 48- Oct 49 -5.1 37 -0.i4 7.0 11 0.64 0.78 + -
Oct 49- Jul 57- Aug 54 22.0 45 0.49 -20.4 13 -1.57 -2.06 •B 

Aug 54- Jul 57- Apr 58 32.4 35 0.93 -13.4 9 -1.49 -2.42 -

Apr 58- May 60- Feb 61 18.5 25 0.74 .9 9 0.10 -0.64 ——— 

Arithmetic Mean ---- -- 0.51 -- -0.58 -1.09 
Average Deviation from 
the Mean — 0.33 — 0.95 1.16 

Source: Table XXI and Table XXII. 

* Column two shows the total change between the standing in stage one of each reference cycle and the 
standing in stage five. 

** Column five shows the total change between the standing in stage five of each reference cycle and 
the standing in stage nine. 

***Coluon nine contains signs which indicate whether the average rate of change during each contraction 
is larger or smaller than the average rate of change during the next reference expansion. 

O* 
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Table XXIV contains five conformity Indexes: 

TABLE XXIV 

INDEXES OF CONFORMITY 
OF COPPER OUTPUT CYCLES TO BUSINESS CYCLES 

Index of Conformity to Reference: 

Expansions* 
Contractions** 
Cycles (trough to trough)*** 
Cycles (peak to peak)**** 
Cycles (both ways)***** 

50 
0 
50 
33 
43 

Source: Table XXII1 

* The Index of expansions is obtained by assigning a weight of plus 
100 to the entries in column four of Table XXIII preceded by a 
plus sign, weighting the entry preceded by a minus sign minus 
100, and computing the arithmetic mean of the entries. 

** The index of contractions is obtained by assigning a weight of 
plus 100 to the entries in column seven of Table XXIII preceded 
by a minus sign, weighting the entries preceded by a plus sign 
minus 100, and computing the arithmetic mean of the entries. 

*** The Index for segments running from trough to trough Is obtained 
by assigning a weight of plus 100 to the entries in column eight 
of Table XXIII preceded by a minus sign, weighting the entry 
preceded by a plus sign minus 100, and computing the arithmetic 
mean of the entries. 

**** The index for segments running from peak to peak is obtained by 
assigning a weight of plus 100 to the minus entries in column 
nine of Table XXIIt, weighting the plus entry minus 100, and 
computing the arithmetic mean of the entries. 

*****The full cycle index is obtained by computing an arithmetic 
mean of the two preliminary full cycle Indexes, each weighted 
by the number of cycles it covers. 

Conformity indexes are constructed on the principle that the more 

often the copper output series moves in the same direction of business 

cycles, the more positive will be the indexes. Specifically, the 

indexes are derived by assigning weights of plus 100 to values 

reflecting monthly changes iff copper output which move in the same 



direction as the business cycle over its expansion and contraction 

phases. Similarly, weights of minus 100 are assigned to values 

which move inversely to the cyclical tide.^ Once the weights have 

been assigned, they are summed and arithmetic means are computed. 

The result constitutes a conformity index. 

The limits of the conformity Indexes are plus 100, which 

indicates invariable positive conformity, and minus 100, which indi

cates invariable negative conformity. An index of plus 50 Indicates 

that positive conformity occurs fifty per cent more frequently than 

chance probability, or that instances of positive conformity out

number those of negative conformity by a ratio of three to one. An 

index of zero means an equal nuinber of positive and inverse movements. 

Strictly speaking, an Index of plus 100 does not necessarily mean 

that the copper output series conformed consistently in a positive 

manner during the phase or phases indicated. Neither does an index 

of minus 100 have to mean that the copper output series conformed 

consistently in an inverse manner during the phase or phases 
f. 

indicated. These conclusions reflect the fact that the various 

conformity indexes are based only on the standings at the initial 

trough, peak, and terminal trough of each reference cycle in copper 

output. Such measures do not take full account of what happens 

within the phases of expansion and contraction. 

The full cycle indexes of conformity, are plus. 50 for 

cycles measured from trough to trough, plus 33 for cycles measured 

7The weights of plus and minus 100 were used in order that 
the Indexes could be expressed in percentage form. 



from peak to peak, and plus 43 for cycles measured both ways. The 

index for reference expansions Is plus 50 While the Index for refer

ence contractions Is zero. These results disclose an overall positive 

conformity ranging as high as fifty per cent greater than chance 

probability; The highest indexes found were those for reference 

expansions and for full cycles measured from trough to trough. 

Only one index, the index of conformity to reference contractions, 

failed to disclose positive conformity and even this index did not 

disclose inverse conformity. 



CHAPTER VI 

SUMARY AMD CONCLUSIONS 

In this chapter brief consideration will be given to the more 

important specific objectives of this study. In addition, conclusions 

regarding the hypothesis of correspondence between specific cycles in 

copper output and reference cycles will be set forth. - ' 

Summary and Specific Objectives 

The initial portion of this dissertation was concerned with a 

brief discussion of business cycle theory and practice. Emphasis was 

focused on the cycle theories of Schumpeter and Hicks and the con

trasting approach of Burns and Mitchell. Specific shortcomings and 

theoretical limitations of the National Bureau's method were noted in 

connection with an article by Tjalling C. Koopmans. This initial dis

cussion served to establish general boundaries for the Investigation 

and to indicate its overall scope. 

The next section of the paper was devoted to three basic 

questions associated with copper output data. These follow: 

1. Are monthly or annual data a better choice for 

purposes of this investigation? 

2. Of the various alternate series available, which 

one should be chosen for study? 

100 
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3. What factors may tend to limit the overall 

usefulness of the series chosen? 

It was established that monthly data rated superior to annual data 

for the purposes contemplated. This followed from the fact that, 

while annual data did not have to be operated on to remove the 

influences of seasonality, such data produced inadequate results with 

respect to leads and lags, cyclical amplitudes and durations, cyclical 

patterns, and measures of conformity. 

In connection with the second question, three series published 

by the Bureau of Mines were examined. These dealt with copper output 

at the mine, smelter, and refinery. The mine production figures were 

chosen for study largely because these figures were available on a 

monthly basis ten years before the smelter and refinery figures were 

available in similar form. 

Work stoppages, especially those of 1946, 1948, and 1959, 

produced distortions which hampered the investigation. In fact, the 

amplitude and duration of the 1946 and 1959 stoppages were of such 

magnitude that it was decided to delete the periods affected by these 

distortions from the measures. A series of concentration ratios, 

supplemented by observation of copper price data, furnished a strong 

indication of the presence of oligopoly in the area of copper mining. 

The theory that an oligopolistic market structure tended to induce' 

output distortions was considered, but no firm results were obtained. 

The mine output series was found to be continuous and basically con

sistent. While the series was subjected to the influence of two wars, 

it was noted that the "war influence" affected, both the specific 
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cycles in copper output and the reference cycle chronology. As a 

result it was concluded that the significance of the war influence 

was minimal. The influence of inventory levels on mine output of 

copper was also examined, but it was found to be statistically in

significant. This conclusion was based on evidence derived from 

linear regression analysis supplemented by appropriate F and t tests. 

It was concluded that, while the copper output series was Imperfect, 

it was usable in terms of the objectives of this study. 

One of the important specific objectives of this dissertation 

concerned the establishment of a seasonal index for copper output. 

This was accomplished by using the method of ratio to twelve-month 

moving average. This index follows: 

TABLE XXV 

SEASONAL INDEX FOR COPPER OUTPUT 1942 - 1963 

B 

Month Index 

January 
February 
March 
April 
May 
June . 
July 
August 
September 
October 
November 
December 

101.6 
95.0 
105.7 
103.8 
105.5 
99.8 
95.2 
93.4 
96.3 

101.8 
100.1 
101.9 

Source: Table V. 
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The index disclosed a seasonal pattern which rises in the 

spring, declines in the summer, and rises again in the fall and 

winter. When a critical comparison was made with the National 

Bureau's early seasonal indexes, the seasonal pattern was found 

to display a consistency over time. 

Four specific cycles were found in the copper data. They 

were dated as follows: 

TABLE mi 

SPECIFIC-CYCLE TURNING DATES 1942 - 1963 

Trough Peak Trough 

April 1946 August 1948 July 1949 
July 1949 August 1953 April 1954 
April 1954 August 1956 July 1958 
July 1958 September 1960 April 1961 

Source: Table IX. 

The reference dates of the National Bureau were examined, and 

criticisms of specific dates and the methodology of dating were con

sidered. While the dates suffer from problems associated with weight

ing, deseasonalization, episodic events, clustering of series, and 

data revisions, it was concluded that the reference dates were usable. 

It was found that the copper output series moved with the 

business cycle over sore reference cycle stages than it moved counter 

to the business cycle. The series was therefore classified as posi

tive and its specific cycles were analyzed on a trough to trough basis. 
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Specific-cycle turning dates were then matched with reference-

cycle turning dates. The matching dates are arrayed in the following 

table: 

TABLE XXVII 

CORBESPONDING TURNING DATES OF SPECIFIC CYCLES 
IN COWER QOTPUT ANn HHlF* 

Peaks 
Specific Reference 

Troughs 
Specific Reference 

Aug. 1948 with Nov. 1948 
Aug. 1953 with July 1953 
Aug. 1956 with July 1957 
Sep. 1960 with May 1960 

Apr. 1946 with Oct. 1945 
July 1949 with Oct. 1949 
Apr. 1954 with Aug. 1954 
July 1958 with Apr. 1958 
Apr. 1961 with - Feb. 1961 

Source: Table XII. 

Concerning specific-cycle timing, it was found that the copper 

output series was roughly coincident with the business cycle at its 

turning dates. Analysis disclosed that the copper output series 

reached a peak on the average 2.25 months prior to the reference peak. 

The output series displayed an average lag of .80 of a month at the 

reference trough. 

The duration figures disclosed an average specific-cycle 

length of 45 months. Seventy-two per cent of the average cyclical 

duration comprised the expansion phase while twenty-eight per cent 

comprised the contraction phase. 

The index of amplitude for specific cycles in copper output 

was found to be 57.3 per-cent. The sizable range of fluctuation 
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indicates that copper mining is a high order industry subject to sub

stantial acceleration effects. 

An upward intra-cycle trend was observed throughout the 1942 

to 1963 period. • This trend was found to rise at an average rate of 

.16 per cent per month. 

An average specific-cycle pattern was difficult to develop 

:due to the strike influence. Nevertheless, the modified pattern 

represented adequately specific-cycle behavior over the period 

examined. Similar difficulties were encountered in the establishment 

of an average reference-cycle pattern. 

Conclusions 

The hypothesis around which this investigation has centered 

concerns the question of whether specific cycles in mine output of 

copper correspond to appropriate reference cycles over the period 

1942 to 1963. On the Sasis of the evidence assembled, it is clear 

that copper output cycles correspond to the business cycles over this 

period. The closeness of fit between the average specific-cycle and 

reference-cycle patterns can be cited in support of this conclusion. 

The measures of cyclical conformity confirmed this critical finding.. 

The copper series rose during the typical reference expansion and fell 

during the typical reference contraction. In addition, four of the 

five conformity indexes were positive with values ranging as high as 

plus'50. The one index that was not positive registered a value of 

zero. 



APPENDIX A 

COPPER OUTPUT DATA 1942 - 1963 

The original copper output data for the period 1942 to 1963 

are presented in this appendix. These data, which comprise the basic 

material used in this investigation, are presented in an unadjusted 

form. In other sections of this study, the data have been rounded to 

the nearest thousand short tons. 

TABLE XXVIII 

MINE PRODUCTION OF RECOVERABLE COPPER 
IN THE UNITED STATES 1942-1963 

(figures in short tons) 

Month 1942 1943 1944 1945 1946 

January 85,655 91,729 88,820 70,088 55,381 
February 77,514 85,367 87,622 63,962 41,934 
March 91,949 93,479 94,446 70,004 42,018 
April 87,922 91,420 88,106 67,493 32,295 
May 93,139 94,919 88,055 72,018 33,526 
June 91,173 89,826 83,480 67,910 33,171 
July 91,987 88,352 76,172 62,100 53,948 
August 87,031 87,510 77,390 61,817 57,163 
September 87,051 90,398 74,846 59,854 62,667 
October 93,814 94,821 73,045 61,555 65,625 
November 94,973 90,942 68,909 58,664 62,336 
December 97,853 92,055 71,658 57,429 68,673 

Total 1,080,061 1,090,818 972,549 772,894 608,737 

Month 1947 1948 1949 1950 1951 

January 70,056 73,643 50,002 71,376 80,459 
February 68,416 69,419 56,410 67,188 73,123 

106 
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TABLE XXVIII -continued-

Month 1947 1948 1949 1950 1951 

March 74,651 74,578 77,912 76;061 83,233 
April 72,418 74,827 72,843 73,596 82,473 
May 75,164 75,264 67,412 74,821 83,778 
June 70,150 76,076 61,254 75,170 75,891 
July 73,310 71,824 56,615 72,940 75,437 
August 72,005 74,042 55,898 80,598 67,979 
Septeaber 70,770 70,298 58,111 77,025 69,024 
October 66,145 69,141 60,515 78,175 81,077 
November 63,278 52,239 66,044 81,726 76,917 
December 71,200 53,462 69,734 80,667 78,939 

Total 847,563 834,813 752,750 909,343 928,330 

Month 1252. 1953 1954 - 1955 

January 78,128 77,561 74,484 83,320 94,631 
February 73,115 72,389 65,137 83,549 89,151 
March 79,696 80,930 71,063 93,746 98,000 
April 80,995 79,805 68,183 89,176 95,710 
May 82,669 80,925 71,241 90,813 99,769 
June 74,122 73,712 72,737 89,460 95,012 
July 76,482 76,578 66,344 33,290 80,693 
August 74,357 75,651 51,538 67,645 92,172 
September 75,127 75,538 62,017 90,424 85,795 
October 79,401 80,082 71,034 92,616 94,400 
November 75,521 75,937 80,081 92,087 90,455 
December 75,764 77,340 81,613 92,444 90,427 

Total 925,377 926,448 835,472 998,570 1,106,215 

Manth 1957 2m 1252. 1260 1961 

January 93,294 88,659 95,804 47,572 97,674 
February 90,411 82,272 86,787 75,211 88,712 
March 95,369 87,323 96,868 96,339 100,796 
April 94,561 84,457 99,496 97,559 91,314 
May 93,228 78,688 100,500 98,370 102,826 
June 90,469 68,264 93,307 95,210 99,331 
July 84,969 60,672 86,753 86,309 89,941 
August 87,113 66,163 54,729 90,898 84,028 
September 87,120 82,053 26,879 97,478 98,265 
October 89,132 91,097 28,943 100,399 104,620 
November 90,089 94,366 25,291 98,074 104,398 
December 90,386 95,315 29,489 96,750 103,250 

Total 1,086,141 979,329 824,846 1,080,169 1,165,155 



XABIB XXVIII •continued-

Month 1962 1963 

January 103,789 99,546 
February 101,296 94,429 
March 109,478 105,080 
April 109,406 105,272 
May 113,782 104,986 
June 102,725 92,745 
July 91,411 86,099 
August 93,702 96,784 
Septeaber 90,098 99,074 
October 106,150 109,804 
November 104,955 106,277 
December 101,629 106,961 

Total 1,228,421 1,213,166 

Source: Minerals Yearbook, 1942 to 1963 issues. 
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The basic output data are supplemented by a listing of the 

major domestic copper producers in 1942 and 1963, their output shares, 

and the per cent of world output accounted for by each. 

TABLE XXIX 

MINE PRODUCTION OF RECOVERABI£ COPPER IN 
THE UNITED STATES BY MAJOR PRODUCER 

. 1942 and 1963 
(figures in short tons) 

Producer 1963 Output 

Kennecott Copper Corp. 381,089 

Phelps Dodge Corp. 261,379 

Anaconda Copper Mining 122,969 

Magma Copper Company 102,667 

American Smelting and 
Refining Company 75,409 

Producer 1942 Output 

Kennecott Copper Corp. 470,580 

Phelps Dodge Corp. 223,469 

Anaconda Copper Mining 137,262 

Inspiration Consolidated 
. Copper Co. 52,161 

Miami Copper Co. 41,316 

Per cent of World Output* 

10.6% 

7.2% 

3.4% 

2.8% 

2.1% 

Per cent of World Output** 

18.3% 

8.7% 

5.3% 

2.0% 

1.6% , 

Source: 1946 and 1963 Yearbook. American Bureau of Metal Statistics. 

* World output in 1963 was 3,609,236 short tons of copper. This figure 
_ excludes production in Japan, Yugoslavia, Russia, Norway, Sweden, and 
Finland. 

**World output in 1942 was 2,569,776 short tons of copper. This figure 
excludes production in Japan, Yugoslavia, and Russia. 



APPENDIX B 

DATA ON COPPER PRODUCTION WORKERS 
AND MONTHLY HOURS WORKED 1942 r 1963 

This appendix contains data on the number of production 

workers employed in copper mining and their average monthly hours 

worked. The latter data were obtained by taking figures on average 

weekly hours of production workers and multiplying these by appro

priate conversion factors derived by dividing seven into the number 

of days in a month. These factors were 4.00 for a 28-day month, 

4.14 for a 29-day month, 4.28 for a 30-day month, and 4.43 for a 

31-day month. 

TABLE XXX 

PRODUCTION WORKERS EMPLOYED IN COPPER MINING 
1942 - 1963 

(figures in thousands) 

Month 1942 1943 1944 1945 1946 1947 1948 

January 34.6 35.5 32.6 23.7 21.8 24.3 25.7 
February 34.9 35.4 31.9 23.6 19.0 24.7 25.8 
March 35.3 35.0 31.2 23.5 19.0 24.7 25.6 
April 34.4 34.1 30.1 23.0 16.3 24.6 25.4 
May 34.5 33.3 29.2 22.8 16.6 24.3 24.9 
June 34.0 32.9 28.4 22.2 15.7 24.5 25.1 
July 33.4 31.8 26.8 21.5 21.7 24.7 25.0 
August 32.7 30.9 25.3 20.6 22.5 24.8 24.8 
September 32.0 33.4 23.9 20.0 22.8 24.6 25.1 
October 32.3 32.9 23.7 20.0 23.1 24.6 25.0 
November . 35.2 32.6 23.6 20.2 24.0 24.9 21.6 
December 35.5 32.8 23.6 20.9 24;8 25.5 22.0 

4 
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TABLE XXX -continued-

Month 1949 1950 1951 1952 1953 1954 1955 

January 21.7 23.0 23.2 23.1 24.3 25.2 25.6 
February 24.4 23.0 . 23.2 23.1 24.4 25.0 25.9 
March 25.5 23.0 23.0 23.3 24.6 24.9 26.2 
April 25.1 23.0 22.7 23.3 24.4 23.4 26.1 
May 24.5 22.9 22.4 23.1 24.3 23.7 24.8 
June 23.6 22.8 22.7 23.4 24.7 24.8 25.3 
July 22.4 22.9 22.8 22.1 24.6 24.9 14.5 
August 22.1 22.8 22.6 23.4 24.5 24.9 17.1 
September 22.1 22.7 21.9 21.5 24.6 19.3 26.7 
October 22.1 22.4 22.0 21.5 24.7 21.6 26.9 
November 22.1 22.7 22.5 23.6 25.1 23.8 27.2 
December 22.6 23.1 22.9 24.0 25.3 24.7 27.7 

Month 1956 1957 1958 1959 1960 1961 1962 1963 

January 28.1 28.6 24.3 24.0 12.2 24.5 23.4 22.9 
February 28.1 28.6 23.5 24.1 19.5 23.1 23.9 22.8 
March 28.2 28.6 23.1 22.9 22.9 23.0 23.8 23.0 
April 28:i 28.1 22.1 24.0 23.8 23.1 23.9 23.4 
May 26.0 27.7 22.2 24.0 23.7 23.9 23.8 23.3 
June 28.4 28.0 22.2 24.3 24.0 24.4 24.0 22.7 
July 28.5 27.6 21.4 24.0 23.4 24.1 23.6 22.4 
August 28.6 27.1 21.8 22.8 23.9 24.3 23.5 22.4 
September 28.7 26.4 22.4 8.6 24.3 24.2 22.6 22.8 
October 28.5 24.7 21.7 8.1 24.4 22.9 22.6 22.6 
November 28.8 24.9 23.5 7.2 24.6 23.9 22.8 22.7 
December 28.6 24.8 24.0 7.4 24.6 23.4 23.0 22.9 

Sources 1942 through 1964 issues of Employment and Earnings Statistics—' 
United States. 
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TABU XXXI 

AVERAGE MONTHLY HOURS OF 
COFFER PRODUCTION WORKERS 1942-1963 

Month 1942 1943 1944 1945 1946 1947 1948 
January 202.9 204.2 203.3 201.1 195.4 198.9 204.7 
February 186.0 183.6 190.9 182.0 178.-4 180.8 193.3 
March 204.7 205.1 203.3 202.5 196.2 199.8 202.5 
•April 197.7 198.6 191.3 200.3 184.9 192.6 195.6 
Hay 201.6 207.8 202.0 203.3 191.4 202.0 203.8 
June 194.7 199.4 194.3 197.7 180.2 197.7 194.7 
July 194.0 -202.0 196.7 201.6 184.7 202.9 199.3 
August 200.2 209.5 202.5 184.7 190.0 199.3 205.6 
September 196.0 196.9 194.3 189.6 181.5 192.2 189.2 
October 202.0 207.3 207.3 201.1 189.6 203.3 202.5 
November 200.7 201.6 193.5 191.7 180.6 191.7 197.3 
December 206.0 206.4 212.6 198.9 202.5 204.7 207.3 

Month 1949 1950 1951 1952 1953 1954 1955 
January 206.0 203.8 212.2 209.5 210.0 210.0 205.6 
February 176.8 179.2 188.4 192.9 183.2 174.8 180.0 
March 206.9 198.5 208.7 206.0 202.5 184.7 198.0 
April 200.7 190.0 199.4 194.3 196.9 179.8 192.2 
May 199.3 199.3 205.1 202.9 203.8 186.1 199.3 
June 172.5 191.7. 196.9 193.0 194.3 183.6 193.5 
July 178.1 192.3 199.8 201.1 195.4 181.6 192.3 
August 170.6 201.6 206.0 198.0 207.3 187.8 193.6 
September 170.8 196.0 202.4 205.0 202.0 184.9 191.7 
October 180.7 208.2 207.8 206.4 209*5 188.3 195.4 
November 174.2 199.9 199.4 195.6 200.3 - 188.7 185.3 
December 190.5 211.8 210.0 209.1 211.3 196.2 196.2 

Month 1956 1957 1958 1959 1960 1961 1962 1963 
January 202.9 190.9 182.1 189.6 195.8 194.5 196.7 189.6 
February 184.6 171.6 160.8 173.2 172.6 176.4 174.0 171.6 
Marchq 196.7 188.7 178.1 194.5 199.8 193.6 194.9 194.5 
April 190.0 183.2 168.6 184.5 193.5 187.5 183.2 185.8 
May 198.0 189.2 167.5 190.0 200.7 188.3 190.5 190.0 
June 190.5 178.5 155.4 181.9 193.5 186.6 185.3 183.6 
July 192.3 179.4 165.2 182.1 192.3 189.2 185.2 189.6 
August - 192.7 179.4 159.5 176.8 199.8 186.9 183.4 190.0 
September 190.5 169.1 166.5 i77.6 191i7 183.6 181.0 181.5 
October 194.0 171.0 179.0 199.8 195.4 197.6 186.5 193.6 
November 180.2 172.5 181.5 190.0 187.5 188.7 182.3 184.9 
December 193.6 182.1 185.2 202.9 198.5 199.4 190.0 189.2 

Source: Derived using conversion factors from weekly data found in 1942 
to 1964 issues of Employment and Earnings Statistics—United 
States. 



APPENDIX C 

A STATISTICAL ANALYSIS OF THE RELATIONSHIP BETWEEN 
COPPER STOCKS AND OUTPUT 1942 - 1963 

This appendix deals with the statistical tests applied in 

determining whether a statistically significant relationship exists 

between the level of copper stocks and mine output of copper for 

the period 1942 through 1963. The tests applied consist of a linear 

regression analysis supplemented by an analysis of variance and F 

and t tests. 

For purposes of analysis, copper stocks (X) are denoted as 

the independent variable and copper output (T) as the dependent 

variable. The following table provides basic information used in 

the tests. 

From the. information provided in Table XXXII, it Is possible 

to construct a prediction equation (£). Two steps are necessary in 

this regard: 

1. to find the appropriate slope value (b) using the formula 

1XY - (IX) Jtt) 

b « 

IX2 -

2. to find the appropriate y intercept value (a) using the 

. formula: 

a - Y - bX 
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TABLE XXXII 

COPPER STOCKS AMD MINE OUTPUT OF COPPER 1942 - 1963: 
COMPUTATION OF £X, £Y, !, ?, IX2, fY2, AMD OT 
(figures in thousands of short tons of copper) 

Year Copper Stocks Copper Output X2 Y2 XY 
- (X)** (Y)* 

X2 XY 

1942 317 1080 100489 1166400 342360 
1943 319 1091 101761 1190281 348029 
1944 309 973 95481 946729 300657 
1945 392 773 153664 597529 303016 
1946 461 609 212521 370881 280749 
1947 350 848 122500 719104 296800 
1948 273 835 74529 697225 227955 
1949 250 753 62500 567009 188250 
1950 322 909 103684 826281 292698 
1951 258 928 66564 861164 239424 
1952 217 925 47089 855625 200725 
1953 311 926 96721 857476 287986 
1954 272 835 73984 697225 227120 
1955 214 999 45796 998001 213786 
1956 235 1106 55225 1223236 259910 
1957 339 1086 114921 1179396 368154 
1958 383 979 146689 958441 374957 
1959 305 825 93025 680625 251625 
1960 271 1080 73441 1166400 292680 
1961 359 1165 128881 1357225 418235 
1962 285 1228 81225 1507984 349980 
1963 317 1213 100489 1471369 384521 

TOTALS EX -6759 " SY-21166 xx2- 2151179 ff2- 20895626 ZXY - 6449617 

Nunber of Observations (n) 22 •Output is total output for the year. 
Mean of the X's (X) 307.2 **Stock8 are as of January 1 of the year indicated. 
Mean of the T's 
Source: Minerals Yearbook. 

962.1 
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The slope value is calculated as follows: 

(fiX) (p) 6449617 - (6759)(21166) 
b - IXY n » 22 " 

9 CP)2 ~ (6759)2 
XX2- n 2151179 - 22 

142262224 
6449617 - 22 - 6449617 - 6502772 

45684081 2151179 - 2075640 
2151179 - 22 

- 53155 - -.702 
75539 

tfith the slope given the y Intercept is found by substitution. Thus: 

a-7 - Bf 

-962.1 - (-.702) 307.2 

•962.1 + 215.7 

a-1177.8 

With the slope and y intercept known to be -.702 and 1177.8, respec

tively, the prediction equation can be calculated directly by sub

stituting into the equation for a straight line: 

4 - a + bX - 1177.8 + (-702)X 

The prediction equation furnishes the basis for a regression line, 

which constitutes an estimate of the best fitting straight line in 

terms of the various observations studied. 

The regression line is supplemented by an analysis of variance. 

This analysis partitions total variance from the mean into variance 

components and shows the sources which contribute to variance. The 

following table presents the analysis of variance. 
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TABLE XXXIII 

COFFER STOCKS AMD OUTPUT 1942 - 1963: 

AN ANALYSIS OF VARIANCE 

Source of 
Variation 

.Degrees of 
Freedom 
(df) 

Sum, of Squares 
(SS) 

Mean Squares 
(MS)*** 

Due to 
Regression 1 37314.8** 37314.8 

Deviations from 
Regression n-2 or 20 494695.2*** 24734.8 

Total 
Variability 532010.0* 

Source: Table XXXII 

* The total sum of squares is calculated by substitution into the 
following formula: 

»2 - je£_ 
n 

** The sum of squares accounted for by regression is calculated by 
substitution into the following formula: 

b <!W " «*) ) 
n 

***The sum of squares accounted for by deviations from regression is 
calculated by subtracting the sum of squares accounted for by 
regression from the total sum of squares. 

****The mean squares are calculated by dividing each sum of squares 
by its degrees of freedom. 

The data of Tabie XXXIII provide the information necessary to 

make an F test. An F value is found by dividing the figure for mean 

squares due to regression by the figure for mean squares due to devia

tions from regression. This calculation follows: 
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MS Due to Regression 
F - • - 37314.8 - 1.509 

MS Due to Deviations 24734.8 
from Regression 

The size of the F value is significant. A large F value is indicative 

of an adequate fit of the observations to the regression line and of 

a linear relationship between the X and Y values. A small F value, 

similar to the one obtained, Is an indication of uncertainty in the 

relation between the X and Y values. 

The results of the F test are supplemented by a t test. The 

latter, used In cases involving a small number of observations, is a 

more rigorous test of whether there is a linear relationship between 

copper stocks and copper output. The t test is used to'test the 

hypothesis that the value of beta is zero in the following formula: 

t - b - (* 
Standard Error of b 

Acceptance of the null hypothesis means rejection of a linear rela

tionship between copper stocks and output. Rejection of the null 

hypothesis means acceptance of a linear relationship. 

The first step in testing the null hypothesis consists of 

finding the standard error of the slope (Sb). This is done by 

substitution into the following formula: 

S^ • jrMS of Deviations from Regression Jv? - (XX)Z 
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Appropriate calculations follow: 

Sh m hs of Deviations from Regression /E7734.8 

/ a2 - mi "V"539 " 

V.3274 - .572 

The next step involves the computation of a t value. This follows: 

t - b- P - -.702 - 0 - -.702 • -1.227 
Standard .572 .572 
Krror of 

b 

The final step involves making a comparison of the calculated 

t value with a figure in the t table at n - 2 degrees of freedom. If 

the calculated t value exceeds the value in the t table, the null 

hypothesis is rejected. However, If the calculated t value is less 

than the value in the t table, the null hypothesis is accepted. In 

the present case, with 20 degrees of freedom and assuming an error 

of 5 per cent, the t table yields a value of 2.086. Since the 

computed t value is less than the critical value in the table, the 

null hypothesis is accepted. 



APPENDIX D 

ELIMINATION OF SEASONAL VARIATION: 

INITIAL CALCULATIONS 

The Initial steps In the ratio to twelve-month moving average 

method of calculating seasonal variation are shown In this appendix. 

The first of these Involves taking a twelve-month moving total of 

the original data. From this, a twelve-month moving average Is 

derived and centered. Finally, the original data are divided by the 

centered twelve-month moving average yielding a ratio of the type 

arrayed in Table V. The following table shows the process in detail. 
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TABLE XXXIV 

CCMPUIATION OF PERCENTAGES OF 
MOVING AVERAGE OF COPPER 

CENTERED TWELVE-MONTH 
OUTPUT 1942-1963 

Tear and Month Original Twelve- Twelve- 2-Month Centered Per cent of 
Data Month Month Moving Tiielve- Centered Twelve-

Moving Moving Total of Month Month Moving 
Total Average 

(Col 3«12) 
COluon. 4 Moving 

Average 
(Col 5«2) 

Average 
(Col 2*6) 

1942 January 85.7 
0.0 0.0 

0.0 0.0 0.0 

February 77.5 0.0 0.0 0.0 February 
0.0 0.0 

March 91.9 
0.0 0.0 

0.0 0.0 0.0 

April 87.9 
0.0 0.0 

0.0 0.0 0.0 

May 93.1 
0.0 0.0 

0.0 0.0 0.0 

June 91.2 
1080.1 90.0 

180.5 90.3 101.9 

July 92.0 
1086.1 90.5 

181.7 90.8 95.8 

August 87.0 
1094.0 91.2 

182.5 91.2 95.5 

Septenber 87.1 
1095.6 91.3 

182.9 91.4 102.6 

October 93.8 
1099.1 91.6 

183.3 91.7 103.6 

November 95.0 
1100.9 91,7 

183.4 91.7 106.8 

December 97.9 
1099.5 91.6 

183.0 91.5 100.2 



TABLE XXXIV-continued-

m C2Y C3) (4) (5) (6) (7) 

January 91.7 
1095.9 91.6 

183.0 91.5 100.2 

February 85.4 
1096.4 91.4 

182.7 91.3 93.5 

March 93.5 
1099.7 91.6 

183.0 91.5 102.2 

April 91.4 
1100.7 91.7 

183.4 91.7 99.7 

May 94.9 183.1 91.6 103.7 May 
1096.6 91.4 

June 89.8 
- 1090.8 90.9 

182.3 91.1 98.5 

July 88.4 181.6 90.8 97.4 July 
1087.9 90.7 

August . , 87*5 
1090.1 90.8 

181.5 90.7 96.4 

September 90.4 
1091.0 90.9 

181.8 90.9 99.5 

October 94.8 
1087.7 90.6 

181.6 90.8 * 104;4 

Novenber 90.9 
1080.9 90.1 

180.7 90.4 100.6 

Decenber 92.1 179.6 89.8 102.5 
1074.6 89.6 
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TABLE XXXIV-continued-

iu — in in i&i (6) _jzi 

1944 January 88.8 
1062.4 88.5 

178.1 89.0 99.7 

February 87.6 • 176.2 88.1 99.4 
% 1052.3 87.7 

March 94.4 
1036.7 86.4 

174.1 87.0 106.5 

April 88.1 171.0 85.5 103.1 April 
1014.9 84.6 

May 88.1 167.3 83.7 105.3 May 
992.9 82.7 

June 83.5 163.8 81.9 102.0 
• 972.5 81.0 
July 76.2 

953.8 79.5 
160.5 80.3 94.9 

August 77.4 
930.2 77.5 

157.0 78.5 98.6 

Septeaaber 74.8 
905.8 75.5 

153.0 76.5 97.8 

October - 73.0 
885.2 73.8 

149.2 74.6 97.8 

November 68.9 
869.1 72.4 

146.2 73.1 94.3 

Deceaiber 71.7 
853.5 71.1 

143.6 71.8 99.9 



TABLE XXXIV-continued-

in (2) ia (6? QI 
1945 January 70.1 

839.4 70.0 
141.1 70.5 99.4 

February 64.0 
_68.7 

138.6 69.3 92.4 
823.8 _68.7 

March 70.0 
808.9 67.4 

136.1 68.0 102.9 

April 67.5 
797.5 66.5 

133.9 66.9 100.8 

May 72.0 132.1 66.0 109.0 May 
787.3 65.6 

June 67.9 
773.0 64.4 

130.0 65.0 104.4 

July 62.1 127.6 63.8 97.3 July 
758.3 63.2 

August 61.8 
736.2 61.4 

124.5 62.3 99.2 

September 59.9 
708.2 59.0 

120.4 60.2 99.5 

October 61.6 
673.0 56.1 

115.1 57.5 107.0 

November 58.7 109.0 54.5 107.7 
634.5 52.9 

December 57.4 
599.8 50.0 

102.9 51.4 111.6 



TABLE XXXIV-contlnued-

(i) m -J22 (*> J21 s Ci2 <21 
1946 January 55.4 "\ 

591.6 49.3 
99.3 49.6 111.6 

February 41.9 
587.0 48.9 

98.2 49.1 85.3 

March 42.0 
589.8 49.2 

98.1 49.0 85.7 

April 32.3 
593.8 49.5 

98.6 49.3 65.5 

May 33.5 \ 

597.4 49.8 
99.3 49.6 67.5 

June 33.2 
608.7 50.7 

100.5 50.3 66.1 

July 53.9 
623.4 52.0 

102.7 51.3 105.0 

August 57.2 
649.9 54.2 

106.1 53.1 107.8 

Septeaber. 62.7 
682.6 56.9 

111.0 55.5 112.9 

October 65.6 
722.7 60.2 

117.1 58.6 112.0 

November 62.3 
764.4 63.7 

123.9 62.0 100.5 * 

December 68.7 
801.3 66.8 

130.5 65.2 105.3 



TABLE XXXIV-contlnued 

in iZl C3} (42 (5) m 

1947 January 70.1 
820.7 68.4 

135.2 67*6 103.7 

February 68.4 
835.5 69.6 

138.0 69.0 99.1 

March 74.7 
843.6 70.3 

139.9 70.0 106.8 

April 72.4 
844.1 70.3 

140.6 70.3 103.0 

May 75.2 
845.1 70.4 

. 140.8 70.4 106.8 

June 70.1 
847.6 70.6 

141.1 70.5 99.4 

July 73.3 
851.1 70.9 

141.6 70.8 103.6 

August 72.0 
852.1 71.0 

141.9 71.0 101.5 

Septenber 70.8 
852.0 71.0 

142.0 71.0 99.7 

October 66.1 
854.4 71.2 

142.2 71.1 93.0 

November 63.3 
854.5 71.2 

142.4 71.2 88.9 

Decenber 71.2 
860.5 71.7 

142.9 71.5 99.6 



TABLE XXIV-continued-

a> <2) (3) (4) f5) (6) (7) 

January 73.6 
859.0 71.6 

143.3 71.6 102.7 

February 69.4 
861.0 71.8 

143.3 71.7 96.8 
\ 

March 74.6 
860.5 71.7 

143.5 71.7 104.0 

April 74.8 
863.5 72.0 

143.7 71.8 104.1 

May 75.3 
852.4 71.0 

143.0 71.5 105.3 

June 76.1 
834.7 69.6 

140.6 70.3 108.3 

July 71.8 
811.1 67.6 

137.1 68.6 104.7 
t 
1 

August 74.0 
798.1 66*5 

134.1 67.0 110.4 
j 
i 

September 70.3 
801.4 66.8 

133.3 66.6 105.5 

October 69.1 
799.4 66.6 

133.4 66.7 103.6 

November 52.2 
791.5 66.0 

132.6 66.3 78.7 

December 53.5 
776.7 64.7 

130.7 65.3 81.9 



TABLE XXXIV-continued-

(a. a1 ££} in m 
January 50.0 

761.5 63.5 
128.2 64.1 78.0 

February 56.4 
743.4 62.0 

125.4 62.7 89.9 

March 77.9 
731.2 60.9 

122.9 61.4 126.8 

April 72.8 
722.6 60.2 

121.1 60.6 120.2 

May 67.4 121.6 60.8 110.9 May 
736.4 61.4 

June 61.3 
752.6 62.7 

124.1 62.0 98.8 

July 56.6 
774.0 64.5 

127.2 63.6 89.0 

August 55.9 
784.8 65.4 

129.9 65.0 86.1 

September 58.1 
783.0 65.3 

130.7 65.3 88.9 

October 60.5 
783.8 65.3 

130.6 65.3 92.7 

November 66.0 
791.2 65.9 

131.2 65.6 100.6 

December 69.7 .133.0 . 66.5 104.8 
805.1 67.1 
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TABLE XXXIV- cont inued-

sn in in in w ai 
1950 January 71.4 

821.4 68.5 
135.5 67.8 105.4 

February 67.2 
846.1 70.5 

139.0 69.5 96.7 

March 76.1 
865.0 72.1 

142.6 71.3 106.7 

April 73.6 
882.7 73.6 

145.6 72.8 101.1 

May 74.8 148.4 74.2 100.8 May 
898:4 74.9 

June 75.2 
909.4 75.8 

150.6 75.3 99.8 

July 72.9 
918.5 76.5 

152.3 76.2 95.7 

August 80.6 
924.4 77.0 

153.6 76.8 105.0 

Septenber 77.0 
931.5 77.6 

154.7 77.3 99.6 

October 78.2 
940.4 78.4 

156.0 78.0 100.3 

Noveagber 81.7 
949.4 79.1 

157.5 78.7 103.8 

December 80.7 
950.1 79.2 

158.3 79.1 102.0 



tautJi XXXiV-continued-

m 01 C*) LD (to (21 

1951 January 80.5 
952.6 79.4 

158.6 79.3 101.5 

February 73.1 
940.0 78.3 

157.7 78.9 92.7 

March 83.2 
932.0 77.7 

156.0 78.0 106.7 

April 82.5 
934.9 77.9 

155.6 77.8 106.1 

May 83.8 155.4 77.7 107.8 May 
930.1 77.5 

June 75.9 
928.3 77.4 

154.9 77.4 98.0 

July 75.4 154.5 77.3 97.6 July 
925.9 77.2 

August 68.0 
925.9 77.2 

154.3 77.2 88.1 

September 69.0 
922.4 76.9 

154.0 77.0 89.6 

October 81.1 
920.9 76.7 

153.6 76.8 105.6 

November 76.9 
919.8 76.7 

153.4 76.7 100.3 

December 78.9 
918.0 76.5 

153.2 76.6 103.0 

to 
xo 



TABLE XXXIV-continued-

lii & (3> & ui 
1952 January 78.1 

919.1 76.6 
153.1 76.5 102.0 

February 73.1 
925.5 77.1 

153.7 76.9 95.1 

March 79.7 
931.6 77.6 

154.8 77.4 103.0 

April 81.0 
929.9 77.5 

155.1 77.6 104.4 

May 82.7 154.9 77.4 106.8 May 
928.5 77.4 

June 74.1 
925.4 77.1 

154.5 77.2 95.9 

July 76.5 
924.9 77.1 

154.2 77.1 99.2 

August 74.4 
924.2 77.0 

154.1 77.0 96.6 

September 75.1 
925.4 77.1 

154.1 77.1 97.4 

October 79.4 
924.2 77.0 

154.1 77.1 103.0 

November 75.5 
922.4 76.9 

153.9 76.9 98.1 

Decenber 75.8 153.7 76.8 98.6 
922.0 76.8 



TABU XXXIV-continued 

m in (3) (4) 152 £62 01 
1953 January 77.6 

922.1 76.8 
153.7 76.8 101.0 

February 72.4 
923.4 77.0 

153.8 76.9 94.2 

March 80.9 
923.8 77.0 

153.9 77.0 105.1 

April 79.8 
924.5 77.0 

154.0 77.0 103.6 

May 80.9 154.1 77.1 105.0 May 
924.9 77.1 

June 73.7 
926.4 77.2 

154.3 77.1 95.5 

July 76.6 154.1 77.1 99.4 July 
923.3 76.9 

August 75.7 
916.0 76.3 

153.3 76.6 98.8 

September 75.5 
906.2 75.5 

151.8 75.9 99.4 

October 80.1 
894.6 74.6 

150.1 75.0 106.8 

Hovember 75.9 
884.9 73.7 

148.3 74.1 102.4 

December 77.3 
883.9 73.7 

147.4 73.7 104.9 
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• I TABLE XXXIV-continued-

m <3> C4* (5) Art m 
1954 January 74.5 

873.6 72.8 
146.5 73.2 101.7 

February 65.1 
849.4 70.8 

143.6 71.8 90.7 

March 71.1 
735.9 69.7 

140.4 70.2 101.3 

April 68.2 
726.8 68.9 

138.6 69.3 98.4 

May 71.2 138.2 69.1 103.1 May 
731.0 69.3 

June 72.7 
835.3 69.6 

138.9 69.4 104.7 

July 66.3 139.9 70.0 94.7 July 
844.1 70.3 

August 51.5 
862.5 71.9 

142.2 71.1 72.4 

September 62.0 
885.1 73.8 

145.6 72.8 85.1 

October 71.0 
906.1 75.5 

149.3 74.6 95.1 

Noveniber 80.1 
925.7 77.1 

152.6 76.3 104.9 

December 81.6 155.7 77.8 104.8 
942.4 78.5 

A 

CO 



TABU XXXIV-continued-

m m £32 m & w m 

1955 January 83.3 
909.4 75.8 

154.3 77.2 108.0 

February 83.5 
925.5 77.1 

152.9 76.5 109.2 

March 93.7 
953.9 79.5 

156.6 78.3 119.7 

April 89.2 
975.5 81.3 

160.8 80.4 111.0 

May 90.8 163.6 81.8 111.0 May 
987.5 82.3 -v 

June 89.4 
998.3 83.2 

165.5 82.7 108.0 

July 33.3 167.3 83.7 39.8 July 
1009.6 84.1 " 

August 67.6 
1015.3 84.6 

168.7 84.4 80.1 

September 90.4 
1019.6 85.0 

169.6 84.8 106.6 

October 92.6 
1026.1 85.5 

170.5 85.2 108.6 

November 92.1 
1035.1 86.3 

171.8 85.9 107.2 

December 92.4 
1040.7 86.7 

173.0 86.5 106.8 



TABU XXXIV-continued-

m m qi m & -io <21 
January 94.6 

1088.1 90.7 
177.4 88.7 106.7 

February 89.2 
1112.7 92.7 

183.4 91.7 97.3 

March 98.0 
1108.1 92.3 

185.1 92.5 105.9 

April 95.7 ••P. 

1109.9 92.5 
184.8 92.4 103.6 

May 99.8 184.8 92.4 108.0 May 
1108.3 92.4 

June 95.0 
ll06.3 92.2 

184.5 92.3 103.0 

July 80.7 
1105.0 92.1 

184.3 92.1 87.6 

August 92.2 
1106.2 92.2 

184.3 92.1 100.1 

September 85.8 
1103.6 92.0 

184.1 92.1 93.2 

October 94.4 
1102.5 91.9 

183.8 91.9 102.7 

November 90.5 
1095.9 91.3 

183.2 91.6 98.8 

December 90.4 
1091.4 91.0 

182.3 91.1 99.2 



TABUS XXXlV-continued-

iil _12 (3} s _I5i CQ £22 
» 

January 93.3 
1095.7 91.3 

182.3 91.1 102.4 

February 90.4 
1090.6 90.9 

182.2 91.1 99.2 

March 95.4 
1091.9 91.0 

181.9 90.9 104.9 

April 94.6 
1086.6 90.6 

181.5 90.8 104.2 

May 93.2 181.1 90.5 102.9 May 
1086.2 90.5 

June 90.5 
1086.2 90.5 

181.0 90.5 100.0 

July 85.0 180.6 90.3 94.1 July 
1081.6 90.1 

August 87.1 
1073.5 89.5 

179.6 89.8 97.0 

September 87.1 
1065.4 88.8 

178.2 89.1 97.7 

October 89.1 
1055.3 87.9 

176.7 88.4 100.8 

November 90.1 
1040.8 86.7 

174.7 87.3 103.2 

Deceniber 90.4 171.6 85.8 105.4 
1018.6 84.9 



TABUS XmV-continued-

m P) & £2 C5) (g (7) 

1958 January 88.7 
994.3 82.9 

167.7 83.9 105.8 

February 82.3 
973.4 81.1 

164.0 82.0 100.4 

March 87.3 
968.4 80.7 

161.8 80.9 107.9 

April 84.5 
970.4 80.9 

161.6 80.8 104.6 

May 78.7 162.1 81.0 97.1 May 
974.7 81.2 

June 68.3 
979.6 81.6 

162.9 81.4 83.9 

July 60.7 163.9 . 81.9 74.1 July 
986.7 82.2 

August 66.2 
991.2 82.6 

164.8 82.4 80.3 

September 82.1 
1000.8 83.4 

166.0 83.0 98.9 

October 91.1 168.1 84.0 108.4 
- 1015.8 84.7 

November 94.4 
1037.6 86.5 

171.1 85.6 110.3 

December 95.3 
1062.6 88.6 

175.0 87.5 108.9 

w 
o> 
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TABI£ Xmv-continued-

m tn - (4V C5> (6) m 
1959 January 95.8 

1088.7 90.7 
179.3 89.6 106.9 

February 86.8 
1077.2 89.8 

180.5 90.2 96.2 

March 96.9 
1022.0 85.2 

174.9 87.5 110.8 

April 99.5 
959.8 80.0 

165.1 82.6 120.5 

May 100.5 154.2 77.1 130.3 May 
890.7 74.2 

June 93.3 
824.9 68.7 

143.0 71.5 130.5 

July 86.8 
776.7 64.7 

133.5 66.7 130.1 

August 54.7 
765.1 63.8 

128.5 64.2 85.1 

September 26.9 
764.5 63.7 

127.5 63.7 42.2 

October 28.9 
762.6 63.6 

127.3 63.6 45.4 

November 25.3 
760.5 63.4 

126.9 63.5 39.9 

December 29.5 
762.4 63.5 

126.9 63.5 46.5 

u 



TABLE XmV-continued-

sn J21 Qi WL & CI 
1960 January 47.6 

761.9 63.5 
127.0 63.5 74.9 

February 75.2 
798.1 66.5 

130.0 65.0 115.7 

March 96.3 
868.7 72.4 

138.9 69.4 138.7 

April 97.6 
940.2 78.4 

150.7 75.4 129.5 

Hay 98.4 162.8 81.4 120.9 Hay 
1013.0 84.4 

June 95.2 
1080.2 90.0 

174.4 87.2 109.2 

July 86.3 184.2 92.1 93.7 July 
1130.3 94.2 

August 90.9 189.5 94.8 95.9 

September 
1143.8 95.3 

September 97.5 
1148.3 95.7 

191.0 95.5 102.1 

October 100.4 
1142.0 95.2 

190.9 95.4 105.2 

November 98.1 
1146.4 95.5 

190.7 95.3 102.9 

December 96.7 
1150.5 95.9 

191.4 95.7 101.0 

w 
00 



TABUS Xmv-contluued-

m (2) (3) (4) <5> <6> m 
1961 January 97.7 

1154.1 
192.1 96.0 101.7 

1154.1 96.2 
February 88.7 191.8 95.9 92.5 

1147.2 95.6 
March 100.8 

1148.0 95.7 
191.3 95.6 105.4 

April 91.3 191.7 95.8 95.3 April 
1152.2 96.0 

May 102.8 192.6 96.3 106.8 May 
1158.5 96.5 

June 99.3 
1165.0 97.1 

193.6 96.8 102.6 

July 89.9 194.7 96.3 106.8 July 
1171.1 97.6 

August 84.0 
1183.7 98.6 

196.2 98.1 85.6 

September 98.3 
1192.4 99.4 

198.0 99.0 99.3 

October 104.6 
1210.5 100.9 

200.2 100. i 104.5 

Hovember 104.4 
1221.5 101.8 

202.7 101.3 103.0 

December 103,2 
1224.9 102.1 

203.9 101.9 101.2 

u> 



TABU XXXIV-continued-

m (2) (4) (5> (V> m 

1962 January 103.8 
1226.4 102.2 

204.3 102.1 101.6 

February 101.3 
1236.1 103.0 

205.2 102.6 98.7 

March 109.5 
1227.9 102.3 

205.3 102.7 106.7 

April 109.4 
1229.4 102.5 

204.8 102.4 106.8 

Hay 113.8 205.0 102.5 111.1 
S 1230.0 102.5 

June 102.7 
1228.4 102.4 

204.9 102.4 100.3 

July 91.4 204.4 102.2 89.4 July 
1224.1 102.0 , 

August 93.7 
1217.2 101.4 

203.4 101.7 92.1 

September 90.1 
1212.8 101.1 

202.5 101.2 89.0 

October 106.1 
1208.7 100.7 

201.8 100.9 105.2 

Noveniber 105.0 
1199.9 100.0 

200.7 100.4 104.6 

December 101.6 
1189.9 99.2 

199.1 99.6 102.0 



takt-R XXXIV-continued-

™ ™ i21_ (4} (5Y (6) QX 
1963 January 99.5 

1184.6 98.7 
197.9 98.9 100.6 

February 94.4 
1187.7 99.0 

197.7 98.8 95.5 

March 105.1 
1196.7 99.7 

198.7 99.4 105.8 

April 105.3 
1200.4 100.0 

199.8 99.9 105.4 

May 105.0 200.2 100.1 104.9 May 
1201.7 100.1 

June 92.7 
1207.1 100.6 

200.7 100.4 92.4 

July 86.1 
0.0 0.0 

0.0 0.0 0.0 

August 96.8 
0.0 0.0 

0.0 0.0 0.0 

September 99.1 
0.0 0.0 

o.o •* 0.0 0.0 

October 109.8 
0.0 0.0 

0.0 0.0 0.0 

Novenber 106.3 
0.0 0.0 

0.0 0.0 0.0 

December 107.0 
0.0 0.0 

0.0 0.0 0.0 

Source: Table XXVIII 
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